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Endovascular Treatment of Wide-Necked Intracranial
Aneurysms : Techniques and Outcomes in 15 Patients
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Department of Neurosurgery, Kosin University College of Medicine, Busan, Korea

Objective : It is technically difficult to treat wide-necked intracranial aneurysms by the endovascular method. Various tools and techniques have
been introduced to overcome the related technical limitations. The purpose of this study was to evaluate the radiologic and clinical results of wide-
necked intracranial aneurysm treatment using the endovascular method.

Methods : Fifteen aneurysms in 15 patients were treated by the endovascular method from October 2009 to August 2010. Seven patients pre-
sented with subarachnoid hemorrhage (SAH), seven patients had unruptured aneurysms, and one patient had an intracerebral hemorrhage and in-
traventricular hemorrhage due to an incompletely clipped aneurysm. The mean dome-to-neck ratio was 1.1 (range, 0.6-1.7) and the mean height-
to-neck ratio was 1.1 (range, 0.6-2.0). We used double microcatheters instead of a stent or a balloon for the first trial. When we failed to make a
stable coil frame with two coils, we used a stent-assisted technique.

Results : All aneurysms were successfully embolized. Eleven aneurysms (73%) were embolized by the double microcatheter technique without stent
insertion, and four aneurysms (27%) were treated by stent-assisted coil embolization. One case had subclinical procedure-related intraoperative hem-
orrhage. Another case had procedure-related thromboembolism in the left distal anterior cerebral artery. During the follow-up period, one patient (7%)
had a recanalized aneurysmal neck 12 months after coil embolization. The recurrent aneurysm was treated by stent-assisted coil embolization.
Conclusion : We successfully treated 15 wide-necked intracranial aneurysms by the endovascular method. More clinical data with longer follow-up
periods are needed to establish the use of endovascular treatment for wide-necked aneurysm.
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INTRODUCTION nique'*'”, and intracranial stents®*2Y. However, the introduc-
tion of additional devices into small intracranial vessels is not
Endovascular treatment of intracranial aneurysms is associat-  only technically demanding, but also may increase the risk of
ed with lower morbidity and mortality rates compared with tra-  vascular injury and thromboembolism.
ditional microsurgical clipping'®. However, despite advances in We used double microcatheters instead of stents or balloons
devices and techniques, aneurysms with wide necks, defined by  in the first trial. The key concept upon which this technique is
neck diameters greater than 4 mm or dome-to-neck ratios less  based is the creation of a stable coil frame with two coils through
than 2, are the most difficult to treat with the endovascular  two microcatheters. When we failed to make a stable coil frame
method. In wide-necked intracranial aneurysms, complete coil ~ with two coils, we used a stent assisted-technique. These two
embolization is often technically difficult owing to the risks of  techniques are not new concepts*®'V. In this report, we present
distal coil migration or coil impingement on the parent ves-  our experiences with 15 wide-necked intracranial aneurysms.

se14,7,8,10,21)

Various tools and techniques have been introduced to over-  [VIATERIALS AND METHODS
come these technical limitations including three-dimensional

322, multiple microcatheter'"'?, balloon-remodeling tech-  Patient sample
Between October 2009 and August 2010, 15 wide-necked in-
tracranial aneurysms were treated using the endovascular meth-

coils
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traventricular hemorrhage due to an incompletely clipped an-
eurysm that was found through follow-up angiography at 4
weeks after clipping. The mean dome-to-neck ratio was 1.1
(range, 0.6-1.7) and the mean height-to-neck ratio was 1.1
(range, 0.6-2.0). Detailed information, including the patient’s
age and sex, aneurysm location, clinical manifestations (Hunt
and Hess grade, Fisher grade), aneurysm morphology (neck,
height, width, length), and endovascular treatment strategy,
were carefully reviewed. Initial and follow-up angiographic re-
sults were also reviewed.

Opverall, the clinical follow-up ranged from 2 to 12 months,
with a mean of 6 months. Magnetic resonance angiographic
(MRA) follow-up was performed at 6 months after operation
and transfemoral angiographic (TFCA) follow-up was per-
formed at 12 months after operation. TFCA was also performed
before discharge. Clinical modified Rankin Scale (mRS) scores
were recorded at 24 hours, 2 weeks, 6 months, and 12 months
(or at the last follow-up) after the operation. The angiographic
results were classified according to the Raymond-Roy classifica-
tion system'®?” as follows : Class 1, no filling of the aneurysm
neck or dome; Class 2, residual filling of the neck, but not the
dome; and Class 3, residual filling of the neck and dome.

