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A B S T R A C T

Objectives: Large or giant vertebrobasilar fusiform aneurysms (VFAs) remain one of the most formidable lesions.
The purpose of this study was to evaluate the technical feasibility, clinical and angiographic outcomes of LVIS
SACP-SWS technique in patients with large or giant unruptured VFAs.
Patients and methods: Eleven patients with large or giant unruptured VFAs underwent LVIS SACP-SWS technique
between Jun 2015 and May 2017. Thirty-eight (38) LVIS stents were completely deployed at desired position.
Outcomes were evaluated based on the modified Rankin Scale (mRS) score and angiography.
Results: The LVIS SACP-SWS was successful without any treatment-related complications in all 11 patients. In
regard to clinical outcome, mRS was 3.55 ± 1.29 at pre-operative stage that significantly (p=0.01) decreased
to 1.91 ± 1.92 at last follow-up. The mean decrease in mRS was 1.63 ± 1.69. Near-complete occlusion of
dissecting aneurysmal sac (NO) was seen in 5 patients at DSA follow-up and complete occlusion of dissecting
aneurysmal sac (CO) was in 4 patients, the remaining patient was re-treated by occluding the V4 segment of right
verbal artery.
Conclusions: Our results provide an encouraging support for the LVIS stent-assisted coil partial embolization
combined with stent-within-a-stent technique. Further studies of the technique as an alternative strategy for
treatment of large or giant unruptured VFAs are warranted.

1. Introduction

Large or giant intracranial vertebrobasilar fusiform aneurysms
(VFAs) are rare lesions with very poor prognosis [18]. Clinically, these
aneurysms may present as subarachnoid hemorrhage (SAH), posterior
circulation ischemic stroke or brain stem compression manifestations
including headache, cranial nerve compression and ataxia [16–18,20].
Because of the morphological characteristics of VFAs and the complex
anatomical structures in their vicinity, surgical treatment is usually
technically difficult and associated with high rates of morbidity and
mortality [4,7]. With the recent developments in the field of

intracranial stents and devices, endovascular approaches are being used
more frequently as a first-line treatment for these lesions
[2,4,7,11,15,23]. However, available approaches have shown to be
comprehensively ineffective [10,19,20,22]. Stent-assisted coil emboli-
zation combined with stent-within-a-stent technique (SAC-SWS) have
been applied to ruptured blood blister-like aneurysms and ruptured
dissecting aneurysms of the intracranial vertebrobasilar artery with
observed excellent clinical and angiographic results [6,10,15,19].

The Low-Profile Visualized Intraluminal Support (LVIS) device
(MicroVention, Tustin, California) is a new device. It has greater metal
coverage and mesh density than other self-expandable stents. It
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represents a balanced option between conventional stents and flow
diverters. It is designed for stent-assisted coil embolization of wide neck
intracranial aneurysms [6,24]. Notably, prior research on the re-
constructive endovascular treatment for large or giant VFAs with the
LVIS stent-assisted coil partial embolization combined with stent-
within-a-stent technique (SACP-SWS) is limited. The purpose of this
study was to evaluate the technical feasibility, clinical and angiographic
outcomes of LVIS SACP-SWS technique in patients with large or giant
unruptured VFAs.

2. Material and methods

This study is a prospective observational study. Ethical approval
was obtained from the Ethical Institutional Review Board. Written in-
formed consent was obtained from patients or their family member
before including in the study. Eleven patients with large or giant un-
ruptured VFAs underwent SACP-SWS in our institution between June
2015 and May 2017. Every patient underwent preoperative neuroi-
maging examination, including computed tomography (CT) scanning,
CT angiography (CTA), and magnetic resonance (MR) imaging. All
patients underwent digital subtraction angiography (DSA) before the
procedure. 3D DSA reconstruction was also conducted for all patients to
measure the aneurysm size and precisely visualize the origin of PICA,
AICA and other perforators.

The inclusion criteria were: (i) the aneurysm was large (defined as
20–25mm in maximum affected segment) or giant (> 25mm in max-
imum affected segment); (ii) the lesions that were treated with SAPC-
SWS; (iii) clinical symptoms relevant to the intracranial VFAs, mainly
including ischemic stroke and the mass effect of the lesions and (iv)
imaging modalities examination shown intimal flap, intramural hema-
toma, double-lumen, pearl-and-string sign and retention of contrast
medium in the involved segment of the parent vessel. Exclusion criteria
included: (i) ruptured VBAs; (ii) the maximum affected segment of
aneurysm is< 20mm; (iii) incidentally found asymptomatic VFAs; (iv)
previously treated aneurysms via another approach and (v) aneurysms
clearly related to vasculitis or fibromuscular dysplasia.

