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Anatomic Features Predictive of Complete
Aneurysm Occlusion Can Be Determined with

Three-Dimensional Digital Subtraction
Angiography

Hiro Kiyosue, Shuichi Tanoue, Mika Okahara, Yuzo Hori, Takaharu Nakamura,
Hirofumi Nagatomi, and Hiromu Mori

BACKGROUND AND PURPOSE: Complete occlusion of intracranial aneurysms is the goal of
endovascular treatment and is influenced by several aneurysm-related anatomic factors. The
anatomic features of aneurysms can be characterized by three-dimensional reconstructed
images by use of rotational digital subtraction angiography (3D-DSA). The purpose of this
study was to determine the anatomic factors that could help predict complete endosaccular
packing of cerebral aneurysms by use of 3D-DSA and to design a simple scoring system to
predict the difficulty of achieving complete occlusion of the aneurysm.

METHODS: Forty-seven patients with 47 intracranial berry (<12 mm) aneurysms underwent
3D-DSA. Aneurysms were subsequently treated by endosaccular packing with coils. The follow-
ing aneurysm-related anatomic parameters were measured on 3D-DSA images: largest diam-
eter, neck size, dome-to-neck ratio, shape, and relationship to the neighboring artery. The
relationship between each parameter and the rate of successful treatment was determined, and
a score used to rate difficulty of attaining occlusion (ie, difficulty score) was developed on the
basis of the identified predictors of successful treatment. Subsequently, we assessed the
correlation between the score and the rate of successful occlusion.

RESULTS: Four anatomic parameters correlated significantly with the rate of successful
occlusion: neck size (P � .014), shape (P � .042), dome-to-neck ratio (P < .01), and relationship
to neighboring artery (P � .025). The difficulty score based on two parameters (dome-to-neck
ratio and relationship to neighboring artery) significantly correlated with the occlusion rate
(r � 0.63, P < .01).

CONCLUSION: In this population, the difficulty score based on 3D-DSA findings provides
useful information for prediction of successful endovascular treatment for intracranial aneu-
rysms.

Endosaccular packing of cerebral aneurysms by
Guglielmi detachable coils (GDCs) has been widely
used since their introduction in 1991 (1–3). Complete
occlusion of the intracranial aneurysm without any
complications is the goal of endovascular treatment
with GDC. The treatment outcome may be influ-
enced by several factors, including aneurysmal mor-

phology (dome-to-neck ratio, size of the neck and
dome, shape), location, relationship to the major
neighboring artery, tortuousity of the parent artery,
and experience of the operator. It has been reported
that the most important predictive factors of success-
ful treatment are aneurysmal neck size, dome-to-neck
ratio, and size of the aneurysm (4– 6). The relation-
ship of the aneurysm to the neighboring artery is also
an important factor in determining the feasibility of
the GDC procedure. However, these morphologic
and anatomic factors cannot be accurately deter-
mined by conventional biplane digital subtraction an-
giography (DSA). Recent developments in technol-
ogy have enabled us to obtain three-dimensional
reconstructed images by use of rotational digital sub-
traction angiography (3D-DSA) (7–11). To date, 3D-
DSA may produce the clearest three-dimensional im-
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ages and is useful for clinical decision making
regarding endovascular treatment of the aneurysm (8,
10–12).

In the present study, we measured several aneu-
rysm-related morphologic factors, including largest
diameter of the sac, size of the neck, dome-to-neck
ratio, shape, and relationship to the neighboring ar-
tery by using 3D-DSA. We then devised a simple
scoring system based on these factors to predict dif-
ficulty of complete occlusion with GDC and assessed
the correlation between the score and the occlusion
rate of the aneurysm.

Methods

Patients
From March 1999 until October 2001, coil embolization was

scheduled for 52 intracranial aneurysms in 52 patients. All
patients were selected for coil embolization after evaluation of
cerebral arteriographic results, including 3D-DSA and clinical
data by neuroradiologists (H.K., S.T.) and neurosurgeons
(T.N., H.N.). Selection for coil embolization was restricted to
poor surgical conditions based on the presenting medical con-
ditions (high Hunt and Kosnik grades, associated general com-
plications such as ischemic heart disease or cerebral ischemic
diseases, or age �75 years) and location of the aneurysm
(difficult surgical access).

