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Purpose: The study aimed to investigate the safety, effect, and risk factors 
of endovascular recanalization of symptomatic non-acute occlusion of the 
vertebrobasilar artery (SNOVA).

Materials and methods: Patients with SNOVA were retrospectively enrolled 
and treated with endovascular recanalization. The clinical data, endovascular 
treatment, peri-procedural complications, and follow-up outcomes were 
analyzed.

Results: A total of 88 patients were enrolled, with an interval to recanalization 
of 2–89 days (median 23) and an mRS of 2–5 (median 3 and IQR 1). Occlusion 
was in the intracranial vertebral artery in 68 (77.27%) patients and basilar artery 
in 20 (22.73%), with an occlusion length of 4.5–43.7 mm (mean 18.3 ± 8.8). 
Endovascular recanalization was successful in 81 (92.0%) patients. Post-
dilatation was performed in 23 (28.4%) patients. After stenting, the residual 
stenosis was 10%–40% (mean 20.2% ± 7.6%). Peri-procedural complications 
occurred in 17 (19.3%) patients, with a mortality rate of 5.7%. In total, 79 
(95.18%) patients underwent follow-up  5–29 (mean 16.9 ± 5.5) months 
later, with an mRS score of 0–6 (median 1 and IQR 1) at follow-up, being 
significantly (p  < 0.0001) better than that at discharge. Stroke occurred in 9 
patients (11.4%) in 1 year. In-stent restenosis occurred in 19 (25.33%) patients. 
Significant (p  < 0.05) independent risk factors were blunt occlusion for 
successful recanalization, duration to recanalization and blunt occlusion for 
peri-procedural complications, and post-dilatation for both in-stent restenosis 
and 1-year stroke or death events.

Conclusion: Endovascular recanalization of symptomatic non-acute occlusion 
of the vertebrobasilar artery is feasible even for a long occlusion segment, with 
a high recanalization rate, a low complication rate, and a good prognosis. Blunt 
occlusion and duration from the onset to recanalization may affect successful 
recanalization and peri-procedural complications while post-dilatation may 
affect in-stent restenosis and prognosis.
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Introduction

The intracranial vertebral artery and the basilar artery are the 
common locations of atherosclerotic occlusion (1–7), and after acute 
occlusion, some patients may survive and continue to suffer from 
repeated transient ischemic attacks and strokes in the non-acute or 
chronic stage even under aggressive medication (8–10). Symptomatic 
non-acute intracranial vertebrobasilar artery occlusion (VBAO) is 
often accompanied by insufficient collateral circulation to compensate 
for blood supply, and there will still be a high incidence of ischemic 
events and subsequent disastrous outcomes even with the best medical 
treatment (11, 12). In recent years, with the improvement of the 
concept of ischemic prevention and treatment and the progress of 
endovascular instruments, endovascular treatment of non-acute 
occlusion of intracranial arteries has been increasingly performed, but 
its perioperative complications and mortality remain high (8.3%–
44.4%) (11–15). With the accumulation of experience in endovascular 
recanalization of VBAO, better outcomes may be achieved. This study 
aimed to investigate the safety and complications of endovascular 
recanalization of symptomatic non-acute VBAO and risk factors for 
the prognosis in a cohort of patients with symptomatic non-acute 
VBAO at a high-volume medical center.

Materials and methods

Subjects

This retrospective one-center study was performed after being 
approved by the ethics committee of our hospital, and all patients had 
given signed informed consent to participate. Between July 2017 and 
June 2022, patients with symptomatic non-acute occlusion of the 
intracranial vertebral artery and basilar artery treated with 
endovascular recanalization were enrolled. The inclusion criteria were 
consecutive patients with symptomatic non-acute occlusion of the 
intracranial vertebral and basilar artery; confirmation of intracranial 
arterial occlusion by digital subtraction cerebral angiography; 0 in the 
thrombolysis of the cerebral infarction (TICI) grade; occlusion 
duration ranging from 24 h to 3 months after symptom onset; 

MRI-confirmed cerebral infarction in the vertebrobasilar artery 
distribution area involving the pons, cerebellum, cerebral peduncle, 
occipital lobe, and thalamus; and repeated transient ischemic attacks 
or strokes in the posterior circulation even after the best medical 
treatment. The exclusion criteria were patients with non-atherosclerotic 
occlusion of the intracranial vertebral and basilar artery; severe 
calcification in the atherosclerotic lesions confirmed on medical 
imaging; allergies to heparin, aspirin, clopidogrel, metal implants, or 
narcotic drugs; intolerance to general anesthesia, comorbidities of 
malignant tumor or severe liver and kidney dysfunction; combined 
intracranial aneurysms or anterior circulation diseases; and an 
expected life span of less than 1 year (Figure 1).

