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BACKGROUND AND PURPOSE: Aneurysms with a wide neck constitute a persistent challenge
for endovascular therapy with coils. Our purpose was to evaluate the immediate anatomic and clini-
cal results of treating intracranial wide-necked aneurysms by using three-dimensional (3D) coils.

METHODS: During a 2-year period, 160 aneurysms (116 with a neck < 4 mm, group A; 44
with a neck > 4 mm, group B) in 157 patients in eight participating centers were consecutively
treated. The procedure consisted first of framing the aneurysm with one or more 3D spherical
coils and then filling it with helical coils. Results were evaluated with univariate analysis.
Multivariate analysis was used to identify independent predictors of these results.

RESULTS: Angiographic occlusion was complete in 84 (72%) and 30 (68%) aneurysms in
groups A and B, respectively. Mean percentage of volumic occlusion in these groups was 30.9%
and 29.2%, respectively. Perioperative morbidity and mortality rates were 4%, respectively, in
group A and 2%, respectively, in group B. No significant difference between the two groups was
observed. However, percentage of volumic occlusion correlated with sac-to-neck ratio less than
1.5 (P � .061) and with sac size (P � .002) except when three or more 3D coils per aneurysm
were used (P � .222). The better the percentage of volumic occlusion, the better the degree of
angiographic occlusion (P � .004). Percentage of volumic occlusion was an independent
predictor of angiographic complete occlusion (P � .001). World Federation of Neurological
Surgeons subarachnoid hemorrhage scale grade 5 was an independent predictor of perioper-
ative mortality (P � .043).

CONCLUSION: Three-dimensional coils proved to be useful for improving coil packing and
angiographic and volumic occlusion of aneurysms with a neck greater than 4 mm, at the time of
treatment, provided the sac-to-neck ratio was 1.5 or greater, and the largest number of 3D coils were
first positioned.

Considerable progress in endovascular techniques
and the development of new devices such as electro-
lytically detachable Guglielmi coils (GDC; Target
Therapeutics/ Boston Scientific, Fremont, CA) have
dramatically changed the therapeutic modalities for
managing intracranial aneurysms (1, 2). In large se-
ries with coil occlusion, however, wide-necked aneu-
rysms usually correlated with a lower aneurysmal oc-
clusion rate in the period immediately after treatment
and a higher recanalization rate than the correspond-
ing rates for small-necked aneurysms (3–9). Use of
three-dimensional (3D) GDCs enabled the treatment
of intracranial aneurysms with an unfavorable geom-
etry, which would otherwise not be amenable to en-
dovascular treatment without adjunctive techniques
(10, 11). Spherical Micrus microcoils (Micrus Corpo-
ration, Sunnyvale, CA) are newly designed coils with
a high 3D shape memory. Three-dimensional coils
may prove useful in improving the quality of spherical
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support within the aneurysmal sac when one or more
successive 3D coils are first positioned and conse-
quently also may improve the efficacy of aneurysmal
occlusion and coil packing of embolized aneurysms.
The purpose of the present investigation was to eval-
uate the respective results for wide-necked and small-
necked aneurysms as regard the safety and efficacy of
endovascular treatment by initial placement of one or
more 3D Micrus coils, and to identify any predictors
of these results.

Methods

Patient Population
From November 2000 to December 2002, 157 patients (103

women and 54 men) with 160 unselected consecutive intracra-
nial aneurysms were treated with Micrus microcoils in eight
interventional neuroradiology centers, after approval by their
institutional review boards. Patients were aged 28–83 years
(mean, 51 years; median, 49 years). One hundred two patients
(65%) had subarachnoid hemorrhage, three (2%) had a mass
effect, and 52 (33%) were asymptomatic. One hundred two
aneurysms (64%) were ruptured and 58 (36%) were unrup-
tured (Table 1). Patients with ruptured aneurysms were clini-
cally assessed by using the World Federation of Neurologic
Surgeons (WFNS) subarachnoid hemorrhage grading scale
(12). At admission, WFNS grades were assigned as follows:
grade 1 in 34 patients (33%), grade 2 in 14 patients (14%),
grade 3 in 14 patients (14%), grade 4 in 26 patients (25%),
and grade 5 in 14 patients (14%).

Aneurysmal Features
Aneurysm Location.—One hundred thirty-eight aneurysms

(86%) were located in the anterior circulation, and 22 (14%) in
the posterior circulation (Table 2). Of the 102 ruptured aneu-
rysms, 85 (83%) were in the anterior circulation and 17 (17%)
in the posterior circulation. Of the 58 unruptured aneurysms,
52 (90%) were in the anterior circulation and six (10%) in the
posterior circulation.

