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Abstract

Aims/Background: It remains unclear whether vascular characteristics or hemodynamics of the vertebrobasilar artery (VBA) among
patients with left- and right-sided hemifacial spasm (HFS) lesions correlate with the risk of HFS occurrence and disease severity. This
study aims to investigate the correlation of VBA characteristics with the incidence risk and severity of HFS. Methods: A total of 60
patients with HFS who were admitted to Sir Run Run Shaw Hospital, Zhejiang University School of Medicine, between January and
October 2024 were retrospectively enrolled in the HFS group. Another 59 healthy individuals who underwent physical examinations were
assigned to the control group. Data on the characteristics of the VBA were collected for both groups, and the correlation between these
characteristics and the occurrence risk of HFS was analyzed. In addition, patients in the HFS group were further stratified according to
the lesion side (left vs right) and HFS severity grade (mild vs moderate vs severe) for subgroup analysis and comparison of VBA imaging
features. Results: The diameters of the left vertebral artery (VA), right VA, and basilar artery in the HFS group were all found to be
larger than those in the control group, and the difference in the diameter of the left VA between the two groups was more significant (p<
0.05). Multivariate logistic regression analysis demonstrated that the diameter of the left VA (odds ratio [OR] = 4.014, 95% confidence
interval [CI]: 1.997–8.070), the diameter of the right VA (OR = 3.890, 95% CI: 2.217–6.825), and the diameter of the basilar artery (OR
= 2.022, 95% CI: 1.008–4.058) were independent influencing factors for the occurrence of HFS (p < 0.05). There were no statistically
significant differences in the diameters of the VA and basilar artery among patients with severe, moderate, and mild HFS (p > 0.05).
Conclusion: The diameters of the left VA, right VA, and basilar artery are significantly correlated with the occurrence of HFS, while the
severity of the disease shows no correlation with the diameter of the ipsilateral VA. This suggests that the morphological changes of the
VBA system may play an important role in the pathogenesis of HFS.
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1. Introduction

Hemifacial spasm (HFS) is a neurological disorder of
the brain characterized by involuntary, paroxysmal twitch-
ing of the facial muscles, mostly confined to one side, usu-
ally starting from the orbicularis oculi muscle and gradu-
ally progressing downward to affect even the lower facial
muscles, which is more common in middle-aged and el-
derly people [1]. The prevalence of HFS in the population
is about 20/100,000, with a slightly higher prevalence in
women than in men. Its diagnosis is mainly based on ob-
servation of the characteristic clinical manifestations, such
as difficulty opening eyes, facial asymmetry, and twitching
noises in the ear, etc. Electrophysiological approach, imag-
ing examinations, and carbamazepine tests are required to
facilitate diagnosis for individuals lacking these manifes-
tations. Drugs such as carbamazepine and oxcarbazepine,
botulinum toxin injections, and microvascular decompres-
sion are the primary modes of treatment for HFS. Vascular
compression of the pontine segment of the facial nerve is
a major etiological factor in the development of HFS [2],

with the vertebrobasilar artery (VBA) being a common im-
plicated factor in clinical practice [3]. However, the VBA is
bilaterally asymmetrical, with the left vertebral artery (VA)
being the dominant vessel [4]; this dominance is more pro-
nounced in patients with HFS [5]. The bilateral asymmetry
of the VBA and the presence of the dominant VBA con-
tribute to the differences in hemodynamics of the bilateral
VBA, which, in turn, may cause the VBA to shift or twist to
the side with lower blood flow [6]. Fluid dynamics-based
analysis has also found that bending of the VBA triggers a
pressure difference between the two sides of the vessel wall
and increases the wall shear stress, which increases with
the angle and degree of bending [7]. A clinical anatomi-
cal study demonstrated that the pattern of vessel displace-
ment is consistent with biomechanical characteristics [8]. It
is suggested that anatomical variations and hemodynamics
differences in the VBA system may contribute to the de-
velopment of HFS, vascular variations or hemodynamic al-
terations in the VBA may differ between patients with uni-
lateral and bilateral HFS. However, it is not clear whether
vascular variations or hemodynamic changes in the VBA of
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Fig. 1. The process of patient inclusion in this study. HFS, hemifacial spasm.

patients with left- and right-sided HFS are associated with
the risk of developing HFS or, in fact, with disease severity.
In view of this, 60 patients with HFS were retrospectively
included in this study to investigate the correlation of VBA
characteristics with the risk of developing HFS and disease
severity.

