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Clinical and imaging features of vertebrobasilar
dolichoectasia combined with posterior
circulation infarction
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Abstract
This study aims to analyze the clinical and imaging features of vertebrobasilar dolichoectasia (VBD) combined with posterior
circulation infarction, and to explore risk factors for the occurrence of posterior circulation infarction in VBD patients.
VBD patients were divided into 2 groups, according to the results of the imaging examination: posterior circulation infarction group

and nonposterior circulation infarction group. The demographics, vascular risk factors, imaging, and other clinical data of the VBD
patients were collected and retrospectively compared, and the risk factors for the occurrence of posterior circulation infarction in VBD
patients were analyzed. The relationship between imaging features of the VBD blood supply artery and the infarct site was also
analyzed.
A total of 56 VBD patients were included into the analysis. Among these patients, 26 patients had posterior circulation infarction.

Infarction occurred in the blood supply area of the posterior cerebral artery in 14 patients. The difference in the height of the basilar
artery bifurcation between patients with vertebrobasilar artery blood supply area infarction and patients with posterior cerebral artery
supply area infarction was statistically significant. Hypertension and posterior circulation intracranial atherosclerosis were the risk
factors for posterior circulation infarction in VBD patients.
Elevated basilar artery bifurcation is a risk factor for infarction in the posterior cerebral artery supply area in VBD patients. Posterior

circulation infarction in VBDmay be the comprehensive result of multiple factors, such as congenital defects of the basilar artery wall,
hypertension, and atherosclerotic lesions.

Abbreviations: 3D-TOF-MRA = three-dimensional time-of-flight magnetic resonance angiography, BA = basilar artery, BMI =
body mass index, CT = computed tomography, DSA = digital subtraction angiography, MIP =maximum intensity projection, MRA =
magnetic resonance angiography, MRI = magnetic resonance imaging, NASCET = North American Symptomatic Carotid
Endarterectomy Trial, VA = vertebral artery, VBD = vertebrobasilar dolichoectasia.
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1. Introduction

Vertebrobasilar dolichoectasia (VBD) refers to the significant
expansion, extension, distortion, or angulation of the vertebral
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basilar artery caused by various factors. The incidence of the
disease is low, and most patients have no clinical symptoms, but
the mortality and disability rate of symptomatic patients of this
disease are high.[1] Furthermore, the etiology and pathogenesis of
VBD remain unknown, and it remains controversial whether
VBD is congenital, acquired, or both.[2] A present study revealed
that acquired factors are mainly associated with atherosclerosis
in VBD, and male gender, age, hypertension, obesity, hyperlip-
idemia, diabetes, long-term smoking, old myocardial infarction,
lacunar infarction, and sedentary may all be risk factors for
VBD.[3]

The clinical manifestations of VBD patients are varied and
atypical. Symptomatic patients can be characterized by ischemic
stroke, cranial nerve symptoms and brainstem compression,
hydrocephalus, arterial rupture and bleeding, obstructive
hydrocephalus, and other nonspecific symptoms.[3–6] The
diagnosis of VBD depends mainly on imaging examination. A
study revealed that ischemic stroke is the most common clinical
manifestation of VBD, and is the most important cause of death
in VBD patients.[7] In VBD patients, the main subtype of ischemic
stroke is posterior circulation infarction, and VBD is an
independent risk factor for posterior circulation infarction.[8]

However, the mechanism of VBD leading to posterior circulation
infarction remains unknown, and it remains controversial
whether posterior circulation infarction is associated with
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atherosclerotic lesions after VBD. This study aims to retrospec-
tively analyze the clinical and imaging features of VBD patients
with posterior circulation infarction, in order to investigate the
risk factors and pathogenesis of VBD-related posterior circula-
tion ischemic events.
2. Subjects and methods

2.1. Subjects
2.1.1. Inclusion criteria for subjects. From January 2010 to
December 2016, patients diagnosed with VBD by head magnetic
resonance imaging (MRI) and head magnetic resonance
angiography (MRA) in the Department of Neurology, the
People’s Hospital of Wuxi, or during hospitalization, were
included. Exclusion criteria: Patients with symptoms caused by
other clear diseases (such as severe stenosis or occlusion of the
posterior circulation vessels, arterial dissection, cardiogenic
stroke, peripheral vertigo, hypertensive intracerebral hemor-
rhage, and posterior fossa tumor) and patients combined with
anterior circulation infarction were excluded. All patients or their
family members provided a signed informed consent. The present
study was approved by the Ethics Committee of the People’s
Hospital of Wuxi.

