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Abstract

.

Basilar Artery Occlusion (BAO) is a rare cause of stroke, occurring in about 1% of all the cases. BAO is
characterized by bad prognosis and high death rate, which is about 75-91%. Neurological symptoms which accompany
BAO are of large variety. BAO may occur suddenly, with or without previous prodromal symptoms or it may proceed
progressively. Basilar artery occlusion always demands quick diagnosis and treatment. We are describing 5 cases of
patients with basilar artery occlusion who were subjected to endovascular methods. The patients were treated with
different intravascular techniques. Two patients had a stent Solitaire FR inserted, two others were applied targeted
thrombolysis, one patient had combined therapy using targeted thrombolysis and mechanical thrombectomy-
Penumbra device. Neurological symptoms were determined by using National Institutes of Health Stroke Scale
(NIHSS). 60% of patients achieved the result, according to NIHSS, equal 0 or 1 point or improvement of 2 10 points,
which is defined as neurological state changing for the better as well as the reduction of symptoms. Unblocking the
basilar artery (TICI = 2b) was successful with 80% of patients. The lack of disability was stated with 40% of the group
under treatment (MRS < 2). No patient had any complications connected with intravascular treatment. The treatment
of basilar artery occlusion is difficult as nowadays there are no precise guidelines defining the most successful
therapy. Our study shows that using intravascular methods is a good alternative for standard therapy of basilar artery
occlusion, especially with those patients who cannot be qualified for intravenous thrombolysis due to overrunning
the time window or with whom intravenous using of rt-PA was not efficient. The usage of endovascular methods is

hoped to have great future prospects.

Keywords: Stroke; Basilar artery occlusion; Interventional radiology;
Thrombectomy; Embolectomy

Background
Anatomy

Basilar artery comes into being as a combination of both vertebral
arteries. In length it approximates the length of pons. It rarely follows
the straight course but is mostly more or less curved. It runs along the
basilar sulcus of pons and branches out into numerous ramifications
which supply the brain with blood. These branches are: anterior
inferior cerebellar artery, pontine arteries, labyrinthine artery, superior
cerebellar artery and posterior cerebral artery. The branches of basilar
artery supply occipital and temporal lobes of brain, pons, cerebellum,
inner ear and others. In the interpeduncular fossa it separates into
posterior cerebral arteries which are elements of the Willis” Circle.

Epidemiology and risk factors

Basilar artery is the artery most often affected with atherosclerosis
of all the intracranial arteries [1]. Basilar artery occlusion may be also
caused by: embolic material, dissection, aneurysm and inflammation
[2]. In spite of many etiological factors of BAO, this disease is a
rare cause of stroke and occurs in about 1% of all cases [3]. BAO is
characterized by bad prognosis and high death rate, which is about 75-
91% [4,5]. Risk factors of cerebral ischemic stroke (Table 1).

Clinical symptoms

Neurological symptoms accompanying BAO are characterized by
great variety depending on the mechanism of obstruction development,
its localization and collateral circulation [6]. The beginning of BAO may
be sudden without prodromal symptoms, sudden with accompanying

prodromal symptoms or it may proceed progressively with or without
prodromal symptoms [7,8]. Basilar artery occlusion always demands
quick diagnosis and treatment. The main symptoms of BAO (Table 2).

Differential diagnosis

Conditions to consider in the differential diagnosis of basilar artery
occlusion were given in Table 3.

Treatment

The main objective in treatment of the acute ischemic stroke is the
restoration of cerebral blood flow. Instant recanalisation of blocked
arteryresultsin the improvement of patient’s condition and is connected
with the death rate reduction [9]. Ischemic stroke can be treated in
two ways: pharmacologically, mainly by intravenous thrombolysis
or with endovascular methods-mechanical thrombectomy (TM) and
intra-arterial /targeted thrombolysis (TC). The standard method of
curing ischemic stroke is intravenous fibrinolysis for which therapeutic
window up to 4,5 hours. This method is characterized by low efficiency
[10]. Using endovascular methods prolongs therapeutic window
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* Hypertension

» Diabetes

* Smoking

* Hiperlipidemia

* Atrial fibrillation

» Oral contraceptives

+ Coronary artery disease
* Obesity

* Previous stroke

Table 1: Risk factors.