Size of Sac.—Aneurysmal sac size ranged from 2 to 20 mm.
It was less than 5 mm in 39 aneurysms (24%), 5–9 mm in 90
(56%), 10–14 mm in 20 (13%), and 15–20 mm in 11 (7%).

Size of Neck.—Neck size ranged from 1.2 to 10.0 mm. It was
4 mm or less in 116 aneurysms (72%), and greater than 4 mm
in 44 (28%).

Ratio of Sac to Neck Size.—This ratio was 3 or greater in 35
aneurysms (22%), 3–1.5 in 99 (62%), and less than 1.5 in 26
(16%).

Indication for Aneurysm Treatment
Indication for treatment resulted from a concensus between

the neurosurgeon and interventional neuroradiologist. Endo-

vascular therapy was the first-intention treatment, as far as
indication was possible. For ruptured aneurysms, the policy was
to treat them as soon as possible, generally just after diagnostic
cerebral angiography, to prevent aneurysmal rebleeding, and to
treat delayed cerebral ischemia due to symptomatic arterial
vasospasm by aggressive medication or by endovascular means.
For unruptured aneurysms, the aim was to prevent bleeding
and improve neurologic symptoms due to mass effect. When-
ever possible, all patients and/or their family received complete
information before therapy. The treatment took place after
they had given their informed consent to participate in the
study.

The Micrus Microcoil System

The Micrus microcoil system consists of an embolic micro-
coil attached to a device positioning unit by a high-tensile-
strength polyethylene fiber, which is in contact with a thermic
microresistance placed at the distal end of the device position-
ing unit.

The Micrus microcoils are soft platinum coils with a primary
wire diameter of 0.010–0.015 inch. They are either spherical
coils (MicruSphere) or helical coils (HeliPaq and extra-soft
stretch-resistant UltiPaq) of various diameters and lengths.
Spherical coils deploy into a 3D configuration and form an
anatomically conformable spherical shape, whereas helical
coils deploy into a two-dimensional (2D) configuration.

The Micrus microcoils are detached from the device posi-
tioning unit by a thermic process. Electrical energy, supplied by
a battery-operated current generator, is converted into thermic
energy by the thermic microresistance by applying 7.8 volts for
1 second, immediately followed by 6.5 volts for 4 seconds, at a
maximum current of 200 mA. The thermic microresistance,
heated to 44.5°C, provides, within 5 seconds, heat shearing of
the polyethylene fiber that holds the microcoil to the device
positioning unit.

Procedure
All procedures were performed in the angiography room,

with the patient under general anesthesia and receiving sys-
temic heparin sodium therapy (Heparin Choay; Sanofi-Syn-
thelabo, Le Plessis-Robinson, France) administered as an in-
travenous bolus of 50 IU per kilogram of body weight, and then
infused continuously to maintain activated partial thrombo-
plastin time at least 3 times the normal level throughout the

TABLE 1: Aneurysms treated with 3D spherical coils in eight inter-
ventional neuroradiology centers

Aneurysm
Group

A
Group

B Total

Ruptured 80 (69) 22 (50) 102 (64)
Unruptured 36 (31) 22 (50) 58 (36)

Total 116 44 160

Note.— Group A included aneurysms with a neck �4 mm, and
group B, aneurysms with a neck �4 mm.

Data are number (%) of aneurysms.

TABLE 2: Aneurysm location

Aneurysm Location
Group

A
Group

B Total

Anterior circulation 98 (84) 40 (91) 138 (86)
Internal carotid artery 46 23 69

Paraclinoid 12 13 25
PcoA 24 10 34
AchA 2 0 2
Bifurcation 8 0 8

Anterior cerebral artery 39 8 47
Middle cerebral artery 13 9 22

Posterior circulation 18 (16) 4 (9) 22 (14)
Posterior cerebral artery 2 0 2
Basilar artery 12 4 16
Superior cerebellar artery 1 0 1
PICA 3 0 3

Total 116 44 160

Note.—PcoA indicates posterior communicating artery; AchA, an-
terior choroidal artery; PICA, posterior inferior cerebellar artery.

Data are number (%) of aneurysms.
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procedure. Aspirin was added as an intravenous bolus of 100
mg in case of unruptured aneurysms. A four-vessel cerebral
angiogram was initially performed and included 3D angiogra-
phy when available. All the aneurysms were first framed with
one or more successive spherical Micrus microcoils of decreas-
ing size, and then filled with helical coils. Coils were packed as
densely as possible. The embolization was stopped when an-
giographically complete occlusion was achieved, when the last
coil could not be inserted into the sac, or when occlusion of a
normal branch next to the aneurysm might occur. Postopera-
tively, patients continued heparin therapy for the next 48 hours
and/or aspirin therapy with a prescription for 100 mg/day for 1
month.