2.1.2. Clinical data acquisition. The patient’s age, gender,
smoking and alcohol consumption, body weight, height, blood
pressure, blood glucose, blood lipids (total cholesterol, triacyl-
glycerol, high-density lipoprotein, and low-density lipoprotein),
carotid intima-media thickness, neurological symptoms and signs
at admission and doctor visits, previous stroke or transient
ischemic attack, hypertension, diabetes, and heart disease were
recorded.

2.1.3. Assessment of cardiovascular risk factors. Obesity:
bodymass index (BMI)≥25kg/m2; smoking: smokingwas currently
in process; hypertension: has a systolic pressure of ≥140 mmHg (1
Hg=0.133 kPa) or a diastolic blood pressure of >90 mm Hg, or
receiving antihypertensive treatment; diabetes: fasting blood glucose
was ≥7.0mmol/L or glycated hemoglobin was>6.5%, or receiving
hypoglycemic treatment; hyperlipidemia: serum low-density lipo-
protein cholesterol (LDL-C) was ≥3.62mmol/L and high-density
lipoprotein cholesterol (HDL-C) was <1.03mmol/L; hyperhomo-
cysteinemia: homocysteine was ≥10mmol/L.
2.2. Imaging examination and diagnostic criteria

Routine head scanning was performed using a dual source
computed tomography (CT) (Somatoma Definition, Siemens
Medical Solutions, Forehheim, Germany) with a slice thickness
set to 5mm for the posterior fossa and supratentorial scans (120
kV, 350 or 400 mAs). Magnetic resonance imaging (MRI) was
performed on a 3.0-Tesla MR system (Magnetom Trio, Siemens
Medical Solutions, Erlangen, Germany) for all patients. A
standardized MRI protocol was used in all patients, including
transverse, coronal, and sagittal localizing sequences followed by
transverse oblique contiguous images with a slice thickness of 5
mm aligned with the inferior borders of the corpus callosum
(applied on sequences 2–6); T1-weighted images; T2-weighted
images; diffusion-weighted images; FLAIR images; T2∗-weighted
images. Furthermore, all patients were examined by three-
dimensional time-of-flight magnetic resonance angiography (3D-
TOF-MRA) with a slice thickness of 1mm. Experienced
neuroradiologists reviewed the brain CT, MRI, and MRA
images.
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The CT diagnostic criteria for VBD were based on the Smoker
criteria.[9] The height of the BA bifurcation and the lateral
displacement of the BA were graded into 4 levels. BA height was
classified as grade 0 (showing the bifurcation within the dorsum
sellae), 1 (showing the bifurcation within the suprasellar cistern),
2 (showing the bifurcation at the level of the third ventricle floor),
or 3 (showing the bifurcation indenting the third ventricle floor).
BA lateral displacement also was classified as grade 0 (BA located
in the middle of the dorsum sellae or clivus), 1 (BA located in the
medial to lateral margin of the clivus or dorsum sellae), grade 2
(BA located lateral to those landmarks), or grade 3 (BA located in
the cerebellopontine angle). Finally, if the height was ≥grade 2 or
the lateral displacement was ≥grade 2, and the diameter of BA
was >4.5mm, a diagnosis of VBD was determined. The MRI
diagnostic criteria were based on the criteria proposed by Giang
et al.[10] The classification criteria of height and the VBD
diagnostic criteria are consistent with the Smoker[9] method. The
MRA diagnostic criteria were based the on semiquantitative
criteria proposed by Ubogu and Zaidat.[11] When the length of
the BA was >29.5mm and the transverse deviation exceeds the
vertical connecting line between the starting point and the
bifurcation of the BA by 10mm, it was defined as abnormal;
when the length of the intracranial segment of the vertebral artery
(VA) was >23.5mm and any of the vertebral arteries deviates
from the connecting line between the intracranial entrance of the
VA and the starting point of the BA by 10mm, it was defined as
abnormal. VBDwas defined as a BA diameter>4.5mm along the
entire course and an intracranial VA diameter >4.0mm.
Segmental and fusiform enlargement of the BA and the VA
were excluded from this study. Six patients underwent digital
subtraction angiography (DSA).
2.3. Measurement methods of the degree of vascular
stenosis and the diameter of VBD vessels

