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Abstract Objective To analyze epidemiological characteristics and therapeutic evolution of
patients with basilar artery (BA) stenosis who underwent endovascular therapy in a
reference service.
Methods Observational retrospective study of a case report of individuals with BA
stenosis who underwent endovascular therapy in an endovascular neurosurgery
reference service, between November 2005 and May 2018.
Results The prevalence was higher amongmale patients, with 60% of the cases. As for
age, it ranged from 18 to 81 years old, with a mean of 60.2 years old. In terms of
comorbidities, systemic arterial hypertension was found in 93% of the patients, and
dyslipidemia in 86.7%. The initial symptoms were previous history of ischemic
cerebrovascular accident (CVA) in 43.3% of the cases and dizziness in 46.7%.
The degree of stenosis ranged from 90 to a 98% of obstruction, with a mean of
92.8%. Neurological deficit was observed in 23.3% of the cases postoperatively, and the
postoperative death rate was 10% (3/30). There were no intraoperative adverse events.
Conclusion The applicability of endovascular stenting therapy in high-grade BA
stenosis proved to be a safe and effective technique with lower morbimortality rates
and faster recovery.
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Resumo Objetivo Analisar as características epidemiológicas e a evolução terapêutica de
pacientes com estenose de artéria basilar (AB) submetidos a terapia endovascular em
serviço de referência.
Metodologia Estudo retrospectivo observacional de trinta pacientes com estenose
de AB submetidos à terapia endovascular em serviço de referência em neurocirurgia
endovascular de Blumenau, SC, Brasil, no período de novembro de 2005 a maio de
2018.
Resultados O sexo masculino foi o mais prevalente, com 60% dos casos. A idade
variou de 18 a 81 anos, sendo a média de 60,2 anos. Quanto à presença de
comorbidades, observou-se que a hipertensão arterial sistêmica esteve presente em
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Introduction

Cerebrovascular diseases, especially ischemic cerebrovascu-
lar accident (CVA), are important causes of death worldwide.
A total of 20% of ischemic cerebral events involve the
posterior circulation.1,2 The basilar artery (BA), originating
at the junction point of the vertebral arteries, usually at the
level of the bulbopontine sulcus, supplies arterial blood to
most of the brainstem, the thalamus, and the occipital lobes,
and to part of the cerebellum. Thus, it is the most important
artery of the posterior cerebral circulation.2

The ischemic event caused by BA stenosis and acute
occlusion has devastating effects. According to the degree
of brain stem involvement, the symptoms may range from
isolated cranial nerve palsy, hemiplegia, and locked-in syn-
drome, to coma.3 The morbimortality rate of an acute basilar
artery occlusion event is� 80%,with aworse prognosiswhen
compared with ischemic events of the anterior circulation.3

Intracranial atherosclerotic disease and cardioembolic
stroke are considered the main causes of BA stenosis. Ap-
proximately 60% of the posterior circulation ischemic events
are due to atherosclerosis.4 This condition ismore frequently
found in males, Asians, and African Americans, mainly
between the 6th and 7th decades of life.5

The clinical presentation of BA stenosis may vary, with
transient and intermittent symptoms, which may simulate
otitis interna, with dizziness and headache.5 Despite advan-
ces allowed by mechanical thrombectomy for ischemic
events, mainly in the anterior circulation, and although
studies such as ENDOSTROKE showed a high rate of revas-
cularization after endovascular thrombectomy, its efficacy
and safety remain uncertain when compared with drug
treatment.6 Endovascular treatment, based on the use of
stents and balloons, has shown better outcomes than micro-
surgery, especially in patients whose stenosis is>70% and in
whom conservative treatment has failed. Angioplasty is
indicated for stenosis between 50% and 69%.7 In stenosis
<50%, medical treatment is the priority, aimed at managing
risk factors and achieving secondary prevention of new
events.7

Theaimof thepresent study is to study therecanalizationof
BA stenosis through endovascular therapy with stents, as well
as to analyze its clinical behavior in individuals who under-

went endovascular treatment in a reference endovascular
neurosurgery service.

Methods

Observationalandretrospectivestudybasedondatacollection
and analysis of electronic medical records from a group of 30
participants seen in the endovascular neurosurgery reference
service. All individuals who had failed clinical treatment
events (acetylsalicylic acid 200mg/day, clopidogrel 75mg/day,
and statin 80mg/day) presenting new cerebrovascular events
and underwent endovascular therapy with angioplasty for
stenosis � 70% of the basilar artery between November 2005
and May 2018 were included in the study.