+ Decreased level of consciousness/coma

* Hemiparesis /quadriparesis, hemiplegia/quadriplegia
» Hypaesthesia or anaesthesia

+ Cerebellar signs

» Vertigo, nausea, vomiting, directional nystagmus

» Disturbance of respiration, blood pressure and heart rate
* Headache,

* Incontinence

* Oculomotor signs

* Facial palsy

» Double vision, strabismus, skew deviation

+ Tinnitus/hearing abnormalities

+ Bulbar/pseudobulbar signs

* Hemianopia, blindness

Table 2: Symptoms and signs of basilar artery occlusion.

+ Subarachnoid haemorrhage

* Non-convulsive status epilepticus

* Hypoglycaemic or other metabolic coma, intoxication
* Hypoxic-ischaemic

» Bilateral hemispheric stroke

+ Guillain-Barré syndrome or cranial neuritis, Miller-Fisher syndrome, botulism,
myasthenic crisis

» Basilar-type migraine
» Secondary brain tumours
» Primary brain tumours - specifically, cerebellopontine angle tumours

* Lesions in the supratentorial hemispheric region, causing brainstem
compression and herniation

+ Basilar meningitis
* Multiple sclerosis

Table 3: Differential diagnosis of basilar artery occlusion.

to 8 hours for targeted trombolysis and to 15 hours for mechanical
thrombectomy [11,12].

Clinical Cases

The study describes 5 cases of patients treated for basilar artery
occlusion in 2010-2012. The group consisted of men aged 26-75 (mean
age of 49). Neurological deficit was stated at time of admission and
before the procedure according to modified National Institutes of
Health Stroke Scale (NITHSS). In patients with suspected stroke CT was
performed in order to exclude intracerebral hemorrhage, epidural and
subdural hematoma as well as confirm and define the range of ischemia.
CT angiography was used to identify and locate the occlusion. Two
patients were performed MR-DWI. The main criteria qualifying for
endovascular treatment were: clinical diagnosis of ischemic stroke,
NIHSS > 4 pts, strictly determined time of symptoms duration (for
mechanical thrombectomy: up to 8 hours for anterior vascularity and

up to 15 hours for posterior vascularity; for targeted trombolysis: up to
6 hours since the first symptoms occurred). The patients with BAO were
treated with different intravascular techniques. Two patients had a stent
Solitaire FR inserted, two others were applied targeted thrombolysis,
one patient had combined therapy using targeted thrombolysis and
mechanical thrombectomy-Penumbra device. After the procedure
DSA was performed in order to estimate the vessel patency. TICI scale-
(Thrombolysis in cerebral infraction scale) was used for estimating the
effectiveness of the procedure. The objective was to obtain the score
> 2b according to TICI scale. After the procedure imaging CT/MRI
(24-36 hours) was performed which aim was to reveal complications
that could appear after intravascular treatment. The estimation of
neurological symptoms was conducted in compliance with NIHSS:
immediately after the intervention, in 24" hour, in 7" and 30" days. The
effect of treatment was considered positive if the result was equal 0 or
1 point in NHISS or improvement > 10 points. Modified Rankin scale
(MRS) was used three months after the procedure to estimate the level
of disability. MRS in 3" month < 2 was defined as a lack of disability.

Intra-arterial thrombolysis

Case 1: 49-year-old patient with suspicion of stroke. The patient
was found on the day of admission with no verbal contact. According
to his medical history the patient experienced an ischemic stroke
in February 2010. In head CT lesions of vascular origins on various
stages of evolution were diagnosed. The diagnosis was enlarged by
performing head CT angiography which revealed ischemic stroke due
to basilar artery and right posterior cerebral artery thrombosis. The
patient was urgently qualified for intra-arterial thrombolysis during
which 40 mg of rt-PA was applied with no further complications. The
intervention was performed by puncturing right femoral artery and
inserting catheter to the right vertebral artery with Seldinger method.
Then the diagnostic catheter was exchanged into the guiding catheter
and a microcatheter was coaxially inserted into the basilar artery. 10 ml
of Actilyse was injected intra-arterial ly. Further on the microcatheter
was inserted into P1 segment of the right posterior cerebral artery and
another 20 ml of Actylise was applied in two injections, receiving blood
flow. The attempt to catheterize the right superior cerebellar artery was
successful not before inserting 9 ml of Actilyse into the point where
it takes its origin. Then 1 ml of Actylise was applied directly into the
artery, receiving blood flow. In control test all branches of basilar artery
were shown with right superior cerebellar artery slightly less filled. The
patient’s characteristics were shown in Table 4.