Two cases with fusiform aneurysms were treated by parent
artery occlusion by using coils. In three cases, the GDC proce-
dure was interrupted before the detachment of the first coil
because of poor maneuverability of the microcatheter caused
by significant tortuousity of the access root. These five cases
were excluded from this study. The remaining 47 cases were
treated by endosaccular packing with GDCs. They included 13
men and 34 women with ages ranging from 31 to 88 years
(mean age, 65 years). Thirty-three of the 47 patients had sub-
arachnoid hemorrhage revealed by CT at admission. The an-
eurysms were located in the internal carotid artery (n � 21),
anterior communicating artery (n � 9), basilar artery (n � 8),
middle cerebral artery (n � 2), posterior communicating artery
(n � 2), posterior cerebral artery (n � 2), anterior cerebral
artery (n � 2), and vertebral artery (n � 1).

Angiography

All procedures were performed using a biplane DSA unit
(Advantx LCN Plus, GE Medical Systems, Milwaukee, WI). A
workstation (Advantage Workstation 3.1, GE Medical Sys-
tems) with data from rotational angiographies was used to
perform 3D-DSA. Rotational angiography was performed with
a 200° rotation of the C-arm in 5 seconds. Radiographic expo-
sures were made at a frame rate of 8.8/s during the rotational
procedure. The matrix size of each frame was 512 � 512 pixels.
For each patient, 15 to 25 mL of contrast medium (iohexol, 300
mg/dL) was injected at a rate of 3 to 5 mL/s with a catheter
positioned at the cervical portion of the carotid artery or
vertebral artery. Both mask data and contrast data were elec-
tronically transferred to the workstation. A three-dimensional
reconstruction algorithm based on an algebraic reconstruction
technique was used to digitally produce 3D-DSA images on the
workstation within 8 minutes. Reconstructed images, including
maximum intensity projection (MIP), surface shaded display,
and virtual endoscopic view, were made available from the
data. Minimum density threshold processing was usually auto-
matically performed at the same value (1100). In cases requir-
ing evaluation of the relationship between the aneurysm and
small neighboring artery, the processing was performed man-

ually by two neuroradiologists (H.K., S.T.) using conventional
DSA images as a reference. An artifact of surface shaded
display caused by partial volume averaging at the neck of the
aneurysm is well known (11). Therefore, we used MIP images
for calculation of the neck of the aneurysm, except for cases in
which MIP images provided insufficient definition of the neck.

Embolization

In 33 of 47 aneurysms, endovascular treatment was per-
formed during the same angiographic session. All procedures
except one were performed with the patient under general
anesthesia. Systemic heparinization was performed during the
procedure, which commenced after placement of the first coil
into the aneurysmal sac in treatment of the ruptured aneurysm.
The appropriate size of the GDC for each aneurysm was
determined by measurement of the short axial diameter of the
dome by using the workstation. GDCs were placed in the
desired location under biplane fluoroscopic guidance with road
mapping. The biplane C-arm was positioned at the appropriate
projection after determination of the best angle to show the
aneurysmal neck by using 3D-DSA images. Complex tech-
niques, such as the remodeling technique with balloon (13) and
the double microcatheter technique (14), were used in 10
procedures. Biplane DSA images and 3D-DSA images were
obtained again immediately after the procedure.

Analysis of Aneurysms

Two neuroradiologists (S.T., M.O.) independently retro-
spectively assessed the 3D-DSA images. Differences in assess-
ment of both observers were resolved by consensus. The fol-
lowing features of the aneurysms were assessed: largest
diameter of the sac, size of the neck, shape, dome-to-neck
ratio, and relationship to the neighboring artery.

Largest Diameter.—The largest diameter of the aneurysmal
sac was calculated on the workstation by using MIP images.
The aneurysms were divided into two groups according to the
largest diameter, using a cutoff value of 5 mm: the classification
of small indicated aneurysms less than 5 mm in diameter and
medium indicated diameter of 5 mm or larger. None of the
aneurysms in this series had a diameter greater than 12 mm.

Neck Size.—Neck size represented the largest axial diameter
at the orifice of the aneurysms calculated on the workstation.
The aneurysms were divided into two groups according to neck
size, using a cutoff value of 4 mm: small size indicated a neck
size of less than 4 mm; wide size, necks equal to or larger than
4 mm.

