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Background: Quantification of vertebral arteries can provide insights into basilar curvature and plaque.
Therefore, this retrospective study aimed at identifying the dominant vertebral artery (VA) causing basilar
artery (BA) curvature and to further quantify the effect of dominant VA angle on BA curvature and BA
plaque using high-resolution magnetic resonance imaging (HRMRI) and 3-dimensional time-of-flight
magnetic resonance angiography (3D-TOF-MRA).

Methods: This retrospective analysis included 521 participants who underwent HRMRI in the China-Japan
Friendship Hospital from November 2015 to October 2021 for neurological symptoms or signs. The VA
angle more related to BA curvature was defined as the dominant VA angle. Multivariable linear regression
analysis was used to evaluate the relationship between the dominant VA angle and mid-BA angle, while
multivariable logistics regression was used to evaluate the influence of the dominant VA angle and clinical
risk factors on BA plaque.

Results: In total, 259 participants were included in this study (mean age 53.71+13.12 years; 146 males).
The balanced-type participants had a significantly lower probability of BA plaques (P<0.001). The Chi-
squared test showed that the BA curvature direction was significantly associated with the side with larger
VA diameter (P<0.001) and larger VA angle (P<0.001). As a result, the VA angle on the side with the larger
diameter or the larger VA angle when the diameters were similar was considered to be the dominant VA
angle. The dominant VA angle was independently correlated with the mid-BA angle (P<0.001). In addition,
the dominant VA angle was also an independent risk factor for BA plaque. Additionally, 80° was the cutoff
value of the dominant VA angle, and when the dominant VA angle was greater than 80°, the risk of BA
plaque increased about 18-fold [odds ratio, 18.951; 95% confidence interval (CI): 4.545-79.026; P<0.001].
Conclusions: The dominant VA angle was independently associated with BA plaque, and a dominant VA

angle greater than 80° may be a marker for a high risk of posterior circulation atherosclerosis.
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Introduction

Strokes of the posterior circulation supplied by the
vertebrobasilar arteries account for about 20-25% of all
ischemic stokes and remain a significant cause of patient
disability and mortality (1,2). Local branch occlusion
is a relatively more important mechanism in posterior
circulation diseases and is most frequently associated with
the basilar artery (BA), which accounts for up to 64% of
these occlusions (3). The presence of atherosclerotic plaque
in the BA makes small and short perforated vessels prone
to occlusion. A growing body of evidence suggests that BA
plaque is associated with symptomatic pontine infarction
(4,5), while BA plaque assessed using high-resolution
magnetic resonance imaging (HRMRI) is associated with
progressive motor deficits in patients with acute unilateral
pontine infarction (6).

Vascular geometric characteristics may influence local
hemodynamic forces and play an important role in the
development of atherosclerotic plaques (7). Recent studies
have used vascular geometrical risk factors to explain
the presence of atherosclerotic plaques. For example,
Ravensbergen er 4/. employed autopsy and a series of
junction models to prove that vertebrobasilar geometry
affects hemodynamics and that atherosclerotic plaques
frequently occur in regions with low wall shear stress and/
or complex flow patterns (8,9); The curvature of the BA is
related to the presence of plaque, its location, and mean wall
thickness (10-13). The vertebrobasilar system is the only
site in the human body where a third artery is formed via
the merging of 2 arteries with greater degree of geometric
variation than the anterior circulation (10). The curvature
of the BA is largely caused by a vertebral artery (VA) with
asymmetrical blood flow and an internal diameter (14).
Therefore, it is crucial to better understand the relationship
between the VA and BA curvature and plaque before the
occurrence of ischemic events. However, few studies have
directly explored which side of the VA angle is the dominant
angle causing BA curvature or have quantified the effect
of the VA on BA curvature and plaque. The aim of this
study was thus to propose a new classification method for
vertebrobasilar configuration, to find the dominant angle
causing BA curvature, and to further explore the effect of
the dominant VA angle in on mid-BA angle and BA plaque.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-74/rc).
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Methods
Study population