Case 2: 58-year-old patient with basilar artery occlusion in 15
mm long segment, recognized in CT angiography. The patient was
disqualified from intravenous thrombolysis due to overrunning the
therapeutic time window (time of symptoms duration-over 4,5 hours)
and qualified for life-saving targeted thrombolysis. The intervention
was performed by puncturing the right femoral artery and inserting
catheter with Seldinger method and 40 mg of rt-PA altogether was
applied into the basilar artery, receiving blood flow. At the same time
the narrowing in about half of the basilar artery’s length, with no
embolic materials, was revealed. In control DSA test all branches of
basilar artery were shown. 12 hours later another control DSA test was
performed, showing the appearance of occlusion in the distal segment
of basilar artery. The control test of head CT showed ischemic stroke
in brainstem, left occipital lobe, right temporal lobe and both cerebellar
hemispheres. The patient’s characteristics were given in Table 5.

Mechanical thrombectomy

Case 3: 26-year-old patient with brainstem ischemic stroke
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NIHSS NIHSS NIHSS NIHSS mRS Complications
Age/Gender Risk factors 24 hours after | 7 days after | 30 day after |3 months after of endovascular TICI
before treatment
surgery surgery surgery surgery treatment
49/M Hypertension, 31 28 17 15 4 - 2b
Previous stroke
Table 4: Case 1.
NIHSS NIHSS NIHSS NIHSS mRS Complications
Age/Gender Risk factors before 24 hours after 7 days after | 30 day after 3 months of endovascular TICI
treatment surgery surgery surgery after surgery treatment
Hypertension, Diabetes
mellitus type 2,
58/M Atherosclerosis, Ischaemic 23 24 34 34 5 - 2a
heart disease, Hypertrophic
cardiomyopathy
Table 5: Case 2.
NIHSS NIHSS NIHSS NIHSS mRS Complications
Age/Gender Risk factors 24 hours after 7 days after | 30 day after 3 months of endovascular TICI
before treatment
surgery surgery surgery after surgery treatment
26/M Hypertension, 18 16 7 7 1 - 3
Hiperlipidemia
Table 6: Case 3.
NIHSS NIHSS NIHSS NIHSS mRS Complications
Age/Gender Risk factors before 24 hours after 7 days after = 30 day after 3 months after  of endovascular TICI
treatment surgery surgery surgery surgery treatment
Previous stroke,
75/M Myocardial infarction, 20 19 19 12 5 } 3

Hypertension, Systemic
atherosclerosis

Table 7: Case 4.

recognized in head NMR test. In order to confirm the diagnose, head
CT angiography and Digital Subtraction Angiography (DSA) test
were performed. They showed basilar artery occlusion on the whole
length with all branches. The patient was disqualified from intravenous
thrombolysis due to overrunning the therapeutic time window (time
of symptoms duration-over 4,5 hours). At first he was not qualified for
mechanical thrombectomy also due to overrunning the time window
(over 15 hours). However, in spite of contraindications the patient was
undergone the procedure of mechanical thrombectomy with Solitaire
FR stent. The interventions were performed by puncturing right
femoral artery and inserting catheter with Seldinger method. Control
DSA test showed the left vertebral artery and basilar artery with its
branches. The right posterior cerebral artery was not seen, however it
was seen in angiography of the right common carotid artery. Control
head CT angiography showed that basilar artery is patent in its full
length. Head CT and MR tests revealed ischemic changes in the left
cerebellar hemisphere and the left part of brainstem. The patient’s
characteristics were given in Table 6.

Case 4: 75-year-old patient with suspicion of stroke. Head CT
angiography showed the lack of contrast in both basilar artery and the
right vertebral artery. DSA pan-angiography of cerebral vessels was
performed and the patient was qualified for thrombectomy due to the
narrowing of the lower part of basilar artery and the last segment of the
right vertebral artery. The intervention was performed by puncturing
the right axillary artery and inserting catheter to the right vertebral
artery with Seldinger method. Then the Solitare FR device was inserted
with microcatheter, receiving blood flow in the lower segment of basilar
artery. In control angiography performed after the procedure, the right
vertebral artery and basilar artery with branches were shown. Head CT
showed new small ischemic strokes with no signs of hemorrhage in the

area vascularized by right and left posterior inferior cerebellar artery.
The patient’s characteristics were given in Table 7.

Bridging endovascular treatment

Targeted Thrombolysis and Mechanical Thrombectomy-Penumbra
Device.

