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An Analysis of the Geometry of Saccular
Intracranial Aneurysms

Luciana Parlea, Rebecca Fahrig, David W. Holdsworth, and Stephen P. Lownie

BACKGROUND AND PURPOSE: Our goal was to characterize the geometry of simple-lobed
cerebral aneurysms and to find the absolute size of these lesions from angiographic tracings.

METHODS: Measurements of angiographic neck width (N), dome height (H), dome diameter
(D), and semi-axis height (S) were obtained from tracings of 87 simple-lobed lesions located at
the basilar bifurcation (BB), middle cerebral (MCA), anterior communicating (AcomA), pos-
terior communicating (PcomA), superior cerebellar (SCA), and posterior cerebral (PCA) ar-
teries. The following ratios were analyzed as subgroups according to location and as a collective
sample: dome diameter/dome height (D/H), dome height/neck width (H/N), dome diameter/
neck width (D/N), and dome height/semi-axis height (H/S). Using the parent artery as a ref-
erence, aneurysm dimensions were normalized to absolute in vivo size. Estimations were vali-
dated using angiographic markers.

RESULTS: For the entire sample, mean ratios were D/H 5 1.11, D/N 5 1.91, and H/N 5
1.86. For the H/S ratio, the value was 1.98 for BB, MCA, and PcomA lesions and significantly
smaller for the AcomA subgroup, at 1.52. The average sizes (in mm) for these dimensions were
N 5 3.4 for MCA, 3.0 for AcomA, 3.1 for PcomA, and 6.5 for BB; D 5 6.1 for MCA, 5.9 for
AcomA, 5.3 for PcomA, and 11.7 for BB; H 5 5.6 for MCA, 5.0 for AcomA, 5.3 for PcomA,
and 11.3 for BB. On average, BB aneurysms were twice as large as aneurysms at other loca-
tions. Good correlations were found between the scaled values for D and N, H and N, and H
and D.

CONCLUSION: These results have been used to characterize the typical simple-lobed an-
eurysm geometry and to provide a framework for the development of a method of assessment
of treatment choice and outcome on the basis of lesion geometry.

Saccular intracranial aneurysms account for 90% of
the aneurysms that occur at bifurcations of the cir-
cle of Willis and its proximal branches (1). Sac-
cular (or berry) aneurysms display a variety of
complex sizes and shapes. Although aneurysms
have been the target of numerous studies, precise
quantitative data on the aneurysm geometry, in-
cluding neck size, dome diameter, and other shape
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factors, remain limited. This geometric knowledge
is potentially important for patient management
when decisions concerning therapy must be made
(eg, surgical clipping or endovascular coiling). An
understanding of the geometry of aneurysms is also
important for studies that seek basic information
about the pathophysiology of the disease, including
approaches that use computer modeling (2), bio-
mathematical models (3, 4), in vitro experimenta-
tion with vascular phantoms (5–8), and in vivo an-
imal models (9, 10). The need for accuracy in
modeling has been emphasized by many scientists
(11, 12), who point out that the results obtained are
only as valid as the models themselves. Further-
more, in vitro models based on accurate geometric
information are essential in the refinement of im-
aging techniques (13), for use as training tools (14),
or for testing new therapeutic procedures (15), all
of which have the potential to improve diagnosis
and treatment.

To date, quantitative information on aneurysm
geometry has been limited. Studies that depend on
angiography must take great care to account for the
magnification inherent in the imaging process.
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Table 1: Summary of the simple-lobed aneurysms available for
study, divided into subgroups according to location, and the ex-
clusions made in order to arrive at a sample size of 82

Location T No. (%) Exclusions

MCA
BB
PcomA
AcomA
PCA
SCA
Total

51
32
33
35
5
7

163

35 (70)
21 (66)
11 (33)
13 (37)
3 (60)
4 (57)

87 (53)

2:lack of adequate neck view

1:lack of adequate neck view
2:lack of adequate neck view

5

Note.—T indicates the total number of aneurysms in each subgroup;
No., the number of simple-lobed aneurysms in each subgroup; MCA,
middle cerebral artery; BB, basilar bifurcation; PcomA, posterior com-
municating artery; AcomA, anterior communicating artery; PCA, pos-
terior cerebral artery; SCA, superior cerebellar artery.