Techniques

All operations were performed under general anesthesia. All
patients except those with SAH were pretreated with clopido-
grel and aspirin. A 3,000 IU heparin bolus was administered af-
ter guiding catheter placement in the case of the unruptured

Fig. 1. Case 5; a 54-year-old man with subarachnoid hemorrhage (SAH). A : The left internal carotid
artery (ICA) angiogram shows the aneurysm before treatment. B : 3D reconstruction image shows a
wide-necked posterior communicating artery (PCoA) aneurysm (neckxheightxwidthxlength : 4.6x
4.3x5.3x6.8 mm). C : Two microcatheters are positioned within the aneurysm. One has a 90° an-
gled distal tip and the other has a J-shaped distal tip. D : First coil (360° Guglielmi detachable coil 4
x8 mm) being deployed. E : Second coil (360° Guglielmi detachable coil 3x6 mm) being deployed
via another microcatheter. F : Immediately after treatment, a right ICA angiography shows no con-
trast dye filling of the aneurysm neck or dome, but the patient died of severe vasospasm on the

10th day after coil embolization.

aneurysms and after deployment of the first or second coil in the
case of the ruptured aneurysm. Intermittent boluses of 1,000 IU/
hour of heparin were then administered.

With diagnostic angiography and 3D angiographic reconstruc-
tion, the morphologic characteristics of the aneurysm were care-
fully evaluated, including the size of the neck, height, width and
length; the diameter and tortuosity of the parent artery; and ma-
jor branches originating from the aneurysmal neck. The detailed
strategies for the coil embolization technique depended on the
angiographic findings. On the basis of the above considerations,
detailed points were decided, including working angle of fluoros-
copy, shape of microcatheter tip, first coil loop size, stent size, to-
tal coil volume needed and expected packing density.

At first, we tried to apply a double microcatheter technique, so
we placed two microcatheters in the aneurysmal sac. When the
height of the aneurysm was less than 3 mm, we placed two mi-
crocatheters at the aneurysmal neck to prevent perforation of the
aneurysmal sac. The directions of the two coils were different to
achieve an initial full covering coil frame for the aneurysm.
Therefore, the two microcatheter tips used were of different
shapes. The first coil loop size should be smaller than the height
of aneurysm. The second coil loop size should be smaller than
the first coil loop size. Technically, a stable coil frame should be
achieved with the initial two coils. The coils used in this series in-
cluded various types of Guglielmi detachable coils (Boston Scien-
tific, Natick, MA, USA; 3D, standard helical, ultrasoft), Microplex
coils (MicroVention, Aliso Viejo, CA, USA). When we failed to
make a stable coil frame with two coils, we used a stent-assisted
technique. After bilateral femoral arter-
ies were punctured, another guiding
catheter was placed at a site proximal to
the parent artery. Initially, two micro-
catheters were placed at the aneurysmal
sac, and then a stent was deployed to
prevent coil protrusion into the parent
artery. After jailing the two microcathe-
ters, we started coil embolization with
the two microcatheters. We used Neuro-
form stents (Boston Scientific, Natick,
MA). The technical details of the double
microcatheter technique and stent-as-
sisted technique are shown in Fig. 1-3.

RESULTS

Angiographic results

All aneurysms were successfully em-
bolized. Eleven aneurysms (73%) were
embolized by the double microcatheter
technique without stent insertion and
four aneurysms (27%) were treated by
stent-assisted coil embolization. Imme-
diate postembolization angiography
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Fig. 2. Case 9; a 63-year-old women with SAH. A : The left vertebral artery angiogram shows the aneurysm before treatment. B : 3D reconstruction
image shows wide-necked right superior cerebellar artery aneurysm (neckxheightxwidthxlength : 5.0x7.1x5.3x6.2 mm). C : Two microcatheters
are positioned within the aneurysm. One has a 45° angled distal tip and the other has a 90° angled distal tip. D : First coil (360° Guglielmi detachable
coil 7x15 mm) being deployed. E : Second coil (Microplex coil Complex 5x15 mm) being deployed via another microcatheter. F : Immediately after
embolization, angiogram shows compact occlusion of the aneurysmal sac and patent right SCA. There is a small remnant neck around the right SCA.
G : Two months after embolization, an angiogram shows no interval change and stable coils. H : Six months after embolization, magnetic resonance
angiogram shows no interval change and stable coils.

showed four cases (27%) of Class 2 (Ta-
ble 1).

