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ABSTRACT

Introduction. Microsurgical treatment of VBSA is complex and challenging due to the deep location of the vessels and the pro-
ximity of important structures. Therefore, minimally invasive endovascular techniques have been introduced to the treatment
of VBSA. The aim of this study was to present long-term results and technical aspects of VBSA embolisation. In this manuscript,
we describe our experience in the treatment of VBSA with long-term results. Furthermore, we discuss the advantages and di-
sadvantages of this treatment modality, paying special attention to the technical aspects. We believe that this is an important
contribution to this topic because the number of previous reports is limited. It adds to a population that can be compared to
patients treated using different methods.

Materials and methods. We analysed the medical records of patients with aneurysms of vertebral and basilar arteries referred
for endovascular treatment between 2015 and 2020.

Results. A total of 44 patients were selected for the study. From this group, 10 patients (22.7%) were admitted with SAH caused by
ruptured VBSA. The median age of the patients was 58 years (31-80), with 27 (61.4%) females and 17 (38.6%) males. The majority
of the VBSAs (35, 79.5%) were located on the basilar artery. Complete occlusion was achieved in 39 patients (88.6%). Procedural
complications occurred in three cases (6.8%). In long-term follow-up, complete embolisation was achieved in 81.8% (36 of 44 pa-
tients). In 18.2% (eight patients), recurrence of VBSA was observed. Two patients were qualified for recoiling. Clinical follow-up was
uneventful in 37 (84%) patients. Four patients (9%) reported mild headaches. Three (7%) patients required assistance for daily living.

Conclusions. Endovascular embolisation of VBSA is feasible and provides an excellent rate of complete occlusion and a high
rate of favourable long-term outcomes, which support using this technique as a first-line treatment. A relatively high rate of

recurrence remains the major drawback, especially in cases of wide-neck VBSA.
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Introduction

The vertebrobasilar system (VBS) consists of bilateral
vertebral arteries and an unpaired basilar artery. It supplies
the posterior portion of the brain including the occipital
lobes, cerebellum, and brainstem [1]. Considering the area
of supply, it is clear that any disruption to VBS circulation
could have devastating clinical consequences. That is why
vascular pathologies in this area require special attention.

Vertebrobasilar systemaneurysms (VBSAs) accountfor c.10-15%
of all cerebral aneurysms [2]. Similarly to aneurysms of
anterior circulation, most VBSAs are asymptomatic and are
nearly always identified incidentally during evaluation for
other conditions [3]. However, cranial nerve deficits (e.g.
isolated oculomotor nerve palsy) might be a classical clinical
manifestation of VBSA [4]. The risk of rupture of aneurysms
of posterior circulation is reported to be higher than that of
anterior circulation [5, 6]. Traditional neurosurgical treatment
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of VBSA (i.e. clipping, by-pass surgery) is difficult due to the
deep location of the vessels and the proximity of important
structures, and therefore remains a significant challenge for
neurosurgeons treating these aneurysms. Therefore, minimally
invasive endovascular techniques have been introduced to the
treatment of VBSA. Such treatment is much more feasible,
enabling immediate post-operative angiographic control
and carrying fewer of the risks which are inherent with open
surgery [7]. Unfortunately, the authors of long-term studies
have observed relatively high recurrence and retreatment rates
after endovascular treatment [8].

The aim of this study was to summarise our six-year ex-
perience with endovascular treatment of VBSAs, with an em-
phasis on the technical aspects and procedural complications,
and to present our short- and long-term results.

Clinical rationale for study

In this manuscript, we describe our experience in the
treatment of VBSA with long-term results. Furthermore, we
discuss the advantages and disadvantages of this treatment
modality with special attention to the technical aspects. We
believe that it adds to the limited number of reports on this
topic, thus adding to a population that can be compared to
patients treated using other means.

Material and methods

In this retrospective, single-centre study, we investigated
the medical records of 44 patients with aneurysms of verte-
bral and basilar arteries who were referred for endovascular
treatment to the Department of Interventional Radiology and
Neuroradiology between 2015 and 2020. Clinical information
including age, gender, risk factors and the pre-procedural
clinical condition of all patients was collected. Ten patients
experienced subarachnoid haemorrhage (SAH), seven were of
Hunt-Hess grades I-II, and three were of grade III. Cerebral
baseline imaging was performed with multi-slice computed
tomography (CT) followed by either non-contrast CT or
CT-angiogram or magnetic resonance angiography (MRA)
to determine the diagnosis of VBSA.