Hypertension, diabetes mellitus, and hyperlipidemia were 
diagnosed according to the recommended criteria in the guidelines 
(16, 17). Alcohol abuse and smoking were assessed using the following 
criteria (18): more than 182 and 117 g of pure alcohol per week on 
average for male patients and female patients, respectively, and more 
than one cigarette a day on average for both sexes. The independent 
living ability of patients was evaluated with the modified Rankin Scale 
(mRS) score (19).

Endovascular procedures

Before endovascular recanalization, clopidogrel (75 mg, once a 
day) combined with aspirin (100 mg, once a day) was administered for 
≥3 days for all patients. All endovascular procedures were performed 
under general anesthesia. The Seldinger technique was used to 
puncture the right femoral artery before inserting a 6F sheath. 
Thereafter, unfractionated heparin at 50 IU/kg was injected 
intravenously for systemic heparinization. During the recanalization 
procedure, 1,000 IU of unfractionated heparin was added 
intravenously every hour. After a 6-F guiding catheter was placed at 
the vertebral artery proximal to the occluded location, an Excelsior 
SL-10 microcatheter (Stryker, Fremont, CA, USA) was carefully 
passed through the occluded segment under the guidance of a 0.014 
inch (0.036 cm) micro-guide wire with a length of 200 cm (Asahi, 
Nagoya, Aichi, Japan). Thereafter, an ASAHI 300 cm micro-guide wire 
was exchanged and introduced into the relevant artery before the 
selection of a Gateway balloon with a diameter of 80% of the normal 
vessel diameter (2.0 mm × 15 mm or 2.5 mm × 15 mm, Stryker, 
Fremont, CA, USA) for pre-dilatation. An appropriate Enterprise stent 
(Codman & Shurtleff, Raynham, MA, USA) was chosen and placed at 
the occluded segment with the stent of size 3–5 mm longer than either 
the proximal or distal end of the occluded segment. If the available 
stent was not long enough to completely cover the occluded segment, 
a self-expandable or balloon-expandable stent was used to overlap the 
previously deployed stent and cover the occluded segment. If the 
residual stenosis was >50% after stenting, post-stenting dilatation was 
performed with a balloon.

After recanalization, the forward blood flow was evaluated 
according to the TICI grading system, and TICI ≥2b was defined as 
successful recanalization of blood vessels. The patient was instructed 
to stay in bed with monitoring of neurological function. Blood 
pressure was strictly controlled, with the systolic pressure being 
maintained at 110–130 mmHg within 24–48 h after recanalization. 
Head CT was rechecked within 24 h. Usually, the patient was 
discharged from the hospital 5 days after recanalization. Clopidogrel 

121 patients with non-acute symptomatic 
occlusion of the intracranial vertebral 
artery and basilar artery 33 patients excluded:

13 with incomplete occlusion 
of vertebrobasilar artery 
9 with concurrent anterior 
circulation diseases
8 with intracranial aneurysms
3 with severe cardiac and 
pulmonary diseases88 patients were enrolled

68 patients with non-acute 
symptomatic occlusion of 
intracranial vertebral artery

20 patients with 
non-acute symptomatic 
occlusion of basilar artery

FIGURE 1

Flowchart of patient enrollment.
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(75 mg, once a day) and aspirin (100 mg, once a day) were routinely 
administered for 6 months before when aspirin (100 mg, once a day) 
alone was taken orally for a long time.

Follow-up

Follow-up was conducted by telephone and outpatient or inpatient 
reexamination. The clinical follow-up time was 1 week, 6 months, and 
1 year after the procedure, and all neurological and non-neurological 
complications were assessed. The patients were scored with the mRS 
before and after recanalization and during follow-up. Digital 
subtraction angiography was performed 6 months after recanalization, 
and restenosis was defined as a stenosis of ≥50% in the stent (20).

Parameters of evaluation

The following parameters were evaluated, including the patient’s 
age, sex, past history, smoking, alcohol abuse, location of occlusion, 
length and angle of occlusion that was measured after stenting 
(Figure  2A), types of occlusion, time from symptom onset to 
recanalization, successful recanalization or not, time for the micro-
guide wire to pass the occlusion, total surgical time, the number and 
types of balloons and stents used in the procedure, residual stenosis, 
peri-procedural complications, follow-up time and outcomes, in-stent 

restenosis, and 1-year stroke rate. A total of three types of occlusions 
were defined based on the morphology of the occlusion: type 1 sharp 
occlusion, type 2 blunt occlusion, and type 3 flame-like occlusion 
(Figures 2B1–D2).

In measuring the length of the occluded segment, a 5F 115 cm 
intermediate catheter was first navigated to the beginning of the 
intracranial segment of the vertebral artery before performing 
angiography (with the contrast agent injection pressure: 300 psi, 
3 ml/s, and a total volume: 7 mL). At the end of angiography (20 s), the 
occlusion position displayed was the proximal end of the occlusion, 
and the compensatory arterial segment displayed at the distal end was 
the distal end of the occlusion. Postoperative 3-dimensional rotational 
angiography was performed to accurately measure the length of the 
proximal and distal end of the occlusion which was determined before 
the operation.