Data Analysis
Accurate angiographic aneurysmal sac and neck measure-

ments in three orthogonal planes (13) were performed by
digital subtraction angiography (3D DSA for 150 aneurysms,
and 2D DSA for 10). The sac was classified as small, large, or
giant when its maximal diameter was less than 10 mm, 10–24
mm, or 25 mm or larger, respectively. Aneurysms were classi-
fied into two groups according to neck size: group A comprised
aneurysms with neck size 4 mm or less (n � 116 in 114
patients), and group B comprised those with neck size greater
than 4 mm (n � 44 in 43 patients).

The percentage of aneurysmal occlusion at the end of the
procedure was evaluated by degree of angiographic occlusion
and percentage of volumic occlusion.

Degree of angiographic occlusion as measured with angiog-
raphy was classified as complete when the sac and neck were
densely packed, with no contrast material visible in any projec-
tion; near complete when the sac was occluded but with a
suspected neck remnant or an obvious tiny neck remnant; and
incomplete when there was loose packing and/or persistent
opacification of the sac or neck remnant.

Percentage of volumic occlusion indicated the percentage of
coil volume occupying the aneurysmal volume. It was calcu-
lated by using the following algebraic equation: percentage of
volumic occlusion � (volume of the embolized coil) / (volume
of the aneurysm). Coil volume was calculated approximately,
assuming that the coil was a cylinder. The algebraic equation
for the calculation of coil volume was as follows: coil volume �
� x [(coil diameter / 2)2 x coil length]. The primary diameter of
each type of coil was as provided by the manufacturer (Micrus
Corporation). Aneurysm volume was calculated approximately,
before embolization, assuming that the aneurysm was ellipsoid:
aneurysm volume � 4�/3 x [(d1 / 2) x (d2 / 2) x (d3 / 2)], where
d1, d2, and d3 were, respectively, the larger, mean, and smaller
diameters of the aneurysmal sac. The larger and smaller diam-
eters were angiographically measured and perpendicular.
Mean diameter was calculated by using the following algebraic
equation: mean diameter � (larger diameter � smaller diam-
eter) / 2.

Clinical evaluation was performed at the end of the proce-
dure and during hospitalization.

Statistical Analysis
The qualitative and quantitative variables tested consisted of

the baseline characteristic variables of the patients and of the
aneurysms, and therapeutic and peritherapeutic variables.
Baseline characteristics of the patients were age, sex, and clin-
ical findings at presentation (ie, ruptured or unruptured aneu-
rysm). They included WFNS grade on the day of endovascular
therapy for patients with ruptured aneurysms. Baseline char-
acteristics of the aneurysms were location, sac and neck sizes,
ratio of sac to neck size, and volume. Therapeutic variables
were treatment feasibility, technical complications, the number
of 3D coils delivered per aneurysm, degree of angiographic
occlusion, and percentage of volumic aneurysmal occlusion.

Peritherapeutic variables included procedure-related neuro-
logic deficits and overall morbidity and mortality.

Between-group comparisons of therapeutic and perithera-
peutic variables were performed by using the Fisher exact test
for qualitative variables and the Student’s t test for quantitative
variables, with a P value less than .05 considered to indicate a
statistically significant difference.

In the entire study population and in groups A and B
analyzed as separate strata, independent predictors of thera-
peutic and peritherapeutic variables were identified by means
of a multivariate analysis, using either binary logistic regression
(nominal variables) or multiple regression (continuous vari-
ables) (LOGXACT; Cytel Software, Cambridge, MA) with a
significance level of .05. These predictors were identified
among the factors previously screened with univariate analysis
by using the Fisher exact test for qualitative variables and the
Student’s t test for quantitative variables, with a level of P
values less than .2.

Values expressed as means were associated with the stan-
dard deviation (� SD) of the mean.

Results

Treatment Feasibility
The treatment proved successful in all 160 aneu-

rysms in 157 patients, but two aneurysms (1%) in two
patients were amenable by using a remodeling tech-
nique. All 116 aneurysms in 114 patients in group A
and 42 (95%) of the 44 aneurysms in 41 patients in
group B were treated by using spherical coils posi-
tioned first. The two aneurysms (2 [5%] of 44) treated
with an adjunctive remodeling technique were both
aneurysms with a neck greater than 4 mm. In all, 991
coils were used (303 spherical and 688 helical). To
obtain a good frame, a mean of 1.7 spherical coils
(range 0–4) in group A and 2.4 (range 1– 6) in group
B were initially delivered into the aneurysmal sac. A
mean of 3.7 helical coils (range 0–17) in group A and
of 6.1 (0–18) in group B were added to fill the spaces
between the coil loops, to obtain dense coil packing.