Follow-up of the clinical outcome, ranging from 6 to
61 months (mean 28.3 months), was evaluated using the
modified Glasgow Outcome Scale (mGOS) and was scored
as follows: 1 — minor deficits not hindering normal activity;
2 — independent with moderate disability; 3 — severely
disabled and dependent on others for daily activities; 4 —
persistent vegetative state; 5 — deceased. Imaging follow-up
data (MRA and/or DSA [Digital Subtraction Angiography])
ranged from 6 to 54 months (mean 23.6 months). This study
was approved by our institutional review board (IRB).

All patients who were qualified for stent/flow diverter
implantation or stent-assisted coiling received dual anti-
platelet therapy combining aspirin (150 mg) and clopidogrel
(75 mg) for five days before the procedure. In cases of ruptured

aneurysms where no patient preparation was possible, patients
received a double dose of aspirin and clopidogrel (i.e. 300 mg
of aspirin, 150 mg of clopidogrel) immediately before the
procedure and an additional intravenous heparin infusion for
24 hours after the embolisation (500 units/hour).

Endovascular procedure

All interventions were performed from femoral or radial
access on a biplane angiographic unit with the patient under
general anaesthesia and systemic heparinisation. Firstly, a 6F
guiding catheter was advanced distally to the vertebral artery
and initial rotational 3D angiography was performed. After
evaluation of anatomical and haemodynamic conditions,
embolisation was carried out by adopting one of the following
methods: coiling, balloon/stent/pCONus assisted coiling, or
flow diversion device placement. The aim of each endovas-
cular intervention was complete angiographic elimination of
the aneurysm, confirmed in control rotational angiography.
Following the procedure which involved stent implantation,
all patients received antiplatelet treatment: aspirin (75 mg
daily) and clopidogrel (75 mg daily for a minimum of three
months) after admission to the Department of Neurosurgery
(up to 30 minutes after the procedure).

Follow-up
The clinical condition of the patient was evaluated 24 hours
after the procedure and at discharge. Neurological status was
measured on the basis of modified Glasgow Outcome Score
(mGOS). Control MRA and/or DSA images were evaluated in
all patients with a first control examination six months after
the procedure.

Results

A total of 44 patients were selected for the study. Demo-
graphic data including age, medical history and pre-opera-
tional clinical condition is set out in Table 1. The median age
of patients was 58 years (31 to 80), with 27 (61.4%) females
and 17 (38.6%) males. Five patients (11.4%) reported a history
of intracranial aneurysms and four (9.1%) had a history of
head injury. Mean blood pressure before the procedure was
143/87 mmHg, and mean heart rate was 83 bpm (range 52 to
136). The most common risk factors included: hypertension
(70%), cardiovascular disease (previously known or diagnosed
during hospitalisation) (45%), smoking (36%), diabetes mel-
litus (23%), and hyperlipidemia (20%).

Among patients with unruptured VBSA (34/44, 77%),
the most common symptoms included: vertigo and dizziness
(33%), headaches and nausea (27%), and paraesthesia (16%).
Seven aneurysms (15.9%) were found incidentally. In this group,
four patients (9.1%) had a positive Rombergs test. Ten patients
(22.7%) were admitted with SAH caused by ruptured VBSA.

All the patients underwent cerebral angiography. Three-di-
mentional reconstructions for measurement of aneurysmal
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Table 1. Patient characteristics

Patients — 44 (n, %) Female Male
—27,61% —17,39%

Demographic data

Mean age (years) (min-max) 58 (31-80)

History of intracranial aneurysms 5,11%

(n, %)

History of head trauma (n, %) 4,9%

Clinical data

Mean blood pressure (mmHg) 143/87

Mean heart rate (bpm) (min-max) 83 (52-157)

Risk factors (n, %)

Hypertension 31,70%

Cardiovascular disease 20, 45%

Smoking 16, 36%

Diabetes mellitus 10,23%

Hyperlipidemia 9,20%

Unruptured VBSA (34, 77%)