Studies based on samples obtained at autopsy are
difficult and time-consuming, and, again, care must
be taken to account for the differences between in
vivo vasculature (distended by the systemic blood
pressure) and drained, fixed, or desiccated samples.
In this article, we present the results of a retro-
spective study with the goal of obtaining quanti-
tative data on simple-lobed berry aneurysms from
angiographic tracings. We have developed scale-in-
dependent measures of geometry, such as ratios be-
tween measurements of neck width, dome diameter,
and dome height, that may be used in clinical de-
cision-making even without knowledge of the ab-
solute in vivo aneurysm size. We have also veri-
fied, using an external marker system, a technique
(16) that scales measurements made from the trac-
ings to in vivo sizes by using the diameter of the
parent artery as a reference. Measurements were
made from 82 angiograms obtained over a 5-year
period. We describe the measurement technique in
detail and present results that may be used to gen-
erate a typical simple-lobed aneurysm for use in
numerical or in vitro simulations.

Both measurement approaches—scale-indepen-
dent ratios and scale-dependent absolute sizes—
provide information that can be used in deciding
the method of treatment and in predicting its out-
come. For example, the ratio between dome di-
ameter and neck width can be used as a guideline
in deciding between surgical or endovascular treat-
ment (17, 18). For lesions treated endovascularly,
knowledge of the diameter of the aneurysm neck
is critical in predicting the completeness of emboli-
zation (16) and is also helpful for selecting an ap-
propriate aneurysm clip when surgical intervention
is chosen (19). It has also been reported that prolate
spheroidal aneurysms (an indication of a small
dome diameter/dome height ratio) result in a worse
outcome after surgery than do more spherical le-
sions (20). The measurement technique that we de-
scribe may be useful in future prospective clinical
trials designed to investigate aneurysm treatment
strategies in a larger population.

Methods

Clinical Material

Aneurysms located at the basilar bifurcation (BB), middle
cerebral (MCA), posterior communicating (PcomA), anterior
communicating (AcomA), superior cerebellar (SCA), and pos-
terior cerebral (PCA) arteries were selected for analysis. The
angiograms of 163 patients with saccular aneurysms at these
locations treated at our institution between 1992 and 1997 were
included in the study. The majority of angiograms were digital
subtraction, although a few film-screen angiograms, acquired
before 1993, were used as well. The angiograms were obtained
before treatment, using a standard angiographic protocol, as
follows: 225 mg I/mL contrast material, injected at a rate of 7
mL/s for 1.3 seconds for vertebral injections and 8 mL/s for
1.3 seconds for internal carotid injections; images were ac-
quired at a rate of two frames per second. The angiographic
projection that best depicted the neck of the aneurysm, the
parent artery, and its branches was traced by one of us im-
mediately after treatment (see Drake et al [21] for a sample

‘‘track sheet’’). The angiographic films were placed on a light
box, and the outline of the aneurysm was copied onto thin
tracing paper with a lead pencil. Visual contrast was maxi-
mized by maintaining low ambient light levels. Information
obtained at surgery (when available) was used to resolve any
ambiguities regarding the relationship between the neck and
the vessel branches.

The sample of saccular aneurysms was classified into three
groups on the basis of biplane angiography and preoperative
findings: simple-lobed (pear-shaped, spherical, and beehive-
shaped aneurysms with or without a bleb); lobulated (more
than one lobule of a size comparable to that of the main an-
eurysm); and complex (partially thrombosed). The simple-
lobed aneurysms were then selected for this study, because
they were more likely to be symmetrical with respect to their
central axis; hence, their 3D shape could be inferred from a
single projection. The lobulated and partially thrombosed an-
eurysms were not analyzed, owing to their much more com-
plicated shape and lack of circular symmetry. From the sample
of 87 in the simple-lobed category, five were discarded be-
cause they lacked an explicit angiographic neck. A description
of the population sample, indicating division into subgroups
according to the location of the aneurysm on the circle of Wil-
lis, is presented in Table 1. The sample size of two of the
subgroups (PCA and SCA) was small; we therefore refer to
the remainder of the subgroups (MCA, BB, PcomA, and
AcomA) as the ‘‘main’’ subgroups.