Treatment Efficacy
At the end of the procedure, the percentage of

aneurysmal occlusion was assessed for all 160 aneu-
rysms in the 157 patients. Degree of angiographic
occlusion (Table 3) was classified as complete in 114
aneurysms (71%), near complete in 43 (27%), and
incomplete in three (2%). For the 116 aneurysms in
group A, degree of angiographic occlusion (Table 4)
was classified as complete in 84 aneurysms (72%),
near complete in 30 (26%), and incomplete in two
(2%). In group B (44 aneurysms, Fig 1), it was clas-
sified as complete in 30 (68%), near complete in 13
(30%), and incomplete in one (2%). Degree of an-
giographic occlusion according to aneurysmal angio-
architecture is shown in Table 4 and Figs 2–4.

Overall, the mean percentage of volumic occlusion
of aneurysms was 30.4 � 8.2% (Table 3). It was
30.9 � 8.5% in group A and 29.2 � 7.2% in group B
(Table 4). For aneurysms completely obliterated on
the angiograms, the mean percentage of volumic oc-
clusion was 32.4 � 7.9% in group A and 31.0 � 6.7%
in group B. For near completely occluded aneurysms,
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the mean percentage of volumic occlusion was 27.8 �
8.9% in group A and 26.5 � 6.8% in group B. For
aneurysms exhibiting incomplete occlusion on the an-
giograms, it was 18.2 � 0.6% in group A and 17.5 �
0.0% in group B. Mean percentages of volumic oc-
clusion according to aneurysmal angioarchitecture
are shown in Table 4 and Figs 5–7. Number of aneu-
rysms according to a line of demarcation of percent-
age of volumic occlusion drawn at 25% are detailed in
Table 5.

Technical Complications
Technical complications were observed in 16 (10%)

of the 160 procedures performed to treat 160 aneu-
rysms in 157 patients. These complications were due
to the procedure in eight (7%) of the 116 procedures
in group A, and two (5%) of the 44 procedures in
group B. Complications included thromboembo-
lism in six cases, parent artery occlusion in one
case, coil migration in two cases, and coil protru-
sion in one case. Neither coil rupture nor aneurysm
rupture was observed. Technical problems due to
the coils were observed in six (0.6%) of the 991
coils used. These problems included nondetach-
ment of coils in five cases (0.5%) and nondeploy-
ment in one case (0.1%).

Perioperative Clinical Outcome
All 157 patients with 160 treated aneurysms were

clinically evaluated. One hundred forty seven patients
(94%) remained clinically unchanged during the peri-
operative period. Five patients (3%) died: three were
classified with WFNS grade 5 and two were classified
with WFNS grade 4, and they died because of the
severity of their initial hemorrhage. Two patients
(1%), respectively classified with WFNS grades 3 and

4, had perioperative neurologic deterioration of de-
layed cerebral ischemia caused by symptomatic arte-
rial vasospasm. Because of the procedure, two pa-
tients (1%) had neurologic deficit due to
thromboembolism, and one patient (1%) had inter-
mittent third nerve palsy for 48 hours. Perioperative
clinical complications related to the procedure were
observed in two patients (2%) in group A and one
patient (2%) in group B. The overall morbidity rate
was 4% (four patients) in group A and 2% (one
patient) in group B. The overall mortality rate was
4% (four patients) in group A and 2% (one patient)
in group B. There was no mortality among patients
with unruptured aneurysms.

Statistical Analyses
Between groups A and B, no significant differences

were noted in treatment feasibility (P � .075), tech-
nical complications (P � .238), clinical complications
related to the procedure (P � .999), angiographic
(P � .696) or volumic (P � .291) aneurysmal occlu-
sion, or overall morbidity or mortality (P � .999 for
both). Neither was there any significant between-
group difference in percentage of volumic occlusion
with the demarcation line at 25% (P � .513).

In the entire study population, patients’ age and sex
did not correlate significantly with the immediate
anatomic and clinical results. At admission, WFNS
grade 5 correlated significantly with mortality (P �
.020), and WFNS grade 0 (patients with unruptured
aneurysms) correlated inversely with mortality (P �
.045). No significant relationships were noted be-
tween clinical findings at presentation and immediate
anatomic outcome. Aneurysmal features, including
location, sac and neck sizes, ratio of sac to neck size,
and volume, did not correlate significantly with treat-
ment feasibility, technical complications, or immedi-

TABLE 3: Mean percentage of volumic occlusion of aneurysms according to degree of angiographic occlusion at completion of the initial endovas-
cular treatment

Measurement Degree of Angiographic Occlusion

Complete Near Complete Incomplete Overall

No. (%) of aneurysms 114 (71) 43 (27) 3 (2) 160
Percentage of volumic occlusion (mean � SD) 32.0 � 7.6 27.4 � 8.2 18.0 � 0.6 30.4 � 8.2