Themeasurement and classification of intracranial and extracranial
artery stenosis were based on the North American Symptomatic
Carotid EndarterectomyTrial (NASCET).[12] Stenosis rate (%)= (1
� stenosis diameter/narrow distal normal diameter) � 100%.
Measurement of the VBD blood vessel diameter: On the maximum
intensity projection (MIP) reconstruction images or original MRA
images, the BA diameter was measured at the midpons level, while
the dilated VA diameter was measured at the rostral medulla
oblongata. The measurement of the length of the VA and the
maximum distance between 2 points in the head MRA data of all
patients was completed using the auxiliary measuring software or
scale equipped in the MR machine.
2.4. Statistical analysis

General data and clinical and imaging features of VBD patients
with or without posterior circulation infarction were compared.
The relationship between the imaging features of the VBD blood
supply artery and the infarct site in VBD patients with posterior
circulation infarction was analyzed. All data were statistically
analyzed by statistical software SPSS 20.0. Measurement data
were expressed as mean ± standard deviation (x ± SD), and
compared between 2 groups using independent sample t test.
Count data were expressed as percentage, and compared between
2 groups using Fisher exact test. All tests were 2-sided tests. The
risk factors for the occurrence of posterior circulation infarction
in VBD patients were analyzed using multivariate logistic
regression analysis.



Table 1

Clinical data and risk factors of CVD were compared in patients with or without posterior circulation infarction VBD (n, %).

Variable With posterior circulation infarction (n=26) Without posterior circulation infarction (n=30) c2 P

Gender (man) 19 (73.1) 16 (53.3) 2.317 .128
Age (>60) 18 (69.2) 15 (50.0) 2.128 .145
Hypertension 20 (69.2) 11 (36.7) 7.754 .005
Diabetes 11 (42.3) 7 (23.3) 2.299 .129
Hyperlipemia 13 (50.0) 12 (40.0) 0.564 .453
Hyperhomocysteinemia 8 (30.7) 12 (40.0) 0.517 .472
Smoking 12 (46.1) 10 (33.3) 0.96 .327
Drinking 6 (23.1) 4 (13.3) 0.901 .342
Obesity 4 (15.4) 5 (16.7) 0.017 .896
Cardiopathy 5 (19.2) 4 (13.3) 0.359 .549
Previous stroke/TIA history 7 (26.9) 7 (23.3) 0.375 .541
Family history of cardiovascular and

cerebrovascular diseases.
7 (26.9) 5 (16.7) 0.375 .541

Carotid atherosclerosis 7 (26.9) 6 (20.0) 0 .983

CVD= cardiovascular disease, TIA= transient ischemic attack, VBD= vertebrobasilar dolichoectasia.
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3. Results

3.1. Clinical characteristics
3.1.1. General information. A total of 56 VBD patients were
included in the analysis. Among these patients, 26 patients were
assigned into the posterior circulation infarction group, while 30
patients were assigned into the nonposterior circulation infarc-
tion group. The age of onset of these 2 groups of patients was 45
to 85 years old, with an average age of 64.76±5.34 years old.
Among these patients, 35 patients were male and 21 patients were
female. The comparison of the general clinical data and the
characteristics of risk factors for cerebrovascular disease between
these 2 groups are presented in Table 1. The statistics revealed
that all patients with posterior circulation infarction had more
than 1 risk factor for arteriosclerosis. These 2 groups were
compared, and the differences in hypertension and posterior
circulation intracranial atherosclerosis were statistically signifi-
cant (Tables 1, 2). However, the differences in other cardiovas-
cular risk factors between the 2 groups were not statistically
significant.
Table 2

