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BACKGROUND AND PURPOSE: Hemodynamics have been shown to play an important role in the
initiation and progress of intracranial aneurysms, and are considered well-related to vascular configu-
ration. The purpose of this study was to quantify the vascular geometry change due to intracranial stent
placement and to discuss its potential effects on hemodynamics.

MATERIALS AND METHODS: Imaging data of patients with wide-neck AcomA aneurysms, treated with
stent-assisted coiling between January 2005 and January 2010, were retrospectively analyzed. The
angle between the afferent vessels (A1 segment) and the efferent vessels (ipsilateral or contralateral
A2 segment) was calculated to determine the exact change in the angle after stent placement.

RESULTS: In all 20 patients, the stent caused a distinct change in the geometry of the parent vessel.
Stent-related vascular angle change ranged from 7.60 to 74.88°, with an average of 29.95°. In 10 cases,
the angle changed by �30°. In the 12 patients with the distal segment of the stent placed in the
ipsilateral A2 segment, the mean postoperative A1-A2 angle increased by 27.71 � 13.17° (from 7.60°
to 48.29°). In the other 8 patients with the distal segment of the stent placed in the contralateral A2
segment, the mean postoperative A1-AcomA-A2 angle increased by 33.29 � 21.89°(from 15.49° to
74.88°).

CONCLUSIONS: In addition to serving as a scaffold to contain coils, stent placement for AcomA
aneurysms has a substantial effect on the vascular geometry, which may result in local hemodynamic
changes.

ABBREVIATIONS: AcomA � anterior communicating artery; DSA � digital subtraction angiography;
EVT � endovascular treatment; MRA � MR angiography

With the continuing evolutions of endovascular tech-
niques and devices, EVT for patients with intracranial

aneurysms is increasingly safer and effective. Currently, the
technique is widely accepted as a valid alternative to surgical
clipping in the treatment of intracranial aneurysms.1 Wide-
neck, large, and giant aneurysms might have posed challenges
to the traditional endovascular treatment of aneurysms. Stent
placement to prevent coil protruding into the parent artery
has been successfully applied to intracranial aneurysm treat-
ment. It effectively expands the indications of EVT for cerebral
aneurysms.

Hemodynamics have been shown to play an important role
in the initiation, growth, and rupture of intracranial aneu-
rysms. The placement of a stent across the aneurysmal neck

significantly alters hemodynamics in the aneurysmal sac.2-4

Hemodynamic parameters are well known to be especially
sensitive to variations in vessel geometry, including morphol-
ogy of aneurysmal sac and morphologic relationship between
aneurysm and parent vessel.5-7

In this study, we retrospectively analyzed the imaging data
of patients with wide-neck AcomA aneurysms treated with a
stent-assisted coiling technique. The current objectives were
to quantify the vascular angle changes due to intracranial stent
placement and discuss the stent-associated effects on
hemodynamics.

Materials and Methods

Patients
In this retrospective study, only the imaging data of wide-neck

AcomA aneurysms, treated with stent-assisted coiling from January

2005 to January 2010, were analyzed. All the patients included in this

series had an angiographic imaging that clearly displayed afferent and

efferent vessels of aneurysms pre- and poststenting. Then, only pa-

tients with a minimal imaging follow-up period of 6 months were

included.

Patients treated with stent placement in an aneurysmal sac tech-

nique were excluded. This technique refers to a procedure where the

stent is placed partially into the aneurysm and into the afferent artery,

and then the portion of the stent protruding into the aneurysm fun-

dus provides neck support for the subsequent successful coiling.8 Pa-

tients with severe vasospasm (�50% luminal narrowing, which is

related to subarachnoid hemorrhage) of A1 and A2 segments also

were excluded.
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Treatment
In all patients, endovascular embolization was performed under gen-

eral anesthesia. All patients received systemic heparinization after

placement of the sheath. The activated clotting time was maintained

at 2–3 times the baseline throughout the procedure. For patients with

unruptured or recanalized aneurysms, dual antiplatelet drugs (75 mg/

day clopidogrel and 300 mg/day aspirin) were given for 3 days before

the procedure. For patients with acutely ruptured aneurysms, a load-

ing dose of clopidogrel and aspirin (300 mg each) was administered

orally or rectally at 2 hours before stent placement. All the patients

were maintained on aspirin and clopidogrel for 6 weeks, followed by

aspirin alone, which was continued indefinitely.