2.1. Treatment protocol and SAPC-SWS technique

All procedures were performed under general anesthesia. In patients
receiving the SACP-SWS treatment, dual antiplatelet therapy (100mg/
day of aspirin and 75mg/day of clopidogrel) was routinely adminis-
tered to the patients from 3 days until the time of the procedure. This
therapy was maintained for 6months and was changed to aspirin
monotherapy (100mg/day). Moreover, the response testing to aspirin
and clopidogrel was performed to confirm therapeutic responses. A
dosage of 5000 units of heparin was injected intravenously after the
achievement of femoral artery puncture followed by continuous infu-
sion (1000 units of heparin per hour during the procedure). Activated
coagulation time was maintained between two or three times at the
baseline value during the procedure and for 72 h after the procedure.

A 6-F guiding catheter was inserted into V2 segment of VA.
Thereafter, Headway-21 (MicroVention) microcatheter assisted by
Traxcess guidewire (MicroVention) was advanced into a branch of the
posterior cerebral artery (PCA) and then after, Traxcess guidewire was
retrieved. In the same way, the Echelon-10 microcatheter was inserted
to aneurysm sac. The first LVIS stent was introduced into the distal
affected segment passing through Headway-21 microcatheter and
gently deployed to cover the distal affected artery. Also, in all cases, the
first stent always was insufficient to completely cover the entire af-
fected segment and altered the hemodynamic. More stent was im-
planted (placed end by end) using the SWS technique to completely
cover the entire affected segment. Furthermore, stent device length
(5mm) on each side of the affected segment was expanded to ensure the
entire lesion coverage. The aneurysmal sac was partially embolized, as
much as possible in the condition that the significant artery or

perforators which supply the brainstem and cerebella were not affected,
by using Echelon-10 microcatheter with a jailing technique before
completely releasing the last stent.

2.2. Clinical assessment and angiographic follow-up

DSA results were immediately obtained post-operatively and during
follow-up. The extent of aneurysmal sac obliteration was assessed ac-
cording to Raymond Scale: complete occlusion, near-complete occlu-
sion and partial occlusion. Interventional neuroradiologist evaluated
angiographic outcomes. Postoperative status and follow-up clinical re-
sults were acquired by means of outpatient visits or telephonic contact.
Results were evaluated according to the modified Rankin Scale (mRS)
score.

A total of 38 LVIS stents were deployed and an average of 3.45
stents (range 2–5 stents) used to treat each aneurysm. Stents were
successfully implanted in all 11 patients and finally completely covered
the affected segment. No operation-related complications occurred.

2.3. Statistical analysis

The results are presented in frequencies, percentages and
mean ± SD. Wilcoxon rank sum test was used to compare the change
in mRS scores from pre-operative to last follow-up. A p-value < 0.05
was considered significant. All the analysis was carried out on SPSS
16.0 version software (Chicago, Inc., USA).

3. Results

The mean age of patients was 57.27 (± 10.88) ranging from 37 to
73 years. The majority of patients were males (90.9%). In regard to
clinical presentation, mass effect was present in all patients. Ischemia,
dysphagia and dysarthria each constituted in 45.5% patients. Tinnitus
and Hemiplegia each constituted in 36.4% patients. Basilar artery an-
eurysm location was present in all the patients. Left and right vertebral
artery was present in 45.5% and 18.2% patients respectively. Aneurysm
length was found to be 23.47 (± 2.91) mm and stent size was 136.82
(± 1.16) mm2 (Table 1).

Table 2 presents the angiographic and clinical findings of patients
with symptomatic large or giant unruptured VBA-DAs treated with
SACP-SWS. At pre-operative, partial occlusion of dissecting was in all
the patients on angiography. DSA follow-up was performed in 10

Table 1
Basic characteristics of patients.