This retrospective analysis included 521 participants who
had undergone HRMRI in the China-Japan Friendship
Hospital from November 2015 to October 2021 for
neurological symptoms or signs such as headache, dizziness,
giddiness, vertigo, or stroke. Some patients in this
study overlap with those of previously published studies
(399/521). However, the content of this study does not
overlap with previous work and will not affect the results
of this study. The exclusion criteria were: (I) clinical and
imaging signs suggesting nonatherosclerotic vascular
disease (e.g., dissection, moyamoya disease, or vasculitis);
(II) unilateral or bilateral internal carotid artery severe
stenosis or occlusion; (I1T) unilateral or bilateral VA stenosis
or not seen on magnetic resonance angiography (MRA) or
HRMRI; (IV) a minimum diameter of the BA greater than
4.5 mm (15); (V) vertebrobasilar artery fenestration; (VI)
subclavian steal syndrome detected by Doppler ultrasound;
(VII) poor imaging quality, and (VIII) incomplete clinical
data. The patients’ demographic and clinical information
were collected from the medical records. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013) and approved by the China-Japan
Friendship Hospital Institutional Review Board (No. 2021-
BZR-24). Individual consent for this retrospective analysis
was waived.

HRMRI protocol

The HRMRI sequence was then performed by using
a 3-dimensional (3D) volumetric isotropic turbo spin-
echo acquisition (VISTA; Philips Healthcare, Best,
the Netherlands) optimized for flow suppression and
intracranial vessel wall delineation. A standard magnetic
resonance imaging (MRI) protocol was used that included
pre- and post-contrast HRMRI imaging and 3D time-
of-flight MRA (3D-TOF-MRA) sequences. All HRMRI
examinations were performed using a 3-Tesla MRI scanner
(Ingenia; Philips Healthcare) with a 15-channel phased-
array head coil. The images were acquired in a traversal
plane to cover the major intracranial arteries identified on
3D-TOF-MRA. The image scanning parameters were as
follows: repetition time/echo time =800 ms/21 ms, field
of view =180x180x105 mm’, matrix =300x300x350, and
number of excitations =2. The acquisition voxel volume
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C Mid-BA angle

Figure 1 Schematic diagram of the angle and the basilar artery curvature direction measurement. (A,B) The measurement of the VA angle:

point a is the vertebrobasilar junction, point b is the closest and most curved point of the VA from BA, and point c is the top of the BA. The

imaginary lines were drawn from point a to point b and point c. The acute angle between these 2 lines was considered the VA angle. (C) The

measurement of the mid-BA angle: point d is the most curved point of the BA. The imaginary lines were drawn from point d to point a and

point c. The acute angle between these 2 lines was considered the mid-BA angle. (D) The measurement of the BA curvature direction: a line

was drawn between point ¢ and point a as a reference to decide the side of the BA curvature. This picture shows the right deviation of the

BA. VA, vertebral artery; BA, basilar artery.

was 0.5x0.6x0.5 mm’, and the reconstruction voxel volume
was 0.5x0.5x0.5 mm’. The short axial cross sections were
constructed automatically with a 0.5-mm slice thickness.

Image analysis

All imaging analyses were blinded to clinical information.
Specifically, assessors of plaque were blinded to 3D-TOF-
MRA. The methods of measurement are described below.

The diameter measurement

This included vertebral arteries on both sides. In the
anteroposterior view of 3D-TOF-MRA, the whole diameter
was measured transverse to the long axis of the vessel. The
diameter of each vessel was calculated as the average of the
measurements made at 3 consecutive points, 3-mm apart,
starting from the vertebrobasilar junction (both VA and
the BA) (14). The images were independently measured
on a digital picture archiving and communication system
workstation by 2 radiologists (3 and 5 years of experience,
respectively), and the average was taken as the result.