Statistical analysis

Statistical analysis was conducted with the SPSS 17.0 software 
(IBM, Chicago, IL, USA). Continuous measurement data were 
presented as mean ± standard deviation if in the normal 
distribution and tested with the paired t-test as the median and 
interquartile range (IQR) if not in the normal distribution and also 
tested with the chi-square test. Classification data were expressed 
in frequency and percentage terms and Wilcoxon rank sum test 

FIGURE 2

Occlusion angles and types of occlusion shape. (A) The arterial angle formed between the proximal and distal segments at the occlusion was 
measured. (B–D) Types of occlusion shape were defined, with the sharp occlusion in B1, B2 (arrow), blunt occlusion in C1, C2 (longer arrow), and 
flame-like occlusion in D1, D2 (arrow). The double arrows in  C indicate the posterior inferior cerebellar artery. (B1, B2) The sharp occlusion shape in 
the major blood-supplying vertebral artery was shown in cerebral angiography in B1 and in the sketch in B2. (C1, C2) The blunt occlusion in the major 
blood-supplying vertebral artery was shown in cerebral angiography in C1 and in the sketch in C2. (D1, D2) The flame-like occlusion in the major 
blood-supplying vertebral artery was shown in cerebral angiography in D1 and in the sketch in D2.
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was used. Univariate logistic regression analysis was used to 
analyze risk factors for successful recanalization, residual stenosis, 
peri-procedural complications, poor follow-up outcomes (mRS), 
in-stent restenosis, and 1-year stroke or death events, and 
parameters with a p-value of ≤0.1 were used in the multivariate 
logistic analysis for independent risk factors. The odds ratio (OR) 
and 95% confidence interval (CI) were calculated. Continuous 
measurement data in the logistic analysis were used in the receiver 
operating character (ROC) curve analysis. The statistically 
significant p-value was set at <0.05.

Results

Subjects

A total of 88 patients were enrolled, including 72 male and 16 
female patients aged 37–82 years (mean 58.5 ± 9.0) (Figure 1; Table 1). 
The duration from symptom onset to recanalization was 2–89 days 
(median 23). Occlusion was in the intracranial vertebral artery in 68 
(77.27%) patients and basilar artery in 20 patients (22.73%), with an 
occlusion length of 4.5–43.7 mm (mean 18.3 ± 8.8). The occlusion 
length was significantly longer in patients with the vertebral artery 
occlusion than those with the basilar artery occlusion (21.11 ± 7.9 mm 
vs. 8.88 ± 3.50 mm, p < 0.0001). The arterial angle formed between the 
segments proximal and distal to the occlusion was 56–176° (mean 
148.8° ± 19.4°), and the mRS was 2–5 (mean 3.3 ± 1.1, median 3, and 
IQR 1) at admission.

Endovascular treatment

Endovascular recanalization was successful in 81 (92.0%) patients, 
resulting in a TICI grade 3 reperfusion in all patients (Table 2). The 
time for a micro-guide wire to pass through the occluded segment was 
0.3–52 min (median 3 and IQR 9), and the total surgical time was 
60–350 min (mean 149.7 ± 45.5). A total of 110 stents were deployed, 
including 83 (75.5%) Enterprise stents, 21 (19.1%) Apollo (MicroPort, 
Shanghai, China), three (2.7%) Lvis (MicroVention, Tustin, California, 
USA), two (1.8%) Resolute (Medtronic, Irvine, CA, USA), and one 
(0.9%) Neuroform (Stryker, Kalamazoo, MI, USA). One stent was 
used in 54 patients each, two stents in 27, and three stents in two. The 
Enterprise stent was used in 80 patients while in one patient, a Lvis, 
an Apollo, and a Resolute stent were used.

Post-dilatation after stenting was performed in 23 (28.4% or 23/81) 
patients, and the residual stenosis was 10–40% (mean 20.2% ± 7.6%). At 
discharge, the mRS was 1–6 (mean 2.6 ± 1.2, median 2 and IQR 1), which 
is significantly (p < 0.0001) better than that at admission.

In 68 patients with vertebral artery occlusion, recanalization was 
successful in 63 (92.6%) patients but failed in five (7.4%). Among the 
failed patients, two patients successfully underwent Enterprise stent 
angioplasty of the contralateral inferior vertebral artery for remedy while 
the other three patients were treated with medications conservatively. 
Among 63 patients with successful recanalization, the arteries for major 
blood supply in 62 (98.4%) patients were recanalized, with 33 (52.4%) 
patients being treated with the Enterprise stent angioplasty, 29 (46.0%) 
treated with the Enterprise stent combined with a balloon-expandable 
stent, and one (1.6%) with balloon-expandable stents. Overlapped stents 

TABLE 1 Clinical data of patients.