Shape.—Aneurysms were classified into those with simple
shapes and those with complex shapes. Simple shapes included
round and oval shapes, with or without small blebs. Complex
shapes included multilobulated and mushroom shapes.

Dome-to-Neck Ratio.—The dome size used for the dome-to-
neck ratio was the smallest axial diameter of the dome. For
aneurysms with complex shapes, the smallest axial diameter of
the proximal dome was used as the dome size (Fig 1). Aneu-
rysms were divided into three groups according to dome-to-
neck ratio: those less than 1.2, those between 1.2 to 1.5, and
those greater than 1.5.

Relationship to Major Neighboring Artery.—This feature de-
termined whether the aneurysm had a branch vessel arising
from the aneurysmal neck and was classified as separate or
involved.

Occlusion Rate Immediately after Embolization.—The level
of aneurysmal occlusion after embolization was classified on
the basis of both 2D-DSA and 3D-DSA findings by using the
classification system presented by Cognard et al (15): 100%
occlusion, sac and neck are densely packed; greater than or
equal to 95% occlusion, sac is occluded but an obvious small
remnant neck or suspicion of a remnant neck exists; less than

AJNR: 23, August 2002 ENDOVASCULAR ANEURYSM OCCLUSION 1207



95% occlusion, loose packing, persistent opacification of the
sac, or remnant neck.

Statistical Analysis.—Correlation of the occlusion rate with
morphologic factors was analyzed statistically by the Mann-
Whitney U test or Spearman’s rank correlation test. The sta-
tistical level of significance was set at P � .05. Once significant
morphologic factors were identified, stepwise regression anal-
ysis was performed to identify those factor(s) that significantly
influenced the occlusion rate. For this analysis, nominal qual-
itative variables were transformed into quantitative variables
(presence � 1, absence � 0).

Difficulty Score for Prediction of Endosaccular Packing with
GDC.—When the factors that significantly influenced the oc-
clusion rate were identified, a simple difficulty score based on
these morphologic factors was calculated using the following
grading system: 0, largest diameter less than 5 mm; 1, largest
diameter greater than or equal to 5 mm; 0, dome-to-neck ratio
greater than 1.5; 1, dome-to-neck ratio from 1.2 to 1.5; 2,
dome-to-neck ratio less than 1.2; 0, neck size less than 4 mm; 1,
neck size greater than or equal to 4 mm; 0, simple shape; 1,
complex shape; 0, separate from neighboring artery; 1, involv-
ing neighboring artery. Thus, a high difficulty score determined
by 3D-DSA findings should indicate the likelihood of failure of
endosaccular packing with GDC. Finally, the difficulty score
for each aneurysm was compared with results of endovascular
treatment.

Results

Morphologic Features Determined by 3D-DSA
Findings and Occlusion Rate

Of 47 aneurysms, 20 (43%) showed 100% occlu-
sion, 11 (23%) showed greater than or equal to 95%
occlusion, and 16 (34%) showed less than 95% occlu-
sion immediately after embolization. The morpho-
logic factors determined by 3D-DSA findings and the
occlusion rates of the 47 aneurysms are summarized
in Table 1. No significant correlation existed between
occlusion rate and morphologic factors regarding
largest diameter.

Neck Size.—One hundred percent occlusion was
achieved in 17 (43.6%) of 39 aneurysms with small
necks and in three (37.5%) of eight aneurysms with
wide necks. Furthermore, greater than or equal to
95% occlusion was observed in 27 (69.2%) of 39
aneurysms with small necks and in four (50%) of
eight aneurysms with wide necks.

Shape.—One hundred percent occlusion was
achieved in 19 (50%) of 38 aneurysms with simple
shapes and in one (11.1%) of nine aneurysms with

FIG 1. Schematic drawings show mea-
surement of aneurysmal diameters in an-
eurysms with simple and complex shapes.

A, An aneurysm with simple shape
(oval with a small bleb). Neck size (a)
used in this study is the largest axial
diameter of the orifice of the aneurysm.
Dome size used for the dome-to-neck
ratio is a short axial diameter of the
dome (b). Estimation of the maximum
diameter of the sac is shown (c). The
small bleb is not included when estimat-
ing the maximal diameter of the sac.

B, Aneurysm with complex shape (mul-
tilobular). Dome size used for the dome-
to-neck ratio in this type is the short axial
diameter of the proximal dome (b).