A guiding catheter was placed in the distal internal carotid artery.

Neuroform stents (Boston Scientific, Natick, Massachusetts) were

used to treat these wide-neck AcomA aneurysms. All the aneurysms

were treated with stent-assisted coiling. At the end of coiling, an image

was acquired to confirm adequate coiling. After EVT, all patients were

transferred to the intensive care unit, where they underwent fluid

balance, neurologic status, and blood pressure close surveillances.

Low-molecular-weight heparin (40 mg every 12 hours by hypodermic

injection) was administered immediately after the procedure for 3

days.

Three different therapeutic strategies were used in this series: 1)

stent-jacket technique in 10 aneurysms: the stent was first implanted

to bridge the wide aneurysm neck, and then the coil microcatheter

was positioned into the aneurysm sac through the mesh of the stent

for coil embolization; 2) stent-jailing technique in 5 aneurysms: the

aneurysmal sac was catheterized before stent placement. After intro-

ducing the first coil (not detached), the stent was deployed to stabilize

the microcatheter. Subsequent coils were then introduced into the

aneurysm sac; and 3) bailout technique in 5 other aneurysms. In these

cases, we initially planned to coil alone. However, coil protrusion into

the parent artery was observed after coiling. For fear of further throm-

bosis, an additional stent was implanted to preserve the patency of

parent vessels.

Measurements
For all imaging data, 2 measurements were obtained, as follows: 1) the

development situation of bilateral anterior cerebral arteries and 2) the

angle between the afferent and efferent vessels before and after stent

placement.

To avoid overlapping of blood vessels, we chose the branch vessels

and perforating branches for reference. On this basis, we selected an

angiographic view that could display the afferent and efferent vessels

clearly for measurement. The diameters of the initial, middle, and

terminal points of the bilateral A1 were measured in anteroposterior

view of internal carotid artery angiogram with the same magnification

ratio and the average value of the 3 measurement figures was calcu-

lated as the diameter of A1. Hypoplasia was defined when the differ-

ence in diameter between the left and right A1 segment was �2-fold.9

In a selected view of an angiogram image, a dot was first marked: the

center of the parent vessel at the area where the aneurysmal neck was

located. Then, taking the dot as the initial point, 2 lines parallel to

afferent and efferent vessels were marked. The angles were then mea-

sured for 2 intersecting lines (Fig. 1). The angle change before and

after stent placement was calculated.

Follow-Up
Imaging follow-up included MRA at 3, 24, and 36 months after treat-

ment and a DSA at 6 and 12 months. Follow-up DSA and MRA were

then compared with immediate postembolization angiograms. Re-

currence was defined as aneurysm progression between the initial

postprocedural angiographic control and the subsequent angio-

graphic control with change in the aneurysm category. Both postem-

bolization and follow-up angiograms were graded on a 3-point Ray-

mond scale. (Raymond 1 � complete obliteration of aneurysm

including the neck, Raymond 2 � contrast filling of the neck of the

aneurysm without opacification of the aneurysm sac, and Raymond

3 � contrast filling of the sac of the aneurysm).

Statistical Analysis
All aneurysms were reviewed by 2 independent physicians. Disagree-

ment was resolved by discussion between them. If the disagreement

could not be resolved by discussion, then the opinion of a senior

reviewer was solicited. The angles measured by the 2 reviewers were

compared by using a t test. All statistical analyses were performed by

using Statistical Program for Social Sciences version 11.0 for Win-

dows (SPSS, Chicago, Illinois).

Results
In total, 20 patients with wide-neck AcomA aneurysms were
available for analysis. The patients’ mean age was 51.3 � 10.1
years (range, 45–73 years), including 13 men and 7 women. All
20 patients were successfully treated with a stent-assisted coil-
ing technique.

According to the distal location of the stent, it was placed in
the ipsilateral A2 segment in 12 patients (Fig 2), and in the
contralateral A2 segment through the AcomA in 8 other pa-

Fig 1. Schematic drawing showing the measurements obtained: the angles �1 and �2 formed between the A1 segment and A2 segment, before and after stent placement. The angle
� was initially marked by lines. A dot was marked on the middle of aneurysmal neck. Then, 2 lines parallel to inflow tract and outflow tract were marked. The angle � was measured
for 2 intersecting lines. The angle change between �1 and �2 was calculated.
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tients (Fig 3). In total, 65.0% (13/20) of the patients had
AcomA aneurysms associated with hypoplasia or aplasia of the
A1 segment. In these patients, 8 of the A1 segments were dom-
inant on the right.

