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Abstract

Acute occlusion of the basilar artery and its branches is a frequent cause of posterior circulation strokes. Although
it accounts for only 1 to 3 % of ischemic strokes, it is a potentially life-threatening condition associated with high
mortality rates. Exact clinical diagnosis is still challenging because symptoms such as vertigo, dizziness followed
by headache, and neck pain are nonspecific and usually attributed to many other neurological diseases. The onset
of symptoms can be abrupt or gradual and progressive. Establishing the time of symptoms onset and making a
timely diagnosis is highly important. In case the diagnosis is made promptly, ideally with the help of an advanced
neuroimaging, intravenous thrombolysis, or catheter-based endovascular treatment can be performed

immediately to improve prognosis and reduce mortality.
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Abbreviations

Basilar artery occlusion — BAO
Posterior circulation ischemia — PCI
Intra-arterial thrombolysis — IAT
Intravenous thrombolysis - IVT
Basilar artery — BA

Posterior Circulation — PC
Anterior Circulation — AC
Vertebrobasilar ischemia — VBI
Modified ranking score — mRS
Mechanical thrombectomy - MT
Introduction

Basilar artery occlusion (BAO) accounts for about 1 to 3-4% of all
ischemic strokes. [1] BAO is one of the scenarios of posterior circulation
ischemia (PCI), and it is associated with high mortality if left untreated.
[2-4] BAO symptoms could be non-focal and unspecific, such as
headache, dizziness, and vertigo, resulting in a delay in the neurological
evaluation. [5-7] Timely made diagnosis and treatment are some of the
most difficult tasks. Intravenous thrombolysis (IVT) is still considered
standard of treatment when performed within 3 to 4.5 hours after the onset
of symptoms. [8] Although novel studies show better results when intra-
arterial thrombolysis (IAT) or mechanical thrombectomy (MT) is
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performed. Early studies of endovascular treatment showed that it is
associated with high rates of recanalization success, a better outcome for
the patient, and a reduction in mortality rates. [1, 9]

One of the most important arteries of the human body is the basilar artery
(BA). [10] It is formed by the convergence of the left and right vertebral
arteries at the junction of the pons and medulla. It runs along the basilar
sulcus of pons and branches out into numerous ramifications which
include the following: anterior inferior cerebellar artery, pontine arteries,
labyrinthine artery, superior cerebellar artery, and posterior cerebral
arteries. The vertebrobasilar arterial system supplies the posterior portion
of the circle of Willis and receives about 20 % of cerebral blood flow. Its
main responsibility is to supply the brainstem, thalami, cerebellum, and
parts of the occipital and temporal lobes. [11, 12]

Etiology

The most frequent causes of BAO are local thrombosis and artery-to-
artery thromboembolism originating from arteriosclerotic lesions. [4]

Atherosclerosis is one of the main reasons for BAO. BA is the intracranial
artery most commonly affected by the atherosclerotic process. [12]
Usually, it affects the mid-portion of the basilar artery, followed by the
vertebrobasilar junction. Atherosclerotic BA stenosis is the most common
cause of BAO in older patients. [15] Occlusion due to atherosclerosis is
usually seen in the sixth and seventh decade of life.

Other etiological factors that lead to BAO are artery-to-artery
embolization (most frequent cardiac origin emboli) and vertebral artery
dissections, affecting respectively 30-35% and 6-8% of patients. [4] The
typical locations of the obstruction with arterioembolic mechanism [4] are
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the vertebrobasilar junction and the distal third of the BA, especially at
the top of this artery. [13] It is most prevalent in the fourth decade of life.
[8, 10, 14-16]

Dissections are more often seen in the extracranial vertebral artery and
are most commonly associated with neck injuries, yoga practice, and
cervical chiropractic adjustment. Although rare, dissection can also be
seen in the intracranial segment, most often spontaneous in these cases.
Vertebrobasilar dolichoectasia, an anatomic variant consisting of
enlargement and extreme dilatation of the vertebral/basilar artery, has
been shown also to predispose to BAO through a reduction in flow
velocity leading to local thrombus formation. [5, 17] Other rare causes
include meningitis, coagulopathy, arteritis, cervical trauma, aneurysms,
hereditary arteriopathies, as well as complications after endovascular
procedures and neurosurgery. [4] One recently described case of
reversible stenosis of the BA is due to hemoconcentration, a condition
that is frequently found in psychiatric patients with severe depression. [7]

Pathogenesis of the disturbances of the Posterior Circulation (PC) disease
differs from Anterior Circulation (AC) disease in their pathophysiology,
clinical presentation, symptoms development, optimal imaging methods,
and the available treatments. It is common to divide diseases of PC into
two categories. On one hand, acute BAO has a more rapid onset, the
diagnosis must be made quickly and the following treatment should not
be delayed because of the extremely poor natural course. On the other
hand, BAO is characterized by more slowly developing ischemia in the
PC leading to non-specific symptoms and early warnings of PC disease
that now can be related to ischemic events in all PC vessels. These signs
and symptoms occur much earlier than those in the AC [13]. In both
scenarios, the treatment of choice has to be the removal of the BA
thrombosis or embolus because if left untreated, the clinical evolution is
usually extremely unfavorable.