TABLE 1: Morphologic factors of aneurysms and occlusion rate

Morphologic Factors of
Aneurysms Based on 3D Digital

Subtraction Angiography

No. of Aneurysms in Each Occlusion Rate Totals (n � 47)

100% (n � 20) �95% (n � 11) �95% (n � 16)

Largest diameter
Small (�5 mm) 13 4 7 25
Medium (�5 mm) 7 7 9 22

Neck size
Small (�4 mm) 17 10 12 39
Wide (�4 mm) 3 1 4 8

Shape
Simple 19 8 11 38
Complex 1 3 5 9

Dome-to-neck ratio
�1.2 0 1 9 10
1.2–1.5 11 6 4 21
�1.5 9 4 3 16

Relationship to the major
neighboring artery
Separate 18 8 8 34
Involved 2 3 8 13
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complex shapes. Furthermore, greater than or equal
to 95% occlusion was observed in 27 (71.1%) of 38
aneurysms with simple shape and in four (44.4%) of
nine aneurysms with complex shapes.

Dome-to-Neck Ratio.—One hundred percent occlu-
sion was achieved in nine (56.3%) of 16 aneurysms
with dome-to-neck ratios greater than 1.5, in 11
(52.4%) of 21 aneurysms with dome-to-neck ratios
between 1.2 and 1.5, and in 0 (0%) of 10 aneurysms
with dome-to-neck ratios less than 1.2. Furthermore,
greater than or equal to 95% occlusion was observed
in 13 (81.3%) of 16 aneurysms with dome-to-neck
ratios greater than 1.5, in 17 (85%) of 20 aneurysms

with dome-to-neck ratios between 1.2 and 1.5, and in
one (10%) of 10 aneurysms with dome-to-neck ratios
less than 1.2.

Relationship with Neighboring Artery.—One hun-
dred percent occlusion was achieved in two (15.4%)
of 13 aneurysms involving the neighboring artery and
in 18 (52.9%) of 34 aneurysms without involvement of
the neighboring artery (Figs 2 and 3). Steno-occlusive
changes in the neighboring artery immediately after
the procedure was observed in five (38%) of the 13
aneurysms involving the neighboring artery but was
not observed in aneurysms without involvement of
the neighboring artery.

FIG 2. Ruptured internal carotid artery aneurysm.
A, Lateral 2D-DSA image. A wide-necked aneurysm can be seen at the origin of the posterior communicating artery (arrows). The

relationship of the aneurysm to the posterior communicating artery is not clear in this image.
B, Surface shaded display image. Note the neck of the aneurysm and its involvement with the posterior communicating artery (arrows).

The dome-to-neck ratio is 1.0 on this three-dimensional image. The calculated difficulty score is 3.
C, GDC procedure was performed with a double microcatheter (arrowheads) technique.
D, Lateral 2D-DSA image obtained immediately after GDC procedure shows incomplete occlusion (�95%) of the aneurysm and patent

posterior communicating artery (arrows).
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These four factors were found to correlate signifi-
cantly with the occlusion rate: neck size (P � .014),
shape (P � .042), dome-to-neck ratio (P � .01), and
relationship with the neighboring artery (P � .025).
The correlation coefficients are listed in Table 2.

Using multivariate analysis, dome-to-neck ratio and
relationship with the neighboring artery were found
to be independent factors that significantly influenced
the occlusion rate. The estimated regression coeffi-
cient (�) and the estimated standard error for these

FIG 3. Ruptured aneurysm of the anterior communicating artery.
A, Right anterior oblique 2D-DSA shows aneurysm of the anterior communication artery with a dome-to-neck ratio of 1.8. A small

perforating artery (arrows) is thought to originate from the aneurysmal dome.
B, MIP image of the 3D-DSA image shows aneurysm of the anterior communication artery with a dome-to-neck ratio of 1.8. A small

perforating artery (arrows) is thought to originate from the aneurysmal dome.
C, Posterior surface shaded display image clearly shows that the perforating artery originates from the anterior cerebral artery

(arrowheads), beyond the neck and running along the aneurysmal sac. Difficulty score is 0.
D, Right anterior oblique 2D-DSA image obtained immediately after the GDC procedure shows complete occlusion (100%) of the

aneurysm with a patent perforating artery (arrows).

