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Background and Purpose. The cause of in-stent restenosis (ISR) after vertebral artery ostium (VAO) stenting remains unclear. We
evaluated factors associated with ISR in patients who underwent VAO stenting. We also assessed the feasibility of stenting for
treating VAO stenosis (VAOS). Methods. Between January 2016 and October 2018, sixty-four consecutive patients who
underwent a total of 66 stenting procedures were screened for symptomatic and asymptomatic atherosclerotic VAOS. Of these
patients, 57 had complete follow-up data. The baseline patient demographics and morphological features of the VAO were
recorded. Potential factors inﬂuencing ISR, including conventional cerebrovascular disease risk factors, were assessed, together
with outcome events including recurrent transient ischemic attack (TIA), stroke, and vascular-related mortality. Results. The
average follow-up period was 13:2 ± 4:6 months. Technical success was achieved in all interventions. The degree of stenosis was
reduced from 77:2 ± 6:1% to 13:7 ± 8:9% after the procedure. ISR was detected in eight treated vessels (14.0%) and occlusion in
two (5.3%) arteries. Of the 57 patients, one had an ischemic stroke and 5 had TIAs. The angle of the VAO at the subclavian
artery was associated with the risk of restenosis (preoperative, P = 0:04; postoperative, P = 0:02). Conclusions. Stenting is a
feasible and eﬀective treatment for VAOS. The angle of the VAO at the subclavian artery may contribute to the development of ISR.

1. Introduction
Atherosclerotic stenosis of the vertebral artery ostium
(VAO), a recognized cause of ischemic stroke, accounts for
5.2–9% of posterior circulation ischemic strokes [1, 2].
Recent autopsy [3] and angiographic [4] studies have
revealed VAO stenosis (VAOS) prevalence rates of 12.7%
and 5.4%, respectively. Studies by The New England Medical
Center Posterior Circulation Registry and Borgess Medical
Center Vertebral Artery Ostium Stenting Registry found that
atherosclerotic VAOS alone could explain posterior circulation ischemic stroke [5–7].
Currently, antiplatelet therapy is the ﬁrst-line treatment
for most posterior circulation strokes caused by VAOS or
occlusion [8]. However, posterior circulation strokes are
often refractory to medical treatment, which increases stroke
recurrence [9]. Stent implantation for VAOS is a safe option
for reducing the long-term risk of stroke [9, 10]; however,

in-stent restenosis (ISR) is more common for stents placed
at the origin of an artery than in those placed in the intracranial vertebral artery (VA) [11]. Moreover, the ISR rate
of VAO stents is higher than that following carotid angioplasty and stenting [10, 12, 13]. Previous investigations
have identiﬁed factors associated with ISR, including arterial anatomy, vessel diameter, coexisting carotid vascular
occlusions, and medical management and stent type [14–
17]. However, the eﬀect of the VAO/subclavian artery
angle in VAOS stent patients is seldom mentioned. This
prospective, single-center study evaluated the incidence of
and factors associated with ISR in 57 consecutive patients
who underwent VAO stent placement.