Epidemiology and risk factors

Awvailable data on the frequency, incidence, and prevalence of the BAO is
still insufficient. A posterior circulation obstruction is a common form of
stroke affecting in total about 1/5 of all patients with stroke [13]. BA
thrombosis accounts for about 27% of the ischemic strokes occurring in
the posterior circulation. Men are affected twice as much as women. (10)
Acute BAO is a rare stroke syndrome comprising only about 3% of all
ischemic strokes. [17, 18]

All the risk factors typical for the development of atherosclerosis can be
associated with vertebrobasilar ischemia. [19-21] These include arterial
hypertension, diabetes mellitus, dyslipidemia, smoking, age, gender,
family history, and genetic factors. Furthermore, patients with a history
of coronary artery disease or peripheral artery disease are at increased
risk. [22] Other etiological causes may include cardioembolic conditions
such as atrial fibrillation, infective endocarditis, vertebral artery
dissection, and systemic hypercoagulable states [23].

Clinical presentation and diagnosis

BAO requires quick diagnosis and immediate treatment. [12] Dizziness
and vertigo are the most common findings in the history of the patient,
suggesting vertebrobasilar ischemia. Vertigo, which is the most common
symptom, is defined as a sensation of spinning and usually indicates
dysfunction of the peripheral vestibular or central vestibulocerebellar
system. Dizziness is associated with lightheadedness or lack of mental
clarity. Vertigo and dizziness caused by BAO are often connected with
other brainstem or cerebellar symptoms. When vertigo is the only
symptom it is very important to establish whether its origin is central or
peripheral. In this case, the head-impulse, nystagmus, test of skew
(HINTS) examination is a useful bedside test to distinguish peripheral
from a central lesion. In patients with PCI, headache is a common
presenting symptom. [3, 7, 17, 24-27]
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Other symptoms include syncope, "drop attacks” (patient feels sudden
weakness in the knees and fall on the ground), diplopia or loss of vision,
paresthesia, confusion, dysphagia, and dysarthria. [4] If vertebrobasilar
ischemia (VBI) advances into a brainstem infarction, several syndromes
may arise depending on the location: lateral medullary syndrome, medial
medullary syndrome, basilar artery syndrome, and labyrinthine artery
syndrome. Other aspects of the history that should be noted during the
clinical evaluation are reproducible symptoms during positional head
changes. For example, a syncope is possible while turning the head
laterally (Bow Hunter’s syndrome) or during head extension. [28-30]

In patients with PCI, headache is not an unusual symptom and it seems to
be caused by irritation of the trigeminovascular afferents located in the
brainstem. Headache has predominantly occipital localization and may
occur two weeks before the stroke. [24]

Depending on the onset of symptoms, three major clinical types of BAO
presentation have been described:

a) Sudden onset (without preceding events) of severe motor and
bulbar symptoms (ophthalmoplegia, quadriplegia, and anarthria)
combined with reduced consciousness [7];

b) Abrupt but with prodromal symptoms such as transient
double vision, dysarthria, vertigo, paresthesia, which precede the
monophasic BAO symptoms by several days or even weeks or months
[21];

c) Progressive clinical presentation characterized by a gradual
course of posterior circulation symptoms such as blurred vision, balance
disturbance, bilateral paresthesia, or motor weakness, which finally are
associated with reduced consciousness. [4, 31]

Some differentials with overlapping symptoms should be considered.
These include meningitis, basilar migraine, cerebellar hemorrhage with
brainstem compression, cerebellar infarct or hemorrhage with edema,
space-occupying lesions in the posterior fossa including metastatic
disease, and supratentorial mass lesions with mass effect, herniation, and
brainstem compression. [32, 33]

Evaluation

The primary goal of the examination is to establish the localization of
vascular lesions and specify if acute intervention is indicated to achieve
recanalization in a time-dependent manner. Laboratory studies are of little
value but may include a complete blood count (CBC), electrolytes, blood
urea nitrogen (BUN), creatinine, international normalized ratio (INR),
prothrombin time (PT), and activated partial thromboplastin time (aPTT).
Young patients with a low possibility of atherosclerosis should be
investigated for hereditary procoagulant conditions. These include protein
C, protein S, antithrombin IIl deficiencies, lupus anticoagulant, and
anticardiolipin antibodies, and homocysteine levels. Thorough searching
for arrhythmogenic etiology on ECG should be done [10].

Imaging methods for diagnosis

Computed tomography (CT) and magnetic resonance imaging (MRI) are
commonly used as a screening imaging technique to evaluate posterior
circulation disease. Nowadays, 7T MRI angiography (MRA) represents a
new valuable imaging method for the evaluation of PCD. [13] All of
Doppler sonography, CT, contrast-enhanced CT angiography (CTA),
MRI, MRA can be used in the acute setting to evaluate patients with
suspected BAO. [4]

CT is usually the first imaging study performed. Hemorrhagic pathology
or a large area of ischemic insult can be diagnosed, but it is less effective
as a screening tool for evaluation of brainstem, cerebellum, and posterior
circulation. Filling defects within the BA could be seen with CTA.
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However, CT scanning is less sensitive for the detection of early ischemia
or vascular occlusion compared to MRI/MRA.