2. Methods
2.1 Study Participants

This study was conducted in adherence to the Decla-
ration of Helsinki, and the research protocol was approved
by the Medical Ethics Committee of Sir Run Run Shaw
Hospital, Zhejiang University School of Medicine (Ethics
Approval No.: 2025-1076). This retrospective study used
fully anonymized data and posed no risk to patient con-
fidentiality and safety. Therefore, informed consent was
waived in accordance with the “Ethical Review Measures
for Biomedical Research Involving Human Subjects”. A
total of 60 patients with HFS treated at Sir Run Run Shaw
Hospital, Zhejiang University School of Medicine, from
January 2024 to October 2024 were retrospectively en-
rolled. The sample size was calculated using the formula:

n = n =
2(Zα/2+Zβ)

2×σ2

(µ2−µ1)
2 [9]. The test efficiency was 1-β

= 90%, and the test level was α = 0.05. Using the diameter
of the left VA as the primary observation indicator, prelim-
inary experiment values of µ1 = 4.10, µ2 = 3.45, and stan-
dard deviation σ = 1.00 were substituted into the formula,
giving n = 2(1.96+1.28)2×12

(4.10−3.45)2 ≈ 50. Considering a failure rate
of approximately 5% to 20%, the sample size enrolled for
each group is approximately 53 to 60 cases; therefore, a
total of 60 patients with HFS were enrolled in this study.
The process of patient inclusion in the study is illustrated in
Fig. 1.

Inclusion criteria of this study include: (1) meeting the
diagnostic criteria of HFS stipulated in the “Chinese Expert
Consensus on Facial Muscle Spasm Diagnosis and Treat-
ment” [10]; (2) aged ≥18 years; and (3) first-onset, uni-
lateral lesions with typical HFS. Exclusion criteria include:
(1) sequelae of Bell’s facial paralysis; (2) intracranial oc-
cupations; (3) mental illnesses that would impair the pa-
tient’s ability to adhere to instructions during examination;
(4) facial infections; (5) comorbidity of severe cardiovascu-
lar and cerebrovascular diseases, history of cerebrovascu-
lar surgery, and history of long-term vascular drug use; (6)
pregnant or breastfeeding women; and (7) unclear images
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through which VBA characteristics and blood flow velocity
are unable to be determined.

Fifty-nine healthy controls were selected from indi-
viduals attending health screening in the same hospital and
included in the control group. Inclusion criteria for healthy
controls include: (1) people who underwent routine physi-
cal examination; and (2) aged≥18 years. Exclusion criteria
include: (1) individuals with signs and diagnosis of HFS;
(2) individuals with comorbidity of moderate to severe car-
diovascular and cerebrovascular diseases, history of cere-
brovascular surgical treatment, or a history of long-term
usage of vascular drug; (3) people who underwent routine
cranial magnetic resonance angiography (MRA), including
assessment of VBA characteristics and blood flow velocity;
(4) pregnant or breastfeeding women; and (5) individuals
with facial infections. Similar to HFS group, data on the
healthy controls’ age, gender, body mass index (BMI), hy-
perlipidemia, mean arterial pressure, total cholesterol, and
fasting blood glucose were also collected.

