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The basilar artery (BA) bifurcation is the most common site for aneurysms arising from 
the posterior circulation (1). Hemodynamic stress at the basilar bifurcation causes el-
evated wall shear stress and predisposes aneurysm formation in the vessel (2, 3). The 

crossing Y-stenting technique has highly encouraging technical and clinical results in wide-
neck basilar bifurcation aneurysms. Y-stent coiling narrows the effective neck and straightens 
the vascular bifurcation angle (angular remodeling). Straightening of the vascular bifurcation 
angle results in statistically significant migration of the flow impingement zone to the distal 
vessel as well as a narrowing of its width (4, 5). In this study, we have investigated the angular 
changes just after Y-stent coiling of basilar bifurcation aneurysms.

   Methods	

Patient population
Between May 2010 and April 2014, 19 patients (13 females and six males; age range, 

27–80 years; mean age, 52.5 years) underwent Y-stent coiling to treat wide-neck basilar 
bifurcation aneurysm using intracranial nitinol self-expanding stent with the closed-cell 
design, Enterprise stent (Enterprise, Codman & Shurtleff; n=17) and LVIS Jr. stent (LVIS Jr, 
MicroVention; n=2). The institutional ethics committee approved this retrospective study. 
Written informed consent was obtained from all patients. Most of the aneurysms were un-
ruptured, except for two. Patients presented with headache (n=14), recurrence of previously 
balloon-assisted aneurysm (n=1), and acute subarachnoid hemorrhage (n=2). In two pa-
tients the aneurysms were found incidentally. Patient demographics and aneurysm charac-
teristics are listed in Table 1.
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PURPOSE 
We aimed to investigate the angular changes after Y-stenting of the basilar bifurcation aneurysms.

METHODS 
A total of 19 patients (age range, 27–80 years; mean age, 52.5 years) underwent Y-stent coiling for 
basilar bifurcation aneurysm. Three vascular angles (α, β1, β2) were measured in the anteroposterior 
plane. β1 and β2 represented the angles between the basilar artery and the proximal P1 segments 
of the right and left posterior cerebral arteries, respectively. α represented the complementary angle 
between the β1 and β2 angles. Angles were measured before and after stent deployment. Diameters 
of the basilar artery and P2 segment of the posterior cerebral artery were measured at both sides. 
Correlation between vascular diameter and angular change of the basilar bifurcation was investi-
gated.

RESULTS 
Statistically significant α, β1, and β2 angle changes were found after stent deployment (P < 0.001). 
There was no statistically significant relationship between the diameter of the basilar artery and the 
α, β1, β2 angle changes (P > 0.05). There was no statistically significant relationship between the 
diameter of the posterior cerebral artery and the β angle change (P > 0.05). We found a statistically 
significant inverse correlation between pre-stent β angle and post-stent angle change (right side,  
P = 0.008; left side, P < 0.001).

CONCLUSION 
Y-stenting narrows the effective neck and straightens the vascular bifurcation angle. Most of the an-
gular remodeling occurs on the side that had a more acute angle before stent deployment.
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Y-stent coiling procedure
All patients, except for two ruptured pa-

tients, were premedicated with antiplatelet 
therapy consisting of 300 mg/day aspirin 
and 75 mg/day of clopidogrel or 10 mg/day 
prasugrel in case of clopidogrel resistance. 
In two ruptured patients, a loading dose of 
300 mg clopidogrel was given through the 
nasogastric catheter just after the place-
ment of stents. The clopidogrel response 
was investigated in all patients before the 
procedure using the rapid platelet function 
assay VerifyNow P2Y12 (VN-P2Y12, Accu-
metrics), and a ratio between 30% and 70% 
was found in all. 