Basic characteristics n=11

Age in years, mean ± SD (median), range 57.27 ± 10.88 (59.0), 37–73
Male gender, no. (%) 10 (90.9)
Clinical presentationa, no. (%)
Mass effect 11 (100.0)
Dizziness 3 (27.3)
Tinnitus 4 (36.4)
Ischemia 5 (45.5)
Dysphagia 5 (45.5)
Dysarthria 5 (45.5)
Hemiplegia 4 (36.4)
Ataxia 3 (27.3)
Visual field defect of left eye 1 (9.1)

Aneurysm locationa

Left vertebral artery 5 (45.5)
Basilar artery 11 (100.0)
Right vertebral artery 2 (18.2)
Aneurysm length (mm), mean ± SD
(median), range

23.47 ± 2.91 (22.30),
20.20–28.30

Stent size (mm2), mean ± SD (median),
range

136.82 ± 1.16 (137.50),
135–138

a Multiple responses.
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patients and mean follow-up was 10.40 (± 3.77) months. Near-com-
plete occlusion of dissecting aneurismal sac (NO) was seen in 50%
patients at DSA follow-up and complete occlusion of dissecting aneur-
ysmal sac (CO) was in 40% patients, one patient (Fig. 1) was retreated
by occluding the V4 segment of right vertebral artery with coils (Fig. 2)
because follow up DSA of the right VA revealed that aneurysmal sac
slightly increased in size. Clinical findings at discharge showed mild
dizziness in 30% of patients. The last mean follow-up was 12.40
(± 4.27) months. One patient mRS scores was 5 and bed-ridden for
5 days before procedure, finally died of pulmonary embolism and deep
venous thrombosis (mortality rate= 9.1%).

In regard to clinical outcome, mRS was 3.55 ± 1.29 at pre-opera-
tive which significantly (p=0.01) decreased to 1.91 ± 1.92 at last
follow-up. The mean decrease in mRS was 1.63 ± 1.69 (Table 3).

4. Discussion

Large or giant VFAs are a well-known cause of acute SAH or the
posterior circulation ischemic stroke and constitute a relatively small
and uncommon subgroup of aneurysms [1,16,22]. VFAs remain one of
the most formidable lesions due to their size, location and morphology.
Previous endovascular treatments have not been proven effective as a
definitive treatment [1,10,17].

Thirty-eight (38) LVIS stents were used for treating those lesions
with no operation-related complications. We used double LVIS stents
that were telescoping in 3 patients to assist coil partial embolization of
the aneurismal sac, and multiple stents that were partially overlapping
(placed end by end) in the rest of the patients. We decided to embolize
the aneurysmal sac as much as possible so that the significant arteries

Table 2
Angiography findings and clinical symptoms of patients with symptomatic large
or giant unruptured VBA-DAs treated with SACP-SWS.

n=10

Angiography findings
At immediate post-operative
Partial occlusion of dissecting 10 (100)
At follow-up (in months), mean ± SD 10.40 ± 3.77
Complete occlusion of dissecting aneurismal sac (CO) 4 (40.0)
Near-complete occlusion of dissecting aneurismal sac (NO) 5 (50.0)
Retreat (RT) 1 (10.0)

Clinical symptoms
At discharge
Dysarthria 1 (10.0)
Dysarthria and hemiplegia of right limbs 1 (10.0)
Mild dizziness 3 (30.0)
Mild tinnitus 1 (10.0)
Myasthenia of left limbs 1 (10.0)
Myasthenia of right limbs 1 (10.0)
Tinnitus 1 (10.0)
Visual field defect of left eye 1 (10.0)
At follow-up (in months), mean ± SD 11.82 ± 4.49
Dysarthria 1 (10.0)
Mild dizziness 1 (10.0)
Mild dysphagia and myasthenia of right limbs 1 (10.0)
Mild tinnitus 1 (10.0)
Myasthenia of left limbs 1 (10.0)
Myasthenia of left limbs and dysarthria 1 (10.0)
Myasthenia of right limbs 1 (10.0)

In 1 patient angiography and clinical symptom could not be assessed at follow-
up and discharge.

Fig. 1. Case 4. A 37-year-old man was admitted at our department with dysarthria, dysphagia and hemiplegia of right limb. The CT scan revealed no SAH (A) and
MRI shown a giant VFA with brainstem compression (B). At preoperative angiograms, 3D reconstruction, anteroposterior and lateral angiogram of the left VA (C) and
the right VA (D) acquired revealed a giant fusiform aneurysm in the vertebrobasilar arterial trunk. An unsubtracted DSA (E) showed the 4 LVIS stents completely
deployed and the fifth LVIS stent incompletely deployed with SWS technique as well as the coil was implanted the aneurismal sac. After operation immediate
anteroposterior angiograms of the left VA F (F) and the right VA (G) acquired shown the sac was embolized partially and the AICA remained patent.
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and perforators were not affected. However, complete occlusion or
near-complete occlusion was impossible because of the rich vital per-
forators' origin from the vertebrobasilar system. Hence, immediate
post-procedural angiograms showed partial occlusion of fusiform an-
eurismal sac in all 11 patients.