Variables Total (n = 88) Vertebral artery 
occlusion (n = 68)

Basilar artery occlusion 
(n = 20)

p

M/F 72/16 58/10 14/6 0.14

Age (y) 37–82 (58.5 ± 9.0) 37–82 (58.9 ± 9.1) 48–73 (57.4 ± 8.5) 0.53

Hypertension 70 (79.5%) 54 (79.4%) 16 (80.0%) 0.95

Diabetes mellitus 32 (36.4%) 24 (35.3%) 8 (40.0%) 0.70

Coronary heart disease 12 (13.6%) 8 (11.8%) 4 (20.0%) 0.36

Hyperlipidemia 26 (29.5%) 20 (29.4%) 6 (30.0%) 0.96

HCY 17 (19.3%) 13 (19.1%) 4 (20.0%) 0.93

Smoking 49 (55.7%) 39 (57.4%) 10 (50.0%) 0.56

Alcohol abuse 39 (44.3%) 30 (44.1%) 9 (45.0%) 0.94

Duration from onset to surgery (d) 2–89 (23, 19.5) 2–75 (23, 20.75) 3–89 (24, 19.5) 0.39

mRS before surgery 2–5 (3.30 ± 1.06) 2–5 (3.34 ± 1.13) 2–5 (3.15 ± 0.81) 0.49

mRS at discharge 1–6 (2.64 ± 1.27) 1–5 (2.60 ± 1.20) 1–6 (2.79 ± 1.51) 0.57

mRS at 6 months 0–6 (1, 1) 1 (1, 1) 1 (1, 2.75) 0.16

Sharp occlusion 42 (47.7%) 30 (44.1%) 12 (60.0%) 0.10

Blunt occlusion 22 (25.0%) 16 (23.5%) 6 (30.0%)

flame-like occlusion 24 (27.3%) 22 (32.4%) 2 (10.0%)

Occlusion length (mm) 4.5–43.7 (18.3 ± 8.8) 6.5–43.7 (21.11 ± 7.96) 4.5–15.2 (8.88 ± 3.50) <0.0001

Occlusion angle(°) 56°–176° (148.8 ± 19.4°) 56–176 (147.47 ± 20.43) 127–172 (154 ± 14.46) 0.21

HCY, hyperhomocysteinemia; mRS, modified Rankin Scale score; P, comparison between patients with intracranial vertebral artery occlusion and those with basilar artery occlusion. Data 
presentation: continuous data were presented as mean ± standard deviation if in the normal distribution but as the median and interquartile range (IQR) if not in the normal distribution.
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were used in 29 (46.0%) patients while a long Enterprise stent (28 mm or 
37 mm) was used in 44 (69.8%) patients. Peri-procedural complications 
took place in 11 (16.2%) patients including five (7.4%) cases with 
unsuccessful recanalization. Overall, five (7.4%) patients experienced 
arterial dissection, and the dissection in three patients resulted in failed 
recanalization, with the dissection in the other two patients being treated 
with stenting. Among four (5.88%) patients with intraprocedural 
thrombosis, one (1.5%) patient with distal thrombosis in the basilar artery 
died, and the other three (4.41%) patients improved after thrombolysis.

In 20 patients with basilar artery occlusion, recanalization was 
successful in 18 (90%) patients. In total, two (10%) patients failed, 
including one with dissection and one with bleeding who both died 
during the peri-procedural period. All 18 patients were recanalized 
using the Enterprise stent angioplasty. Complications occurred in six 
(30%) patients including two patients with unsuccessful recanalization. 
One patient experienced acute thrombosis which was successfully 
treated with intra-arterial thrombolysis and thrombectomy, one 
patient had dissection at the procedure and died 15 days later, and one 
patient experienced pontine hemorrhage and died 1 week later. The 
death rate was 20% (4/20).

Complications

Peri-procedural complications occurred in 17 (19.3%) patients, 
including 11 (16.2%) patients in recanalizing the vertebral artery and 
six (30%) in recanalizing the basilar artery (Table 2). A total of five 

patients died during the peri-procedural period, resulting in a 
mortality of 5.7%, with one death (1.1%) in recanalizing the vertebral 
artery and four (4.5%) in recanalizing the basilar artery.