All interventions were performed under 
general anesthesia. A 6F long sheath was 
introduced into the V1 segment of the ver-
tebral artery (VA). In some cases a 6F intra-
cranial guiding catheter was inserted into 
the V2-V3 segment of the VA due to access 
tortuosity to provide backup support. Af-
ter 3D rotational angiography with recon-
struction images, the working projections 
were obtained, and the more challenging 
posterior cerebral artery (PCA) branch that 
has a more acute angle relative to the BA 
was selected to be catheterized first. A mi-
crocatheter (Prowler Select Plus, Cordis) 
with a 0.016-inch microguidewire (GT wire, 
Terumo) was used to catheterize the des-
ignated branch, under roadmapping guid-
ance. Then, the first stent was deployed 
inside the first branch extending from P2 
segment of the PCA to the BA. After de-
ployment of the first stent, the same mi-

crocatheter with the same microguidewire 
was advanced into the other PCA through 
the interstices of the first stent. After sta-
bilization of the microcatheter within the 
second branch, a second microcatheter 
(Headway 17, MicroVention/Terumo) with 
a 0.014-inch microguidewire (X-pedion, 
Covidien/EV3 Neurovascular) was inserted 
into the aneurysm sac. After catheteriza-
tion of the aneurysm sac, the second stent 
was deployed with one half of the stent in 
the second branch and the other half with-
in the lumen of the first stent. Thus, the 
second microcatheter was jailed between 
two proximal halves of the two stents. At 
this step, a flat panel detector CT (Vaso-CT) 
was performed for morphological assess-
ment and visualizing adaptation of the 
stents to the wall. The second stent which 
passes through the interstices of the first 
stent always showed a tubular narrowing 
at the cross-point (Fig. 1). Then, the aneu-
rysm sac was coiled with dense packing. 
For two patients, LVIS Jr. stent was used 
through the Headway 17 microcatheter. 
During the procedure and at least 12 hours 
after the procedure all patients received 
intravenous heparin with the goal of ele-
vating the activated clotting time to two 

to three times the baseline value. Puncture 
site hemostasis was achieved by manual 
compression. Low-molecular-weight hep-
arin was administered subcutaneously 
for three days, and the patients were dis-
charged on life-long aspirin and clopido-
grel or prasugrel for six months.

Main points

•	 The basilar bifurcation is the most common 
site for aneurysms arising from the posterior 
circulation, and among the bifurcation 
aneurysms, basilar bifurcation aneurysms have 
a higher prevalence of rupture than internal 
carotid artery and middle cerebral artery 
bifurcation aneurysms.

•	 The crossing Y-stenting technique has highly 
encouraging technical and clinical results in 
wide-neck basilar bifurcation aneurysms.

•	 There is no statistically significant relationship 
between diameter of the basilary artery and α, 
β1, β2 angle changes after Y-stenting.

•	 There is no statistically significant relationship 
between diameter of the posterior cerebral 
artery and β angle change on both sides after 
Y-stenting.

•	 A smaller pre-stent β angle corresponds to a 
larger β angle change after stent deployment.

Table 1. Demographic, clinical, and technical data for included patients   

Patient	 Age (y)/sex	 Aneurysm size (mm)	 Dome-to-neck ratio	 Ruptured	 Stents used

1	 28/F	 5.3	 1.2	 Yes	 Enterprise

2	 51/F	 7.3	 1.4	 Yes	 Enterprise

3	 58/M	 14.8	 1.2	 No	 Enterprise

4	 58/M	 17.6	 2.8	 No	 Enterprise

5	 27/M	 7	 1.1	 No	 Enterprise

6	 63/F	 9.6	 1	 No	 Enterprise

7	 50/F	 12.6	 1.6	 No	 Enterprise

8	 49/F	 14.3	 1.6	 No	 Enterprise

9	 80/F	 12	 1.2	 No	 Enterprise

10	 38/F	 14	 1.2	 No	 Enterprise

11	 69/F	 15.1	 1	 No	 Enterprise

12	 57/M	 19.1	 1.9	 No	 Enterprise

13	 52/M	 18.2	 1.4	 No	 Enterprise

14	 55/F	 14.1	 1.4	 No	 Enterprise

15	 57/F	 9.7	 1.4	 No	 Enterprise

16	 48/F	 7.1	 1	 No	 Enterprise

17	 64/F	 6.6	 1.3	 No	 Enterprise

18	 54/M	 4.7	 1	 No	 LVIS Jr.