TABLE 4: Degree of angiographic occlusion and mean percentage of volumic occlusion of aneurysms according to aneurysmal sac and neck sizes
and the ratio of sac to neck size at completion of the initial endovascular treatment

Measurement Sac Size Neck Size Sac-to-Neck Ratio

�10 mm 10–24 mm �4 mm �4 mm �3 1.5–3 �1.5

Percentage of volumic occlusion
(mean � SD)

31.5 � 7.8 26.0 � 8.5 30.9 � 8.5 29.2 � 7.2 32.8 � 8.1 30.4 � 7.5 27.2 � 9.6

Degree of angiographic occlusion*
Complete 93 (72) 21 (68) 84 (72) 30 (68) 28 (80) 67 (68) 19 (73)
Near complete 35 (27) 8 (26) 30 (26) 13 (30) 7 (28) 30 (30) 6 (23)
Incomplete 1 (1) 2 (6) 2 (2) 1 (2) 0 (0) 2 (2) 1 (4)

No. of aneurysms 129 31 116 44 35 99 26

* Data are number (%) of aneurysms.
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ate anatomic and clinical results, except for sac size
(small versus large) and aneurysmal volume, which
correlated significantly with percentage of volumic
occlusion (P � .002 and �0.001, respectively), and for
sac-to-neck size ratio less than 1.5, which correlated

with percentage of volumic occlusion with a relation-
ship of borderline significance (P � .061). When
degree of angiographic occlusion was complete, per-
centage of volumic occlusion correlated significantly
with sac size with a relationship of borderline signif-

FIG 1. Pre- and posttreatment images
of an unruptured intracranial aneurysm
in a 46-year-old woman who underwent
occlusion with 3D Micrus coils.

A and B, Lateral (A) and anteroposte-
rior (B) 3D angiograms of the right inter-
nal carotid artery show a periophthalmic
aneurysm with a maximum sac size of 9
mm and a neck size of 6 mm.

C and D, Lateral road mapping image
(C) and oblique unsubtracted angiogram
(D) of the right internal carotid artery after
placement of the first spherical coil
(9-mm coil loop diameter) show that the
3D configuration of the coil provides an
anatomically compliant frame within the
aneurysm and a scaffold that covers the
neck.

E and F, Lateral (E) and anteroposte-
rior (F) subtracted posttreatment angio-
grams show complete occlusion of the
aneurysm.

FIG 2. Graph shows percentage of aneurysms according to
degree of angiographic aneurysmal occlusion at completion of
the initial endovascular treatment, in group A ([dark gray bars]
aneurysms with a neck � 4 mm) and group B ([medium gray
bars] aneurysms with a neck �4 mm). Degree of angiographic
occlusion was not significantly different between the two groups
(P � .696).

FIG 3. Graph shows percentage of completely occluded an-
eurysms according to sac size at completion of the initial endo-
vascular treatment in group A (neck � 4 mm) and group B (neck
�4 mm). Black bars indicate sac size �5 mm; dark gray bars,
sac size 5–10 mm; medium gray bars, sac size 10–15 mm; light
gray bars, sac size 15–25 mm.
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icance (P � .062), but it did not correlate with sac-
to-neck size ratio less than 1.5 (P � .147). No signif-
icant relationships were noted between procedure-
related complications and immediate anatomic and
clinical results. Significant differences were noted be-
tween the percentage of volumic occlusion of com-
pletely and near completely occluded aneurysms (P �
.004), and between completely and incompletely oc-
cluded aneurysms (P � .002). There was a difference
of borderline significance between near completely
and incompletely occluded aneurysms (P � .056).
The number of 3D coils delivered per aneurysm cor-
related significantly with percentage of volumic oc-
clusion (P � .001). When three or more 3D coils per

aneurysm were used, percentage of volumic occlusion
was not significantly different between small and
large aneurysms (P � .222). Before the initial proce-
dure, WFNS grade 5 was the only independent pre-
dictor of overall mortality (P � .043), according to
multivariate analysis. There were no independent
predictive factors of technical complications, proce-
dure-related clinical complications, or overall mor-
bidity. Neither were there any independent predictors
of immediate angiographic or percentage of volumic
occlusion, especially not neck width, sac size, sac-to-
neck size ratio, or aneurysm volume. At the end of the
initial procedure, percentage of volumic occlusion
was the only independent predictor of angiographic
complete occlusion (P � .001).