2. Materials and Methods
2.1. Patient Characteristics. The study enrolled 64 consecutive patients treated with angioplasty and stenting for VAOS
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at our hospital between January 2016 and October 2018. Of
these patients, 57 (53 males, 4 females; average age, 63.1
years; range: 44–81 years) had available follow-up data. All
patients met the following inclusion criteria: symptomatic
VAOS, deﬁned as VAOS ≥ 50% with transient ischemic
attack (TIA) or stroke in the region of the vertebral artery
(VA); asymptomatic VAOS (≥70% with hypoplasia of the
contralateral VA); satisfactory neurological function, deﬁned
by a modified Rankin Scale score ≤ 2 (if a minor stroke
occurred, the procedure was performed at least 2 weeks after
the onset of the most recent ischemic symptoms); and complete imaging and clinical data. Patients with nonatherosclerotic diseases, those with tandem or extensive lesions
requiring the placement of more than one stent, and those
who had undergone previous vertebral ostium interventions
were excluded from the study. The degree of stenosis was
measured on digital subtraction angiography using the
North American Symptomatic Carotid Endarterectomy
Trial method [18] and classiﬁed as <50%, 50–69%, or
70–99% stenosis, or occlusion.
The angiography and stent procedures were explained
fully, and all patients provided informed consent.
2.2. Clinical and Angiographic Follow-Up. All patients were
discharged the day after the procedure and prescribed aspirin
(100 mg/day) and clopidogrel (75 mg/day) for at least 6
months. To minimize the risk of atherosclerosis, the patients
were treated for atherosclerotic risk factors, including hypertension, hyperlipidemia, and diabetes. Follow-up involved telephone interviews and clinical visits 1, 3, 6, and 12 months after
the procedure and yearly thereafter. Outcome events included
TIA, stroke (aﬀecting the anterior and posterior circulation),
myocardial infarction, and death. There were no periprocedural complications. Cervical Doppler ultrasound was performed at 3, 6, and 12 months postprocedure. If ISR was
suspected on Doppler examination according to the vertebral
stenosis criteria (ostium site peak systolic velocity ðPSVÞ ≥
140 cm/s and PSV ratio ðvertebral ostium stenosis PSV divided
by intervertebral segment PSVÞ ≥ 2:1) [19], computed tomography angiography (CTA) or digital subtraction angiography
was performed to detect ISR, which we deﬁned as recurrent
in − stent stenosis > 50%.
The mean follow-up duration was 13:2 ± 4:6 months. Of
the eight patients with ISR, six (75.0%) had clinical events
(cerebral infarction, n = 1; TIA, n = 5).
2.3. Stenting and Digital Subtraction Angiography Procedures.
All procedures were performed by experienced interventional neurosurgeons. All patients received aspirin (100 mg)
and clopidogrel (75 mg) daily for at least 5 days before the
procedure. The procedures were performed under local anesthesia, and the patients were heparinized to achieve an activated clotting time of 150–200 s. A 6F guide catheter was
placed into the subclavian artery at the VAO. Under roadmap guidance, a steerable 0.014-inch microwire was directed
into the VAO through the stenotic lesion and placed in the
distal cervical VA allowing adequate purchase for the stent
to pass to the site of the stenosis. Care was taken to avoid plaque dislodgement. A balloon-expandable stent was selected
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Figure 1: RVA: right vertebral artery; RCCA: right common carotid
artery; LVA: left vertebral artery; LCCA: left common carotid artery;
RSCA: right subclavian artery; LSCA: left subclavian artery.
Vertebral artery ostium/subclavian artery angle (blue arrows).