Risk factors of recurrent cerebral infarction after VBD (count data) (

VBD vertebra basilar artery
parameter variate

With posterior circulation
infarction (n=26)

Diameter of basilar artery
�6mm 13 (50.0)
>6mm 13 (50.0)

Basilar artery bifurcation height
Level 1 2 (7.7)
Level 2 11 (42.3)
Level 3 13 (50.0)

Degree of lateral deviation of the basilar artery
Level 1 6 (23.1)
Level 2 15 (57.7)
Level 3 5 (19.2)

Length of basilar artery
�35mm 11 (42.3)
>35mm 15 (57.7)

Intracranial length of vertebral artery
�25mm 13 (50.0)
>25mm 13 (50.0)

Posterior circulation intracranial atherosclerosis 18 (69.2)

VBD= vertebrobasilar dolichoectasia.
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3.1.2. Types of onset. Forty-two patients had posterior
circulation ischemia. Among these patients, 16 patients had
transient ischemic attacks of the VA system, while 26 patients had
posterior circulation infarction. Furthermore, 2 patients had
cerebellar bleeding and transformation, while 2 patients had
cranial nerve paralysis, including 1 patient with trigeminal nerve
paralysis and 1 patient with oculomotor nerve paralysis.

3.1.3. Clinical manifestations. Fourteen patients were asymp-
tomatic. Among those symptomatic patients with posterior
circulation ischemia or infarction, dizziness and vertigo were
frequent presenting symptoms and occurred in 22 cases. Clinical
features of patients with posterior circulation infarction are also
manifested by other symptoms and different degrees of dizziness
as follows. Three patients had different degrees of headache, 6
patients had dizziness and unsteadiness of walking, 3 patients had
vertigo, 4 patients had adynamia and numbness of the unilateral
extremities, 2 patients had dizziness, hemianopsia and numbness
and weakness of the extremities, 2 patients had dizziness,
hemiplegia and choking with drinking water, 1 patient had
n, %).

Without posterior circulation
infarction (n=30) x2 P

21 (70.0) 2.336 .126
9 (30.0)

8 (26.7) 6.658 .033
16 (53.3)
6 (20.0)

8 (26.7) 2.010 .366
12 (40.0)
10 (33.3)

12 (40.0) 0.031 .861
18 (60.0)

11 (36.7) 1.011 .315
19 (63.3)
7 (23.3) 5.606 .018

http://www.md-journal.com


Table 3

The infarction site and its responsible blood vessel distribution in 26 patients with posterior circulation cerebral infarction.

New infarct site Responsible vessel Number of cases Blood supply area group

Thalamus Posterior cerebral artery central branch 4 Posterior cerebral artery
Corpus callosum pressure, occipital lobe,

and medial temporal lobe.
Posterior cerebral artery cortical branches 2 Posterior cerebral artery