In groups A and B analyzed as separate strata,
angiographic complete occlusion correlated signifi-
cantly with percentage of volumic occlusion (P � .040
and 0.006, respectively). The relationship between
mortality and WFNS grade 5 was significant in group
A (P � .019), but was not statistically calculable in
group B because only one patient died. Aneurysm
volume correlated with percentage of volumic occlu-
sion (P � .001 for both). As an independent predictor
of overall mortality, WFNS grade 5 was of borderline
significance (P � .059) in group A. As an indepen-
dent predictor of angiographic complete occlusion,
percentage of volumic occlusion was significant in
groups A and B (P � .007 and 0.065, respectively).

Discussion
The goal of endovascular therapy with coils is to

exclude the aneurysmal sac and neck from the intra-
cranial circulation by means of complete and lasting
occlusion, while preserving the parent artery and the
normal arterial branches next to the aneurysm, with-
out bulging of the coil or slowing of the flow. To
prevent delayed coil compaction and subsequent neck
recanalization, coils were packed as densely as possi-
ble. Incompletely occluded aneurysms (14–22) are at
risk of rebleeding and must be considered as cases of
treatment failure for as long as they are not retreated.

Several authors (3–9) have studied factors influenc-
ing successful angiographic occlusion at initial treat-
ment and reported that complete occlusion was
achieved in 59–96% of small-necked aneurysms and

FIG 4. Graph shows percentage of completely occluded an-
eurysms according to sac-to-neck size ratio at completion of the
initial endovascular treatment in group A (neck � 4 mm) and
group B (neck �4 mm). Dark gray bars indicate ratio �3; me-
dium gray bars, ratio 1.5–3; light gray bars, ratio �1.5.

FIG 5. Graph shows the mean percentage of volumic aneu-
rysmal occlusion according to degree of angiographic occlusion
at completion of the initial endovascular treatment in group A
(neck � 4 mm) and group B (neck �4 mm). Percentage of
volumic occlusion was not significantly different between the
two groups (P � .247). Dark gray bars indicate complete occlu-
sion; medium gray bars, near complete occlusion; light gray
bars, incomplete occlusion.

FIG 6. Graph shows the mean percentage of volumic aneu-
rysmal occlusion according to sac size at completion of the initial
endovascular treatment in group A (neck � 4 mm) and group B
(neck �4 mm). Black bars indicate sac size �5 mm; dark gray
bars, sac size 5–10 mm; medium gray bars, sac size 10–15 mm;
light gray bars, sac size 15–20 mm.

FIG 7. Graph shows the mean percentage of volumic aneu-
rysmal occlusion according to the sac-to-neck size ratio at com-
pletion of the initial endovascular treatment in group A (neck � 4
mm) and group B (neck �4 mm). Dark gray bars indicate ratio
�3; medium gray bars, ratio 1.5–3; light gray bars, ratio �1.5.
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15–50% of wide-necked aneurysms. All these authors
pointed out the difficulty of achieving complete oblit-
eration of aneurysms with a wide neck or an unfavor-
able sac-to-neck ratio, with coils alone at the initial
treatment (2). When aneurysms have a small neck,
the coils are held inside the aneurysmal sac, thus
allowing complete occlusion and dense packing, with
a low risk of coil migration or bulging into the parent
artery. However, wide-necked aneurysms cannot be
densely packed with coils alone, because the neck is
too wide to keep the coils inside the aneurysmal
lumen, and there is a risk of deposing them in the
parent vessel or of their protruding into this vessel
once appropriately detached inside the sac. Conse-
quently, only loose packing or incomplete occlusion
of these aneurysms can be achieved.

Adjunctive techniques such as the remodeling tech-
nique (23), intracranial vascular stent (24, 25), and
TriSpan neck-bridge device (26) have been proposed
to improve the coil packing and aneurysmal occlusion
of wide-necked aneurysms. Three-dimensional coils
are one of the newly developed materials designed to
bridge the aneurysmal neck with coil loops, thereby
facilitating retention of additional coils placed within
the aneurysm. A 3D GDC may provide a single-
microcatheter solution for the treatment of aneu-
rysms harboring a wide neck or an unfarorable neck-
to-dome ratio (10, 11).

In our series, the aneurysms were first framed by
deploying one or more successive 3D Micrus coils of
decreasing size. Because these coils are soft with a
high 3D shape memory, they may provide an anatom-
ically compliant frame within the aneurysm and a
stable scaffold that covers the neck. Here, the use of
several 3D coils strengthened the stability of the over-
all frame and provided homogeneous equilateral cov-
erage of the neck. This support allowed us to fill the
remaining open spaces, especially in the region of the
aneurysmal neck, by using 2D coils packed as densely
as possible, so that there was little risk of coil loop
protrusion through the neck or of frame deformation.