Insufficient medical data, such as loss to follow-up within
30 days, absence of radiological reports, platelets<100,000,
previous neurosurgery or severe head trauma in the last
30 days and patients with RNI � 1,7 using warfarin were
considered exclusion factors. Endovascular treatment-related
medical and epidemiological variables were studied, such as
age, gender, pre-existing comorbidities, symptoms on admis-
sion, preoperative imaging tests, endovascular technique,
stenosis characteristics, and 30-day postoperative follow-up.

The BA stenosis site was classified according to Archer
et al. into proximal (from the vertebrobasilar junction to the
origin of the anterior inferior cerebellar artery),middle (from
the origin of the anterior inferior cerebellar artery to the
origin of the superior cerebellar artery) and distal (distal to
the origin of the superior cerebellar artery).8 Stenosis degree
was measured during digital cerebral arteriography using
the Allura Xper FD10 hemodynamic machine (Philips Medi-
cal Systems, Veenpluis, Netherlands).

All procedures were performed by a neurosurgeon spe-
cialized in neurointervention with>15 years of experience
and>2,000 intra- and extracranial angioplasties performed.
All procedures were performed through femoral artery
access, reaching the subclavian, the vertebral, and the BA
(in order), using a 0.0014 size microguide compatible with
the type of stent and balloon used. The technique and stent
used were chosen by the surgeon. Due to the short time of
procedure (average of 1 hour), most of cases were performed
under sedoanalgesia and local anesthesia. Few patients were
operated on under general anesthesia (20%). Follow-up

93% dos casos e a dislipidemia em 86,7% dos casos. As sintomatologias iniciais
observadas foram história prévia de AVE isquêmico em 43,3% dos casos e tontura
em 46,7%. O grau de estenose variou de 90 a 98% de obstrução, com amédia de 92,8%.
Os stents de balão expansíveis foram os mais utilizados, sendo o da marca Pro-Kinect
Energy o mais utilizado (60%). Por fim, em 23,3% dos casos, observou-se déficit
neurológico no pós-operatório, e a taxa de óbito foi de 10% (3/30) no pós-operatório.
Não ocorreu nenhum evento adverso intraoperatório.
Conclusão A aplicabilidade da terapia endovascular com utilização de stent em
quadros de alto grau de estenose de AB mostrou-se técnica segura e eficaz com
menores taxas de morbimortalidade e recuperação mais rápida.
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imaging tests were performed according to medical criteria.
The magnetic resonance imaging (MRI) exam was not used
after endovascular treatment.

All patients received dual antiaggregant therapy with
clopidogrel 75mg and acetylsalicylic acid 200mg for at least
72 hours prior to the procedure. The time factor was very
relative since each case was assessed individually according
to clinical treatment failure. During the procedure, all
patients received a bolus of heparin 5,000 IU. After the
procedure, the protocol was clopidogrel 75mg daily for
3 months and acetylsalicylic acid 300mg daily continuously.

The project followed current ethical standards, approved
by the local ethics committee, Comitê de Ética na Pesquisa
em Seres Humanos da Universidade Regional de Blumenau,
under CAAE: 80423017.7.0000.5370. The Informed Consent
Form (ICF) was presented and made available to the study
participants. Written informed consent was obtained from
all subjects before the study.

Statistical Analysis
The data were organized in descriptive tables showing, as
appropriate, absolute and relative frequencies, means, stan-
dard deviations (SDs), and estimates. Analyses were tabulated
usingMicrosoft Excel 2020 (Microsoft Corporation, Redmond,
WA, USA) and analyzed using the SPSS Statistics forWindows,
version 17.0 (SPSS Inc., Chicago, IL, USA).

Results

The mean age among the study subjects was 60.2 years old
(18 to 81 years old), with 60% of male patients. Dizziness and
prior ischemic CVA were among the most prevalent symp-
toms (46.7 and 43.3%, respectively). There was rarely an
association with gait alteration, but it was not possible to
characterize it as ataxia. The least reported symptom was
headache (13.3%). Regarding comorbidities, 93.3% of the
patients had systemic arterial hypertension (SAH), which
is themost prevalent comorbidity among the study subjects;
86.7% had dyslipidemia, and 26.7% had diabetes mellitus
(DM). Five individuals had a history of active or previous
smoking (16.7%). The mean preoperative modified Rankin
scale8 (mRS) was 2.1 (1 to 3) (►Table 1).