The angle measurement

This included the angle between bilateral VA and the mid-
BA angle (Figure I). All the angles were measured in the
anteroposterior view of 3D-TOF-MRA. Imaginary lines
were drawn from the vertebrobasilar junction (point a) to
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the closest and most curved point of VA from BA (point b)
and the top of the BA (point ¢) (if the VA is straight, then
b is at random in the VA). The acute angle between these
2 lines was considered to be the VA angle (Figure 1A,1B).
Another imaginary line was drawn from the most curved
point of the BA (point d) to the vertebrobasilar junction
(point a) and the top of the BA (point c). The acute angle
between these 2 lines was considered to be the mid-BA
angle (Figure 1C). The images were independently measured
on a digital picture archiving and communication system
workstation by 2 radiologists (3 and 5 years of experience,
respectively), and the average was taken as the result.

Measurement of basilar artery curvature direction

A line was drawn between the top of the BA (¢ point)
and vertebrobasilar junction (a point) for reference to
decide the side of basilar artery curvature (Figure 1D).
If the basilar artery ran in an S-shape over the standard
line, measurements were taken at the closest bend to the
vertebrobasilar junction. The curvature of the artery was
classified as right-sided, left-sided, or straight.

Configuration definition

For the first time, we defined the vertebrobasilar
configuration as a balanced type if both vertebral arteries
had similar diameters and if the angle difference between
the vertebral arteries and the basilar artery was fewer than
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Participants who had undergone HRMRI
(n=521)

Y

Exclusion criteria (n=262):

¢ Non-atherosclerotic vasculopathy (n=23)

e |Internal carotid artery severe stenosis or occlusion (n=71)

e \lertebral artery stenosis or not seen (n=130)

e The minimum diameter of the BA was greater than 4.5 mm (n=15)
e \lertebrobasilar artery fenestration (n=9)

e Poor imaging quality (n=9)

e Clinical data are incomplete (n=5)

Y

Final participants (n=259)

Figure 2 Flowchart of patient exclusion from the study. HRMRI, high-resolution magnetic resonance imaging; BA, basilar artery.

10 degrees. Otherwise, it was defined as dominant type.

Plaque identification

Atherosclerotic plaque on magnetic resonance (MR) images
was defined as eccentric wall thickening with or without
luminal stenosis identified on both the reconstructed pre-
contrast and the reconstructed postcontrast images (16).
All HRMRI images were independently interpreted by 2
experienced neuroradiologists (10 and 12 years of experience,
respectively) for determining the presence of atherosclerotic
lesions. Any disagreement between the 2 observers was
resolved by a third senior neuroradiologist (20 years of
experience).

Statistical analysis

Statistical analyses were performed using SPSS 25.0 IBM
Corp., Armonk, NY, USA). Categorical variables are
presented as frequencies, and continuous variables are
presented as means = standard deviations. The 7-test was
used to compare quantitative variables, and the chi-squared
test or continuity correction was used for qualitative
variables. Multivariable linear regression analysis was used
to evaluate the relationship between the dominant VA
angle and mid-BA angle. Multivariable logistics regression
analysis was used to analyze the effect of clinical risk factors
and dominant VA angle on BA plaque. P values of <0.05
were considered to indicate statistical significance.
Interreader agreement for the measurement of
diameter and angle were estimated using intraclass
correlation coefficient (ICC) before reader consensus to
settle disagreements. Interreader agreement for plaque
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identification was estimated by using k coefficients before
reader consensus to settle disagreements. Reliability values
less than 0.4 were characterized as poor, those 0.4-0.75 as
fair to good, and those greater than 0.75 as excellent (17).
A P value <0.05 was considered indicative of a significant
difference.