Aneurysm presentation (n, %)

Vertigo, dizziness 19,43%

Headaches, nausea 16, 36%

Paraesthesia 7,16%

Short-term memory loss 3,12%

Tinnitus 4,9%

Loss of consciousness 4,9%

Neck/back pain 2,5%

Asymptomatic 7,16%

Ruptured VBSA (10, 23%)

Hunt-Hess Grade (n, %)

lorll 7,70%

1] 3,30%

sac, neck and diameter, as well as assessment of morphological
features (direction of the aneurysmal dome projection, shape
regularity) were performed in all cases (see Table 2). Most of
the VBSAs (35,79.5%) were located on the basilar artery. VBSA
sizes were assigned to three categories: < 5 mm, 5-10 mm, or
> 10 mm in diameter. Ten aneurysms (22.7%) were < 5 mm,
29 (65.9%) were 5-10 mm, and five (11.4%) were > 10 mm.
Mean neck width was 4.7 mm (range 1 mm to 10 mm). Thirty-
-three (75.0%) were classified as wide-necked aneurysms and
11 (25.0%) as narrow-necked. The direction of the aneurysmal
dome projection was classified into five types: anterior, poste-
rior, superior, inferior, and lateral. More than half of VBSAs
(23, 52.3%) projected superiorly. Thirty-nine VBSAs (88.6%)
were defined as irregular (i.e. with one or more blebs).
Endovascular techniques included coiling (21, 47.7%),
balloon-assisted coiling (four, 9.1%), stent-assisted coiling
(12,27.3%), and stenting (seven, 15.9%). Complete occlusion,
defined as > 95% closure of the aneurysm in control on-table
angiography, was achieved in 39 patients (88.6%). Incomplete
but successful occlusion (aneurysmal dome occlusions of

Table 2. Morphological features of VBSA

Morphological features

Aneurysm location n, %

Basilar apex 24,55%
Basilar trunk 11,25%
Vertebrobasilar junction 2,5%
Vertebral artery 5,10%
Right 2,5%
Left

Aneurysm size (diameter) n, %

<5mm 10, 23%
5-10 mm 29, 66%
> 10 mm 5 1%
Neck width n, %

Wide-necked aneurysms 33,75%
Narrow-necked aneurysms 11, 25%
Direction of aneurysm projection n, %

Superior 23,52%
Posterior 8, 18%
Anterior 5,11%
Lateral 5 11%
Inferior 3,8%
Contour n, %

Regular 5,11%
Irregular 39, 89%

90-95%) was noted in three cases (6.8%). Occlusions of < 90%
were considered protective but incomplete and were observed
in two patients (4.5%). Procedural complications occurred
in three cases (6.8%). In all patients, coil protrusion into the
parent artery was observed. Control angiography disclosed
proper blood flow in all cases.

Imaging follow-up data was obtained for all patients and
included DSA and/or MRA ranging from 6 to 54 months
(mean 23.6) with first follow-up six months after the proce-
dure. Complete embolisation was achieved in 81.8% (36 of
44) of patients. In 18.2% of patients (eight), recurrence of
VBSA was observed. Recurrence was divided into three
categories: 1) < 5% — clinically insignificant; 2) 5-10%
— requiring continued follow-up; 3) > 10% — requiring
thorough evaluation by a multidisciplinary board and poten-
tial retreatment. Four out of eight patients with recurrence
(50.0%) were classified as category 1, and one (12.5%) was
classified as category 2. Two patients (25.0% of recurrent
cases and 4.5% of all cases) were qualified for recoiling. All
procedures were successful.

Forty (90.9%) patients had uneventful postoperative
courses and were classified as grade 1 or 2 in modified Glas-
gow Outcome Scale (independent in daily activities) at dis-
charge. Four patients (9.1%) required help in daily activities
(mGOS-3) — due to neurological deficits related to ischaemia,
which included visual impairment, paralysis and numbness.
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From the followed-up patients, 41 (93.2%) had a good
clinical outcome. They reported no long-term complications,
except for mild headaches which could be managed with
analgesic drugs in four cases. Three patients (6.8%) needed
assistance for daily living.