The gold standard for definitive diagnosis of BAO is still conventional
cerebral angiography. It is superior to MRI and CT angiography and is
more and more used in the context of catheter-based endovascular 1A
treatments (mechanical thrombectomy/ thrombaspiration procedures).

Treatment

Treatment of BAO aims to recanalize the occluded artery and salvage the
brain tissue. BA recanalization can reduce mortality and increase the
patient’s chances of functional recovery through reperfusion therapy. The
reperfusion therapy includes IVT, IAT, and mechanical endovascular
thrombectomy/thrombaspiration. [34] After the diagnosis of BAO is
made, IVT or endovascular treatment can be performed to recanalize the
occluded artery depending on the treatment time-window. Despite the
lack of large scientific evidence, in the majority of patients with BAO,
IAT or IVT has to be performed because if left without any reperfusion
treatment the natural prognosis of BAO is extremely poor. The earlier the
intervention is performed, the better are the results. [35-39]

The IVT is contraindicated in patients with acute ischemic stroke with the
onset of symptoms of more than 4.5 h, in patients with head trauma in the
last 3 months before the acute ischemic stroke, in patients with
intracranial or subarachnoid hemorrhage, blood pressure >185/110
mmHg, or low serum glucose levels <2,8 mmol/l. Small case series and
trials have shown IAT is a highly prospective intervention in patients with
contraindications for IVT because of its higher recanalization rate and
lower bleeding risk. [34]

In the management of acute ischemic stroke, IVT still is considered
standard strategy. Three large multicenter studies — SITS-MOST, the IST-
3 and ECAS Ill evaluated the safety and efficacy of IVT, with a
therapeutic window of 3, 4.5, and 6 hours, respectively. A point should
be made that most of the patients in these studies had anterior circulation
ischemia because the localization of stroke in posterior circulation is often
quoted as an exclusion criterion. [40, 41] According to nowadays
American Stroke Association guidelines for the early management of
patients with acute ischemic stroke - 1V alteplase is recommended for
selected patients who can be treated within 3 and 4.5 hours of ischemic
stroke symptoms onset or patient last known well. [42]

Some uncontrolled studies, in which IAT was used, showed a high
recanalization rate, around 65%. (31) The efficacy of fibrinolytic
treatment with IVT or IAT in posterior circulation strokes was evaluated
in only one prospective, observational study of patients with BAO-
BASICS (The basilar artery interventional cooperation study). [43] In this
study, the modified Ranking score (mRS) was used as an endpoint of the
comparison in the efficacy between these treatments. In patients with
mRS 0-2, with mild to moderate BA stroke, IVT treatment showed better
outcomes compared to intra-arterial treatment, 53% to 30%, respectively.
When considering patients with severe stroke, with a high mRS score (at
least 2 or more), the outcome did not differ significantly. Recanalization
occurred in 72 % of patients treated with endovascular procedures
compared to 63% of patients treated with IVT and that was associated
with increased functional independence. [44]

In a multicenter, randomized study evaluating 131 Chinese patients, both
per-protocol and as-treated analysis showed that thrombectomy was
superior to the best medical treatment in BAO. [45] In a recently
published single-center observational study, a Swedish group reported
73% of successful recanalization with combined catheter-based intra-
arterial interventional techniques in patients presenting with BAO. [46]

Our group published a case of successful combined catheter-based
treatment (mechanical recanalization, balloon angioplasty with a non-
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compliant balloon, and low dose intra-arterial fibrinolysis) in a 67-year-
old patient with BAO causing tetraplegia and coma. [47] We showed the
result of a particular case of successful consecutive contact
thrombaspiration of BAO and the two posterior cerebral arteries
performed with Penumbra 5 MAX (Penumbra, Inc.,, USA)
thrombaspiration catheter in a patient admitted 2 hours after a sudden
onset of dizziness, deep somnolence, and fluctuating blurred speech.

According to the European Stroke Organization, there is consensus
among the panel (11/11 votes) that in analogy to anterior circulation large
vessel occlusion (LVO) and with regard to the grim natural course of
BAO, the therapeutic approach with IVT plus MT should strongly be
considered [48].

According to 2018 Guidelines for the Early Management of Patients with
Acute Ischemic Stroke: (AHA/ASA): Although the benefits are uncertain,
the use of MT with stent retrievers may be reasonable for carefully
selected patients with acute ischemic stroke in whom treatment can be
initiated (groin puncture) within 6 hours of symptom onset and who have
causative occlusion of the anterior cerebral arteries, vertebral arteries,
BA, or posterior cerebral arteries - 11b. The use of MT devices other than
stent retrievers as first-line devices for MT may be reasonable in some
circumstances, but stent retrievers remain the first choice — lib [42].