We performed follow-up angiography
in all patients at 12 months after opera-
tion. One patient (7%) had a recanalized
aneurysmal neck (Class 2) 12 months af-
ter coil embolization. This recurrent an-
eurysm was treated by stent-assisted coil
embolization.

Complications

There were two cases (13%) of proce-
dure-related complications in our pa-
tients. In one case, there was subclinical
procedure-related intraoperative bleed-
ing (Casel). In another case, there was
procedure-related thromboembolism

at the left distal anterior cerebral artery  Fig. 3. Case 14; a 73-year-old women with SAH. A : The left ICA angiogram shows the aneurysm
(Case 14). Except for these two cases, before treatment. B : 3D reconstruction image shows wide-necked PCoA aneurysm (neckxheightx
widthxlength : 10.6x6.5x7.2x7.3 mm). C : Neuroform stent (4.5x15 mm) was deployed resulting
. . in jailing two microcatheters. The microcatheters have different distal shapes; one has a 45° angled
dure-related complications such as coil gy tip and the other has a 90° angled distal tip. D : Two coils (360° Guglielmi detachable coil 6x
protrusion, coil migration and spasm 11 mm, Microplex coil Complex 5x15 mm) being deployed via two microcatheters. E : Immediately
during the procedure. after treatment, a left ICA angiography shows residual contrast dye filling the neck to preserve the

fetal type PCoA. The dome of the aneurysm is compactly occluded. But, there was a procedure-re-

lated thromboembolism at the left distal anterior cerebral artery. F : Two months after embolization,
DISCUSSION the angiogram showed no interval change and stable coils.

there were no evidence of other proce-

Despite advances in devices and techniques, some intracrani- intracranial aneurysms represent one of the most unfavorable
al aneurysms remain difficult to treat with coils. Wide-necked  aneurysm configurations. Various devices and techniques have
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Table 1. Summary of the 15 patients with 15 aneurysms

Case Age Sex  Location Neck  Height - Width — Length Technique e i WU mRS last
(mm) (mm) (mm) (mm) Initial F/U (months)
1* 39 F PCoA 42 45 5.3 7.2 Stent asstisted Class II Class II 12 0
2* 49 F PCoA 3.1 4.5 4.6 5.2 Double MC Class I Class II 12 0
3* 50 M ACoA 2.7 34 33 34 Double MC Class I Class I 12 0
4 81 M ACoA 37 74 6.4 6.6 Double MC Class I Class I 9 0
5% 54 M PCoA 4.6 43 5.3 6.8 Double MC Class I 6
6* 42 F MCAb 2.7 45 2.8 4.6 Double MC Class I Class I 9 0
7 61 F BA top 32 2.5 31 32 Double MC Class I Class I 8 4
8 71 F SCA 5.9 6.2 83 8.5 Double MC Class I Class I 6 0
9* 63 F SCA 5.0 7.1 5.3 6.2 Double MC Class II Class II 5 0
10 49 F SHyA 25 2.1 25 3.0 Double MC Class I Class I 4 0
11 60 F SHyA 24 35 35 3.9 Double MC Class T Class T 3 0
12 44 M SHyA 42 27 3.1 45 Stent assisted ClassII ~ ClassII 2 0
13* 71 F ACoA 2.0 1.7 2.1 2.5 Double MC Class I Class I 2 4
14* 73 F PCoA 10.6 6.5 7.2 7.3 Stent assisted Class II Class II 2 4
15 76 F BA top 2.7 2.1 1.7 2.5 Y stentassisted ~ Class I Class I 2 0

Calss 1 : no filling of the aneurysm neck or dome, Class 2 : residual filling of the neck but not the dome. * Ruptured aneurysm, fRebleeding due to incompletely clipped
aneurysm, Width : the short axis dome measurement in cylindrical aneurysms, Length : the long axis dome measurement in cylindrical aneurysms, The dome/neck ra-
tio is based on the width/neck ratio. One patient (case 5) died of severe vasospasm. Two patients (cases 7, 13) were unable to walk due to preexisting disease without
any procedure-related complications. Case 7 had old cerebral infarction. Case 13 had old cerebral hemorrhage. We evaluated the follow-up angiographic results of the
cases in which the follow-up period was less than 6 months on the basis of MR or transfemoral angiographic results. F/U : follow-up, mRS : modified Rankin Scale,
PCoA : posterior communicating artery, ACoA : anterior communicating artery, MCAb : middle cerebral artery bifurcation, BA : basilar artery, SCA : superior cerebellar

artery, SHyA : superior hypophyseal artery, MC : microcatheter

been introduced to overcome the technical limitations associat-
ed with treating wide-necked intracranial aneurysms, including
three-dimensional coils”, multiple microcatheter!"'?, balloon
remodeling technique'”, intracranial stents®, flow diverter de-
vices' and neck-bridge device>'?.