In this study we report partial occlusion of large or giant verteb-
robasilar fusiform aneurismal sac with SAC-SWS technique. Multiple
LVIS stents were deployed with SWS technique in the treatment of all
11 aneurysms. The clinical outcomes showed that majority of the pa-
tients improved and obtained a relatively stable condition as reflected
by the reduced mRS scores (the mean mRS score decreased from
3.55 ± 1.29 at pre-operative to 1.91 ± 1.92 at last follow-up,
p=0.01). DSA follow-up outcome showed complete occlusion of dis-
secting aneurysmal sac in 2 cases (20%) and near-complete occlusion of
dissecting aneurysm sac in 5 (50%).

The surgical treatment of VBFs tends to be associated with un-
satisfactory results and high risk [5,7]. Consequently, more en-
dovascular treatment strategies are being used as the first line of

treatment of VFAs [2,3,5,9,13,15]. However, the optimal endovascular
treatment option of VBFs has not yet been well-established
[5,12,17,18].

Stent-only therapy was reported by Wang et al. [22] to treat un-
ruptured vertebrobasilar fusiform aneurysms, they implanted double or
multiple stents with parallel (placed side by side) approaches with both
methodologies achieving good outcomes. However, for large VFAs
these stents cannot completely obliterate the dissecting aneurysm sac or
cover the affected segment leading to inflow dispersal into the aneur-
ysmal sac or bleeding.

Coils in large or giant aneurysms not only serve as a scaffold to
organize thrombi but also provide a second layer of protection from
hemorrhagic complications by altering intra-aneurysmal flow dynamics
and allowing controlled intraaneurysmal thrombosis with eventual re-
organization into a stable fibrous tissue [8,9,14,21]. Therefore, stent-
assisted coil partial embolization combined with stent-within-a-stent
technique was performed finally in all 11 patients in this study. The
number of coils needed to provide this function is, however, unclear to.
Natarajan et al. [11] believed that packing density needs to be less than
with stent- or balloon-assisted or primary coiling but more than simply
1 or 2 coils. They used computational fluid dynamics and found the
most effective coil mass by volume appears to be 11%. In our experi-
ence, 15% of packing density is enough to promote thrombosis in the
large or giant VFAs.

For SACP-SWS technique, the possible technical trouble is im-
planting the second stent or the remaining stents due to unsupported
large aneurysmal sac. Fortunately, the microwire of LVIS stent systems
can direct the Headway-21 microcatheter into the previous stent lumen.
Consequently, no procedure-related complications in this study were
encountered. Also, this treatment is not ideal for ruptured VFAs due to

Fig. 2. Case 4. Follow-up angiograms of the VFA treated with SACP-SWS technique. Anteroposterior and lateral views of angiograms acquired from right VA (A) and
left VA (B) 13months after operation. DSA revealed from the right VA angiogram that the aneurismal sac had increased slightly in size, however, the left VA
angiogram revealed the BA was reconstructive. The V4 segment of right VA was occluded (C). After operation, anteroposterior (D) and lateral (E) views of an-
giograms acquired from left VA showed the BA was reconstructive.

Table 3
Comparison of mRS score from pre-operative to follow-up.

Time period mRS score (mean ± SD)

Pre-operative 3.55 ± 1.29
Follow-up 1.91 ± 1.92
Mean change 1.63 ± 1.69
p-Valuea 0.01⁎

a Wilcoxon rank sum test.
⁎ Significant.

M. Najibullah, et al. Interdisciplinary Neurosurgery 16 (2019) 150–154

153



aneurysmal sac partially embolized. The possibility of the perforators
becoming occluded is another major concern in SACP-SWS therapy.
Unfortunately, one patient developed right AICA occlusion 12months
after procedure.

4.1. Limitations of the study

The main limitations of this study are the small number of cases and
the short follow-up periods. In the future, multicenter clinical trials
with larger sample size and longer follow-up are necessary to further
evaluate the efficacy of this treatment modality.

5. Conclusions

Our results provide encouraging support for the LVIS stent-assisted
coil partial embolization combined with stent-within-a-stent technique
as an alternative strategy for large or giant unruptured VFAs. Further
studies of the technique as an alternative strategy for treatment of large
or giant unruptured VFAs are warranted.
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