Endovascular treatment both with stent retriever and contact aspiration
thrombectomy as a first-line approach was safe and effective methods in
a multicenter retrospective observational study which included 212
consecutive patients with acute BAO treated with one or the other
technique. [49] In the published small trials MT was associated with low
rates of mortality (13%), procedure-related complications (4.2%), or
symptomatic hemorrhage (1.9%). The application of MT in BAO was
associated with high rates of favorable outcomes (44.8%) and high rates
of successful reperfusion (91.5%). [49-51]

The treatment window for acute BA thrombosis is not well defined yet.
The commonly accepted time window is at least 12 hours potentially up
to 24 hours. A well-accepted common opinion is that the treatment
window of MT for BAO window has to be much longer than the accepted
recommendation for treatment of large vessel occlusion in the anterior
circulation stroke - 6 to 8 hours [35-38, 52] probably because of the
extremely poor prognosis for patients left without recanalization attempt.

To demonstrate the efficiency of the endovascular treatment of stroke we
present a case of a 62-year-old male who was referred to the clinic due to
one-week symptoms of left hemiplegia, dysarthria, vertigo, ataxia, and
balance problems. Duplex and Doppler ultrasound examination of the
neck arteries showed absence of flow in the right vertebral artery,
significantly reduced post-stenotic pattern of blood flow in the left V2
segment of the vertebral artery, 70% stenosis of the left internal carotid
artery (LICA) and normal flow in the right internal carotid artery
(RICA). Angiography confirmed the ultrasound findings (Figure 1):
occlusion of the right vertebral artery, subtotal occlusion of the proximal
left vertebral artery, 70% stenosis of LICA and patent RICA. Using
Fielder XT (Asahi Intecc, Japan) wire for chronic total occlusions, the
proximal left vertebral stenosis was passed through. (Figure 2) After pre-
dilatation, Resolute Onyx 4.5/22 mm stent (Medtronic. USA) was
implanted in the proximal left vertebral artery, V0/1 segment. A second
subtotal occlusion at the distal left vertebral artery was revealed in the V4
segment. (Figure 3) It was treated by pre-dilatation followed by
implantation of the Resolute Onyx 2.75/22 mm stent (Medtronic, USA).
Final angiography showed excellent results and restored TICI-3 flow in
the vertebrobasilar system. (Figure 4) Two months were needed for the
patient to improve his ataxia and dysarthria, and to recover from
hemiplegia. The follow-up CTA showed preserved flow and patent
vessels. (Figure 5) The patient had gone back to his normal life.
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Figure 1: Angiography of the left vertebral artery. A severe stenosis/subtotal occlusion of the left vertebral artery origin and a partial filling of the
artery by cervical collaterals.

Figure 2: Angiography after passing the left proximal vertebral stenosis using Fielder XT (Asahi Intecc, Japan) wire for the coronary chronic total
occlusions.
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Figure 3: Angiography of the distal left vertebral artery and basilar artery. A subtotal occlusion of the distal V4 segment, caused by a thrombus and
stenosis.
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Figure 4: Final result of the intracranial vascular intervention with restored TICI 3 flow in the vertebrobasilar system.
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Figure 5: CTA on 2-month follow-up, a 3d reconstruction showing the distal vertebral artery after stenting with preserved TICI3 flow in the
vertebrobasilar system, mild BA stenosis distal to VA stenting, and occluded right vertebral artery but preserved PICA.

Methods

Our in-hospital protocol is to evaluate all patients with BAO for
endovascular treatment. All the patients with onset of stroke for less than
6h are treated by thrombaspiration and/or IAT. Our primary endovascular
treatment method is ADAPT - A Direct Aspiration First Pass Technique.
Patients with the onset of stroke for more than 6h but less than 24h are
carefully evaluated and treated by the same means as the <6h group if
they do not match one of these criteria: bilateral mydriasis, absent
brainstem reflexes, hemorrhage on brain imaging, profound coma, limited
life-expectancy despite stroke treatment. Patients with BAO older than
24h are evaluated individually and treated by endovascular means only if
they fall into the group with progressive symptom presentation or they
have enough retrograde circulation from the posterior communicating
arteries, visualized on CTA, ensuring the viability of the infarction zone.

Conclusion

The BAO is related to high mortality rates and a severe reduction in the
quality of life. With the advancement of pharmacological treatment and
endovascular therapy, reduction in mortality and disability rates in these
patients can be achieved. There is a gap in the evidence about the best
method for the treatment of BAO. New methods have a proven role in the
treatment of anterior brain circulation disease, but small patient case
series and some systematic protocols showed that endovascular
treatments were also safe and effective for BAO, when performed by
experienced operators. Modern methods of treatment applied on time are
related to a significant reduction of mortality and better prognosis in this
otherwise unfavorable group of patients.

Funding

The authors received no funding for this work.

Auctores Publishing — Volume 4(1)-0117 www.auctoresonline.org
ISSN: 2641-0419

Disclosures
The authors have no disclosures.