Results
Patient characteristics

In total, 259 participants were included in this study
(Figure 2). Among them, 23 nonatherosclerotic participants
were excluded based on the clinical and imaging
characteristics of other vascular diseases mentioned
in the literature (18). Additionally, some studies have
suggested that unilateral or bilateral internal carotid
artery occlusion may lead to collateral blood supply to the
anterior circulation through the posterior communication
artery (19,20). Therefore, 71 participants with serious
abnormalities of anterior circulation that may affect
posterior circulation were excluded. The mean age of
259 participants was 53.71£13.12 years (146 men; Tuble 1),
75 patients (mean age 61.93+9.29 years) had BA plaque,
and 184 patients (mean age 50.36+12.99 years) had no BA
plaque. Participants with BA plaque (n=75) were older than
those without BA plaque (n=184) at baseline (61.93£9.29 vs.
50.36+12.99 years; P<0.001). The group with BA plaque had
a higher proportion of males (with plaque: 53/75, 70.7%;
without plaque: 93/184, 50.5%) as well as individuals with
hyperlipidemia (with plaque: 56/75, 74.7%; without plaque:
112/184, 60.9%), hypertension (with plaque: 58/75, 77.3%;
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Table 1 Characteristics of participants with and without BA plaque

Li et al. Dominant VA angle and BA plaque

Characteristics All participants (n=259) BA plaque (n=75) Without BA plaque (n=184) P value
Age (years) 53.71+£13.12 61.93+9.29 50.36+12.99 <0.001
Male 146 (56.4) 53 (70.7) 93 (50.5) 0.003
Risk factors
Hyperlipidemia 168 (64.9) 56 (74.7) 112 (60.9) 0.035
Hypertension 145 (56.0) 58 (77.3) 87 (47.3) <0.001
Diabetes 80 (30.9) 37 (49.3) 43 (23.4) <0.001
Homocysteine 35 (13.5) 12 (16.0) 23 (12.5) 0.455
Smoking 90 (34.7) 31 (41.3) 59 (32.1) 0.155
Alcohol drinking 51 (19.7) 21 (28.0) 30 (16.3) 0.032
Obesity 23 (8.9) 8(10.7) 15 (8.2) 0.519
Vertebrobasilar configuration <0.001
Balanced type 30 (11.6) 0(0.0) 30 (16.3)
Dominant type 229 (88.4) 75 (100.0) 154 (83.7)
Dominant VA angle (°) - 57.92 42.99 <0.001

Data are shown as mean + standard deviation or number (frequency). BA, basilar artery; VA, vertebral artery.

without plaque: 87/184, 47.3%), diabetes (with plaque:
37775, 49.3%; without plaque: 43/184, 23.4%), and alcohol
drinking (with plaque: 21/75, 28.0%; without plaque:
30/184, 16.3%). There were no significant differences
between the 2 groups in homocysteine level, smoking
status, or obesity (all P>0.05). The comparison of clinical
risk factors between the 2 groups is shown in Table 1.

Configuration comparison

The balanced type was present in 30 of 259 participants
(11.6%) (Figure 3). Compared with dominant-type
participants, the balanced-type participants had a
significantly lower probability of BA plaques (P<0.001). The
balanced type was found only in participants without BA
plaques (Figure 4).

Dominant VA angle

Of the 229 participants who were dominant type, there
were 189 cases of bilateral VA diameter asymmetry and 40
cases of symmetrical VA diameter with angle asymmetry.
Table 2 summarizes the results of the chi-squared test on
the directional relationship between the bilateral VA and
BA curvature. The findings indicated that the BA curvature
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side was significantly associated with the side with a larger
VA diameter (P<0.001) and larger VA angle (P<0.001), with
most participants (106/189, 56.1%; 29/40, 72.5%) having
an opposite directional relationship between the VA and BA
curvature. Therefore, we considered the VA angle as more
related to BA curvature as the dominant VA angle; that is,
the VA angle on the side with larger diameter or the larger
VA angle when the diameter was similar.

Table 3 shows the results of multivariable linear regression
analyses of parameters associated with mid-BA angle. Only
the dominant VA angle was independently associated with
mid-BA angle ($=0.409; 95% CI: 0.245-0.455; P<0.001).