In all 20 patients, the stent caused a clear change in the
geometry of the parent vessel. Stent-related vascular angle in-
creases ranged from 7.60° to 74.88°, with an average of 29.95°.
Interobserver agreement between the 2 reviewers for the mea-
surement of the angle was substantial (P � .142, paired t test).
In the 12 patients with the stent distally placed in the ipsilateral
A2 segment, the mean A1-A2 angle increased by 27.71 �
13.17° (range, 7.60° to 48.29°) after stent placement. Seven
patients’ A1-A2 angle increased by �30°; the angle increased
between 10° and 30° in 4 patients; and the other patient’s
A1-A2 angle increased by �10°. In those 8 patients with the
stent distally deployed in the contralateral A2 segment
through the AcomA, the mean poststent A1-AcomA-A2 angle
increased by 33.29 � 21.89° (range, 15.49° to 74.88°). In 3
patients, the angle between afferent vessels and efferent vessels
increased by �30°, and in the other 5, the change was from 10°
to 30°.

Efficacy of aneurysm coiling was assessed by using the Ray-

mond scale. Immediate angiography after treatment showed
that 15 aneurysms achieved complete occlusion (Raymond
scale, 1); 4, near-complete aneurysm occlusion (Raymond
scale, 2); and 1, partial occlusion (residual aneurysm, Ray-
mond scale, 3). Angiographic follow-ups for 6 –36 months
were available in all 20 patients, with a mean of 16.1 months.
The partially occluded aneurysm disappeared totally in fol-
low-up DSA, suggesting thrombosis in the aneurysm. All the
other aneurysms remained stable without recurrence.

Discussion
The AcomA is the most common location for intracranial an-
eurysms, as reported in some large surgical or endovascular
series.10 Hypoplasia of the artery is a risk factor in the process
of aneurysm formation.9,11 In this study, �60% AcomA an-
eurysms were associated with hypoplasia of the A1 segment,
including aplasia of right A1 segment in 1 case. Our findings
support previous studies9 showing that hypoplasia of 1 prox-
imal anterior cerebral artery is a risk factor for the develop-
ment of AcomA aneurysms.

The long-term results of intracranial aneurysms treated
with coils alone are not yet completely clear. According to the

Fig 2. AcomA aneurysm treated with stent-assisted coiling. A, Aneurysm recurrence (�1: 77.99°). B, Stent was distally placed in the ipsilateral A2 segment, and the angle of A1 segment
to A2 segment increased after stent placement. (�2: 117.69°).

Fig 3. AcomA aneurysm treated with stent-assisted coiling. A, Aneurysm before embolization (�1: 104.80°). B, Stent placed across the AcomA into the contralateral A2 segment; the
A1-AcomA-A2 angle significantly increased after stent placement. (�2: 149.02°).
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International Subarachnoid Aneurysm Trial, although there
were no significant differences in rebleeding between endo-
vascular coiling and neurosurgical clipping, a higher rate of
recurrence was observed in patients who underwent endovas-
cular treatment.12 Coil embolization alone had a higher pro-
portion of residual aneurysm neck, especially in wide-neck
aneurysms.13 In patients with residual aneurysmal neck, rates
of rebleeding and recurrence were higher than those with
complete occlusion.14 During the past decade, stent-assisted
coiling treatment has been shown to be technically feasible.
Stent placement can prevent coil from protruding into the
parent artery, making it effective to treat wide-neck, fusiform,
and dissecting intracranial aneurysms. In addition to a me-
chanical supporting role, more and more studies now focus on
the effects on hemodynamics by stent placement.2-4

Hemodynamics have been shown to play an important role
in the initiation, growth, and rupture of intracranial aneu-
rysms. Both endovascular embolization and surgical clipping
need to isolate the blood flow from the aneurysm. Many stud-
ies have been carried out about the role of hemodynamics in
intracranial aneurysm prognosis. The role of hemodynamics
in aneurysmal recurrence after endovascular embolization
also has been profoundly explored.3 These studies showed that
hemodynamics in the aneurysm sac are affected by many fac-
tors. These are not only affected by the size and shape of the
aneurysm but also by the mode of blood flow from the artery
into the aneurysm, which is related to the configuration of the
parent artery.5,6