Occlusion length and shape

The occlusion length was not significantly different between 
patients with and without complications (19.15 ± 9.11 mm vs. 
18.13 ± 8.57 mm, p = 0.67) or successful recanalization 
(18.15 ± 8.76 mm vs. 20.39 ± 10.13 mm, p = 0.52). Patients with blunt 
occlusion experienced a significantly (p < 0.05) longer duration for the 
micro-guide wire to pass through the occlusion than those with sharp 
(median 25.5 vs. 2 min, p < 0.0001) or flame-like occlusion (median 
25.5 vs. 3.5 min, p < 0.0001) (Table 3). The total surgical time was also 
significantly (p < 0.05) greater in patients with blunt occlusion than 
those with sharp occlusion (166.36 ± 45.49 vs. 139.64 ± 49.29 min, 
p = 0.039). In seven patients without successful recanalization, the 
failure occurred in blunt occlusion in six (85.71%) patients, but in 
sharp occlusion, failure occurred only in only one (14.29%) patient. 
Patients with flame-like occlusion were all successfully recanalized.

Follow-Up

Among 83 (94.32%) patients who were alive after recanalization, 
79 (95.18% or 79/83) with successful recanalization underwent 

TABLE 2 Data of endovascular recanalization.

Variables Total (n = 88) Vertebral artery 
occlusion (68)

Basilar artery 
occlusion (n = 20)

p

Success rate 81 (92.0%) 63 (92.6%) 18 (90%) 0.57

Time for the guide wire to pass 

occlusion (min)

0.3–52 (3, 9) 0.5–52 (3.5, 11) 0.3–47 (2, 3.48) 0.87

Total surgical time (min) 60–350 (149.7 ± 45.5) 60–350 (149.12 ± 46.60) 85–240 (151.5 ± 42.86) 0.84

Balloon diameters 1.5–3 (2.18 ± 0.27) 2–3 (2.23 ± 0.27) 1.5–2.5 (2 ± 0.16) 0.0005

Post-dilatation 23 (26.1%) 20 (29.4%) 3 (15%) 0.18

Residual stenosis 10%–40% (20.2% ± 7.6%) 10%–40% (20.5% ± 7.7%) 10%–30% (19.3% ± 7.5%) 0.51

Complications 17 (19.3) 11 (16.2%) 6 (30%) 0.33

Dissection 7 (7.95%) 5 (7.35%) 2 (10%)

Bleeding 2 (2.27%) 0 2 (10%)

Acute thrombosis 6 (6.82%) 4 (5.88%) 2 (10%)

Failed recanalization 7 (7.95%)& 5 (7.35%)& 2 (10%)#

Mortality 7 (8.0%) 1 (1.5%) 4 (20%) 0.06

Follow-up time (m) 5–29 (16.9 ± 5.5) 5–27 (16.56 ± 5.17) 6–29 (18.2 ± 6.96) 0.31

Patients with clinical follow-up (n) 79 (95.18%) 64 (94.12%) 15 (75%) 0.57

Patients with angiographic follow-up 75 (90.36% or 75/83) 61 (95.31% or 61/64) 14 (93.33% or 14/15) 0.27

mRS at discharge 1–6 (2.64 ± 1.27) 1–5 (2.60 ± 1.20) 1–6 (2.79 ± 1.51) 0.57

6-month mRS 0–6 (1, 1)** 0–6 (1.60 ± 0.19)** 0–6 (2.47 ± 0.35) 0.033

In-stent restenosis 19 (25.3% or 19/75) 17 (27.9% or /61) 2 (14.3% or 2/14) 0.27

1-year stroke 9 (13.0% or 9/69) 8 (14.0% or 8/57) 1 (8.3% or 1/12) 0.58

p indicates comparison between patients with vertebral and basilar artery occlusion; mRS, modified Rankin Scale score; Data presentation: continuous data were presented as range and 
mean ± standard deviation if in the normal distribution but as the median and interquartile range (IQR) if not in the normal distribution. ** < 0.0001 compared with mRS at discharge; three of 
the failed patients in the vertebral artery had dissection, and # two failed patients in the basilar artery had dissection.
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follow-up 5–29 (mean 16.9 ± 5.5) months later (Table 2), with an mRS 
score of 0–6 (median 1 and IQR 1) at follow-up, which was 
significantly (p < 0.0001) better than that at discharge. Patients with 
the vertebral artery occlusion had a significantly (p = 0.033) better 
mRS than patients with the basilar artery occlusion (1.60 ± 0.19 vs. 
2.47 ± 0.35). Stroke occurred in nine patients at 1 year resulting in a 
1-year stroke rate of 11.4% (9/79). Among 75 (90.36%, 75/83) patients 
with angiographic follow-up, in-stent restenosis occurred in 19 
(25.33% or 19/75) patients.