according to the lesion length and diameter of the nondiseased distal segment of the VA. Then, the stent was carefully
advanced into the stenosed segment under ﬂuoroscopic guidance using an 11 cm image-intensiﬁer diameter and X-ray
pulse rate of 30 frames per second. The stent was deployed
ﬁrst by manual inﬂation of the balloon to achieve better
controllability and then by controlled inﬂation to 13 atm
using a manometer and deployed to protrude 1 to 2 mm into
the subclavian artery to guarantee complete coverage of the
stenotic lesion.
The stent type was selected according to the preference
and experience of the neurosurgeon and the characteristics
of the stenotic lesion. Three types of stents were used: an
Express Vascular SD stent (Boston Scientiﬁc Co., Natick,
MA, USA) was used in 54 procedures (94.7%), an Apollo
stent (Microport, Shanghai, China) was used in two procedures (3.5%), and a Blue stent (Cordis, Miami, FL, USA)
was used in one procedure (1.8%).
The DSA images were imported into Digimizer Image
Analysis Software V4.3.4 (MedCalc Software bvba, Ostend,
Belgium) to obtain a 3D reconstruction of the prestent and
poststent vertebral artery. The vertebral artery ostium/subclavian artery angle was deﬁned the space between the vertibral artery and long axis of subclavian artery, and it was
measured in degrees (Figure 1). The degrees were measured
independently with the Digimizer Image Analysis Software
V4.3.4 (MedCalc Software bvba, Ostend, Belgium) by two
neuroradiologists.
2.4. Statistical Analyses. All statistical tests were performed
using SPSS statistical software, version 25.0 (IBM Corp.,
Armonk, NY, USA). The one-sample Kolmogorov–Smirnov
test was used to compare continuous variables. Normally
distributed continuous variables are expressed as mean ±
standard deviation. Diﬀerences between the ISR and non-ISR
groups were assessed using Pearson’s chi-squared test or
Fisher’s exact test for categorical data and Student’s t-test for
normally distributed continuous variables and the Mann–
Whitney U-test for continuous skewed data. Kaplan–Meier
curves and the log-rank test were used to show diﬀerences in
ISR incidence between the groups. The hazard ratio (HR) and
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Table 1: Demographic and clinical summary of vertebral artery ostium in patients with and without in-stent restenosis at follow-up.
ISR ≤ 50% (n = 49)

ISR > 50% (n = 8)

P

HR (95% CI)

Mean age (y)

63:2 ± 9:7

62:3 ± 9:8

0.54

0.64 (0.15-2.71)

Male (n (%))
Hypertension (n (%))
Diabetes (n (%))
Hyperlipidemia (n (%))
Coronary artery disease (n (%))
Smokers (n (%))
History of alcohol use (n (%))
Symptoms (n (%))
TIA
Stroke
No symptoms
Contralateral vertebral
Stenosis or occlusion (n (%))

46 (93.9)
32 (65.3)
15 (30.6)
6 (12.2)
16 (32.7)
33 (67.3)
26 (53.1)

7 (87.5)
4 (50.0)
2 (25.0)
6 (75.0)
1 (12.5)
4 (50.0)
3 (37.5)

0.64
0.55
0.78
0.15
0.62
0.52
0.38

0.58 (0.06-5.89)
0.64 (0.14-2.84)
1.30 (0.20-8.51)
3.89 (0.60-25.13)
0.58 (0.07-5.10)
0.60 (0.12-2.92)
0.51 (0.12-2.28)

34 (69.4)
3 (6.1)
12 (24.5)

5 (62.5)
1 (12.5)
2 (25.0)

0.45
0.30
0.58

0.37 (0.03-5.11)
0.27 (0.02-3.20)
0.65 (0.16-3.10)

13 (26.5)
77:5 ± 6:0

2 (25.0)
75:0 ± 6:2

0.50

0.50 (0.08-3.44)

Preoperative stenosis rate (%)

0.06

0.13 (0.01-1.08)

Residual stenosis (%)

13:7 ± 9:2

13:2 ± 7:1

Variable

Location of stenting (n (%))
LVAO
RVAO

0.34

0.15 (0.00-7.92)

0.84

1.22 (0.18-8.40)

0.17

0.28 (0.05-1.72)

Stent diameter (mm)

30 (61.2)
19 (38.8)
4:7 ± 0:8

5 (62.5)
3 (37.5)
4:8 ± 0:8

Stent length (mm)

15:7 ± 2:6

15:1 ± 1:4

0.57

3.11 (0.06-167.04)

6 (12.2)

2 (25.0)

0.09
0.04

0.04 (0.00-1.80)
0.19 (0.04-0.96)

16 (72.7)
33 (94.3)

6 (27.3)
2 (5.7)
0.02

12.11 (1.40-105.04)

19 (76.0)
30 (93.8)

6 (24.0)
2 (6.2)

Vessel tortuosity (n (%))
Preoperative angle (°)
≥70°
<70°
Postoperative angle (° )
≥70°
<70°

ISR: in-stent restenosis; TIA: transient ischaemic attack; LVAO: left vertebral artery origin; RVAO: right vertebral artery origin.