Case 5: 37-year-old patient with suspicion of brainstem ischemia
due to thrombus in the left vertebral artery and basilar artery. Head CT
showed no pathological changes. However, CT angiography revealed
lack of contrast in basilar artery and left vertebral artery. The patient
was qualified for intra-arterial thrombolysis. A catheter was inserted
with Seldinger method into the left vertebral artery by puncturing the
right femoral artery. 25 mg of Actylise was applied and partial blood
flow was obtained. In control angiography, performed by inserting a
catheter selectively into the left vertebral artery, embolic material was
revealed. It was decided to implement the procedure of mechanical
thrombectomy. Microcatheter 0,42 of Penumbra device was inserted
coaxially. Blood flow was restored in the last segment of the left
vertebral artery and basilar artery with branches. Control angiography
confirmed the patency of both vessels. Head MR DWI showed ischemic
changes in the left cerebellar hemisphere and in pons. The patient’s
characteristics were given in Table 8.

Results

5 patients with basilar artery occlusion were analyzed and all of
them were undergone endovascular methods of treatment.

The patients’ neurological state according to NIHSS scale
immediately before the treatment:

« Ranged from 18 to 31 pts (mean 22,6; SD + 5,02)
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NIHSS NIHSS NIHSS NIHSS mRS Complications
Age/Gender Risk factors 24 hours after 7 days after 30 day after = 3 months after of endovascular TICI
before treatment
surgery surgery surgery surgery treatment
37/M - 21 10 12 5 1 - 3
Table 8: Case 5.
The patients’ state after the treatment according to NHISS: References

« In 24" hour ranged from 10 to 28 pts (mean 19,4; SD + 6,98)
« On 7" day from 7 to 34 pts (mean 17,8 + 10,18)
« On 30™ day from 5 to 34 pts (mean 14,6; SD + 11,54)

Mean time between symptoms onset to recanalization was 670
minutes (range: 265-1170 minutes). Mean time of procedures figured
147.5 minutes (range 55-250 minutes). On the 7* day after the procedure
the reduction of neurological symptoms > 10 pts NHISS was obtained
in 40% of patients and on the 30 day after the procedure the reduction
of neurological symptoms > 10 pts NHISS was obtained in 60% of
patients. The successful reperfusion (TICI = 2b) was observed in 80%
of patients and in one patient partial reperfusion was obtained (TICI
= 2a). The lack of disability was stated in 2 patients, which makes 40%
of the examined group (mRS < 2). No patient had any complications
after the procedure.

Discussion

Ischemic stroke within basilar artery occurs rarely in comparison to
other vessels, especially middle cerebral artery, however even short time
of brainstem ischemia results in heavy complications, disability or even
death. It shows how important it is to choose the fastest and the best
available therapeutic method. Intravenous thrombolytic therapy was
usually the therapy of choice [13]. Intra-arterial thrombolysis reduces
death rate to approximately 60% [14,15] in comparison to standard
therapy with intravenous anticoagulants approaching 90% [5,7]. Studies
carried on 344 patients indicates that intra-arterial thrombolysis efficacy
of recanalization reaches 65%. 23% of patients had good clinical outcome
without disability (mRS 0-2). Symptomatic subarachnoid hemorrhage
occurred in 8% of patients and 55% of patients died [16]. In BASICS
research efficacy of recanalization was 69%, 11% of patients reached
mRS 0-2. Death rate was 49% and in 14% of patients subarachnoidal
hemorrhage occurred [17]. Recanalisation failure was proven to associate
with very low probability of good clinical outcome [18]. Also reoclusion
which occurs in approximately 1/6 of patients worsens therapeutic
results [19]. Nowadays the most promising mechanical thrombectomy
method which allows fast and effective recanalization is Solitaire FR
(81% TICI3 for BA) [20]. Combined therapies result in good efficacy.
There are reports of using cardiological stents implanted in BA [21].
Mechanical thrombectomy methods have lower risk of hemorrhages
and wider time window, especially in area of the posterior part of brain,
moreover these procedures can be used when intra-arterial thrombolysis
is ineffective. The crucial problem is the time from the symptoms
onset to diagnosis and start of the treatment. Shortening this time and
development of endovascular treatment for BAO can give patients better
chance to survive and avoid severe complications and disability.

Our work shows that use of endovascular treatment methods is
the alternative for standard treatment methods in patients with BAO
especially those excluded from IV thrombolysis due to exceeded time
window or with whom IV rt-PA administration was ineffective.
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