Effects of dominant VA angle on BA plaque

Table 4 shows the results of the multivariable logistics
regression analyses for the effects of clinical risk factors and
dominant VA angle on BA plaque. Older age (odds ratio,
1.073; 95% CI: 1.029-1.118; P=0.001), male sex (odds
ratio, 3.733; 95% CI: 1.537-9.063; P=0.004), hypertension
(odds ratio, 2.448; 95% CI: 1.060-5.655; P=0.036), diabetes
(odds ratio, 2.336; 95% CI: 1.101-4.959; P=0.027), and
the dominant VA angle (P<0.001) were independently
associated with BA plaque. Other clinical risk factors,
such as hyperlipidemia, homocysteine, smoking, alcohol
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Figure 3 Example images from 4 participants with the balanced-type vertebrobasilar configuration.

N\

Figure 4 A 54-year-old man with basilar artery plaque. (A) 3D TOF-MRA showing the vertebrobasilar configuration as the dominant type.
(B,C) The PDWI and CE-T1WI, respectively, indicating an eccentric plaque in the basilar artery (arrows). 3D-TOF-MRA, 3-dimensional
time-of-flight magnetic resonance angiography; PDWI, proton density-weighted imaging; CE-T1WI, contrast-enhanced T1-weighted

imaging.

drinking, and obesity were not significantly associated
with BA plaque (all P>0.05). The degrees of the dominant
VA angle varied from 0.06° to 118.66° (median 85.18°;
IQR, 68.34°-108.02°). Taking 0° as the starting point and
every 20 degrees as a group, the dominant VA angle of all
participants was divided into 5 groups: 0°-20.00°, 20.01°-
40.00°, 40.01°-60.00°, 60.01°-80.00°, and >80.00°. The
results showed that 80° was the cutoft value of the dominant
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VA angle, and when the dominant VA angle was greater
than 80°, the risk of BA plaque increased about 18-fold (odds
ratio, 18.951; 95% CI: 4.545-79.026; P<0.001).

MRI measurement reproducibility

Interreader agreement for plaque identification (k=0.961)
and the measurements of the diameter (vertebral arteries on
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Table 2 Chi-squared test on the directional relationship between the vertebral artery and basilar artery curvature

Basilar artery curvature side

Vertebral artery angle Total
Right Left Straight
The VA angle on the side with the larger diameter, n (%)
Right 19 (18.6) 24 (61.5) 23 (47.9) 66
Left 83 (81.4) 15 (38.5) 25 (52.1) 1283
The larger VA angle, n (%)
Right 1(4.3) 7 (63.6) 4 (66.7) 12
Left 22 (95.7) 4 (36.4) 2(33.3) 28

VA, vertebral artery.

Table 3 Multivariable linear regression analyses of parameters
associated with mid-BA angle

Table 4 Results of multivariable logistics regression analyses of the
effects of clinical risk factors and dominant VA angle on BA plaque

Parameter B (95% Cl) P value Parameter OR (95% Cl) P value
Dominant VA angle 0.409 (0.245-0.455) <0.001 Age (years) 1.073 (1.029-1.118) 0.001
Age (years) 0.118 (-0.028-0.411) 0.087 Male sex 3.733 (1.537-9.063) 0.004
Male sex 0.053 (-3.738-8.215) 0.461 Hyperlipidemia 0.904 (0.406-2.013) 0.805
Hyperlipidemia -0.031 (-6.976-4.252) 0.633 Hypertension 2.448 (1.060-5.655) 0.036
Hypertension —-0.043 (-7.464-3.857) 0.531 Diabetes 2.336 (1.101-4.959) 0.027
Diabetes -0.080 (-9.478-2.234) 0.224 Homocysteine 1.189 (0.404-3.502) 0.753
Homocysteine 0.032 (-5.839-9.819) 0.617 Smoking 0.975 (0.366-2.601) 0.96
Smoking 0.255 (-6.170-8.000) 0.799 Alcohol drinking 1.177 (0.426-3.252) 0.753
Alcohol drinking —-0.069 (-7.891-7.358) 0.945 Obesity 1.465 (0.459-4.676) 0.519
Obesity 1.499 (-2.169-15.935) 0.135 Dominant VA angle (°) <0.001
BA, basilar artery; B, regression coefficient; VA, vertebral artery. 0-20.00 (n=31) - -
20.01-40.00 (n=47) 1.194 (0.394-3.621) 0.754
both sides) and angle (bilateral VA and the mid-BA angle) 40.01-60.00 (n=57) 1.135 (0.383-3.365) 0.819
were excellent (ICC 0.895-0.976). 60.01-80.00 (n=29) 2.463 (0.702-8.638) 0.159
>80.00 (n=28) 18.951 (4.545-79.026) <0.001