2.2 Research Methods
2.2.1 Clinical Data Collection

Data including age, gender, BMI, disease duration,
past history (hypertension [11], diabetes mellitus [12], hy-
perlipidemia [13]), mean arterial pressure (MAP), total
cholesterol, fasting blood glucose, HFS lesion side, and
HFS severity grades of all subjects were collected. The
severity of HFS was evaluated using a classification sys-
tem established by Sampaio [14]. This system classifies
spasm intensity into five grades: (1) grade 0: no spasm; (2)
grade I: spasm induced by external stimulation; (3) grade
II: mild facial muscle spasm; (4) grade III: obvious fa-
cial muscle spasm with mild dysfunction; (5) grade IV: se-
vere spasm with dysfunction. For analysis purposes in this
study, spasm severity was further categorized into three lev-
els: grades 0 and I as mild, grades II and grade III as mod-
erate, and grade IV as severe.

2.2.2 Imaging Evaluation
A 1.5Tmagnetic resonancemachine (SIGNAVoyager

type, General Electric, Chicago, IL, USA) and the accom-
panying 8-channel head phase-array control coil were uti-
lized for a conventional head scan magnetic resonance an-
giography (MRA) scan to obtain characterization data of
VBA. Routine scans included axial T1-weighted imaging
(T1WI) scans with a repetition time (TR) of 1780 ms and
an echo time (TE) of 9 ms; axial T2WI fluid-attenuated in-
version recovery (FLAIR) scans with a TR of 8000 ms and
a TE of 92 ms; axial diffusion-weighted imaging (DWI)
scans with a TR of 6061 ms and a TE of 75 ms; and sagittal
T2WI scans with a TR 6014 ms, TE 105 ms. MRA was
performed by three-dimensional time-of-flight (3D-TOF)
scanning with a TR of 23 ms, a TE of 6.8 ms, and a field
of view of 24 cm × 24 cm. Image data were measured and
evaluated by two senior radiologists.

Images were reconstructed by using maximum-
intensity projection (MIP), and individual image data were
independently evaluated by two senior radiologists using
Functool software (version 4.5.5, General Electric Health-
care, Waukesha, WI, USA) on oblique coronary MIP im-
ages aligned parallel to the basilar arteries. The coefficient
of concordance for the measurements performed by the two
senior radiologists was 0.832. The diameters of VA were
measured at 3 mm intervals with the VA confluence as the
origin for three consecutive measurements, and the aver-
age of these measurements was taken as the final measure-
ment of the diameters of the right and left VA. Using phase-
contrast magnetic resonance angiography (PC-MRA) tech-
nique, the center of the vascular cross-section of the basilar
artery (proximal/middle/distal) and bilateral vertebral ar-
teries (segment V4) was selected as the region of interest
(ROI), and the mean flow velocity (MFV) was measured
at three consecutive levels, and the resulting flow velocity
data were averaged separately as the final measurement.

2.3 Statistical Methods
Data were analyzed using SPSS 26.0 software (IBM

Corp., Armonk, NY, USA). Normal distribution was as-
sessed using the Shapiro-Wilk test. Measurements that con-
formed to the normal distribution were expressed as mean
± standard deviation (SD), with independent samples t-
tests used for between-group comparisons and paired t-tests
for within-group before-and-after comparisons. Statistical
analysis of multiple groups was performed using one-way
analysis of variance, with Bartlett’s test for homogeneity of
variances and Bonferroni correction for post-hoc compar-
isons. Non-normally distributed measures were expressed
as median (M [Q25, Q75]). Count data were expressed as
cases (%), as determined by the chi-squared test. Covari-
ance diagnostics were performed for all variables using the
variance inflation factor (VIF), and multivariate logistic re-
gression analysis was performed for variables without co-
variance. The p < 0.05 was considered a statistically sig-
nificant difference (bilateral).

3 Results
3.1 Correlation Between VBA Characteristics and the Risk
of HFS Occurrence
3.1.1 Comparison of Clinical Information Between HFS
and Control Groups

There were no statistically significant differences in
age, gender, BMI, past history (hypertension, diabetes mel-
litus, hyperlipidemia), mean arterial pressure, total choles-
terol, and fasting blood glucose between the HFS and con-
trol groups (p > 0.05), as shown in Table 1.