Occipital lobe and Mesial temporal lobe Posterior cerebral artery cortical branches 4 Posterior cerebral artery
Occipital lobe Posterior cerebral artery cortical branches 3 Posterior cerebral artery
Bilateral cerebellar hemisphere andvermis cerebelli Anterior inferior cerebellar artery branch. 3 Basilar artery
Unilateral cerebellar hemisphere Superior cerebellar artery branch 3 Basilar artery
Midbrain Posterior cerebral artery midbrain branch 1 Posterior cerebral artery
Mesocephalon Basilar artery perforating branches 5 Basilar artery
Wallenberg inferior cerebellar artery branches 1 Basilar artery
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dizziness, hemianopsia, hemiplegia, epilepsy and mental abnor-
mality, 1 patient had diplopia and eyeball dyskinesia.
3.2. Imaging findings
3.2.1. Head CT andMRI. In all the patients, the height of the BA
bifurcation was graded as follows: 10 patients were grade 1, 27
patients were grade 2, and 19 patients were grade 3. The degree of
lateral migration of the BA was graded as follows: 14 patients
were grade 1, 27 patients were grade 2, and 15 patients were
grade 3. The BA shifted left in 21 patients and shifted right in 17
patients, and presented with an “S or inverted S” vascular loop
straddling in 18 patients. Compression deformation of the
medulla oblongata occurred in 10 patients, and the compression
deformation of the pons occurred in 10 patients. The calcification
of the BA occurred in 18 patients, while white matter
degeneration occurred in 15 patients. Among these VBD patients,
26 patients were diagnosed with new cerebral infarction through
head MRI. The infarct sites were as follows: the thalamus in 4
patients, the pad of corpus callosum, occipital lobe, and mesial
temporal lobe in 2 patients, the occipital lobe and mesial
temporal lobe in 4 patients, the occipital lobe in 3 patients, the
bilateral cerebellar hemisphere and vermis cerebelli in 3 patients,
the unilateral cerebellar hemisphere in 3 patients, the mesen-
cephalon in 1 patient, the pons in 5 patients, and the dorsolateral
medulla oblongata in 1 patient. According to the infarct site and
the offending vessels, these patients were divided into 2 groups:
VA blood supply area infarction group and posterior cerebral
artery blood supply area infarction group. The specific infarct
sites and offending vessels in the 2 groups are presented in
Table 3.

3.2.2. Head MRA. The diameter of the BA was 4.50 to 7.20mm
in all the patients, with an average of 5.68±0.67mm, the length
of the BA was 30.20 to 39.35mm, with average of 33.02±2.10
mm, and the distance of the transverse deviation exceeding the
vertical connecting line between the starting point and the
bifurcation of the BA was 10.10 to 13.50mm, with an average of
Table 4

The arterial characteristics and infarct location of cerebral infarction

Vertebra basilar artery
parameter variate

Vertebral basilar arterial
infarction group (n=12)

Diameter of basilar artery 5.583±0.547
Length of basilar artery 33.308±2.228
Intracranial length of vertebral artery 25.892±0.875

VBD= vertebrobasilar dolichoectasia.
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11.35±0.26mm. The mean length of the intracranial segment of
the vertebral artery was 25.41±0.89mm (range: 24.00–27.50
mm), and the mean length of vertebral arteries deviating from the
connecting line between the intracranial entrance of the vertebral
artery and the starting point of the BA was 11.33±0.57mm
(range: 10.50–15.70mm). Arteriosclerotic plaques at the BA or
the intracranial length of the vertebral artery (the degree of
stenosis was <50%) occurred in 15 patients. Furthermore,
unilateral or bilateral posterior cerebral arteriosclerotic plaques
(the degree of stenosis was <50%) occurred in 10 patients.
Moreover, carotid atherosclerosis occurred in 13 patients, and
intracranial arteriosclerosis in the anterior circulation occurred in
3 patients.

3.3. Analysis of risk factors in related imaging features for
posterior circulation infarction in VBD

First, the relationship between the imaging features of the VBD
blood supply artery and the infarct site in VBD patients with
posterior circulation infarction was analyzed, and the results are
presented in Tables 4 and 5 As shown in these 2 tables, the
difference in height of the BA bifurcation between patients with
VA blood supply area infarction and patients with posterior
cerebral artery supply area infarctionwas statistically significant,
while the differences in other indicators between the 2 types of
patients were not statistically significant. These results revealed
that the elevation of the height of the BA bifurcation was
associated with the occurrence of infarction in the blood supply
area of the posterior cerebral artery.(Fig. 1) Second, the imaging
features of the 56 VBD patients with or without posterior
circulation infarction were compared to analyze the risk factors
in the imaging characteristics for posterior circulation infarction in
VBD, and results are presented in Tables 2 and 6. These tables
demonstrate that thedifferences inheight of theBAbifurcation and
the presence of posterior circulation arteriosclerostic plaque (the
degree of stenosis was <50%) between the 2 groups were
statistically significant (P<.05), while the differences in other
after VBD occurred (count data) (mm, x ± s).