TABLE 2: Correlation matrix of coefficients

Neck Size Shape
Dome-to-Neck

Ratio
Relationship to the Major

Neighboring Artery

Neck size 1.0 �0.119 �2.58 0.257
Shape 1.0 0.286 0.257
Dome-to-neck ratio 1.0 �0.055
Relationship to the major

neighboring artery
1.0
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two variables were 1.415 and 0.393, respectively, for
dome-to-neck ratio and –7.13 and –0.366, respec-
tively, for relationship with the neighboring artery.

Difficulty Score.—Difficulty score was calculated on
the basis of dome-to-neck ratio and relationship to
the neighboring artery by using the aforementioned
simple grading system. Of 47 aneurysms, the difficulty
score was 0 for 14 aneurysms, 1 for 16, 2 for 13, and
3 for four (Table 3). Of the 14 aneurysms with a
difficulty score of 0, 13 (93%) showed greater than or
equal to 95% occlusion (Fig 3) and one (7%) showed
less than 95% occlusion. Furthermore, 14 (87.5%) of
the 16 aneurysms with a difficulty score of 1 and four
(30.2%) of the 13 aneurysms with a difficulty score of
2 showed at least greater than or equal to 95% oc-
clusion. All four of the aneurysms with a difficulty
score of 3 showed less than 95% occlusion. The dif-
ficulty score correlated significantly and negatively
with the occlusion rate (r � –0.64, P �.01).

Complex techniques were used in 10 aneurysms. Of
these, three had a difficulty score of 1, six had a
difficulty score of 2, and one had a difficulty score of
3 (Fig 2).

Discussion
The occlusion rate of aneurysms by endosaccular

packing with coils is influenced by a variety of factors
related to the morphologic features of the aneurysm,
including dome-to-neck ratio, size of the neck and
dome, shape, and relationship to the major neighbor-
ing artery. However, these aneurysm-related features
often cannot be characterized clearly on conventional
biplane DSA images without multiple radiographic
projections with various views. It is sometimes diffi-
cult to find a view that best defines these morphologic
features on conventional DSA images with multiple
projections. Recent technologic developments have
allowed us to obtain three-dimensional reconstructed
images by use of rotational angiography in a short
time (�8 minutes) (12). One can examine the image
from any view with a high resolution and can measure
the images at real time on the workstation. A precise
calculation of the size of the aneurysm is often nec-
essary for proper evaluation of the aneurysm. Tanoue
et al (16) recently reported that the morphologic
features of aneurysms determined by 3D-DSA find-
ings correlate with those of direct examination during
surgery and that the sizes of the aneurysms calculated
with 3D-DSA images also correlate with those mea-
sured during surgery (16). These morphologic factors
are accurately evaluated with 3D-DSA (11).

Dense packing of the coils within the aneurysmal
sac can be achieved with less risk of migration of the
coil into the parent artery when the treated aneurysm
has a small dome size, a small neck, and a large
dome-to-neck ratio, conditions that enhance the com-
plete occlusion of the aneurysm (4, 13). A high suc-
cess rate (80–85%) of complete occlusion can be
achieved in such aneurysms (4, 6). In the present
study, neck size and dome-to-neck ratio correlated
with the occlusion rate, which is similar to the findings
of previous studies (4, 6, 13). On the other hand, the
success rate of complete occlusion of giant aneurysms
by endosaccular embolization is very low. In our se-
ries, none of the aneurysms had a diameter greater
than 12 mm. Therefore, the maximal diameter of
these three parameters showed no significant corre-
lation with the occlusion rate.

The occlusion rate is also influenced by other fac-
tors, including relationship with the neighboring ar-
tery, shape of the aneurysm, tortuousity of the access
route, and experience of the operator. However, little
attention has been paid to these factors in the past.
The relationship of the aneurysm to the neighboring
artery is important in determining the feasibility of
the GDC procedure. Complete occlusion of an aneu-
rysm involving a major artery is associated with a high
risk of stenosis or occlusion of the main artery and
can potentially result in ischemic changes after the
procedure. Our study showed a significant correlation
between this factor and the occlusion rate. Further-
more, steno-occlusive changes in the neighboring ar-
tery were observed in 38% of the aneurysms involving
the neighboring artery. Thus, it is not only important
to evaluate the neck size and dome-to-neck ratio but
also the relationship of the aneurysm to the neigh-
boring artery before embolization.