3.1.2 Comparison of VBA Characteristics Data Between
HFS and Control Groups

The diameters of the left and right VA and the basilar
artery were all greater in the HFS group than in the control
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Table 1. Comparison of clinical data between HFS and control groups.
Items HFS group (n = 60) Control group (n = 59) t/χ2 p

Age (year), x̄ ± s 54.15 ± 12.66 58.85 ± 14.99 1.846 0.067
Gender, n (%) 0.072 0.788

Male 27 (45.00) 28 (47.46)
Female 33 (55.00) 31 (52.54)

BMI (kg/m2), x̄ ± s 25.94 ± 2.38 26.75 ± 3.69 1.420 0.159
Disease duration (years), x̄ ± s 4.40 (1.32, 5.97) /
Past history, n (%)

Hypertension 25 (41.67) 26 (44.07) 0.070 0.791
Diabetes mellitus 17 (28.33) 9 (15.25) 2.908 0.084
Hyperlipidemia 6 (10.00) 11 (18.64) 1.815 0.178

MAP (mmHg), x̄ ± s 108.44 ± 10.32 111.78 ± 14.96 1.415 0.160
Total cholesterol (mmol/L), x̄ ± s 3.58 ± 0.72 3.63 ± 0.96 0.321 0.749
FBG (mmol/L), x̄ ± s 4.83 ± 1.49 4.47 ± 1.44 1.340 0.183
HFS lesion side, n (%)

Left side 33 (55.00) /
Right side 27 (45.00) /

HFS severity grades, n (%)
Mild 11 (18.33) /
Moderate 33 (55.00) /
Severe 16 (26.67) /

Notes: p > 0.05 indicates that there is no statistically significant difference.
Abbreviations: BMI, body mass index; HFS, hemifacial spasm; MAP, mean arterial pressure; FBG,
fasting blood glucose.

Table 2. Comparison of VBA characteristics data between HFS and control groups (x̄ ± s).
Items HFS group (n = 60) Control group (n = 59) t p

Diameter of left VA (mm) 4.38 ± 0.87 3.30 ± 1.03 6.174 <0.001
Blood flow velocity of left VA (cm/s) 35.44 ± 4.85 37.19 ± 5.27 1.884 0.062
Diameter of right VA (mm) 3.91 ± 0.91 3.30 ± 1.03 3.422 0.001
Blood flow velocity of right VA (cm/s) 34.94 ± 4.87 36.07 ± 5.47 1.190 0.237
Diameter of basilar artery (mm) 4.31 ± 0.82 3.84 ± 0.88 3.013 0.003
Blood flow velocity of basilar artery (cm/s) 34.45 ± 4.85 36.31 ± 5.47 1.962 0.052
Abbreviation: VA, vertebral artery.

group (p < 0.05), and the blood flow velocities in the left
and right VAs and the basilar artery of the HFS group were
lower than those of the control group, but the difference was
not statistically significant (p > 0.05), as shown in Table 2.

3.1.3 Logistic Regression Analysis of VBA
Characteristics and the Risk of HFS Occurrence

Multivariate logistic regression analysis was per-
formed usingHFS occurrence as the dependent variable and
the factors showing significant differences between the two
groups in Tables 1,2 as the independent variables. The re-
sults showed that diameter of the left VA (odds ratio [OR] =
4.014, 95% confidence interval [CI]: 1.997–8.070), diame-
ter of the right VA (OR = 3.890, 95% CI: 2.217–6.825), and
diameter of the basilar artery (OR = 2.022, 95% CI: 1.008–
4.058) are independent predictors of HFS occurrence (p <

0.05), as shown in Table 3.

3.2 Analysis of VBA Characteristics and Their Correlation
With HFS Lesion Side
3.2.1 Comparison of VBA Characteristics in Right- and
Left-Sided HFS Patients

The diameter of the left VA in the right-sided HFS
group was lower than that in the left-sided HFS group; the
diameter of the right VA in the right-sided HFS group was
higher than that in the left-sided HFS group; and the diam-
eter of the basilar artery in the right-sided HFS group was
slightly higher than that in the left-sided HFS group. How-
ever, none of these differences were found to be of statisti-
cal significance between the twoHFS subgroups (p> 0.05),
as shown in Table 4.