Measurements

Aneurysm Shape Characterization: Scale-Independent Mea-
surements.—The following aneurysm dimensions, measured
on the angiographic tracings displaying the best view of the
neck, are illustrated in Figure 1A: the angiographic neck width
(N); the dome height (H), constructed as the right bisector to
the neck; the dome diameter (D), parallel to the neck and mea-
sured at the largest separation between the aneurysm walls;
and the semi-axis height, measured as the distance between the
neck and the dome diameter (S). These geometric character-
istics were previously used in the creation of various types of
aneurysm models to study flow through these lesions (22).
Measurements of all dimensions were made from the inner-
most part of the left line to the outermost part of the right line
(in order to account for the thickness of the tracing line), using
a 37 magnifying loupe (accuracy 60.1 mm).

The relationship between the dimensions of interest can of-
fer an indication of the aneurysm geometry if the lesion is
assumed to be axially symmetrical (ie, the object can be cre-
ated as a volume of revolution). The following ratios were
calculated: dome diameter/neck width (D/N), dome height/
neck width (H/N), dome diameter/dome height (D/H), and
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FIG 1. Schematic diagram of aneurysm
measurements.

A, The dimensions measured on the an-
giographic tracings are the neck width (N),
the dome diameter (D), the dome height
(H), and the dome semi-axis height (S).

B, For BB aneurysms, the angle, b, at
which the dome tilts with respect to the
parent vessel is measured.

FIG 2. The effect of D/H and H/S ratios
on general shape.

A, For a D/H ratio value less than 1, the
observed shape is an ellipse, with the ma-
jor axis in the vertical direction; for a value
of 1, a circle; and for values greater than
1, an ellipse, with the major axis in the hor-
izontal direction.

B, For an H/S value less than 2, the an-
eurysm has a pear shape; for a value of 2,
a circle; and for a value greater than 2, a
beehive shape.

dome height/semi-axis height (H/S). The D/N and H/N ratios
are important when trying to decide the size of the dome di-
ameter and height for a given aneurysm neck in a model. The
D/H and H/S ratios indicate the general aneurysm shape (Fig
2). In the case of D/H, the observed shape changes continu-
ously from a vertical ellipse (D/H , 1) to a circle (D/H 5 1),
to a horizontal ellipse (D/H . 1) (Fig 2A). The H/S ratio
describes where the maximum diameter of the aneurysm oc-
curs with respect to the neck. The described shape varies from
a pear (H/S , 2), to a circle (H/S 5 2), to a beehive (H/S
.2) (Fig 2B).

The four main groups (defined above) were tested for sig-
nificant differences between the mean geometric parameters
using the test for analysis of variance (ANOVA) followed by
the Neuman Keuls multiple comparison test (23) to determine
which groups were significantly different. When no significant
differences were found (P , .05), the subgroups were ana-
lyzed together in order to increase sample size and therefore
statistical power. One of the underlying assumptions in an
ANOVA test is that the data analyzed for the variance between
means is normally distributed. In order to correctly apply this
statistical procedure, the data were first tested to see if they
assumed a gaussian distribution. This test was performed only
on the four main subgroups because of sample size require-
ments; however, the SCA and PCA aneurysms were also in-
cluded in the single sample characterization (when appropriate)
in order to maximize the available sample size.

Angle of Attachment (BB Location Only).—For aneurysms
arising at the BB, the angle, b, at which the aneurysm tilts
with respect to the parent artery (anterior or posterior) was
measured in 18 tracings, in which the lateral view was avail-

able and the neck was not hidden by superimposing vessels.
The lateral view was used to construct and measure the angle
between the longest median to the angiographic neck and a
line parallel to the vessel walls proximal to the bifurcation (Fig
1B). The angle value, recorded with an accuracy to within half
a degree, was classified as positive if the aneurysm tilted pos-
teriorly and as negative if the opposite was true (anterior
orientation).

Scaling to True In Vivo Sizes: Absolute Calibration.—
A: Scaling Using the Parent Artery as a Reference. The infor-
mation provided by the angiographic tracings, while giving
important insight into the relationships between various di-
mensions, reveals nothing with respect to absolute size. In or-
der to answer questions pertaining to the average size of the
simple-lobed aneurysm, the magnification of the image during
acquisition and subsequent processing must be considered. The
absolute sizes of the simple-lobed aneurysms were estimated
using a technique described previously (16): the ratio between
the dimension of interest and the reference vessel—basilar ar-
tery (BA) or internal carotid artery (ICA)—was multiplied by
the average value of the vessel diameter, as found in the lit-
erature. The underlying assumption for this scaling approach
is that the reference vessel shows limited biological variability
across the general population.