Posterior cerebral artery blood supply
infarction group (n=14) T P

5.992±0.823 �1.468 .155
33.064±2.215 0.260 .797
25.443±0.826 1.341 .193



Figure 1. It reveals a high bifurcation of the basilar artery complicated with infarction in the blood supply area of the posterior cerebral artery. The patient was a 55-
year-old woman. A, 3D VR MRA reconstruction image of cerebral vessels, from the anterior-to-posterior view. The vertebrobasilar artery significantly deviates to
right, showing an S shape (grade 2), and has a high bifurcation. B, C, Cross-sectional TOF images. (B) It reveals that the diameter of the left vertebral artery is 5.7
mm, (C) it reveals that the basilar artery bifurcation reaches the level of third ventricle (white arrow), at grade 3. D, TOF reconstruction imaging of coronary surface
confirms that the basilar artery bifurcation reaches the lower edge of the third ventricle (white arrow) and is slightly compressed and changed. E, F, Cross-sectional
images of DWI, respectively, reveal fresh lacunar cerebral infarctions of left cerebral peduncle and left thalamus (white arrows).

Table 5

The arterial characteristics and infarct location of cerebral infarction after VBD occurred (count data) (n, %).

VBD vertebrobasilar artery parameter
Vertebrobasilar arterial
infarction group (n=12)

Posterior cerebral artery blood
supply infarction group (n=14) x2 P

Diameter of basilar artery
�6mm 8 (66.7) 5 (35.7) 2.476 .238
>6mm 4 (33.3) 9 (64.3)

Basilar artery bifurcation height
Level 1 2 (16.7) 0 (0.0) 5.967 .042
Level 2 7 (58.3) 4 (28.6)
Level 3 3 (25.0) 10 (71.4)

Degree of lateral deviation of the basilar artery
Level 1 3 (25.0) 3 (21.4) 0.288 1.000
Level 2 7 (58.3) 8 (57.1)
Level 3 2 (16.7) 3 (21.4)

Length of basilar artery
�35mm 7 (58.3) 4 (28.6) 2.345 .233
>35mm 5 (41.7) 10 (71.4)

Intracranial length of vertebral artery
�25mm 5 (41.7) 8 (57.1) 0.619 .341
>25mm 7 (58.3) 6 (42.9)

Posterior circulation intracranial atherosclerosis
Merge basal artery or intracranial vertebral artery plaque 6 (50.0) 5 (35.7) 0.678 .883
Merger unilateral or bilateral posterior cerebral artery sclerosis plaques 3 (25.0) 4 (28.6)
No combined cycle atherosclerotic plaques 3 (25.0) 5 (35.7)

VBD= vertebrobasilar dolichoectasia.
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Table 6

Risk factors of recurrent cerebral infarction after VBD (count data) (mm, x ± s).

Vertebra basilar artery
parameter variate

With posterior circulation
infarction (n=26)

Without posterior circulation
infarction (n=30) T P

Diameter of basilar artery 5.799±0.720 5.589±0.620 �1.172 .246
Length of basilar artery 33.176±2.343 32.893±1.904 �0.499 .620
Intracranial length of vertebral artery 25.642±0.878 25.200±0.862 �1.897 .063

VBD= vertebrobasilar dolichoectasia.
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indicators between the 2 types of patients were not statistically
significant. These results revealed that the height of the BA
bifurcation and the presence of posterior circulation atherosclero-
sis were associated with posterior circulation infarction in VBD
(Fig. 2) The diameter of the BA and the degree of its deviationwere
not correlated to the occurrence of cerebral infarction in VBD.
With posterior circulation infarction as a dependent variable,

and with age, gender, smoking and alcohol consumption, body
weight, height, blood pressure, blood glucose, blood lipid,
homocysteine, carotid intima-media thickness, previous stroke or
transient ischemic attack, hypertension, diabetes and heart
disease, posterior circulation intracranial atherosclerosis, BA
diameter, BA bifurcation height score and BA shifting score, BA
length, and length intracranial segment of the vertebral artery as
Figure 2. Reveals a high bifurcation of the basilar artery complicated with atheros
ReconstructionMRA image of maximum density projection of cerebral vessels, from
changes, the vertebrobasilar artery significantly deviates to right, showing an S shap
coronal surface, the basilar artery bifurcation reaches the level of the middle of the t
are uneven, suggesting mural macro thrombi and atherosclerosis, with a diamete
suggesting mural thrombi (white arrow). E, It reveals the scattered distribution of “bla
suggesting micro hemorrhagic foci. F, Cross-sectional DWI image, suggesting fre