95% CI of the diﬀerent occlusion groups were assessed
by Cox regression. All statistical tests were two-sided, with
P values < 0.05 indicating statistical signiﬁcance.

3. Results
Of the 64 patients screened, 7 did not receive follow-up. The
clinical, demographic, and procedure characteristics of the
remaining 57 patients are shown in Table 1 according to
ISR status. Twenty-two patients also had a stenosis of the
internal carotid artery. The study included 43 patients
(75.4%) with symptoms, including dizziness in 32 cases
(74.4%), focal weakness or focal sensory disturbance in 12
(27.9%), visual symptoms (diplopia or visual ﬁeld defect) in
8 (18.6%), vertigo in 6 (14.0%), ataxia in 4 (9.3%), dysarthria
in 3 (7.0%), and drop attacks in 1 (2.3%).
The procedure was technically successful in all cases, and
no adverse events occurred before discharge. There was no
association between ISR after VAO stent implantation and
age, sex, risk factors, rate of stenosis, location of stenting,
stent diameter, stent length, or VAO tortuosity (Table 1).

Stents were implanted in the left (n = 35, 61.4%) and right
(n = 22, 38.6%) VAO. The degree of VAOS was reduced from
77:2 ± 6:1% to 13:7 ± 8:9%. Angiographic follow-up was
conducted 13:2 ± 4:6 months (range: 6–24 months) after
the procedure. Among the 43 symptomatic patients, complete resolution of symptoms was observed in 35 (81.4%);
the remaining 8 (18.6%) patients showed marked clinical
improvement.
The severity of stenosis on follow-up angiography
exceeded 50% in eight cases (14%), two (3.5%) of which were
shown by CTA to be occluded at 6 and 10 months (Figure 2).
Six of the restenosis events were symptomatic: ﬁve patients
had recurrent TIAs after a mean of 9.9 months (range: 6–
12 months), and one patient had an acute cerebellar infarction at 12 months (Figure 2); he died of a heart attack 21
months after stent placement. The angle of the VAO at the
subclavian artery exceeded 70° in six patients. Comparison of
the ISR and non-ISR groups during follow-up revealed that
the angle of the VAO at the subclavian artery (preprocedure,
63:8 ± 18:5° ; postprocedure, 67:3 ± 15:7° ) was associated with
ISR (preoperative P = 0:04; postoperative P = 0:02) (Figure 3).
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Figure 2: A 77-year-old male who presented with dizziness was
admitted. His left subclavian arteriography shows severe stenosis of
the vertebral artery ostium, and the vertebral artery ostium/subclavian
artery angle was 93.9 degrees (a). After stenting of the left vertebral
artery, ostium stenosis showed excellent dilatation of the lesion;
then, the vertebral artery ostium/subclavian artery angle was 72.0
degrees (b). About ten months later, he was readmitted to the
hospital because of dizziness reattack. His neck CTA showed left
vertebral artery ostium occlusion (c). Brain MRI in DWI sequence
showing left cerebellum restricted diﬀusion (d). Arrow in (a),
stenosis site; arrow in (b), stent site; arrow in (c), occlusion site;
arrow in (d), left cerebellum ischemic lesion.
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Figure 3: Kaplan-Meier estimates of cumulative ISR rate among
patients with stenting in VAO.

There were no associations among mean age, sex, and risk factors (Table 1).

4. Discussion
We found that VAOS was more common in males than
females. More than 50% ISR was found in 8 (14%) patients,
most of whom were symptomatic. In contrast to other studies
[20], no TIA, stroke, or death occurred within 30 days of the
intervention in our series. To our knowledge, this is the ﬁrst
report that the angle of the VAO at the subclavian artery,
both before and after stenting, can aﬀect ISR.