Discussion

We propose a new and simple classification method for
vertebrobasilar configuration and a new definition of
“dominant VA angle”. Our related study found that the
dominant VA angle was independently related to mid-BA
angle and BA plaque, with 80° being the cutoff value for
the dominant VA angle: when the dominant VA angle was
greater than 80°, the risk of BA plaque increased about
18-fold.

Several previous studies investigated the vertebrobasilar
configuration to discuss the relationship between different

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

VA, vertebral artery; BA, basilar artery; OR, odds ratio; Cl,
confidence interval.

configurations and BA plaque. Yu et 4/. enrolled 84 patients
and divided them by vertebrobasilar artery geometry into
4 basic geometric configurations via visual classification;
the results indicated that the geometrical configuration
of vertebrobasilar artery had a significant effect on the
distribution of BA plaque (21). Zheng et 4l. further found
that the presence of BA plaque was associated with the
lambda, walking, and no confluence geometry; >3 bends
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in the VAs; and a large diameter difference between
the bilateral VAs (22). We used a new classification
approach for vertebrobasilar configuration that was
different from previously used configurations, namely
the balanced and dominant type. The advantages of this
dichotomy are its simplicity and widespread availability.
Moreover, measurement assessments are more reliable and
immediately translatable than is visual classification and
can provide a foundation for further research. Interestingly,
among the 259 participants in this study, BA plaque only
occurred in the dominant type, which may suggest that the
balanced type of this configuration has high specificity for
the presence of BA plaque. However, these findings need to
be further verified in a larger sample with a more rigorous
study design.

Previous studies have shown that the presence of VA
dominance may contribute to the growth of BA length and
that bending length growth may depend on VA dominance
mainly in the contralateral direction (23). Our findings
suggest that the BA curvature side is significantly associated
with the side with the larger VA diameter and larger VA
angle, and most participants had an opposite directional
relationship between the VA and BA curvature. We
therefore concluded that the VA angle is more related to BA
curvature as the dominant VA angle; that is, the VA angle
on the side with larger diameter or the larger VA angle
when the diameter is similar.

The relationship between VA dominance and BA
curvature has been extensively examined. In their study,
Hong ez 4l. found that the difference in the diameters of
the right and left VA was the only independent predictor
for moderate-to-severe BA curvature (14). These results
may be expected for a few reasons: first, the adventitia of
intracranial vessels lacks an external elastic lamina and
rather contains only a few small elastic fibers (24), with
the increase of collagen fibers replacing the muscle fibers
of the media (25). Second, nonequivalent blood flow from
the VAs may contribute significantly to changes in the
BA (23). The smaller caliber size of the nondominant VA
may result in a lower mean flow and irregular wall shear
stress, which increases the risk of BA curvature (26,27).
Therefore, the vector of BA flow merging from unequal
VAs makes the BA flow curve to the side of the weaker VA.
The results of the present study also support this conclusion,
as the BA curvature was associated with asymmetric VA in
dominant-type participants based on the classification of
vertebrobasilar configuration. When flow in the smaller
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side of VA was reduced, the slipstreams from the dominant
artery passed along the wall of the BA ipsilateral to the side
of the flow-reduced VA more vigorously. Generally, when
the diameters of the VA on both sides are similar, the VA on
the side with a greater angle will exert a greater transverse
force on the BA, making the BA bend laterally. Moreover,
multiple regression analysis found that the dominant VA
angle, which was mainly related to BA curvature, was
independently related to the mid-BA angle. This finding has
the consequence of rendering the influence of an asymmetric
VA on BA curvature quantifiable, and lays a foundation for
further research on the influence of asymmetric VAs on BAs.