6

independent variables, a multivariate logistic regression analysis
was conducted. The results revealed that hypertension (OR:
6.745, 95% CI: 1.792–6.089, P= .005) and posterior circulation
intracranial atherosclerosis (OR: 5.205, 95% CI: 1.427–18.985,
P= .012) were risk factors for posterior circulation infarction in
VBD patients.
4. Discussion

VBD is a variant-induced cerebrovascular disease, which is at the
stage of research and exploration. When vertebrobasilar
dilatation and tortuosity are not obvious, the change in brain
tissue compression and hemodynamics are not significant, and
patients may have no clinical symptoms and signs. Once the
clerosis and posterior circulation infarction. The patient is 85-year-old man. A,
the anterior-to-posterior view. The cerebral artery presents with atherosclerotic
e, reaching the left CP corner area (grade 3). B, TOF reconstruction image of the
hird ventricle (grade 3). C, Cross-sectional TOF image. The basilar artery signals
r of 8.3mm. D, E, Cross-sectional SWI images. D, It reveals low mural signal,
ck spots” on the bilateral temporal occipital lobe of the brain stem (white arrow),
sh lacunar cerebral infarction of brainstem and left occipital lobe (white arrow).
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excessive dilation and circuity of the VA occurs, it may cause
symptoms of cerebral ischemia, and present with complex clinical
manifestations.[13] A literature reported that the common
symptoms of VBD patients with posterior circulation stroke
were dizziness, cranial nerve paralysis, gait abnormalities, ataxia,
and pyramidal tract symptoms.[13] In the present study, among
the 56 VBD patients, 14 patients were asymptomatic, and 42
patients had posterior circulation ischemia. Among these
patients, 16 patients had transient ischemic attack of the VA
system, 26 patients had posterior circulation infarction (46.4%),
and 30 patients did not have posterior circulation infarction
(53.6%). Symptomatic patients mostly presented with varying
degrees of dizziness (22 patients, 40%), or combined with
brainstem or cerebellar damage symptoms, and their clinical
manifestations were mainly correlated to the ischemic and infarct
sites of the blood supply area of the posterior circulation artery.
The risk factors for posterior circulation infarction in VBD
patients were analyzed by comparing the images of the 2 groups
of VBD patients with or without posterior circulation infarction
(56 patients), and the results revealed that the height of the basilar
artery bifurcation and the presence of posterior circulation
atherosclerosis were correlated to the occurrence of posterior
circulation infarction in VBD. This suggests that the pathomor-
phological abnormalities of the BA may be the basis of ischemic
stroke in VBD patients, and traditional cerebral atherosclerotic
lesions are more likely to promote and induce the occurrence of
infarction.
The etiology of VBD remains unclear. It remains disputed

whether it is congenital, acquired, or both. The risk factors for
VBD include male, hypertension, smoking, drinking, and
history of cerebrovascular disease in the family. Its onset peak
is mainly at the age group of 60 to 80 years old.[14] A report
pointed out that the acquired factors for the occurrence and
development of the disease were mainly correlated to
atherosclerotic factors.[15] A comparative study of stroke
patients with or without VBD also confirmed that the severity
of hypertension, VBD morphological changes, and the imaging
progress could promote the occurrence of stroke in VBD
patients.[16] This was also confirmed in patients in the present
study. In the present study, the male-to-female ratio was
approximately 1.6:1.0, and the average age was 64.7 years old.
Furthermore, 57% of patients had hypertension, all patients
had posterior circulation infarction and had more than 1 risk
factor for arteriosclerosis, and more than 40% patients were
complicated with posterior circulation intracranial arterioscle-
rosis plaques. In the present study, the common vascular risk
factors were found in both the infarction group and non-
infarction group. The comparison between these 2 groups
revealed that the differences in hypertension and posterior
circulation intracranial atherosclerosis were statistically signifi-
cant, while the differences in other risk factors, including
obesity, gender, history of smoking and drinking, hyperglyce-
mia, hyperlipidemia, homocysteine, carotid intima-media
thickness, previous history of stroke and heart disease, were
not statistically significant. The risk factors for the occurrence of
posterior circulation infarction in VBD patients were analyzed
using multivariate logistic regression analysis. The results
revealed that hypertension (OR: 6.745, 95% CI: 1.792–
16.089; P= .005) and posterior circulation intracranial athero-
sclerosis (OR: 5.205, 95% CI: 1.427–18.985; P= .012) were the
risk factors for posterior circulation infarction in VBD patients.
At present, it has been considered that VBD is an