Current treatments for VAOS include medical intervention, open surgery, percutaneous transluminal angioplasty,
and stenting. All of the treatment options have advantages
and drawbacks, which diﬀer depending on the patient’s race,
the medications and stent types used, and the follow-up
period. Motarjeme et al. performed the ﬁrst VAO angioplasty
in 1981 [21], and Storey et al. was the ﬁrst to report VAO
stent placement in 1996 [22]. The risk of extracranial VA
stenting is lower than that of intracranial VA stenting [11,
15]. Moreover, despite a strict drug regimen after VAO stenting, ISR remains a frequent complication [23]. Although stenosis may be asymptomatic in patients with good collaterals,
ISR is not always benign, and some patients who present with
ischemic symptoms may ultimately require secondary stent
placement.
In our study, ISR was observed in 14% of the patients
after a mean follow-up of 13:2 ± 4:6 months. The reported
rate of restenosis after endovascular treatment for VAOS
can reach 67% [13, 24], which is higher than in our series.
The risk factors for ISR remain unclear. Factors previously
shown to contribute to ISR include age, diabetes mellitus,
smoking, hyperlipidemia, small diameter stent (≤4 mm),
longer stent length, tortuous V1 segment, long stenosis
(>10 mm), contralateral VA hypoplasia, and contralateral
VA occlusion at the time of stenting [17, 25–34]. The VAO
has a high elastin concentration, which may increase the risk
of stent recoil, kinking, and deformation, and contribute to
ISR [35, 36].
Our ﬁndings conﬁrm that the VAO/subclavian artery
angle is associated with ISR after VAO stent placement.
The angle of the VAO at the subclavian artery was 70–90°
in 62.5% of the patients with ISR, which was signiﬁcantly different from that of the non-ISR group. Local hemodynamic
ﬂow patterns change with vessel angle; the greater the angle,
the higher the wall shear stress (WSS), which ultimately leads
to ISR. A previous study found that high WSS at the junction
of the VAO and subclavian artery markedly aﬀected local
blood ﬂow [37]. A WSS of 2.0 Pa is suﬃcient to maintain
the structure of arterial vessels. Low (<0.4 Pa) and high
(>40 Pa) WSS contribute to ISR via diﬀerent mechanisms
[38, 39]. Moreover, ﬂow velocity and pressure may inﬂuence
the development of ISR. Several recent studies have investigated the eﬀect of VAO stent location in an attempt to
prevent ISR. One study found that implanting the stent
1 mm into the subclavian artery produced the smallest
decrease in blood ﬂow and WSS [34]. Although we successfully placed the proximal VA stent into the subclavian artery
to a depth of 1–2 mm in all of our patients, ISR developed in
several cases. Therefore, further investigation of stent type
and placement in relation to the VAO/subclavian artery
angle is warranted.

5. Study Limitations
The retrospective design, small sample size, and relatively
high rate of loss to follow-up (10.9%) were the major study
limitations of this study. Furthermore, the majority of the
clinical follow-up data were obtained using noninvasive
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imaging techniques, which may have aﬀected the assessment
of ISR.

6. Conclusion
Our ﬁndings suggest that the VAO/subclavian artery angle
signiﬁcantly aﬀects the incidence of ISR. Future investigations of ISR prevention through intensive medical treatment
should focus on ﬂuid–structure interactions and appropriate
stent selection. Furthermore, studies with larger sample sizes
and longer follow-ups are needed.

Data Availability

[7]

[8]

[9]

If necessary, we can provide the crude data via the E-mail of
corresponding author and data available in supplementary
ﬁles.
[10]

Conflicts of Interest
The authors declare that they have no conﬂicts of interest.

[11]

Acknowledgments
This study was funded by the outstanding project of the Chinese people’s liberation army (PLA) Medical Science and
Technology Youth Cultivation Program (18QNP059).