In our entire study population comprising small
and large aneurysms but not giant aneurysms, treat-
ment feasibility and angiographic aneurysmal occlu-
sion were not significantly affected by the baseline
characteristics of patients, the occurrence of technical
complications, or aneurysmal features. The ability to
embolize the aneurysms was not significantly differ-

ent between groups A and B. Aneurysmal occlusion,
by using initial placement of 3D coils, was achieved in
158 (99%) of the 160 aneurysms. Two aneurysms with
necks of 8 and 6.2 mm, respectively, and sac-to-neck
size ratios of 1.1 and 1.2 were treated by using the
remodeling technique. These two aneurysms repre-
sented 5% of the 44 aneurysms with a neck greater
than 4 mm, and 8% of the 26 with a sac-to-neck size
ratio of less than 1.5. Delivery of coils was safe. No
marked catheter displacement was observed. No coil
displacement was observed after coil detachment,
neither was there any displacement of the coil basket
during the dense packing of coils. There was no coil
rupture or involuntary coil detachment. Detachment
of coils was safe. Its duration was consistent and
reliable within 5 seconds, because of thermic detach-
ment. Of the 991 microcoils used, nondetachment of
five (0.5%) and nondeployment of one (0.1%) were
observed. The nondetachment of the coils was due to
an inappropriate diameter of the polyethylene fiber in
relation to the amount of electrical energy delivered
to the thermic resistance. This problem has been the
subject of technical improvements. The nondeploy-
ment of one coil, 0.010 inch in primary diameter, was
due to its bends inside the lumen of a microcatheter-
18. Nondeployment was subsequently prevented by
using a microcatheter-14 to deliver coils with a pri-
mary diameter of 0.015 or 0.010 inch, or a microcath-
eter-10 to deliver coils 0.010 inch in primary diameter.
At completion of the treatment, complete angio-
graphic occlusion was achieved in 72% (84 of 116)
and 68% (30 of 44) of aneurysms in groups A and B,
respectively. Degree of angiographic occlusion was
not significantly different between the two groups.

Percentage of volumic occlusion, which indicates
the compactness of coils within the aneurysm, did not
correlate with the baseline characteristics of patients,
the occurrence of technical complications, or aneu-
rysmal neck size. It was not significantly different
between groups A and B. The mean percentages of
volumic occlusion were 30.9% and 29.2% in groups A
and B, respectively. Satoh et al (27), who examined
embolization rates by using aneurysm models con-
structed of glass tubes, showed that the maximum
percentage of volumic occlusion was 32.0–33.3%,
even though the aneurysms were packed as tightly as
possible with platinum coils. In our series, however,
the percentage of volumic occlusion of aneurysms

TABLE 5: Number of aneurysms completely, near completely, or incompletely occluded according to a demarcation line for percentage of volumic
occlusion drawn at 25% at completion of the initial endovascular treatment

Degree of
Angiographic

Occlusion

Group A Group B Overall Study Population

PVO
�25%

PVO
�25% Total

PVO
�25%

PVO
�25% Total

PVO
�25%

PVO
�25% Total

Complete 15 (18) 69 (82) 84 6 (20) 24 (80) 30 21 (18) 93 (82) 114
Near complete 13 (43) 17 (57) 30 7 (54) 6 (46) 13 20 (47) 23 (53) 43
Incomplete 2 (100) 0 (0) 2 1 (100) 0 (0) 1 3 (100) 0 (0) 3
Overall 30 (26) 86 (74) 116 14 (32) 30 (68) 44 44 (28) 116 (72) 160

Note.—PVO indicates percentage of volumic occlusion.
Data are number (%) of aneurysms.
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with a sac-to-neck ratio less than 1.5 was lower than
that of aneurysms with sac-to-neck ratio 1.5 or greater
with a relationship of borderline significance, except
when degree of angiographic occlusion was complete.
Percentage of volumic occlusion was not related to
the neck size provided the sac-to-neck ratio was 1.5 or
greater. Adjunctive techniques may be useful for im-
proving treatment feasibility and particularly the per-
centage of volumic occlusion of aneurysms with a
sac-to-neck ratio less than 1.5. Percentage of volumic
occlusion of large aneurysms (mean, 26.0 � 8.5%)
was significantly lower than that of small aneurysms
(mean, 31.5 � 7.8%), even when degree of angio-
graphic occlusion was complete with a relationship of
borderline significance. One of the reasons may be
that the larger the volume of the aneurysm, the
greater the length of coil required, and the larger the
number of coil intertwinings causing more dead
spaces that cannot be filled by the coils. However, the
number of 3D coils used per aneurysm correlated
significantly with the percentage of volumic occlusion,
and may probably result in a homogeneous concentric
filling reducing dead spaces between the coil inter-
twinings. The larger the number of 3D coils used per
aneurysm, the better the percentage of volumic oc-
clusion. When three or more 3D coils were first po-
sitioned, percentage of volumic occlusion was not
significantly different between small and large aneu-
rysms. This may be a means to optimize the packing
of coils especially in large aneurysms. In a recent
series of 100 cases, Tamatani et al (28) demonstrated
that percentage of volumic occlusion was significantly
lower in aneurysms with sac size less than 10 mm than
that in aneurysms with sac size of 10 mm or more,
even when degree of angiographic occlusion at initial
treatment was complete. In a series of 152 cases,
Debrun et al (29) concluded that the percentage of
immediate complete angiographic occlusion was re-
lated to the density of coil packing, which in turn was
strongly dependent on the geometry of the aneurysm,
including the dome-to-neck ratio and neck size.