19	 59/F	 6.4	 1	 No	 LVIS Jr.

F, female; M, male.

Figure 1. Flat-detector CT image of the two 
crossing closed-cell stents deployed in a 
Y-configuration with an extensive tubular collapse 
of the second stent (arrow) due to the fixed cell of 
the first stent at the crossing point. Two proximal 
half of the stents were placed in a telescopic 
configuration. The microcatheter was jailed 
between the two proximal halves of the stents.



3D modeling and vascular angle 
measurement

All interventions were performed with 
biplane 2D digital subtraction angiography, 
3D rotational angiography, and Vaso-CT 
guiding on the same system (Allura Xper 
FD20, Philips Healthcare). After 3D rotational 
angiography of the basilar bifurcation, the 
3D volumetric datasets were automatically 
transferred to the workstation (XtraVision, 
Philips Healthcare) and analyzed. Three inter-
ventional neuroradiologists having at least 
six years of experience performed all mea-
surements and the decisions were made on 
consensus. Pretreatment aneurysm size and 
neck size were measured. The volumetric 
dataset of each patient was visualized using 
multiplanar reconstruction on coronal plane, 
orienting to the basilar bifurcation. After de-
ployment of the stents, thick-slice Vaso-CT 
images were used for the same purpose. The 
vascular angles (α, β1, and β2) were measured 

in the anteroposterior plane. β1 and β2 rep-
resented the angle between the BA and the 
proximal P1 segments of the right and left 
PCAs, respectively. α represented the com-
plementary angle between the β1 and β2 an-
gles. Angles were measured before and after 
the stent deployment (Figs. 2, 3). The same 
multiplanar reconstruction on coronal plane 
was used to measure the diameter of the BA 
at midsegment and the diameter of the P2 
segments of the left and right PCAs. Proba-
ble relationships between the α, β1, and β2 

angles and the diameter of the BA, left and 
right PCAs, and the side of the second stent 
were investigated.

Statistical analysis
Because of the relatively small sample size, 

we used nonparametric statistical tests with 
descriptive statistics (median, minimum, 
and maximum). Correlation analyses were 
performed between diameters of the BA 

and the right and left PCAs, and α, β1, and β2 

angles and Spearman correlation coefficient 
was computed. Side of the second stent and 
α, β1, and β2 angle changes were compared 
using the Mann-Whitney U test. Wilcoxon 
signed ranks test was used for comparing 
pre-stent and post-stent angle values. Cor-
relation between pre-stent β angle and post-
stent angle change was performed with 
Spearman correlation coefficient. The intra-
class correlation coefficient (ICC) was used to 
determine the agreement of measurements 
between the three neuroradiologists. All sta-
tistical analyses were performed using SPSS 
15.0 for Windows (SPSS Inc.). Statistical sig-
nificance was set at P < 0.05. 