Themeandegree of stenosiswas 92.8%, as shown in►Fig. 1.
The middle segment of the BA was the most affected site
(56.7%), followed by the proximal (30%) and distal segments
(13.3%). Nine individuals had an ulcerated plaque (30%).
Regarding the use of stents, as they have lower restenosis rates,
balloon-expandable stents were most used, mainly the Pro
Kinetic Energy (Biotronik, Bülach, Switzerland) (60%). The
restenosis rate was low and not relevant to the study.
All subjects underwent diagnostic digital cerebral arteriogra-
phy during angioplasty, preceded by angioresonance or cere-
bral angio-computed tomography (CT) (33.3 and 26.7%,
respectively) (►Table 2).

There were no intraoperative adverse events. Postopera-
tive events included limb monoparesis (23.3%), dysphasia,
and hemiplegia (13.3% each). Three individuals died within
weeks of the procedure (10%). One of them had progressive

lowering of the level of consciousness due to the severity of
his previous condition. One had bleeding in the fourth
ventricle and the other had a rupture of a pseudoaneurysm
in the right deep femoral artery. ThemeanmRS after 30 days
was 1.25 (1 to 2) (►Table 3).

Table 1 Clinical and epidemiological characteristics (n¼ 30)

Mean age (IQR) – years old 60.2 (18–81)

Gender, female – total nr. / Nr. (%) 9/30 (30)

Symptoms – total nr. / Nr. (%)

iCVA 13/30 (43.3)

TIA 7/30 (23.3)

Dizziness 14/30 (46.7)

Headache 4/30 (13.3)

Pre-existing comorbidities – total nr. / nr. (%)

Diabetes mellitus 8/30 (26.7)

Systemic arterial hypertension 28/30 (93.3)

Smoking 5/30 (16.7)

Dyslipidemia 26/30 (86.7)

Heart disease 6/30 (20)

Preoperative mRS 2.1 (1–3)

Abbreviations: iCVA, ischemic cerebrovascular accident; IQR, inter-
quartile range; mRS, modified Rankin Scale; TIA, transient ischemic
attack.

Fig. 1 An 81-year-old male patient with acute stroke due to critical
basilar artery stenosis. (A-B), left vertebral artery angiogram shows an
occlusion (arrow) at the distal segment of the basilar artery. C-D, left
vertebral artery angiogram obtained after intracranial angioplasty
and stent placement (arrow) shows complete recanalization of the
basilar artery with great distal perfusion.
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Discussion

In the present study, basilar stenosis affects patients be-
tween the 6th and 7th decades of life (►Fig. 2) who also have

DM as one of the most prevalent comorbidities, which is
consistent with the literature.

In the present study, the prevalence of hypertensive (30%
higher) and dyslipidemic patients (50% higher) was higher
than in the study of the American and Chinese popula-
tions.9,10 The study found dizziness and iCVA as the main
initial symptoms, corroborating the basic literature; there-
fore, these are characterized as classic clinical presentations
of basilar artery stenosis. On the other hand, the study found
a lesser significance of headache, which was 29% less preva-
lent than in the literature. This difference is attributed to the
fact that the population of the present study has headache as
a secondary symptom, that is, it is present concomitantly
with other symptoms.11

In an observational study with 40 patients, Ciríaco et al
observed that 28 patients (70%) had stenosis grades � 90%;
these patients underwent endovascular therapy.5 In the
present study, all patients who underwent angioplasty had
stenosis>90%.

Samaniego et al. point out that, in basilar stenosis, the
middle segment was the most affected site, with 54.9% of
cases.12 The authors observed a greater association between
smoking and middle segment stenosis, but they do not
associate its site with worse on admission or follow-up
mRS. The higher prevalence of one site was also reported
in the study by Shu et al., with 41.2% of 51 patients presenting
with middle segment stenosis.9 Among the 187 patients
evaluated in the study by Sun et al., the authors observed
greater involvement of the proximal segment (55.6%), with
28.9% for the middle segment.13 The present study showed
greater middle segment involvement, in 56.7% of cases, with
4 of 5 smoking patients having middle segment stenosis, but
not associated with worse outcomes.