The diameter of the BA was measured 2 to 3 cm proximal
to the bifurcation, where the walls appeared to stop tapering;
the diameter of the ICA was measured 0.5 to 1 cm proximal
to the M1 segment of the MCA, on the angiographic tracings.
Because the use of calibration markers was not part of the
standard protocol at the time these angiograms were obtained,
the only references available for estimating the absolute in vivo
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Table 2: Summary of the literature values used in calculating the
average internal carotid artery diameter

Study

Muller
(24)*

Wollsch-
laeger
(25)

Gabriel-
sen

(26)†
Khamlichi

(27)

ICA diameter (mm)
No. of subjects
Weighted average (mm):

3.33
222
3.56

3.64
220

3.73
156

3.65
100

Note.—ICA indicates internal carotid artery.
* The weighted average was calculated for male and female patients

in this study.
† The value was corrected for the magnification specified in the ar-

ticle.

Table 3: Summary of the literature values used in calculating the
average basilar artery diameter

Study

Akimoto
(27)

Wollsch-
laeger
(24)

Smoker
(28) Yu (29)

Peyster
(30)

BA diameter (mm)
No. of subjects
Weighted average (mm):

3.3
130
3.23

3.28
220

3.17
126

2.7
18

3.2
152

Note.—BA indicates basilar artery.

FIG 3. Sample angiogram with markers. For estimating true in
vivo size, the marker diameters (black arrows) were measured
to determine the magnification factor. The diameter of the internal
carotid was then measured (white arrow) and divided by the
magnification factor in order to obtain the absolute in vivo size.

size were these parent vessel diameters present in the tracings.
The BA was used as a reference for aneurysms located at the
BB, SCA, and PCA; and the ICA for aneurysms located at the
MCA, AcomA, and PcomA. It was impossible to estimate the
absolute size in two MCA lesions, two PcomA lesions, and
one AcomA lesion because we were unable to take a mea-
surement of the corresponding ICA diameter. The analysis was
thus performed in 31 MCA, 21 BB, eight PcomA, and 11
AcomA simple-lobed lesions. The average known vessel di-
ameter was obtained by calculating a weighted average of val-
ues presented in the literature for the ICA (24–27) and BA
(25, 28–31) diameters proximal to the circle of Willis, as sum-
marized in Tables 2 and 3, respectively. Only studies using
angiographic or postmortem measurements of pressurized ar-
teries were considered in these calculations of the true diameter
of parent vessels.

B: Analysis of Correlations. Because the angiographic trac-
ings presented a magnified view of the aneurysm, and the mag-
nification varied from image to image, the dimensions had to
be scaled to absolute in vivo size before analyzing the rela-
tionships between them. The following relationships were of
interest: the correlation between dome diameter and neck width
(D vs N), dome height and neck width (H vs N), and dome
height vs dome diameter (H vs D). A regression analysis was
performed and the Pearson correlation coefficient (r) was cal-
culated for these relationships. If correlation is found to exist
between the parameters, then the information can be used to
predict dome height and dome diameter given a particular neck
diameter in models of simple-lobed aneurysms. In addition,
correlation can be used to predict how dome diameter and
height grow with enlargement of the neck.

C: Verification of Scaling Technique. In order to validate the
parent-artery scaling technique (16), which assumes that the
reference artery varies little across the population of interest,
a second method can be employed that makes use of angio-
graphic markers placed on the patient’s head at the time an-
giography is performed. The use of barium-impregnated

sponge markers of known diameter (Multi-modality Radio-
graphic Markers, IZI Medical Products, Baltimore, MD; inner
and outer diameters, 0.5 and 1.5 cm, respectively) became
standard protocol in October 1997, after the majority of the
tracings were collected. Therefore, this method could not be
directly applied to estimates of aneurysm size for the sample
under investigation. Nevertheless, additional measurements
were performed in order to estimate the size of the ICA in a
sample of 22 digital subtraction angiograms obtained with the
same angiographic protocol as used for the aneurysm studies.
These images presented lateral views of the ICA and also con-
tained calibration markers. The diameter of the ICA was mea-
sured 0.5 to 1 cm proximal to the formation of the M1 branch
of the MCA by placing a plastic ruler on the angiogram and
measuring to within 60.25 mm. Two markers found on op-
posite sides of the head then were identified, and their maxi-
mum diameter was recorded in a similar fashion (Fig 3). The
magnification for each marker, M1 and M2, was obtained by
taking the ratio between the observed value and the known
value of 1.5 cm. Because the angiograms could contain either
the right or the left ICA, we assumed that the vessel was lo-
cated at the midpoint between the two markers. The magnifi-
cation, M, for this position was obtained through the following
formula: M 5 2M1M2 / (M11M2). Finally, the absolute size
of the ICA diameter was estimated by dividing the observed
value by the calculated magnification, M. The diameter ob-
tained in this way was compared with the average value re-
ported in the literature. The procedure was not performed for
the BA, because—owing to the view used for imaging (usually
anteroposterior) and the position of the markers on the pa-
tients’ heads—it was seldom that two markers located on op-
posite sides of the head could be identified on the image and
measured.