   Results	

An excellent agreement was established 
between the three neuroradiologists (aver-
ages measures ICC, 0.991). Aneurysm size 
ranged from 4.4 mm to 17.7 mm (mean± 
standard deviation [SD], 10.30±4.27 mm) 
and the neck ranged from 4.3 mm to 14.8 
mm (mean±SD, 8.20±2.97 mm). Statistical-
ly significant α, β1, and β2 angle changes 
were found after stent deployment (P < 
0.001). Descriptive statistics regarding α, 
β1, and β2 angle changes after the stent de-
ployment are summarized in Table 2. There 
was no statistically significant relationship 
between the diameter of the BA and the 
α, β1, and β2 angle changes (P = 0.699, P = 
0.604, and P = 0.856, respectively). There 
was no statistically significant relationship 
between the diameter of the right PCA and 
the β1 angle change and also between the 
diameter of the left PCA and the β2 angle 
change (P = 0.196 and P = 0.587, respec-
tively). The second stent was located at the 
right side in six patients and at the left side 
in 13 patients. There was no statistically sig-
nificant relationship between the side of 
the second stent and the α, β1, and β2 angle 
changes (Table 3). There was a significant 
difference between pre-stent and post-
stent angle values (P < 0.001). We found a 
statistically significant reverse correlation 
between pre-stent β angle and post-stent β 
angle change (i.e., the smaller the pre-stent 
β angle, the bigger the β angle change after 
stent deployment; P = 0.008, r= -0.591 for β1 
and P < 0.001, r= -0.733 for β2). 

   Discussion	

Our results show that Y-stenting of basilar 
bifurcation narrowed the vascular bifurca-

Geometrical characteristics after Y-stenting of the basilar bifurcation • 485

Table 2. Measurements of the α, β1, and β2 angles before and after stent deployment (n=19)  

Angle	 Radiologist	 Pre-stent (°)	 Post-stent (°)	 Angle change (°)
		  Median (min, max)	 Median (min, max)	 Median (min, max)

α	 1	 177 (101, 263)	 122 (73, 212)	 41 (8, 122)

	 2	 177 (103, 259)	 120 (75, 201)	 48 (15, 132)

	 3	 175 (101, 253)	 122 (74, 202)	 45 (14, 124)

β1	 1	 89 (36, 119)	 117 (60, 137)	 27 (3, 74)

	 2	 86 (41, 117)	 119 (66, 133)	 28 (7, 74)

	 3	 86 (42, 113)	 113 (67, 131)	 26 (5, 67)

β2	 1	 103 (57, 158)	 121 (88, 160)	 13 (2, 67)

	 2	 100 (56, 154)	 124 (92, 158)	 18 (2, 72)

	 3	 104 (51, 159)	 126 (91, 161)	 17 (2, 78)

Figure 2. Volume rendering of three-dimensional 
volumetric dataset before stent deployment in a 
Y-configuration.

Figure 3. Thick-slab flat-detector CT image 
after stent deployment in the same patient. The 
pretreatment angles β1 and β2 between the basilar 
artery and the right and left posterior cerebral artery 
increased immediately after the stent deployment.
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tion angle. The diameter of the BA did not 
affect the α, β1, and β2 angle changes and 
similarly the diameter of PCA did not affect 
the β angle change. We also observed that 
most of the angular remodeling occurred 
on the side that had a smaller β angle be-
fore stent deployment.

Basilar bifurcation is the most common 
site for aneurysms arising from the pos-
terior circulation. Among the bifurcation 
aneurysms, basilar bifurcation aneurysms 
have a higher prevalence of rupture than 
internal carotid artery and middle cerebral 
artery bifurcation aneurysms (1). The apex 
of arterial bifurcations is the site of maximal 
hemodynamic stress; the blood flow veloc-
ity is fastest in the middle of the vessel. This 
flow velocity impinges directly at the bifur-
cation apex. So, the arterial bifurcation apex 
faces highly variable regions of wall shear 
stress, characteristic of flow separation. It is 
believed that the elevated wall shear stress 
causes injury to the endothelial cells of the 
vessel wall and predisposes the vessel to 
aneurysm formation (2, 3).