Acknowledgements

None
References

1. Matias-Guiu JA, Lépez-lbor L (2014) Endovascular treatment for
acute ischaemic stroke: in search of evidence. Neurologia (English
Edition), March 2014 Volume 29: 65-67,
https://doi.org/10.1016/j.nrleng.2013.12.005

2. Delgado Acosta F, Jiménez Gomez E, de Asis Bravo Rodriguez F
(2014) Vertebrobasilar recanalization modalities before the
placement of stent-retrievers: Reopening is not synonymous with
good outcome. Radiologia (English Edition), January - February
2014, Volume 56 1), 44-51,
https://doi.org/10.1016/j.rxeng.2014.02.002

3. Demel LD, Broderick JP. Basilar artery occlusion: an update.
Neurohospitalist 2015; 5: 142-150;
https://doi.org/10.1177/1941874415583847

4.  Mattle HP, Arnold M, Lindsberg PJ, et al. Basilar artery occlusion.
Lancet Neurol 2011; 10: 1002-1014.
https://doi.org/10.1016/S1474-4422(11)70229-0)

5. Markus HS, van der Worp HB, Rothwell PM. Posterior circulation
ischaemic stroke and transient ischaemic attack: diagnosis,
investigation, and secondary prevention. Lancet Neurol 2013; 12:
989-998; https://doi.org/10.1016/S1474-4422(13)70211-4

6. Nouh A, Remke J, Ruland S. Ischemic posterior circulation
stroke: a review of anatomy, clinical presentations, diagnosis, and

Page 6 of 8


https://doi.org/10.1016/j.nrleng.2013.12.005
https://doi.org/10.1016/j.rxeng.2014.02.002
https://doi.org/10.1177/1941874415583847
https://doi.org/10.1177/1941874415583847
https://doi.org/10.1016/S1474-4422(11)70229-0)
https://doi.org/10.1016/S1474-4422(11)70229-0)
https://doi.org/10.1016/S1474-4422(13)70211-4

J Clinical Cardiology and Cardiovascular Interventions

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

current management. Front  Neurol
https://doi.org/10.3389/fneur.2014.00030
Sparaco, Marco. Basilar Artery Occlusion: Clinical Management
and Therapy. Clinical Management Issues, [S.l.], v. 12, n. 1, jan.
2019. ISSN 2283-3137, https://doi.org/10.7175/cmi.v12i1.1363.
Jauch EC, Saver JL, Adams HP Jr, et al, Guidelines for the early
management of patients with acute ischemic stroke: a guideline
for healthcare professionals from the American Heart
Association/American  Stroke  Association.  Stroke. 2013
Mar;44(3):870-947.
https://doi.org/10.1161/STR.0b013e318284056a.

Weibiao Lu, Qiao H, Guan M, et al. Endovascular Treatment of
Acute Vertebrobasilar Artery Occlusion: One Institution’s
Experience. J Biomedical Sci. 2015, 4: 2.
https://doi.org/10.4172/2254-609X.100010.

Reinemeyer NE, Tadi P, Lui F. Basilar Artery Thrombosis.
[Updated 2020 Jul 6]. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2020 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK532241/

mparato AM, Riles TS, Kim GE. Cervical vertebral angioplasty
for brain stem ischemia. Surgery. 1981 Nov;90(5), 842-852.
PMID: 7302836.

Knap D, Kirmes T, Honkowicz M, Koroniski M, Kysiak M, et al.
(2016). Treatment of Basilar Artery Occlusion using Various
Techniques of Interventional Radiology. J Vasc Med Surg 4: 241.
https://doi.org/10.4172/2329-6925.1000241.

Nagel S. Schlaganfall bei akutem Verschluss der A. basilaris :
Diagnostik und Therapie [Stroke due to acute occlusion of the
basilar artery : Diagnosis and treatment]. Med Klin Intensivmed
Notfmed. 2017 Nov;112(8):679-686. German.
https://doi.org/10.1007/s00063-017-0347-0.

Ekker MS, Boot EM, Singhal AB, Tan KS, Debette S, Tuladhar
AM, de Leeuw FE. Epidemiology, aetiology, and management of
ischaemic stroke in young adults. Lancet Neurol. 2018 Sep;17(9),
790-801. https://doi.org/10.1016/S1474-4422

Voetsch B, DeWitt LD, Pessin MS, Caplan LR. Basilar artery
occlusive disease in the New England Medical Center Posterior
Circulation Registry. Arch Neurol. 2004 Apr;61(4):496-504.
https://doi.org/10.1001/archneur.61.4.496. PMID: 15096396.
Wang L, He M, Zhang Y. Risk factors associated with extracranial
atherosclerosis in old patients with acute ischemic stroke.
Scientific Reports. 2018 Aug;8(1):12541.
https://doi.org/10.1038/s41598-018-31026-z.