Our findings indicate that among the clinical risk factors,
older age, male sex, hypertension, and diabetes mellitus
likely contributed to the risk of BA plaque. In a previous
study, posterior circulation atherosclerosis was more often
associated with hypertension and diabetes (3). Our data
are partially consistent with these findings and agree more
fully with a series of related studies showing that diabetes
mellitus (28-30) or hypertension (30) is more often present
in those patients with posterior than in those with anterior
circulation stroke. However, our data conflict to a degree
with the conclusion of another study, in which posterior
circulation intracranial atherosclerosis was more closely
associated with older age and female gender (31). The
gender difference in results may be explained by ethnic
differences as well as the variability in posterior circulation
vessel selection and stenosis degree.

The risk factors of posterior circulation atherosclerosis
plaque include both systemic risk factors and focal vessel
geometry (32,33). Previous studies have shown that VA
asymmetry is associated with BA curvature (14,23) and that
BA curvature is an independent risk factor for BA plaque (34).
However, very few studies have further established the direct
relationship between the dominant VA and BA plaque. Our
study used HRMRI technology, and results showed that
the dominant VA angle is an independent risk factor for
BA plaques. We set 0° as the starting point, with each 20°
set being a group and thus divided all participants into 5
groups. Further analysis found that 80° was the cutoff value
of the dominant VA angle, and when the dominant VA angle
was greater than 80°, the risk of BA plaque increased about
18-fold. However, this result should be interpreted with
caution. Because of the limited sample size, participants
above 80° were not further subdivided, and the range of
odds ratio values was too wide. This result may suggest that
the dominant VA may increase the risk of BA plaque by
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increasing BA curvature. VA dominance and its resulting BA
curvature may cause a turbulent blood flow which plays an
important role in the pathogenesis of atherosclerosis (35).
Since the dominant VA takes time to cause BA curvature, a
dominant VA angle greater than 80° may be a better clinical
warning before ischemic events occur. Further clinical
studies that to treat the dominant VA angle as a risk factor
for atherosclerosis similar to hypertension and diabetes are
warranted and may provide a reference for the hierarchical
management by stroke neurologists. Based on its linking of
vascular risk factors and BA atherosclerotic plaque, the results
of our study further support the suggestion that vascular risk
factors coupled with dominant VA angle greatly increases the
risk of BA plaque.

Our study had some limitations. First, the sample size
of balanced-type participants was limited. Future studies
with larger samples are needed to fully explore the role of
the balanced type in posterior circulation atherosclerosis.
Second, the choice of blood vessels in our study was narrow,
as only the influence of the section of the VA anterior to
the BA was discussed. Moreover, we only examined the
influence of the VA on the BA. Future studies are expected
to include more segments of the posterior circulation
vessels. Finally, a single-center, retrospective study design
was used, and thus a comprehensive multicenter follow-up
prospective study is needed to confirm the sensitivity and
specificity of the vertebrobasilar configuration, and to verify
the cutoff value of the dominant VA angle as a predictor of
potential posterior circulation atherosclerosis.

Conclusions

This study examined the indices of the vertebrobasilar
system’s morphological and dominant VA angle. Dominant
VA angle is an independent risk factor for BA plaque, and
its effect may be influenced by BA curvature, with 80°
being the cutoff value for a dominant VA angle. When the
dominant VA angle is greater than 80°, the risk of BA plaque
increases about 18-fold. Dominant VA angle can provide
insight into the likelihood of future events occurring in
patients with clinical atherosclerotic risk factors, enabling
the identification of individuals who harbor an occult
burden of vulnerable features and who might benefit from
preventive therapeutic interventions.
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