Logistic regression analysis and ROC curve 
analysis

In univariate logistic regression analysis, duration from disease 
onset to recanalization (p = 0.015, OR 7.67, 95% CI 1.52–38.65) and 
blunt occlusion (p = 0.0004, OR 24.38, 95% CI 2.74–217.04) were risk 
factors for failing recanalization, whereas diabetes mellitus (p = 0.004, 
OR 5.24, and 95% CI 1.62–16.94), duration to recanalization 
(p = 0.001, OR 7.88, 95% CI 2.31–26.82), and blunt occlusion 
(p = 0.0004, OR 8.19, 95% CI 2.50–26.86) were risk factors for peri-
procedural complications (Table 4). Blunt occlusion was a significant 
(p = 0.003, OR 5.18, 95% CI 1.73–15.50) risk factor for poor follow-up 
mRS outcomes (mRS > 2), whereas post-dilatation was a risk factor for 
in-stent restenosis (p = 0.007, OR 4.55, 95% CI 1.49–13.88) and 1-year 
stroke or death events (p = 0.016, OR 6, 95% CI 1.33–27.00). In 
multivariate logistic regression analysis, significant (p < 0.05) 

independent risk factors were blunt occlusion for failing recanalization, 
duration to recanalization, and blunt occlusion for peri-procedural 
complications, and blunt occlusion was the only independent risk 
factor for both the in-stent restenosis and 1-year stroke or death events 
(Table 4).

ROC curve analysis revealed that the duration from symptom 
onset to recanalization was a risk factor for peri-procedural 
complications with an area under the curve of 0.70, a cutoff value of 
45 days, a sensitivity of 0.50, a specificity of 0.92, a positive predictive 
value of 0.57, and a negative predictive value of 0.89 (Figure 3).

Discussion

In this study, it was found that endovascular recanalization for 
symptomatic non-acute occlusion of the vertebrobasilar artery was 
feasible even for a long occlusion, with a high recanalization rate, high 
safety, and good prognosis. Blunt occlusion was an independent risk 
factor for successful recanalization; blunt occlusion and duration to 
recanalization were independent risk factors for peri-procedural 
complications; and post-dilatation was an independent risk factor for 
in-stent restenosis and 1-year stroke or death events.

In order to improve the opening rate of VBAO, we focused on the 
evaluation of the occlusion by preoperative CT angiography or digital 
subtraction angiography, including the occlusion time, occlusion 
proximal morphology, and length. Currently, symptomatic occlusion 
within 24 h is considered acute occlusion. In this study, non-acute 

TABLE 3 Comparison of data in different shapes of occlusion.

Occlusion 
shape

No. Occlusion 
length (mm)

Occlusion angle (°) Duration to pass 
occlusion (min)

Total surgical 
time (min)

Successful 
recanalization 

rate

Sharp 42 4.5–43.7 (15.76 ± 8.31) 56–176 (149.74 ± 23.08) 0.3–28 (2, 1.775) ** 75–350 (139.64 ± 49.29)* 41 (97.62%)

Blunt 22 5.5–35 (20.21 ± 9.81) 102–172 (148 ± 16.18) 1–52 (25.5, 27) 60–240 (166.36 ± 45.49) 16 (72.73%)

Flame-like 24 9–42 (21.09 ± 7.80) 110–165 (147.96 ± 15.13) 0.5–23 (3.5, 4.5)** 60–210 (151.88 ± 34.19) 24 (100%)

*p-value < 0.05 compared with blunt occlusion; **p < 0.001 compared with blunt occlusion; Data presentation: continuous data were presented as mean ± standard deviation if in the normal 
distribution but as median and interquartile range (IQR) if not in the normal distribution.

TABLE 4 Univariate and multivariate logistic analyses for risk factors.

Dependent 
variables

Independent 
variables

Univariate analysis Multivariate analysis

Statistical 
value

p OR 95%CI Statistical 
value

p

Successful 

recanalization

Duration to 

recanalization

5.93 0.015 7.67 1.52–38.65

Blunt occlusion 12.72 0.0004 24.38 2.74–217.04 7.57 0.006

Complications Diabetes 8.35 0.004 5.24 1.62–16.94

Duration to 

recanalization>43d

10.87 0.001 7.88 2.31–26.82 4.96 0.026

Blunt occlusion 12.71 0.0004 8.19 2.50–26.86 5.94 0.015

mRS outcome Blunt occlusion 8.73 0.003 5.18 1.73–15.50

In-stent restenosis Post-dilatation 7.17 0.007 4.55 1.49–13.88 5.00 0.025

1-year stroke or death Post-dilatation 5.86 0.016 6.00 1.33–27.00 5.01 0.025

OR, odds ratio; CI, confidence interval; mRS, modified Rankin Scale.

https://doi.org/10.3389/fneur.2023.1125244
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Zhou et al. 10.3389/fneur.2023.1125244

Frontiers in Neurology 07 frontiersin.org

occlusion is defined as symptomatic occlusion occurring >24 h. In the 
study of Mori et al. (21), four occlusive patients received reperfusion 
within less than 3 months. It was thus believed that thrombus 
calcification and organization were relatively serious at the occlusion 
location when occlusion time was over 3 months, leading to a difficult 
opening. Patients in our study were selected with an occlusion time of 
less than 3 months. Further analysis of our data revealed that duration 
from symptom onset to recanalization significantly affects successful 
recanalization and peri-procedural complications, with the cutoff 
value of duration to recanalization as 45 days with an area under the 
curve of 0.70.