Savitz Sl, Caplan LR. Vertebrobasilar disease. N Engl J Med
2005; 352: 2618-2626; https://doi. org/10.1056/NEJMra041544.
Weimar C, Goertler M, Harms L, Diener H, for the German Stroke
Study Collaboration. Distribution and Outcome of Symptomatic
Stenoses and Occlusions in Patients With Acute Cerebral
Ischemia. Arch Neurol. 2006;63(9):1287-1291.
https://doi.org/10.1001/archneur.63.9.1287

Mohammadian R, Sharifipour E, Mansourizadeh R, et al.
Angioplasty and stenting of symptomatic vertebral artery stenosis.
Clinical and angiographic follow-up of 206 cases from Northwest
Iran. Neuroradiol J. 2013;26(4):454-463.
https://doi.org/10.1177/197140091302600410
SSYLVIA Study Investigators Stenting of Symptomatic
Atherosclerotic Lesions in the Vertebral or Intracranial Arteries
(SSYLVIA): study results. Stroke. 2004; 35: 1388-1392.
https://doi.org/10.1161/01.STR.0000128708.86762.d6
Warfarin-Aspirin  Symptomatic Intracranial Disease (WASID)
Study Group Prognosis of patients with symptomatic vertebral or
basilar artery stenosis. Stroke. 1998; 29: 1389-1392.
https://doi.org/10.1161/01.STR.29.7.1389

2014; 5. 1-16;

Auctores Publishing — Volume 4(1)-0117 www.auctoresonline.org
ISSN: 2641-0419

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Copy rights@ Ivo Petrov et.al.

Lima Neto AC, Bittar R, Gattas GS, Bor-Seng-Shu E, Oliveira
ML, Monsanto RDC, Bittar LF. Pathophysiology and Diagnosis
of Vertebrobasilar Insufficiency: A Review of the Literature. Int
Arch Otorhinolaryngol. 2017 Jul; 21(3):302-307).
https://doi.org/10.1055/s-0036-1593448

Pirau L, Lui F. Vertebrobasilar Insufficiency. [Updated 2020 Jul
21]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2020 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 482259/

Ferbert A, Briickmann H, Drummen R. Clinical features of proven
basilar artery occlusion. Stroke. 1990 Aug;21(8):1135-1142.
https://doi.org/10.1161/01.str.21.8.1135.

Kattah JC, Talkad AV, Wang DZ, et al. HINTS to diagnose stroke
in the acute vestibular syndrome: three-step bedside oculomotor
examination more sensitive than early MRI diffusion-weighted
imaging. Stroke 2009; 40: 3504-3510;
https://doi.org/10.1161/STROKEAHA.109.551234

Schneider JI, Olshaker JS. Vertigo, vertebrobasilar disease, and
posterior circulation ischemic stroke. Emerg Med Clin North Am
2012; 30: 681-693; https://doi.org/10.1016/j.emc.2012.06.004.
Vestergaard K, Andersen G, Nielsen MI, Jensen TS. Headache in
stroke. Stroke. 1993 Nov;24(11):1621-1624.
https://doi.org/10.1161/01.str.24.11.1621.

Buch VP, Madsen PJ, Vaughan KA, Koch PF, Kung DK, Ozturk
AK. Rotational vertebrobasilar insufficiency due to compression
of a persistent first intersegmental vertebral artery variant: case
report. J Neurosurg Spine. 2017 Feb;26(2):199-202.
https://doi.org/10.3171/2016.7.SPINE163.

Najafi MR, Toghianifar N, Abdar Esfahani M, Najafi MA,
Mollakouchakian MJ. Dolichoectasia in vertebrobasilar arteries
presented as transient ischemic attacks: A case report. ARYA
Atheroscler. 2016 Jan;12(1):55-58. PMID: 27114738; PMCID:
PMC4834182.

Yuh SJ, Alkherayf F, Lesiuk H. Dolichoectasia of the vertebral
basilar and internal carotid arteries: A case report and literature
review. Surg Neurol Int. 2013; 4: 153.
https://doi.org/10.4103/2152-7806.122397

Lindsberg PJ, Mattle HP. Therapy of basilar artery occlusion: a
systematic analysis comparing intra-arterial and intravenous
thrombolysis. Stroke 2006; 3r7: 922-8;
https://doi.org/10.1161/01.STR.0000202582.29510.6b
Kjerpeseth LJ, Ellekjeer H, Selmer R, Ariansen I, Furu K,
Skovlund E. Risk factors for stroke and choice of oral
anticoagulant in atrial fibrillation.Eur. J. Clin. Pharmacol.2018; 74
(12):1653-1662, https://doi.org/10.1007/s00228-018-2540-3
Safdarian M, Rohani M. Basilar Artery Thrombosis on Brain
MRI. Neurohospitalist. 2018; 8 3): NP3,
https://doi.org/10.1177/1941874417733218

Sonu Bhaskar, Peter Stanwell, Dennis Cordato, John Attia, and
Christopher Levi. Reperfusion therapy in acute ischemic stroke:
dawn of a new era? BMC Neurol. 2018; 18: 8.
https://doi.org/10.1186/512883-017-1007-y

Campbell BC, Parsons MW. Imaging selection for acute stroke
intervention. Int J Stroke. 2018 Aug;13 (6):554-567.
https://doi.org/10.1177/1747493018765235