Ruptured versus Unruptured Lesions

The simple-lobed aneurysms were divided into intact and
ruptured lesions according to the information presented in the
patients’ records. Unpaired t-tests were performed to identify
any geometric differences between these two groups. Param-
eters compared between the groups included the four ratios D/
H, D/N, H/N, and H/S, as well as the average absolute dimen-
sions (obtained by scaling).
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Table 4: Summary of ratios: ranges and mean values

Ratio Location

Average
Value (mm)

(Mean 6 Standard
Deviation) Range (mm)

D/N
H/N
D/H
H/S

Entire sample
Entire sample
Entire sample
BB, MCA, PcomA
AcomA

1.91 6 0.86
1.86 6 0.86
1.11 6 0.29
1.98 6 0.45
1.52 6 0.28

0.79–6.35
0.60–5.53
0.49–1.80
1.21–3.75
1.00–1.93

Note.—D/N indicates dome diameter/neck width ratio; H/N, dome
height/neck width; D/H, dome diameter/dome height; H/S, dome
height/semi-axis height; BB, basilar bifurcation; MCA, middle cerebral
artery, PcomA, posterior communicating artery; AcomA, anterior
communicating artery; PCA, posterior cerebral artery; SCA, superior
cerebellar artery. The entire sample represents all the subgroups ana-
lyzed together.

FIG 4. Distribution of ratios.
A, Distribution of dome diameter/dome height (D/H) for all lo-

cations considered.
B, Distribution of dome height/semi-axis height (H/S) for an-

eurysms located on the BB, MCA, and PcomA.
C, Distribution of dome height/semi-axis height (H/S) for an-

eurysms located on the AcomA.

Results

Analysis of Scale-Independent Measurements
Because the images presented on tracings were

a result of magnification during acquisition and
processing, only the ratios between dimensions
were preserved, and could thus be analyzed in the
absence of a calibration factor. In our analysis of
these scale-independent measurements, a normal
distribution around the mean was observed for all
four ratios of interest (D/N, H/N, D/H, and H/S),
when analyzed separately for each main subgroup

(BB, MCA, AcomA, and PcomA). The ratios for
aneurysms located on the SCA and PCA were not
included in this analysis owing to the small sample
size (three and four aneurysms, respectively). Anal-
ysis of variance between the means of these ratios
showed no significant differences between the main
groups for all ratios except H/S. In this instance
there was a significant difference in the ratio found
in the AcomA aneurysms (Neuman Keuls multiple
comparison test, P , .05) from the values present
in the BB, MCA, and PcomA lesions, which dis-
played similar H/S mean values. The results for the
entire sample were therefore analyzed together in
an attempt to characterize the typical simple-lobed
aneurysm for the D/N, H/N, and D/H ratios. For
the H/S ratio, only the MCA, BB, and PcomA were
analyzed together, because the mean of the ratio for
the AcomA proved to be significantly smaller. The
results are summarized in Table 4.

The D/H ratio gives an indication of the general
aneurysm shape, describing the direction of the ma-
jor axis if the aneurysm is described as an ellipse
in projection (Fig 2A). Because the observed val-
ues for D/H seemed to be uniformly distributed
above and below a value of 1 (Fig 4A), it can be
concluded that the aneurysms vary between an el-
lipse with the major axis in the vertical direction
to an ellipse with the major axis in the horizontal
direction. The mean of 1.1 indicates that, on aver-
age, simple-lobed saccular aneurysms assume a
nearly spherical shape. Although the D/H ratio is
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FIG 5. Distribution of the angle at the BB, b (mean value, 1.6,
SD, 23).