We aimed to identify the best choice for treatment of wide-
necked intracranial aneurysms. First, we tried to apply the dou-
ble microcatheter technique by placing two microcatheters at
the aneurysmal sac. If we failed to make a stable coil frame with
the two coils, we used a stent-assisted technique.

We did not use the balloon remodeling technique. There is a
risk of vascular stretching and intimal injury during balloon
manipulation. Rupture of the aneurysm is another potential
complication because higher intraaneurysmal forces can be
generated when the aneurysm neck is occluded with a balloon.
Once detached, the coils can also shift their position and herni-
ate into the parent vessel. This shifting occurs most commonly
when coils are added to an already detached coil'*'”. We did
not use flow diverter devices or a neck-bridge device, as they
are not available yet in our country.

The technique of using two microcatheters has several advan-
tages over the stent- or balloon-assisted techniques. No addi-
tional femoral puncture is required and the risks directly asso-
ciated with bulky devices are low. The most important aspect of
this technique is the achievement of coil stability with the initial
two coils without compromising the parent artery or major
branches. When we failed to make a stable coil frame, we se-
lected an adjuvant method among the several available devices

and techniques.

We could use three or more microcatheters to achieve coil
stability, but there are several potential complications associated
with multiple microcatheters including thromboembolism, coil
stretching, coil breakage or coil interlocking during the coil ma-
nipulation'?. Multiple microcatheter techniques take more time
to achieve an initial full covering coil frame for the aneurysm in
comparison to the double microcatheter technique, because
they are more likely to require careful manipulation of coils and
they are more prone to procedure-related complications. If we
had a chance to use an adjuvant stent while struggling with the
triple microcatheters, we might have to deal with the issue of
the triple microcatheters preventing us from crossing the stent
system over the aneurysm. Therefore, we did not use three or
more microcatheters.

Adjuvant stenting was proposed in the mid 1990’s, initially
for fusiform aneurysms?®, and more recently to support the
neck region of intracranial saccular aneurysms and to prevent
recurrence®?*. An intracranial stent prevents coil migration or
protrusion, enables dense packing in aneurysms, induces sig-
nificant intra-aneurysmal flow modification, and provides a
framework for endothelial growth resulting in permanent sepa-
ration of the aneurysm from the parent vessel. The use of an in-
tracranial stent is attractive to surgeons in terms of complete
obliteration of wide-necked aneurysms, but they require the
use of long-term antiplatelet agents to prevent thromboembo-
lism. In-stent stenosis is another problem'**?) and vascular
dissection may occur during stent manipulation. Stent malposi-
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tion also may occur®. These issues make surgeons hesitant to
use an intracranial stent'?.

We tried our best not to deploy intracranial stents. In all, four
cases (27%) were treated by stent-assisted technique. In terms
of recanalization, the use of an adjuvant stent may have some
advantages, but the double catheter method without stent offers
long-term durability. In our series, we have different angio-
graphic results based on one-year follow-up angiograms of two
cases in which we did not use adjuvant stents. Case 2 showed
recanalization of the aneurysm, but case 3 revealed no interval
change. More clinical data with longer follow-up periods are
needed to evaluate whether an adjuvant stent can be used for
long-term durability.

In our opinion, the double microcatheter technique is the
best option for treatment of wide-necked intracranial aneu-
rysms, whereas the stent-assisted technique is the final option
for wide-necked intracranial aneurysm. This report has some
limitations. The clinical and angiographic follow-up periods
were short and the number of cases included was small. There-
fore, further follow-up and more clinical data are necessary to
determine further the role of endovascular treatment of wide-
necked intracranial aneurysm.

CONCLUSION

We successfully treated 15 wide-necked intracranial aneu-
rysms with the endovascular method. More clinical data with
longer follow-up period are needed to establish the role of en-
dovascular treatment of wide-necked intracranial aneurysms.
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