Discussion

Posterior circulation (PC) aneurysms, of which the majorityare
vertebrobasilar system aneurysms (VBSAs), account for 3.8-15%
of all intracranial aneurysms [9, 10]. When compared to an-
terior circulation, endovascular treatment of PC aneurysms is
burdened with higher rates of complication and reintervention
[11]. However, several multicentre studies have demonstrated
the superiority of endovascular techniques over surgical clipping
in PC aneurysms treatment in terms of morbidity and neurolog-
ical outcome, both in elective and emergency settings [12, 13].

The aim of this study was to summarise our six-year expe-
rience with endovascular treatment of VBSA with an emphasis
on the technical aspects and procedural complications, and to
present our short- and long-term results.

Our study included 44 patients with VBSA. The demo-
graphic characteristics of the patients, i.e. their mean age of
58 years (range 31 to 80) and the male-to-female ratio (the ma-
jority of the patients were male) was similar to other series [11,
14]. While most unruptured VBSAs remain asymptomatic and
are diagnosed incidentally, symptomatic unruptured VBSAs
are mainly diagnosed due to mass effect (large size) [13, 15].

Table 3. Procedural details and results
Procedural details

Endovascular technique n, %

Coiling 21,48%
Balloon-assisted coiling 4,9%
Stent-assisted coiling 12,27%
Stenting 7,16%
Procedural outcome n, %

Complete occlusion (> 95%) 39,89%
Successful occlusion (90-95%) 3,6%
Protective but incomplete occlusion (< 90%) 2,5%
Coil protrusion 3,7%
Results

Imaging follow-up (6-54 months) n, %

Complete embolisation 36, 82%
Recurrence 8, 18%
Insignificant (< 5%) 4,50%
Requiring observation (5-10%) 2,25%
Requiring reintervention (> 10%) 2,25%
Clinical follow-up n, %

Complete recovery 37,84%
Mild headaches 4,9%
Needed assistance for daily living 3,7%

In our study, the most common symptoms included vertigo
and dizziness, headaches and nausea, and paraesthesia. In
a study which included a similar number of patients, Shi et al.
reported neck pain, diplopia and ptosis, as well as hoarseness
and dysphagia, as the most frequent initial symptoms among
patients with an unruptured VBSA [16]. 23% of our evaluated
patients (10/44) presented with symptoms of subarachnoid
haemorrhage (compared to the 34% reported by Shi et al.).

As far as the clinical results at admission were concerned,
the majority of our patients were hypertensive and tachycardic
(average blood pressure 143/87 mmHg, average heart rate 83).
In their recent paper, Nastasovic et al. concluded that increased
blood pressure and HR are associated with unfavourable
outcomes in patients treated due to ruptured intracranial
aneurysms [17].

The most common location of the aneurysms in our
group was the basilar apex (55%). Even when performed by
an expert, microsurgical clipping of basilar apex aneurysms
remains one of the most challenging surgical procedures and
is related to a relatively high complication rate (perforating
vessel injury and ischaemia of midbrain or diencephalon) of
8-19% [18, 19]. On the other hand, endovascular treatment
is associated with lower rates of long-term occlusions and
a higher risk of retreatment [20, 21]. According to the au-
thors of a recent meta-analysis, as far as the endovascular
technique is concerned, stent-assisted coiling provides a lower
risk of recurrence compared to coiling but a higher risk of
posttreatment haemorrhage [22]. Among 24 basilar apex
aneurysms described in our study, eight (33%) were treated
with stent-assisted coiling, 12 (50%) with coiling, three (13%)
with balloon-assisted coiling, and one (4%) with stenting.
Of this group, angiography immediately after the procedure

Figure 1. 3D CT-angio reconstruction and initial angiography in
49-year-old female patient with basilar apex aneurysm (A, B).
Control angiography disclosed mild coil protrusion with no haemo-
dynamic significance (white arrows)
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Figure 2. 3D CT-angio reconstruction and initial angiography of irregularly shaped basilar apex aneurysm in 63-year-old female patient
(A-C). Due to its wide neck, stent-assisted coiling was performed. Final angiography showed proper stent and coils placement and no sign
of aneurysmal filling (D). Control angiography performed six months after procedure disclosed proper stent patency and small filling of
aneurysmal neck (E, F). Further control imaging examinations showed no haemodynamic changes