Hemodynamic parameters such as wall shear stress are es-
pecially sensitive to variations in vessel geometry. Cebral et al15

reported that specific morphology of the parent artery may
predict an aneurysmal initiation and rupture. When the mor-
phology of a parent artery is determined, blood pressure and
flow velocities have little impact on hemodynamics. The apex
of bifurcations is the site of maximum hemodynamic stress in
a vascular network. The pressure and wall shear stress on the
vessel bifurcation vary with the bifurcation angle. The arterial
bifurcation also affects the wall shear stress distribution.16 Hoi
et al17 analyzed the correlations between aneurysmal neck size
and parent artery curvature by using an ideal model. They
found that small geometric variations on the aneurysm model
could significantly alter the flow-field and key hemodynamic
parameters. Meng et al18 reported that aneurysm models
within different curvature vessels had fundamentally different
hemodynamics after stent placement. Secondary flow, easy to
generate in the high-curvature parent artery, also was reported
by Mantha et al.19

In all patients in this study, the deployment of the stent
caused a significant change in the geometry of the vessel.
Stent-related vascular angle increase ranged from 7.60° to
74.88°, with an average of 29.95°. So, vessel curvature should
become small. We were not able to measure angles of curves
because we could not objectively determine the beginning,
middle, and ending of the curve. Taking previous analyses on
aneurysm hemodynamics into consideration, we considered
that stent placement directly changed the hemodynamics in
aneurysm sac. In addition, stent placement indirectly affected
the hemodynamics by changing the parent vascular
configuration.

There was a certain recurrence rate even though aneurysms

had achieved complete occlusion, which was as high as 30%,
especially in wide-neck aneurysms.2 Although coil emboliza-
tion could affect the hemodynamics in the aneurysm sac, it
had no significant effect on hemodynamics of the parent ar-
tery. By reducing wall shear stress to the physiologic range and
cutting down the impact zone,20 stent placement could pro-
mote favorable wall remodeling and potentially stabilize the
aneurysm, thereby decreasing risk of rupture and recurrence.
The stent could weaken the impinging force exerted on the coil
mass and thereby reduce coil compaction by reducing the in-
flow momentum.18

Liou et al4 compared maximum blood flow velocity be-
tween straight and curved vessels before stent placement. They
found that the maximum flow velocity in an aneurysmal sac
with curved vessels was 15% that of the parent artery, which
was approximately 15 times that of the maximum inflow ve-
locity in a straight vessel aneurysm. This indicated that stent
placement was important in the treatment of aneurysms in
curved vessels by changing vascular geometry. Of the 20 cases
in this study, angiographic follow-ups showed no recurrence,
including 1 partially occluded aneurysm (Raymond scale, 3)
that later disappeared. So, in the treatment of wide-neck
AcomA aneurysms, stent-assisted coiling can probably im-
prove the success rate of embolization and parent artery pa-
tency. In contrast, the technique, through reducing the parent
arterial curvature, can decrease blood jet zone in the aneurysm
neck, and this will further reduce recurrence rate. Stent place-
ment changes the angle between afferent and efferent vessels,
as well as the parent-aneurysm angle. Recently, Ford et al7

analyzed the blood flow dynamics in a basilar artery tip aneu-
rysm by using computational fluid dynamics simulations.
Their findings suggest that the phenotypes of hemodynamics
may be anticipated by a relatively simple-to-measure geomet-
ric parameter: the angle of the aneurysm bulb relative to the
parent artery.

This study first reported the vascular configuration and
stent-related vascular angle change because of endovascu-
lar stent placement for intracranial aneurysms. In conclu-
sion, stent placement significantly changes the angle be-
tween efferent and afferent vessels. It may play an
important role in the changes of local hemodynamics, pro-
moting the healing of aneurysms. There are some limita-
tions in this study. First, the sample in this retrospective
study was relatively small. Further studies are required with
a larger number of cases and adequate follow-up, to identify
whether long-term outcome of endovascular treatment is
affected by vascular configuration change. Second, the
measurements were all made on selected 2D angiographic
images based on 3D angiography. It is very difficult to de-
scribe the morphologic changes in 3D space and determine
uniform measurement standards. Moreover, to identify
whether hemodynamics are affected by vascular configura-
tion change because of endovascular stent placement, a
computational fluid dynamics study is needed in patient-
specific cerebral aneurysm models. Further research in the
hemodynamic factors associated with specific morphologic
characteristics will improve our understanding of the long-
term results of stent placement.
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