In our series, before the initial procedure, the mor-
phologic characteristics of aneurysms were not pre-
dictive factors of unsatisfactory immediate angio-
graphic or volumic aneurysmal occlusion, according
to a multivariate analysis. At completion of the initial
procedure, however, percentage of volumic occlusion
correlated significantly with degree of angiographic
occlusion in groups A and B, and was the only inde-
pendent predictor of degree of angiographic occlu-
sion. The better the percentage of volumic occlusion,
the better the degree of angiographic occlusion.

Degree of angiographic occlusion at the initial
treatment is known to be an important predictor of
anatomic outcome in endovascular coil occlusion of
intracranial aneurysms (9, 28). In a recent study (28),
percentage of volumic occlusion was demonstrated to
be a more objective and useful index than degree of
angiographic occlusion for predicting the long-term
anatomic stability of embolized aneurysms. Even
when degree of angiographic occlusion after the ini-
tial treatment was complete, the frequency of recan-

alization of embolized aneurysms with coils was sig-
nificantly lower in aneurysms with a high percentage
of volumic occlusion, particularly when it exceeded
25% (28). In such cases, 88% of the aneurysms with a
percentage of volumic occlusion of more than 25%
were stable at long-term follow-up (28). In our series,
the mean percentages of volumic occlusion of the
aneurysms initially completely occluded were 32.4 �
7.9% in group A and 31.0 � 6.9% in group B. Per-
centage of volumic occlusion exceeding 25% con-
cerned 82% of the completely occluded aneurysms in
group A and 80% of those in group B and was not
significantly different between the two groups. This
meant that there was no significant difference be-
tween these groups as regard prediction of the long-
term stability of embolized aneurysms. According to
the results for previously published series treated by
endovascular aneurysm therapy with coils, revascular-
ization and aneurysm growth ranged from 22.4% to
52.6% and were mainly noted in wide-necked or gi-
ant-sac aneurysms, or aneurysms that were incom-
pletely occluded at the initial treatment (3–9, 27–38).

Technical and clinical complications due to the
procedure were not related to the baseline character-
istics of patients or to the morphologic features of
aneurysms. According to a multivariate analysis, no
predictor of technical or clinical complications
emerged, especially not neck width. Procedure-re-
lated complications were not significantly different
between groups A and B. Clinical complication rate
due to technical complications was 2% in both
groups. Overall perioperative mortality correlated
significantly with WFNS grade 5 and inversely with
WFNS grade 0. There was no perioperative mortality
among patients with unruptured aneurysms. Periop-
erative clinical outcome was not related to age, sex,
aneurysmal features, procedure-related complica-
tions, or angiographic or volumic aneurysmal occlu-
sion. WFNS grade 5 was the only independent pre-
dictor of overall perioperative mortality. No predictor
of overall perioperative morbidity was found. There
were no significant differences in overall periopera-
tive morbidity or mortality between groups A and B.
Perioperative morbidity and mortality rates were 4%,
respectively, in group A and 2%, respectively, in
group B. In previous series of endovascular treatment
with coils, perioperative permanent morbidity and
mortality rates due to the procedure ranged from
0–5% and 0–6.4%, respectively (3–9, 27–38).

Conclusion
In our series comprising small and large aneurysms

but not giant aneurysms, the use of 3D Micrus coils
proved to be useful for improving the coil packing and
angiographic and volumic occlusion of aneurysms
with a neck greater than 4 mm, at the time of treat-
ment, provided the sac-to-neck ratio was 1.5 or
greater, and the largest number of 3D coils were first
positioned. Long-term anatomic and clinical fol-
low-up is required to determine the subset of aneu-
rysms in which 3D coils may provide any reliable
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advantage as regard to safety and efficacy especially
in terms of recanalization.
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1. Guglielmi G, Viñuela F, Dion J, Duckwiler G. Electrothrombosis
of saccular aneurysms via endovascular approach, II: preliminary
clinical experience. J Neurosurg 1991;75:8–14

2. Horowitz MB, Levy E, Kassam A, Purdy PD. Endovascular therapy
for intracranial aneurysms: a historical and present status review.
Surg Neurol 2002;57:147–158
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