Chatterjee SA, Daly JJ, Porges EC, Fox EJ, Rose DK, McGuirk
TE, Otzel DM, Butera KA, Clark DJ. Mobility Function and
Recovery After Stroke: Preliminary Insights From Sympathetic
Nervous System Activity. J Neurol Phys Ther. 2018; 42 (4): 224-
232. https://doi.org/10.1097/NPT.0000000000000238
Moussaddy A, Demchuk AM, Hill MD. Thrombolytic therapies
for ischemic stroke: Triumphs and future challenges.
Neuropharmacology. 2018, 134 (Pt B): 272-279.
https://doi.org/10.1016/j.neuropharm.2017.11.010

Page 7 of 8


https://doi.org/10.3389/fneur.2014.00030
https://doi.org/10.7175/cmi.v12i1.1363.
https://doi.org/10.1161/STR.0b013e318284056a.
https://doi.org/10.1161/STR.0b013e318284056a.
https://doi.org/10.4172/2254-609X.100010.
https://doi.org/10.4172/2254-609X.100010.
https://www.ncbi.nlm.nih.gov/books/NBK532241/
https://doi.org/10.4172/2329-6925.1000241.
https://doi.org/10.1007/s00063-017-0347-0.
https://doi.org/10.1016/S1474-4422
https://doi.org/10.1001/archneur.61.4.496
https://doi.org/10.1038/s41598-018-31026-z.
https://doi.org/10.1001/archneur.63.9.1287
https://doi.org/10.1177/197140091302600410
https://doi.org/10.1161/01.STR.0000128708.86762.d6
https://doi.org/10.1161/01.STR.29.7.1389
https://doi.org/10.1055/s-0036-1593448
https://www.ncbi.nlm.nih.gov/books/NBK482259/
https://doi.org/10.1161/01.str.21.8.1135.
https://doi.org/10.1161/STROKEAHA.109.551234
https://doi.org/10.1016/j.emc.2012.06.004.
https://doi.org/10.1161/01.str.24.11.1621.
https://doi.org/10.3171/2016.7.SPINE163.
PMID:%2027114738;%20PMCID:%20PMC4834182.
PMID:%2027114738;%20PMCID:%20PMC4834182.
https://doi.org/10.4103/2152-7806.122397
https://doi.org/10.1161/01.STR.0000202582.29510.6b
https://doi.org/10.1007/s00228-018-2540-3
https://doi.org/10.1177/1941874417733218
https://doi.org/10.1186/s12883-017-1007-y
https://doi.org/10.1177/1747493018765235
https://doi.org/10.1097/NPT.0000000000000238
https://doi.org/10.1016/j.neuropharm.2017.11.010

J Clinical Cardiology and Cardiovascular Interventions

38.

39.
40.

41.

42.

43.

44,

45.

This work is licensed under Creative
oY Commons Attribution 4.0 License
To Submit Your Article Click Here: [SUeJilig\VERINgle]d

Okano Y, Ishimatsu K, Kato Y, et al. Clinical features of stroke
mimics in the emergency department. Acute Med Surg.
2018;5(3):241-248. Published 2018 Apr 10.
https://doi.org/10.1002/ams2.338

Ritvonen J, Strbian D, Silvennoinen H, Virtanen P, Salonen O,
Lindsberg PJ, Sairanen T. Thrombolysis and adjunct
anticoagulation in patients with acute basilar artery occlusion.
Eur. J. Neurol. 2019; 26 (2): 128-135.
https://doi.org/10.1111/ene.13781

Hacke W, Kaste M, Bluhmki E, et al., for the European
Cooperative Acute Stroke Study (ECASS) investigators.
Alteplase compared with placebo within 3 to 4+5 hours for acute
ischemic stroke. N Engl J Med 2008; 359: 1317-1329;
https://doi.org/10.1056/NEJM0a080465642.

Wahlgren N, Ahmed N, Davalos A, et al. SITS-MOST
investigators Thrombolysis with alteplase for acute ischaemic
stroke in the Safe Implementation of Thrombolysis in
StrokeMonitoring Study (SITSMOST): an observational study.
Lancet. 2007; 369: 275-282; https:// doi.org/10.1016/S0140-6736
(07)60149-4 41.