Table 5: Mean values and ranges of absolute sizes of N, D, and H for aneurysms of the MCA, AcomA, PcomA, and BB (mean 6 SD)

Location N (mm) Range (mm) D (mm) Range (mm) H (mm) Range (mm)

MCA
AcomA
PcomA
BB*

3.4 6 1.9
3.0 6 1.1
3.1 6 1.1
6.5 6 3.1

1.1–9.4
1.5–5.9
1.6–4.9
1.5–12.9

6.1 6 2.9
5.9 6 1.9
5.3 6 2.7

11.7 6 5.4

1.0–11.4
3.2–8.5
2.2–10.5
4.8–27.0

5.6 6 2.8
5.0 6 2.4
5.3 6 2.2

11.3 6 4.5

1.5–13.1
2.0–10.8
2.1–7.9
5.8–22.6

Note.—N indicates the aneurysm neck width; D, dome diameter; H, dome height; MCA, middle cerebral artery; AcomA, anterior communicating
artery; PcomA, posterior communicating artery; BB, basilar bifurcation.

* The absolute dimensions of aneurysms at the BB are significantly larger than the dimensions of aneurysms found at the remainder of locations,
according to the Neuman-Keuls multiple comparison test (P , .001).

not independent of the D/N and H/N ratios, it was
calculated separately for simplicity. Nevertheless,
excellent agreement was observed between the av-
erage D/H of 1.11, obtained from direct calculation,
and the D/H value of 1.03, calculated by dividing
the average D/N value by the average H/N value.

The H/S ratio indicates where the dome diameter
is located with respect to the angiographic neck,
yielding a form that varies from a pear to a beehive
shape (Fig 2B). This ratio was the only one in
which statistically significant differences were ob-
served between the subgroups. The aneurysms of
the BB, MCA, and PcomA showed values uniform-
ly distributed around 2 (Fig 4B), with a mean of
1.98, suggesting again that these lesions are close
to a spherical shape. For AcomA aneurysms, the
observed ratio was 1.52, with the majority of an-
eurysms showing a value of less than 2 (Fig 4C),
indicating a tendency toward a pear shape.

The H/N and D/N yielded similar values, again
supporting the idea of a general spherical shape.
Although not shown here, the D/N values were nor-
mally distributed around the mean of 1.91, with a
few outliers creating the upper portion of the range.
The H/N values showed a positively skewed dis-
tribution, however, yielding an average of 1.86.

Angle of Attachment
Aneurysms arising from the BB did not continue

in the direction set by the BA. The dome tilted
forward or backward with respect to the parent ves-
sel. An equal distribution of aneurysms pointing in
either direction was observed. The measured angle,
b, ranged from 2468 to 338 (Fig 5), with a mean
of 1.68 6 23.2 (mean 6 SD). Although no mea-
surements were recorded close to the calculated
mean angle, and no obvious trend seemed to exist
in the obtained values, the data passed the test for
gaussian distribution.

Scaling to True In Vivo Values
Estimation of the Aneurysm Dimensions Using

the Parent Artery as Reference.—The estimation of
sizes for the simple-lobed aneurysms of the BB,
MCA, PcomA, and AcomA was performed using
the Zubillaga technique (16), since the use of cal-
ibration markers was not part of standard angio-
graphic protocol at the time the angiographic trac-
ings used in the study were collected. The true in
vivo sizes calculated for the four main locations are
summarized in Table 5. The SCA and PCA aneu-
rysm dimensions were not included in the statisti-
cal analysis owing to the very small sample size.
The dimensions of aneurysms located at the BB
seemed to be on average twice as large as the
equivalent dimensions in the remainder of the pop-
ulation, which presented surprisingly similar mean
values for the three dimensions considered.

The aneurysms were classified as small (dome
height , 12 mm), large (12 mm # dome height #
25 mm), or giant (dome height . 25 mm) (32),
and the angiographic neck was designated as small
(neck diameter , 4 mm) or large (neck diameter
$ 4 mm) (16). A summary of the type of aneu-
rysms found at each main location is presented in
Table 6.