In endovascular recanalization of the VBAO, the primary 
technical challenge is to traverse the occlusion location with a micro-
guide wire. Some authors thought that pre-surgical high-resolution 
MRI and simultaneous two-artery angiography during the 
endovascular recanalization procedure might be useful in guiding the 
guide wire through the occlusion to the distal arterial lumen (22). 
Others believed that the patient’s complaint of pain, sweating, and 
vomiting during the procedure may indicate arterial perforation by 
the micro-guide wire, so timely communication with the patient 
during recanalization may be helpful to decide whether the guide wire 
is located in the arterial true lumen.

In our study, the occlusion shape was classified into three types. 
The sharp occlusion was the beginning of an atherosclerotic occlusive 
segment, with a relatively short occlusive time. This type of occlusion 
had a tip to stabilize the micro-guide wire and increase its ability to 
“drill” into the occlusion location and the subsequent probability of 
recanalization. In our study of 42 patients with sharp occlusion, only 
one (2.38%) failed. The blunt occlusion had a long occlusive time with 
the formation of a thick strong fibrous cap which may indicate the 
beginning of atherosclerosis. Among 22 patients with blunt occlusion, 
six (27.27%) failed to be opened, accounting for 85.71% of all seven 
patients without successful recanalization. This may indicate that 
patients with blunt occlusion may not be easily recanalized because 

the recanalized patients with this type of occlusion also experienced 
significantly longer surgical time and longer duration for the guide 
wire to pass through the occlusion than those with sharp occlusion. 
Moreover, in one patient with blunt occlusion of the intracranial 
vertebral artery, recanalization initially failed but was successful by 
reverse opening via the contralateral vertebral artery. In the flame-like 
occlusion, the true atherosclerotic-occluded location was at the distal 
end. Because of no outflow tract of side branches, the blood flow 
proximal to the real occlusion was stagnant with rich thrombi formed. 
This type of occlusion was also easily recanalized, and all 24 patients 
with this type of occlusion had got complete recanalization.

In recanalizing VBAO, the occlusion length was not particularly 
important such as the occlusion shape. Although the occlusion was 
significantly longer in the intracranial vertebral artery than in the 
basilar artery in our study, the success recanalization rate was not 
significantly different between these two locations (92.6% vs. 90%, 
p = 0.57), and the occlusion length was not a risk factor for successful 
recanalization or peri-procedural complications. In one case with 
intracranial vertebral artery occlusion, the occlusion length was 
23.5 mm even though the recanalization was not successful. However, 
the occlusive length is an important reference for the use of long 
opening tools (especially long stents). It is speculated that the vertebral 
artery occlusion that is difficult to open is not caused by a long 
segment of atherosclerosis. The atherosclerosis is short in most 
patients, but the long segment of occlusion is probably caused by 
secondary thrombi which can be easily opened and compressed by a 
stent. This is probably because fewer side and perforating branches in 
the intracranial vertebral artery result in blood flow retardation 
proximal to the occlusion and subsequent thrombus formation, which 
leads to longer segments of occlusion in the vertebral artery.

In our study, telescoped stents were used in 29 (46.0%) patients 
while a long Enterprise stent (28 mm or 37 mm) was used in 44 
(69.8%) patients. The reason is that the vertebral artery occlusion is 
long with many local thrombi. We prefer to use a closed-cell long stent 
(such as the Enterprise stent), which is beneficial for subsequent 
operations. In the use of closed-cell self-expanding stents, we should 
try not to use overlapped stents in order to reduce the time and 
complexity of the operation and subsequent occurrence of 
complications. Thus, a long stent is often used. In the need of 
overlapped or telescoped stents, it is better to place a balloon-
expandable stent at the proximal end of a deployed self-expandable 
stent, which is beneficial to maintaining the opening and adherence 
of the overlapped parts of the stent. This is also helpful for 
endovascular devices to pass through the overlapped stents in case of 
complications and symptomatic restenosis. In our study, 29 (46.0%) 
patients were treated with the Enterprise stent combined with a 
balloon-expandable stent.