Powers William J., Alejandro A. Rabinstein, Teri Ackersone, et
al. 2018 Guidelines for the Early Management of Patients with
Acute Ischemic Stroke: A Guideline for Healthcare Professionals
From the American Heart Association/American Stroke
Association. Stroke. 2018; 49:e46-€99. A Guideline for
Healthcare Professionals from the American
HeartAssociation/American Stroke Association., Stroke, 2018,
Vol 49(3), 46-99.
https://doi.org/10.1161/STR.0000000000000158

Van der Hoeven EJ, Schonewille WJ, VVos JA, Algra A, Audebert
HJ, Berge E, Ciccone A, Mazighi M, Michel P, Muir KW, Obach
V, Puetz V, Wijman CA, Zini A, Kappelle JL; The Basilar Artery
International Cooperation Study (BASICS): study protocol for a
randomised controlled trial. BASICS Study Group. Trials. 2013
Jul 8;14:200. https://doi.org/10.1186/1745-6215-14-200.
Schonewille WJ, Wijman CAC, Michel P, et al. On behalf of the
BASICS study group. Treatment and outcomes of acute basilar
artery occlusion in the Basilar Artery International Cooperation
Study (BASICS): a prospective registry study. Lancet Neurol.
2009; 8: 724-730; https://doi.org/10.1016/S1474-4422(09)70173
Liu X, Dai Q, Ye R, etal.; BEST Trial Investigators. Endovascular
treatment versus standard medical treatment for vertebrobasilar

46.

47.

48.

49.

50.

51.

52.

Copy rights@ Ivo Petrov et.al.

artery occlusion (BEST): an open-label, randomised controlled
trial. Lancet Neurol. 2020 Feb;19(2):115-122.
https://doi.org/10.1016/S1474-4422(19)30395-3.

Rentzos A, Karlsson JE, Lundqvist C, Rosengren L, Hellstrom M,
Wikholm G.Endovascular treatment of acute ischemic stroke in
the posterior circulation. Interv Neuroradiol. 2018 Aug;24(4):405-
411. https://doi.org/10.1177/1591019918762320.

Ivo Petrov, Marko Kilissurski, Sevim Halibryam, Galina
Georgieva-Kozarova, Vesela Stoynova. A case of successful
interventional treatment in acute basilar artery occlusion. Cor et
Vasa 2016, 58(2):e287-e291.
https://doi.org/10.1016/j.crvasa.2016.01.014

Turc G, Bhogal P, Fischer U, et al. European Stroke Organisation
(ESO) - European Society for Minimally Invasive Neurological
Therapy (ESMINT) Guidelines on Mechanical Thrombectomy in
Acute Ischaemic StrokeEndorsed by Stroke Alliance for Europe
(SAFE). European Stroke Journal. 2019 Mar;4(1):6-12.
https://doi.org/10.1177/2396987319832140.

Kang, Dong-Hun; Cheolkyu Jung, Woong Yoon, Seul Kee Kim,
Byung Hyun Baek, Joon-Tae Kim, Man Seok Park, Yong Won
Kim, Yang Ha Hwang, Yong-Sun Kim, Beom Joon Kim, Moon-
Ku Han, Hee-Joon Bae. Endovascular Thrombectomy for Acute
Basilar Artery Occlusion: A Multicenter Retrospective
Observational Study.J Am Heart Assoc. 2018; 7: e009419.
https://doi.org/10.1161/JAHA.118.009419

Turk AS, Frei D, Fiorella D, Mocco J, Baxter B, Siddiqui A,
Spiotta A, Mokin M, Dewan M, Quarfordt S, Battenhouse H,
Turner R, Chaudry I. ADAPT FAST study: a direct aspiration first
pass technique for acute stroke thrombectomy. J Neurointerv
Surg. 2014 May;6(4):260-264.
https://doi.org/10.1136/neurintsurg-2014-011125.

Yoon W, Jung MY, Jung SH, Park MS, Kim JT, Kang HK.
Subarachnoid hemorrhage in a multimodal approach heavily
weighted toward mechanical thrombectomy with solitaire stent in
acute stroke. Stroke. 2013 Feb;44(2):414-419.
https://doi.org/10.1161/STROKEAHA.112.675546.

Neves Briard J, Zewude RT, Kate MP, Rowe BH, Buck B,
Butcher K, Gioia LC. Stroke Mimics Transported by Emergency
Medical Services to a Comprehensive Stroke Center: The
Magnitude of the Problem. J Stroke Cerebrovasc Dis. 2018
Oct;27(10):2738-2745.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.05.046.

Ready to submit your research? Choose Auctores and benefit from:

X3

%

.

o
*

X3

%

3

*

3

*

X3

%

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

DOI: 10.31579/2641-0419/117

Learn more www.auctoresonline.org/journals/clinical-cardiology-and-
cardiovascular-interventions

Auctores Publishing — Volume 4(1)-0117 www.auctoresonline.org
ISSN: 2641-0419

Page 8 of 8


https://doi.org/10.1002/ams2.338
https://doi.org/10.1111/ene.13781
https://doi.org/10.1056/NEJMoa080465642.
https://doi.org/10.1161/STR.0000000000000158
https://doi.org/10.1186/1745-6215-14-200.
https://doi.org/10.1016/S1474-4422(09)70173
https://doi.org/10.1016/S1474-4422(19)30395-3.
https://doi.org/10.1177/1591019918762320.
https://doi.org/10.1016/j.crvasa.2016.01.014
https://doi.org/10.1177/2396987319832140.
https://doi.org/10.1161/JAHA.118.009419
https://doi.org/10.1136/neurintsurg-2014-011125.
https://doi.org/10.1161/STROKEAHA.112.675546.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.05.046.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.05.046.
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/manuscript