[12]

Supplementary Materials
[13]

Supplementary 1. 57 patients’ baseline characteristics at the
time of the procedure.
Supplementary 2. Clinical characteristics of 57 patients (1).

[14]

Supplementary 3. Clinical characteristics of 57 patients (2).
Supplementary 4. Clinical characteristics of 57 patients (3).

References
[1] R. J. Wityk, H. M. Chang, A. Rosengart et al., “Proximal extracranial vertebral artery disease in the New England medical
center posterior circulation registry,” Archives of Neurology,
vol. 55, no. 4, pp. 470–478, 1998.
[2] L. Gordon Perue Gillian, N. Ram, H. Zangiabadi Amir et al.,
“Prevalence of vertebral artery origin stenosis in a multiraceethnic posterior circulation stroke cohort: Miami Stroke Registry (MIAMISR),” International Journal of Stroke, vol. 10, no. 2,
pp. 185–187, 2015.
[3] M. Mazighi, J. Labreuche, F. Gongora-Rivera, C. Duyckaerts,
H. Jean-Jacques, and P. Amarenco, “Autopsy prevalence of
proximal extracranial atherosclerosis in patients with fatal
stroke,” Stroke, vol. 40, no. 3, pp. 713–718, 2009.
[4] S. Kumar Dundamadappa and K. Cauley, “Vertebral artery
ostial stenosis: prevalence by digital subtraction angiography,
MR angiography and CT angiography,” Journal of Neuroimaging, vol. 23, no. 3, pp. 360–367, 2013.
[5] L. R. Caplan, R. J. Wityk, T. A. Glass et al., “New England medical center posterior circulation registry,” Annals of Neurology,
vol. 56, no. 3, pp. 389–398, 2004.
[6] A.-A. Firas, B. Tom, D. Li et al., “Vertebral artery ostium atherosclerotic plaque as a potential source of posterior circula-

[15]

[16]

[17]

[18]

[19]

[20]