disclosed complete occlusion in 21 (88%), successful occlusion
in two (8%), and protective occlusion in one (4%). Long-term
observation showed complete embolisation in 84% (20/24),
insignificant recurrence in 8% (2/24), recurrence requiring
observation in 4% (1/24), and significant recurrence requir-
ing reintervention in 4% (1/24). This relatively high rate of
recurrence might be attributable to the fact that basilar apex
aneurysms generally have unfavourable anatomy (wider neck,
larger domes, and incorporation into other branches) com-
pared to other intracranial aneurysms [23]. The second most
common location in our group was basilar artery trunk — 25%.
This rare type constitutes 2.1% of IC aneurysms [24]. Seven
patients in our study (15%) were treated for vertebral artery
aneurysm, mainly on the right side. In high-volume studies,
vertebral artery aneurysms have been found to constitute 2.8%
of intracerebral aneurysms [25].

As far as morphological features of analysed VBSA are
concerned, several aspects were evaluated. In terms of the
size of the aneurysmal sac, 39 (89%) aneurysms were < 1 cm.
Although the size of the aneurysm is a very important mor-
phological aspect, dome-to-neck ratio remains the deciding
factor in treatment planning. Wide-necked aneurysms require
more advanced endovascular techniques than those required
for narrow-necked aneurysms [26]. In our population, 75% of
aneurysms were classified as wide-necked (dome-to-neck ratio
<2).In addition, the shape of the aneurysm is known to reflect
the condition of the aneurysmal wall. In their study, Lindgren
et al. presented the experience of a single centre over nearly
35 years, and concluded that an irregular or multilobular shape
of an aneurysm is strongly associated with rupture, regardless
of size, location or patient background [27]. In our study, 89%

of VBSAs (39/44) were classified as irregular. All patients who
presented with symptoms of SAH and were diagnosed with
a ruptured VBSA had irregularly-shaped aneurysms.

The complications of endovascular treatment of PC aneu-
rysms range between 3% and 9.5% and include intraoperative
rupture, catheter-induced vasospasm, thromboembolic event
due to coil prolapse, and technical complications [11, 14, 28].
Compared to anterior circulation, a PC aneurysm rupture is
less likely to cause medically refractory vasospasm (6.5%),
probably due to redundant collateral flow [29]. Mild coil
protrusion is believed to be manageable with appropriate
antiplatelet therapy [30]. However, moderate and severe pro-
trusion might increase the risk of a thromboembolic event
[31]. In our study, the observed rate of protrusion was 7%
(3/44). All cases of protrusion were classified as mild and did
not require any intervention.

A well-known concern of endovascular treatment is the
long-term durability of the aneurysm occlusion. Established
predictors of aneurysm recurrence after coiling are: treatment
in the acute phase after rupture, aneurysm size, width of the
neck of the aneurysm, and length of follow-up period [32,
33]. According to Lecler et al., an aneurysmal sac of > 10 mm
multiplies the risk of recanalisation by more than four times
[34]. Tomalski et al., who conducted a study on 107 patients
with intracranial aneurysms treated endovascularly, confirmed
these findings and concluded that large aneurysm volume may
preclude coil stability and decrease coli density [35]. Tomalski
etal. also highlighted the role of routine radiological check-up
which allows assessment of the long-term results. In our series,
overall recurrence rate in the long-term follow-up was 18%,
although only two patients (5%) required reintervention. Both
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our recurrence and retreatment rates are comparable with the
results reported by other authors [7, 8].

Our study has certain limitations. First and foremost, it
is of retrospective design. Secondly, the cohort remains too
small to perform subgroup analysis, and hence the validity
of the data remains limited. Finally, the absence of a control
arm comprising patients treated with clipping is a limitation.
However, as the awareness of endovascular methods becomes
more widespread, fewer patients are choosing microneurosur-
gery, and thus we cannot reliably compare and contrast the
two treatment modalities.

Clinical implications

The results of our presented study of 44 patients with VBSA
treated with endovascular embolisation demonstrate that this
method is feasible and provides an excellent rate of complete
occlusion and a high rate of favourable long-term outcomes,
which support this technique as a first-line treatment. A rel-
atively high rate of recurrence remains the major drawback,
especially in cases of wide-neck VBSA.
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conflict of interest.
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