In a long-term follow-up of 30 individuals with � 70%
stenosis of vertebral and BAs who underwent endovascular
therapy, Djurdjevic et al. reported 7 deaths, 3 of which
related tovascular events, 1 intraoperative deathwith basilar
artery rupture, and the other 2 related to gangrene and
intraparenchymal hemorrhage, 5 and 7 years after the
procedure, respectively. In his long-term follow-up, Djurd-
jevic highlights stable treatment outcomes, indicating that
endovascular treatment can be beneficial to appropriately
selected patients with intracranial stenosis.14

In a studyon revascularization techniques in BAocclusion,
Siebert et al. noted that while the outcome remained unfa-
vorable, the endovascular technique proved effective and
relatively safe. The authors reported a mortality rate of
36.8%.7 In a multicenter study, Kang et al. describe that
endovascular therapy is safe and effective in recanalizing
acute basilar artery occlusion.10 In an analysis of 27 individ-
uals who also underwent endovascular technique, Antunes
Dias et al. found a mortality rate of 37% of the cases.15 In the
present study, a lowmortality rate of 10%was observed, with
3 deaths per 30 treated patients. According to the mRS,
there was an improvement in quality of life in all cases.
The patients were monitored on an outpatient basis by the
same neurosurgeon and underwent imaging exams after
1 year for control.

Table 2 Stenosis characteristics, stents, and preoperative tests
(n¼30)

Mean stenosis degree % (IQR) 92.8 (90–98)

Stenosis characteristics – nr. / total nr. (%)

Dissection 1/30 (3.3)

Site

Proximal segment 9/30 (30)

Middle segment 17/30 (56.7)

Distal segment 4/30 (13.3)

Ulcerated plaque 9/30 (30)

Stent type – nr. / total nr. (%)
Balloon-expandable Stent

Coroflex Blue 3/30 (10)

Micro Drive 3/30 (10)

Pro Kinetic Energy 18/30 (60)

Liberte 2/30 (6.7)

Drive 2/30 (6.7)

Self-expanding Balloon

Enterprise 1/30 (3.3)

Resolute Integrity 1/30 (3.3)

Neuroimaging – nr. / total nr. (%)

Brain MRI 7/30 (23.3)

Brain CT 6/30 (20)

Digital cerebral arteriography 30/30 (100)

Cerebral Angio-CT 8/30 (26.7)

Carotid Doppler test 6/30 (20)

Cerebral Angio-MRI 10/30 (33.3)

Abbreviations: CT, computed tomography; IQR, interquartile range;
MRI, magnetic resonance imaging.

Table 3 Intraoperative events, outcome, and complications
(n¼30)

Mean mRS after 30 days (IQR)� 1.25 (1–2)

Intraoperative adverse
events nr. / total nr. (%)
Postoperative adverse
events nr. / total nr. (%)

0/30 (0)

Dysphagia 4/30 (13.3)

Hemiplegia 4/30 (13.3)

Monoparesis 7/30 (23.3)

Puncture site bleeding 2/30 (6.7)

DeathΔ 3/30 (10)

Abbreviation: IQR, Interquartile range;
ΔDeath, in weeks following the procedure.
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According to the study by Kang et al., in the case of the 212
individuals they analyzed, younger patients, lower National
Institutes ofHealth Stroke Scale (NIHSS)on admission, absence
ofDMasacomorbidityandabsenceofparenchymalhematoma
were significant factors for a more favorable outcome after
endovascular procedure.16 In the study by Antunes Dias, the
authorspointedout that being female, having a lowerNIHSSon
admission, mild to moderate symptoms, and a lower posterior
collateral circulation score were considered predictors of a
better outcome.15 The present study found a higher prevalence
ofmalesubjects (70%)withameanageof60.1yearsandamean
mRS on admission of 2.1, with no DM as an aggravating factor.
One of the 3 patients who died was a 46-year-old female with
subarachnoid hemorrhage (SAH); onewas a 64-year-old male,
smoker, with SAH; and the third was a 54-year-old male with
SAH, smoker, dyslipidemic.

Despite dealing with a considerable database on endo-
vascular therapy for basilar stenosis, the present study faced
a few limitations, including its retrospective nature. Multi-
center prospective studies and randomized clinical trial
studies with control groups are needed to better determine
clinical and radiological characteristics, as well as to confirm
the safety and efficacy of intracranial angioplasty of BA
stenosis compared with other treatments. Sample calcula-
tionwas not done and should be considered as a limitation of
the present study.

Conclusion

The outcomes of the present study, such as the low postop-
erative morbimortality rate, support the use of the endo-
vascular technique, especially for the BA.

Fig. 2 A 58-year-old male patient with acute due to basilar artery stenosis. (A-B), left vertebral artery angiogram shows a stenosis (arrow) at the
distal segment of the basilar artery. (C-D), show balloon expandable stent angioplasty. (E-F), left verterbal artery angiogram obtained after
intracranial angioplasty and stent placement (arrow) shows complete recanalization of the basilar artery with great distal perfusion.
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