tion ischemic stroke: result from borgess medical center
vertebral artery ostium stenting registry,” Stroke, vol. 42,
pp. 2544–2549, 2011.
J. E. Cohen, R. R. Leker, J. M. Gomori et al., “Emergent revascularization of acute tandem vertebrobasilar occlusions: endovascular approaches and technical considerations—conﬁrming
the role of vertebral artery ostium stenosis as a cause of vertebrobasilar stroke,” Journal of Clinical Neuroscience, vol. 34,
pp. 70–76, 2016.
A. Algra and J. van Gijn, “Cumulative meta-analysis of aspirin
eﬃcacy after cerebral ischaemia of arterial origin,” Journal of
Neurology, Neurosurgery, and Psychiatry, vol. 66, no. 2,
p. 255, 1999.
R. Mohammadian, A. Najaran, B. Sohrabi et al., “Vertebral
artery oriﬁce stenosis: a report of 43 cases from northwest iran
treated with angioplasty and stenting,” The Neuroradiology
Journal, vol. 24, no. 5, pp. 749–757, 2011.
A. M. Drazyk and H. S. Markus, “Recent advances in the management of symptomatic vertebral artery stenosis,” Current
Opinion in Neurology, vol. 31, no. 1, pp. 1–7, 2018.
H. S. Markus, S. C. Larsson, W. Kuker et al., “Stenting for
symptomatic vertebral artery stenosis,” Neurology, vol. 89,
no. 12, pp. 1229–1236, 2017.
P. A. Lemos, A. Hoye, D. Goedhart et al., “Clinical, angiographic, and procedural predictors of angiographic restenosis
after sirolimus-eluting stent implantation in complex patients:
an evaluation from the Rapamycin-Eluting Stent Evaluated At
Rotterdam Cardiology Hospital (RESEARCH) study,” Circulation, vol. 109, no. 11, pp. 1366–1370, 2004.
SSYLVIA Study Investigators, “Stenting of symptomatic atherosclerotic lesions in the vertebral or intracranial arteries
(SSYLVIA),” Stroke, vol. 35, no. 6, pp. 1388–1392, 2004.
K. Raghuram, C. Seynnaeve, and A. T. Rai, “Endovascular
treatment of extracranial atherosclerotic disease involving the
vertebral artery origins: a comparison of drugeluting and
bare-metal stents,” Journal of Neurointerventional Surgery,
vol. 4, no. 3, pp. 206–210, 2012.
A. N. Stayman, R. G. Nogueira, and R. Gupta, “A systematic
review of stenting and angioplasty of symptomatic extracranial
vertebral artery stenosis,” Stroke, vol. 42, no. 8, pp. 2212–2216,
2011.
Z. Zhou, Q. Yin, G. Xu et al., “Inﬂuence of vessel size and tortuosity on in-stent restenosis after stent implantation in the
vertebral artery ostium,” Cardiovascular and Interventional
Radiology, vol. 34, no. 3, pp. 481–487, 2011.
J. Li, Y. Hua, L. Needleman et al., “Arterial occlusions increase
the risk of in-stent restenosis after vertebral artery ostium
stenting,” Journal of Neurointerventional Surgery, vol. 11,
no. 6, pp. 574–578, 2019.
H. J. Barnett, D. W. Taylor, M. Eliasziw et al., “Beneﬁt of
carotid endarterectomy in patients with symptomatic moderate or severe stenosis,” The New England Journal of Medicine,
vol. 339, no. 20, pp. 1415–1425, 1998.
Y. Hua, X. F. Meng, L. Y. Jia et al., “Color Doppler imaging
evaluation of proximal vertebral artery stenosis,” AJR. American Journal of Roentgenology, vol. 193, no. 5, pp. 1434–1438,
2009.
G. A. Antoniou, D. Murray, G. S. Georgiadis et al., “Percutaneous transluminal angioplasty and stenting in patients with
proximal vertebral artery stenosis,” Journal of Vascular Surgery, vol. 55, no. 4, pp. 1167–1177, 2012.