3.2.2 Comparison of VBA Characteristics According to
HFS Severity Grades

There were no statistically significant differences in
diameter of VA or basilar artery between patients with mild,
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Table 3. Logistic regression analysis of VBA characteristics and the risk of HFS occurrence.

Variables β Standard error Wald p VIF OR
95% CI

Lower limit Upper limit

Diameter of left VA 1.390 0.356 15.218 <0.001 1.104 4.014 1.997 8.070
Diameter of right VA 1.358 0.287 22.423 <0.001 1.059 3.890 2.217 6.825
Diameter of basilar artery 0.704 0.355 3.926 0.048 1.046 2.022 1.008 4.058
Constant –12.801 2.449 27.311 <0.001
Abbreviations: CI, confidence interval; OR, odds ratio; VBA, vertebrobasilar artery; VIF, variance inflation factor.

Table 4. Comparison of VBA characteristics between the right- and left-sided HFS groups (x̄ ± s).
Items Right-sided HFS group (n = 27) Left-sided HFS group (n = 33) t p

Diameter of left VA 4.20 ± 0.72 4.38 ± 0.70 0.975 0.334
Diameter of right VA 4.00 ± 0.89 3.81 ± 0.87 0.831 0.410
Diameter of basilar artery 4.33 ± 0.90 4.29 ± 0.91 0.170 0.865

Table 5. Comparison of VBA characteristics according to different HFS severity levels (x̄ ± s).
Items Diameter of left VA Diameter of right VA Diameter of basilar artery

Mild (n = 11) 4.09 ± 0.88 3.75 ± 0.77 4.25 ± 0.32
Moderate (n = 33) 4.32 ± 0.83 4.00 ± 0.84 4.36 ± 0.35
Severe (n = 16) 4.63 ± 0.58 4.35 ± 0.54 4.40 ± 0.30
F 1.654 2.177 0.694
p 0.200 0.123 0.504

moderate, and severe grades of HFS (p > 0.05), as shown
in Table 5.

4. Discussion
Asymmetry between left and right VAs is a common

anatomical variation, with the left-sided dominance ob-
served more frequently. This dominance of the VBA is par-
ticularly prominent in HFS patients [15], suggesting that the
high-risk population for HFS could be identified by analyz-
ing VBA features. The study also found that the left VA
is often more dominant. The proportion of left-sided domi-
nance of theVAs in patients with left-sidedHFS is as high as
96.2%, whereas the proportion of right-sided dominance of
the arteries in patients with right-sided HFS is 52.4% [16].
This indicates that there may be significant differences in
VBA characteristics between patients with left-sided and
those with right-sided HFS. Based on this hypothesis, the
present study assessed the VBA characteristics in patients
with HFS and in healthy individuals, in order to analyze the
relationship of these characteristics with the risk of HFS oc-
currence. Further analysis was conducted to identify differ-
ences in VBA characteristics between right-sided HFS and
left-sided HFS patients, and examine differences in these
characteristics according to different HFS severity grades.
In addition, to reduce the influence of age, gender and the
correlation of blood pressure, blood glucose and lipid levels
on the risk of developing HFS in patients and their condi-
tion, 59 cases of healthy controls were included in the anal-
ysis, with their age, gender, BMI, hyperlipidemia, mean ar-
terial pressure, total cholesterol level, and fasting glucose

levels all matched to the corresponding variables in the HFS
group.

Our results showed that the diameter of the left and
right VA, as well as the diameter of the basilar artery, were
all independent influencing factors for HFS occurrence.
There were no statistically significant differences in VBA
diameter between patients with HFS on different sides or
affected by HFS at different severity levels.