Analysis of Correlations.—Once the absolute in
vivo dimensions of the aneurysms were calculated, it
was possible to investigate correlations between D,
N, and H over the entire sample. A strong positive
correlation was observed between the dome diameter
(D) and the neck width (N) (Fig 6A). A similar trend
emerged for the dome height (H) with respect to the
angiographic neck width (N) (Fig 6B). An even
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Table 6: Summary of aneurysm size classification based on neck width and dome height

Location No.*

No. (%) of Small
Aneurysms

Small Neck Large Neck

No. (%) of Large
Aneurysms

Small Neck Large Neck

No. (%) of Giant
Aneurysms

Small Neck Large Neck

MCA
BB
AcomA
PcomA

31
21
10
8

21 (68)
5 (24)
9 (90)
6 (75)

9 (29)
5 (24)
1 (10)
2 (25)

· · ·
· · ·
· · ·
· · ·

1 (3.2)
10 (48)
· · ·
· · ·

· · ·
· · ·
· · ·
· · ·

· · ·
1 (4)
· · ·
· · ·

Note.—MCA indicates middle cerebral artery; BB, basilar bifurcation; AcomA, anterior communicating artery; PcomA, posterior communicating
arteries.

* Number of aneurysms in each location subgroup.

FIG 6. Correlations of absolute in vivo aneurysm dimensions.
A, Dome diameter vs neck width (D vs N); r 5 .82, D 5 1.4

N 1 1.7, P , .0001.
B, Dome height vs neck width (H vs N); r 5 .79, H 5 1.3 N

1 1.9, P , .0001.
C, Dome height vs dome diameter (H vs D), r 5 .88, H 5

0.8 D 1 1.3, P , .0001.

stronger relationship was found between the size of
the dome height (H) and dome diameter (D) (Fig
6C). These correlations indicate that an increase in
aneurysm dimensions is linked to an increase in an-
eurysm neck diameter. Note, however, that because
of the classifications of neck and aneurysm size, it is
possible to observe a small aneurysm with a large
neck, although large and giant aneurysms with small
necks are unlikely (Table 6).

Verification of Scaling Technique.—The esti-
mated mean ICA lumen diameter obtained using
markers was 3.61, with an SD of 0.70, representing
19% of the mean. This value was consistent with
values reported in the literature (24–27) and was
within 1.4% of the average obtained from the lit-
erature (Table 2). Thus, scaling to true size using

the ICA diameter, or making use of standard mark-
ers present in the angiograms, should yield similar
results. The validation was not performed for the
BA, owing to the difficulty of observing calibration
markers in many of the angiograms used.

Ruptured versus Unruptured Lesions

Of the simple-lobed aneurysms analyzed, 52%
were intact at the time of discovery, while the rest
had ruptured. There were no significant differences
(P , .05) found in the D/N, H/N, D/H; in the H/S
mean values; or in the in vivo size of D, H, and N
between the ruptured and unruptured lesions (see
Table 7).
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Table 7: Summary of results for intact and ruptured simple-lobed
aneurysms

Quantity

Mean 6 SD

Intact Lesions Ruptured Lesions

D/N
H/N
D/H
H/S
N (mm)
D (mm)
H (mm)

1.81 6 0.47
1.80 6 0.74
1.07 6 0.27
1.87 6 0.30
4.24 6 2.50
7.70 6 4.77
7.35 6 4.31

1.99 6 1.02
1.93 6 0.98
1.09 6 0.31
1.95 6 0.58
4.29 6 2.89
7.72 6 4.55
7.20 6 4.30

Note.—D/N indicates dome diameter/neck width ratio; H/N, dome
height/neck width; D/H, dome diameter/dome height; H/S, dome
height/semi-axis height; N, neck width; D, dome diameter; H, dome
height.

Table 8: Distribution of saccular aneurysms at the MCA, BB, AcomA, PcomA, PCA, and SCA as observed previously and in the present
study

Study T No.

No. (%) at Locations of Interest

MCA BB AcomA PcomA PCA SCA

Kassel (35)
Richling (18)
Wiebers (33)
Akimoto (28)
Present study

676
211
161
90

163

398
173
81
53

163

147 (37)
53 (31)
30 (37)
23 (43)
51 (31)

26 (6)
21 (12)
12 (15)
6 (11)

32 (20)

213 (53)
67 (39)
8 (10)

23 (43)
35 (21)

7 (2)
24 (14)
26 (32)

· · ·
33 (21)

2 (1)
4 (2)
5 (6)
1 (3)
5 (3)

3 (1)
4 (2)
· · ·
· · ·

7 (4)

Note.—T indicates the total number of aneurysms considered in each study; No., the total number of aneurysms arising at the locations of
interest, and the value in parentheses is the percentage at each location (relative to No.); MCA, middle cerebral artery; BB, the basilar bifurcation;
AcomA, the anterior communicating artery; PcomA, the posterior communicating artery; PCA, the posterior cerebral artery; SCA, the superior
cerebellar artery.