6
[21] A. Motarjeme, J. W. Keifer, and A. J. Zuska, “Percutaneous
transluminal angioplasty of the vertebral arteries,” Radiology,
vol. 139, no. 3, pp. 715–717, 1981.
[22] G. S. Storey, M. P. Marks, M. Dake, A. M. Norbash, and G. K.
Steinberg, “Vertebral artery stenting following percutaneous
transluminal angioplasty. Technical note,” Journal of Neurosurgery, vol. 84, no. 5, pp. 883–887, 1996.
[23] L. H. Bonati, J. Ederle, D. J. H. McCabe et al., “Long-term risk
of carotid restenosis in patients randomly assigned to endovascular treatment or endarterectomy in the Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS):
long-term follow-up of a randomised trial,” Lancet Neurology,
vol. 8, no. 10, pp. 908–917, 2009.
[24] K. Raghuram, C. Seynnaeve, and A. T. Rai, “Endovascular
treatment of extracranial atherosclerotic disease involving the
vertebral artery origins: a comparison of drug-eluting and
bare-metal stents,” Journal of Neurointerventional Surgery,
vol. 4, no. 3, pp. 206–210, 2012.
[25] T. Hatano, T. Tsukahara, A. Miyakoshi, D. Arai, S. Yamaguchi,
and M. Murakami, “Stent placement for atherosclerotic stenosis of the vertebral artery ostium: angiographic and clinical
outcomes in 117 consecutive patients,” Neurosurgery, vol. 68,
no. 1, pp. 108–116, 2011.
[26] Y. H. Lin, Y. C. Liu, W. Y. Tseng et al., “The impact of lesion
length on angiographic restenosis after vertebral artery origin
stenting,” European Journal of Vascular and Endovascular Surgery, vol. 32, no. 4, pp. 379–385, 2006.
[27] Y. J. Lin, J. W. Li, M. J. Zhang et al., “The association between
CYP2C19 genotype and of in-stent restenosis among patients
with vertebral artery stent treatment,” CNS Neuroscience &
Therapeutics, vol. 20, no. 2, pp. 125–130, 2014.
[28] R. C. Edgell, O. O. Zaidat, R. Gupta et al., “Multicenter study of
safety in stenting for symptomatic vertebral artery origin stenosis: results from the Society of Vascular and Interventional
Neurology Research Consortium,” Journal of Neuroimaging,
vol. 23, no. 2, pp. 170–174, 2013.
[29] V. Parkhutik, A. Lago, J. I. Tembl, F. Aparici, V. Vazquez, and
E. Mainar, “Angioplasty and stenting of symptomatic and
asymptomatic vertebral artery stenosis: to treat or not to treat,”
European Journal of Neurology, vol. 17, no. 2, pp. 267–272,
2010.
[30] R. A. Taylor, F. Siddiq, M. Z. Memon et al., “Vertebral artery
ostial stent placement for atherosclerotic stenosis in 72 consecutive patients: clinical outcomes and follow-up results,” Neuroradiology, vol. 51, no. 8, pp. 531–539, 2009.
[31] W. Chen, F. Huang, M. Li et al., “Incidence and predictors of
the in-stent restenosis after vertebral artery ostium stenting,”
Journal of Stroke and Cerebrovascular Diseases, vol. 27,
no. 11, pp. 3030–3035, 2018.
[32] C. Matula, S. Trattnig, M. Tschabitscher, J. D. Day, and W. T.
Koos, “The course of the prevertebral segment of the vertebral
artery: anatomy and clinical signiﬁcance,” Surgical Neurology,
vol. 48, no. 2, pp. 125–131, 1997.
[33] X. Tang, F. Tang, C. Hu, Q. Wang, W. Long, and L. Li,
“Dynamic respiratory tortuosity of the vertebral artery
ostium,” Journal of Endovascular Therapy, vol. 24, no. 1,
pp. 124–129, 2017.
[34] A. Qiao, X. Dai, J. Niu, and L. Jiao, “Hemodynamics in stented
vertebral artery ostial stenosis based on computational ﬂuid
dynamics simulations,” Computer Methods in Biomechanics
and Biomedical Engineering, vol. 19, no. 11, pp. 1190–1200,
2016.

BioMed Research International
[35] F. C. Albuquerque, D. Fiorella, P. Han, R. F. Spetzler, and C. G.
McDougall, “A reappraisal of angioplasty and stenting for the
treatment of vertebral origin stenosis,” Neurosurgery, vol. 53,
no. 3, pp. 607–616, 2003.
[36] J. Lu, J. Liu, D. Wang, and S. Wang, “Stent fracture and occlusion after treatment of symptomatic vertebral artery ostium
stenosis with a self-expanding device. A case report,” Interventional Neuroradiology, vol. 20, no. 6, pp. 755–760, 2014.
[37] B. Zhang, J. Gu, M. Qian, L. Niu, H. Zhou, and D. Ghista,
“Correlation between quantitative analysis of wall shear stress
and intima-media thickness in atherosclerosis development in
carotid arteries,” Biomedical Engineering Online, vol. 16, no. 1,
p. 137, 2017.
[38] A. Dardik, L. Chen, J. Frattini et al., “Diﬀerential eﬀects of
orbital and laminar shear stress on endothelial cells,” Journal
of Vascular Surgery, vol. 41, no. 5, pp. 869–880, 2005.
[39] D. Martin, A. Zaman, J. Hacker, D. Mendelow, and D. Birchall,
“Analysis of haemodynamic factors involved in carotid atherosclerosis using computational ﬂuid dynamics,” The British
Journal of Radiology, vol. 82, no. special_issue_1, pp. S33–
S38, 2009.