The influence of VBA on HFS occurrence is possibly
reflected mainly in vascular compression and nerve excita-
tion. Anatomically, asymmetry of the VBA, the presence of
a dominant VA and the tortuosity of blood vessels increase
the risk of vascular compression at the pontine exit of the fa-
cial nerve. It has been found that a larger diameter of blood
vessel is associated with a greater risk for compression [17].
From a hemodynamic point of view, pressure differences
and changes in wall shear stress caused by blood flow pro-
mote vascular displacement and deformation. The arterial
diameter may indicate that the greater the vascular deforma-
tion, the higher the risk of compressing the pontine exit of
the facial nerve and the greater the risk of HFS occurrence
[18]. This study also found that blood flow velocity in the
left and right vertebral and basilar arteries was lower in the
HFS group than in the control group, though this difference
was not statistically significant. This indicates that HFS pa-
tients experienced reduced blood flow velocities in the left
and right vertebral and basilar arteries; however, the lack
of significant differences compared to healthy controls may
be attributed to the fact that most included patients had only
mild to moderate levels of HFS. A study by Li et al. [19] re-
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ported that the dominant VA was associated with HFS and
was more prevalent on the left. These findings indirectly
support the conclusion of this study that the diameter of the
left VA, the diameter of the right VA, and the diameter of
the basilar artery are independent influencing factors for the
occurrence of HFS.

However, some studies suggest that primary HFS is
caused by vascular compression, where offending blood
vessels increase the excitability of the facial nerve through
mechanical irritation. This increased excitability facilitates
transmission between nerve branches, thereby exacerbating
the patient’s symptoms [20]. An increased VA diameter is
associated with greater vascular compression of the facet
nerve from the cerebral pontine segments due tomechanical
factors. A study by Xia et al. [21] also found that mechan-
ical compression of the offending blood vessels can lead
to the overexpression of Nav1.8 in the sodium ion chan-
nel. Nav1.8 overexpression affects the resting potential of
neurons and increases the excitability of the facial nerve nu-
cleus. Excessive excitation and ‘cross-excitation’ between
axons can cause more severe HFS symptoms. Additionally,
in unilateral lesions, the contralateral dominant vessel of-
ten exhibits anatomical variations with increased diameter.
However, our analysis of VBA characteristics in patients
with HFS at different sides and severity levels did not re-
veal significant differences in VBA diameter between the
subgroups. Although the specific mechanism remains un-
clear, we speculate that the lack of significant results may
be attributed to the relatively small sample size of patients
included in this study. Furthermore, the study did not ad-
equately control for, or perform stratified analysis of, con-
founding factors such as vascular atherosclerosis. This may
have obscured relevant vascular changes in HFS patients,
leading to the lack of statistically significant differences be-
tween groups.

The limitations of this study are as follows: Firstly,
owing to its retrospective nature, this study is subject to
the inherent biases commonly associated with retrospec-
tive analyses. Secondly, the small sample size used and the
variations in VBA characteristics in patients across differ-
ent regions could limit extrapolation of the research results.
Differences in the site of compression in the exit zone of
the facial nerve were not thoroughly examined, limiting the
study’s generalizability and mechanistic insight. Thirdly,
VBA characteristics may vary depending on the site of vas-
cular compression along the facial nerve’s root exit zone
and the sides affected; however, this study did not perform a
correlation analysis to investigate these differences. There-
fore, further research is warranted in the future to explore
this aspect in greater depth.

5. Conclusion
In summary, the diameters of the left and right VA

and the basilar artery are independent influencing factors
for HFS occurrence, with greater diameters of these vessels

linked to improved predictive value for HFS. However, ves-
sel diameter does not appear to correlate with disease sever-
ity.

Key Points
• The relationship of VBA characteristics with the risk

of HFS occurrence and disease severity remains unclear.
• The diameter of the left, right VA, and the basilar

artery are associated with the risk of HFS occurrence, but
not with HFS severity classification.

• Morphological alterations in the VBA may play a
key role in the pathogenesis of HFS, but do not directly in-
fluence HFS clinical grading.
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