The treatment of wide-neck basilar bi-
furcation aneurysms with Y-stenting tech-
nique has highly encouraging technical 
and clinical results. In the literature, three 
types of Y-stenting configuration have been 
described: kissing Y-stenting, in which the 
second stent is not advanced through the 
struts of the first stent, but rather proximal 
portions of the two stents are placed par-
allel in the main trunk; crossing Y-stenting, 
in which the second stent is advanced 
through the interstices of the first stent; 
and nonoverlapping Y-stenting, in which 
the first stent is placed from the main 
trunk to the left distal vessel and another 
stent is placed within the right distal ves-
sel without overlapping the second stent 
(6–9). We have used the crossing Y-stenting 
technique in all patients, because it was 
observed to have the greatest reduction in 
velocity or wall shear stress (8). It was also 
shown that angular remodeling is more 
significant just after Y-stenting and during 

the first six months of follow-up. After that, 
a steady-state is seen because the potential 
energy of the stent is mostly released (10). 

Y-stent coiling narrows the effective neck 
and straightens the vascular bifurcation 
angle (angular remodeling), which may ef-
fectively convert the morphology of a bifur-
cation aneurysm closer to that of a sidewall 
type. It preserves patency of the parent ar-
tery while serving as a buttress to prevent 
coil prolapse and allowing increased pack-
ing density (11). The degree of angular re-
modeling after Y-stenting seems to be dif-
ferent at various bifurcations. The greatest 
angular remodeling is seen at the anterior 
communicating artery, followed by the BA, 
the middle cerebral artery, and the internal 
carotid artery bifurcation (10). In our study, 
mean angle changes in α, β1, and β2 angles 
were determined as 47.3°, 27.9°, and 19.4°, 
respectively. We also noticed that more an-
gular remodeling occurs on the side that 
had a more acute angle before stent de-
ployment. 

Straightening the vascular bifurcation 
angle results in statistically significant mi-
gration of the flow impingement zone to 
the distal vessel as well as narrowing its 
width which, in effect, fundamentally al-
ters the underlying wall shear stress and 
decreases the pressure at the bifurcation 
(4, 5). Additionally, it is known that, the flow 
vortices at the arterial bifurcation tend to 
be larger if the combined size of the distal 
vessels is much larger than the parent ar-
tery or if the bifurcation angle is large (2). 
So, Y-stenting may also contribute to de-
crease the flow vortices at the arterial bifur-
cation by straightening the vascular bifur-
cation angle. Blood flow at high velocities 
causes static pressure to the apical point 
of the bifurcation. After Y-stenting, the bi-
furcation angle decreases; the incoming 
blood flow narrows its area of impingement 
on the apical point of the bifurcation, and 
the focus of increased pressure narrows at 
the bifurcation. In a study by Gao et al. (10), 
vessel diameter played a determinant role 

on the angular remodeling: smaller prox-
imal vessel diameter was related with a 
bigger angular increase caused by Y-stent-
ing, suggesting that a vessel with a bigger 
diameter has more resistance against the 
straightening force of the stent. On the 
other hand, there was no significant rela-
tionship between the distal diameter of the 
stented-vessel and angular remodeling. In 
contrast to the above study, we did not find 
any statistically significant relationship be-
tween the diameters of the BA and the right 
and left PCAs and α, β1, and β2 angle chang-
es. Y-stenting may also promote progres-
sive aneurysm occlusion compared with 
coiling alone by flow remodeling effect and 
enhancing endothelialization (12–14). Flow 
remodeling effect is achieved by narrowing 
of structures, which lowers the porosity of 
stents and redirects flow (8).

This study has a few limitations, such as 
its retrospective nature, the limited number 
of patients, and different angiographic and 
clinical follow-up period in each patient 
due to changing patient follow-up proto-
cols with increased experience. Pre- and 
post-stent angle measurements could have 
been oriented to the skull of each patient 
for standardization. Finally, we had a pa-
tient population with a wide age range of 
27 to 80 years; it is not clear how vessel elas-
ticity and atherosclerosis might affect the 
angular remodeling in different age groups.

In conclusion, Y-stenting narrows the 
effective neck and straightens the vascu-
lar bifurcation angle. Most of the angular 
remodeling occurs on the side that had a 
more acute angle before stent deployment.
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