In recanalizing chronic occlusion of intracranial arteries, the most 
common complications are dissection and perforation (23), leading to 
a poor prognosis. In nine patients with basilar artery occlusion treated 
by Dashti et al. (14), dissection occurred in two cases, stent thrombosis 
in one case, and perforation in one case during the perioperative 
period. In nine patients with chronic basilar artery occlusion treated 
by Aghaebrahim et al. (15), arterial dissection took place in one case 
and perforation in one case, resulting in severe disability in one patient 
and death in the other. The main reason for these severe consequences 
is that stent angioplasty may severely damage important local 
perforating and side branches of the basilar artery, leading to severe 

FIGURE 3

Receiver operating characteristic (ROC) curve analysis of the 
duration from symptom onset to recanalization as a risk factor for 
peri-procedural complications.
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brain stem function injury. Appropriate selection of patients with 
occluded arteries involving no perforating branches may decrease the 
rate of severe complications. In our study, dissection occurred in seven 
(19.3%) patients (five cases had vertebral artery occlusion and two 
cases had basilar artery occlusion). In total, two (2.27%) patients with 
dissection in the basilar artery died probably because of injury to the 
important functional perforating branches of the basilar artery, 
whereas five (5.68%) patients with intracranial vertebral artery 
dissection had better prognosis after appropriate management 
probably because the vertebral artery does not have so many 
important perforating branches such as the basilar artery. In the study 
by Aghaebrahim et al. (15) with nine vertebral artery occlusions, two 
patients with vertebral artery dissection also had a good prognosis (0 
mRS in one patient and 1 in the other patient).

Our study found that patients with intracranial vertebral 
artery occlusion had better complications and follow-up outcomes. 
In addition to the abovementioned complications, there was only 
one death in the vertebral artery but four deaths in the basilar 
artery occlusion in the peri-procedural period though the 
difference was not significant. Moreover, the 6-month mRS scores 
were also significantly better in patients with vertebral artery 
occlusion than those with basilar artery occlusion. Nonetheless, 
patients with vertebral artery occlusion had a significantly greater 
occlusion length than those with basilar artery occlusion 
(21.11 ± 7.9 mm vs. 8.88 ± 3 0.50 mm, p < 0.0001). Patients with 
intracranial vertebral artery occlusion tend to have relatively mild 
brainstem infarction, which is often caused by low perfusion, and 
recanalization at the vertebral artery can increase brainstem blood 
perfusion without causing dissection of the basilar artery and 
subsequent brainstem injury. Moreover, the basilar artery has rich 
side and perforating branches, which may be easily injured by 
endovascular recanalizing operation. This may account for the 
better outcomes of recanalizing the vertebral artery occlusion, and 
it may also indicate that endovascular recanalization is safer and 
more effective in the vertebral artery than in the basilar artery. 
These rich arterial branches in the basilar artery may necessitate 
the appropriate selection of the indications for endovascular 
recanalization and careful operation during the 
recanalization procedure.

In our study, in-stent restenosis occurred in 25.3% (19) of patients 
at follow-up, which is greater than that of 17.6% in a study evaluating 
the safety and efficacy of the Enterprise stent in the treatment of severe 
symptomatic basilar artery atherosclerosis stenosis in 35 patients with 
over 80% stenosis (24). In this study by Zhao et al. (24), the main 
perioperative complication and the mortality rate were 0 while the 
in-stent restenosis rate was 17.6% at follow-up of over 6 months. 
Nonetheless, another study with the Wingspan stent to recanalize 
intracranial atherosclerotic stenosis reported a similar in-stent 
restenosis rate of 24.6% (25). In this study enrolling 77 patients with 
79 total target stenosis >60% (25), the 30-day transient ischemic 
attack/stroke and death rates were 5.3 and 0%, respectively, and the 
cumulative transient ischemic attack/stroke and death rates were 8.1 
and 0%, respectively, at a mean follow-up of 18.9 months (range, 
12–23 months). At 3 to 24 months (median, 12 months), the in-stent 
restenosis was 24.6%, and rapid balloon inflation and longer length of 
stenosis were independent risk factors for the restenosis. In our study, 
blunt occlusion was a significant independent risk factor for successful 
recanalization, peri-procedural complications, and poor mRS 

outcomes at follow-up, whereas post-dilatation was a significant 
independent risk factor for in-stent restenosis and 1-year stroke and 
death events.

Some limitations existed in this study, including the retrospective 
and one-center study design, only Chinese patients enrolled, a small 
cohort of patients, no comparison with symptomatic non-acute 
occlusion in the anterior circulation, and no randomization, which 
may all affect the generalization of the outcomes. In the future, large 
controlled, randomized, controlled studies with multiple medical 
centers, and races involved will be needed to confirm the findings of 
this study.

In conclusion, endovascular recanalization for symptomatic 
non-acute occlusion of the vertebrobasilar artery is feasible even for a 
long occlusion, with a high recanalization rate, a low complication 
rate, and a good prognosis. Blunt occlusion and duration from onset 
to recanalization may affect successful recanalization, peri-procedural 
complications, and poor outcomes, while post-dilatation may affect 
in-stent restenosis and prognosis. Considering it is a procedure with 
a high risk of adverse effects, patients should be counseled accordingly.
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