independent risk factor for stroke.[8,17] In the present study,
7

42 patients had posterior circulation ischemia. Among these
patients, posterior circulation cerebral infarction occurred in 26
patients. Furthermore, supratentorial infarction mainly affected
the blood supply area of the posterior cerebral artery, including
the thalamus, the pad of the corpus callosum, the medial
temporal lobe, and the occipital lobe, while subtentorial
infarction mainly affected the brainstem and cerebellum.
Patients with an affected brainstem commonly had pontine
infarction, and had both perforating infarction and cortical
branch blood supply area infarction. The relationship between
cerebral blood supply artery imaging features and infarct sites
in 26 patients with VBD combined with posterior circulation
infarction was analyzed. The results revealed that the height of
the BA bifurcation was correlated to infarction in the posterior
cerebral artery supply area. In the present study, infarction in
the posterior cerebral artery blood supply area accounted for
54% (14/26) of posterior circulation infarction. The reason
may be that the blood flow in the dilated and tortuous BA was
slow,[18] and the micro thrombus easily forms and falls off,
which obstructs the tiny distal and deep perforating branch
artery. The reason may also be that the distributions of the
posterior cerebral artery and branches are tortuous, which
more significantly affects the hemodynamics caused by VBD.
Brainstem infarction is more common in the pons. The
pathogenesis may be as follows: the direction of the blood
flow in the dilated and tortuous pontine branch of the BA was
reverse to that in the BA, and the diameters of these branches
are smaller; when blood flows from the thicker BA to the
smaller pontine branches with larger resistance, the blood flow
is likely to produce a vortex, causing a site prone to inadequacy
of perfusion. Passcro et al considered that ischemia and stroke
in the distal BA areas (thalamus, the blood supply area of
cerebral branch of the posterior cerebral artery and the
cerebellum) may be correlated to hemodynamic changes and
arterial embolism. Furthermore, some ischemic strokes in the
brainstem and cerebellum may be correlated to the occurrence
of atherosclerotic thrombosis at the beginning of the BA.[16,19]

Kumral et al considered that the influence of BA hemodynamic
changes, such as slower speed, on the blood supply area of the
thalamus, cerebellum and posterior cerebral artery, is greater
than that on the blood supply area of the direct branch of
the BA.[20]

In summary, patients were retrospectively analyzed and
studied in the present study. These results reveal that the height
of the BA bifurcation is an important imaging feature associated
with the occurrence of posterior circulation infarction in VBD,
hypertension, and atherosclerotic lesions of the posterior
circulation are risk factors for VBD combined with infarction.
Posterior circulation infarction in VBD may be the comprehen-
sive result of multiple congenital and acquired factors, such as
congenital defects of the posterior circulation cerebral artery
wall, especially the BA wall, hypertension, and atherosclerotic
lesions. Indeed, there were limitations in the present study. For
example, the number of patients was small, these patients were
enrolled from a single center, and these patients were mostly the
elderly and had a variety of risk factors for arteriosclerosis. The
vast majority of these patients were characterized by posterior
circulation ischemia or infarction, and patients with anterior
circulation infarction were excluded. There was a certain bias in
the inclusion of these cases. The imaging changes of the VB
pathology of VBD should be further analyzed through high-
resolution MRI of the intracranial arterial vascular wall and
other techniques.
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