Dense packing of a sac and neck with complex
shapes is often difficult and requires a higher degree
of skill. Therefore, complete occlusion of aneurysms
with complex shapes is more difficult than that of
aneurysms with simple shapes. Tortuousity of the
access route because of atherosclerotic changes
would also impose technical difficulties. We inter-
rupted the GDC procedure before the detachment of
the first coil in three cases because of poor maneu-
verability of the microcatheter caused by significant
tortuousity of the access route. However, the access
route does not include only intracranial arteries but
also extracranial arteries that could not be evaluated
by 3D-DSA, and tortuousity of these arteries is diffi-
cult to evaluate objectively. Because the aim of our
study was to determine the morphologic factors that

TABLE 3: Difficulty score of aneurysms and occlusion rate

Difficulty Score No. of Aneurysms in Each Occlusion Rate Totals (n � 47)

100% (n � 20) �95% (n � 11) �95% (n � 16)

0 9 4 1 14
1 10 4 2 16
2 1 3 9 13
3 0 0 4 4
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influence the success rate of complete occlusion of
the aneurysms on the basis of 3D-DSA, this factor
was excluded in this study.

In addition to aneurysm-related factors, the expe-
rience of the operator may also influence the out-
come of the GDC procedure. Turjman et al (5)
showed in their series that chronologic sequence cor-
related well with the success rate of aneurysmal oc-
clusion. Before the current series, we performed en-
dosaccular packing with coils in more than 15
cerebral aneurysms. We did not find differences in
occlusion rate between the initial 23 procedures
(100% in nine, �95% in seven, and �95% in seven)
and the later 24 procedures (100% in 12, �95% in
four, and �95% in nine) in this series, suggesting no
learning curve, at least in our department.

The difficulty score devised in the present study
and based on the findings of 3D-DSA can be easily
calculated. Our results showed that the estimated
score correlated with the difficulty of aneurysmal oc-
clusion; 90% of aneurysms with a difficulty score of
less than 2 showed greater than or equal to 95%
occlusion. On the other hand, aneurysms with a dif-
ficulty score of less than or equal to 2 were difficult to
occlude successfully by endosaccular packing and of-
ten required complex surgical techniques for comple-
tion of the GDC procedure. Although our difficulty
score was designed to allow prediction of the results
of endosaccular embolization of the cerebral aneu-
rysms, it could also be applied for decision making
regarding the treatment of cerebral aneurysms. How-
ever, selection of coil embolization for individual
cases should be determined by assessment of both the
difficulty score and surgical difficulty.

The proportion of aneurysms that were classified as
having 100% occlusion in this series was lower than
those reported previously by other groups (3, 4, 15,
17). Several reasons could explain the difference.
First, our selection of coil embolization was restricted
to poor surgical conditions. Only 34% of aneurysms
had dome-to-neck ratios greater than 1.5 in our se-
ries. Debrun et al (4) reported difficulty in completely
occluding aneurysms with low dome-to-neck ratios. In
their study, complete occlusion was obtained in ap-
proximately half of 12 aneurysms with dome-to-neck
ratios less than 2.0. Second, we used 3D-DSA for
evaluation of the occlusion rate of the aneurysm. A
small remnant neck could be shown using this tech-
nique, which cannot be identified by conventional
2D-DSA. In our study, analysis of the occlusion rate
based on the use of 2D-DSA showed that five of 11
aneurysms with greater than or equal to 95% occlu-
sion were evaluated as being 100% occluded. The
degree of technical skill could also affect the occlu-
sion rate. The use of the complex technique or the
stent-assist technique should improve the occlusion
rate, particularly in aneurysms with wide necks (4, 13,
18, 19). However, complete occlusion of the aneu-
rysms with small dome-to-neck ratios involving neigh-
boring arteries is often difficult and dangerous, even
when these complex techniques are used.

Conclusion

This study has certain limitations, including the
small number of patients studied and the retrospec-
tive nature of the study. Although a prospective study
that includes a larger number of patients is necessary,
our difficulty score based on 3D-DSA images is sim-
ple and provides clinically useful information for pre-
dicting aneurysmal occlusion by endosaccular embo-
lization.
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