Discussion

Demographics

Failing to choose a representative sample from a
population can seriously bias the results of an anal-
ysis. When trying to characterize a population from
a selected subpopulation, special attention must be
paid to choosing a representative group. The 163
saccular aneurysms available for this study oc-
curred in patients aged 28 to 83 years, with a mean
age of 52.5 years, which is consistent with the val-
ues reported in the literature (33, 34). Aneurysms
were more common in women than in men, a fact
previously observed (33). The distribution of the
aneurysms at the six locations is summarized in
Table 1. While previously reported values on the
location of aneurysms vary (18, 32, 35, 36) our
numbers fit within the observed ranges (Table 8).
The sample selected for this study shows the same
characteristics as observed in previous research in-
volving larger sample sizes, and can, therefore, be
considered as representative. From this available
group of 163 saccular aneurysms, only the lesions
that were pear-shaped, spherical, or beehive-
shaped, with or without a bleb, were considered
and analyzed to provide the geometry of the typical
simple-lobed aneurysm.

Aneurysm Geometry Characterization

All measurements were performed on tracings of
angiograms, which are 2D representations of 3D
objects. In such instances, one must assume that
the object is axially symmetrical in order to be able
to infer its 3D shape. The analysis had to be limited
to simple-lobed aneurysms, since in their case it is
more correct to assume circular symmetry than in
the case of multilobar or complicated lesions. With
this assumption in mind, our proposed model can-
not account for any irregularities, such as the pres-
ence of blebs. To extend our analysis beyond sim-
ple-lobed, symmetrical saccular aneurysms would
require quantitative 3D imaging techniques, such as
MR imaging or CT.

Distribution of Ratios.—Although the observed
sizes of aneurysms on the angiographic tracings are
a result of magnification during the acquisition and
processing of the image, the relationships between
these dimensions remain unchanged. This makes
the use of ratios, which are magnification-indepen-
dent, particularly attractive for the characterization
of aneurysm shape from angiographic tracings,
since there is no need for scaling to absolute in vivo
size.

The premise has been suggested that the ratio
between the dome diameter and neck should be
used as a factor in deciding between surgical treat-
ment and embolization (18). A ratio value of less
than 1 would suggest surgery as the best method,
whereas a ratio value of more than 1 (indicating a
small neck relative to the aneurysm dome), would
favor embolization. Particularly for wide-necked
aneurysms, this ratio is important in predicting
whether coils can be placed in a stable position
within the aneurysm dome (18). The simple-lobed
aneurysms we analyzed had a D/N average value
of 1.91 (Table 4), and only in four (5%) of 82 cases
was this value below 1, indicating that most sim-
ple-lobed aneurysms would be reasonable candi-
dates for endovascular coil treatment if one accepts
this premise. Other investigators have found that
an absolute neck size less than 4 mm is predictive
of satisfactory aneurysm occlusion with coils (16).
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FIG 7. 3D representations of the typical simple-lobed aneurysm.
A, Two views of the aneurysm arising at the BB, MCA, and

PcomA.
B, Two views of the aneurysm arising from the AcomA.

The D/H and H/N ratios could also be used to
determine the outcome of surgical or endovascular
treatment. It has been previously shown that for
MCA aneurysms a more spherical shape resulted
in a good outcome (as designated by an activity of
daily living score between 1 and 3) after surgical
treatment, whereas a prolate spheroidal shape was
associated with a poor outcome (score of 4 to 6 on
the activity of daily living scale) (20). The same
study found that a lower major axis/neck ratio also
corresponded to good outcome after treatment, but
the method of finding the major axis was
undefined.

From the perspective of in vitro modeling, the
D/H and H/S ratios give an indication of the gen-
eral aneurysm geometry, as previously discussed:
the D/H ratio indicates whether the maximum di-
mension lies parallel or perpendicular to the neck,
and the H/S ratio refers to the position of the dome
diameter with respect to the neck (Fig 2). Geome-
try seems to play an important role in the distri-
bution of stress within the aneurysm wall (37).
Since the tendency for growth and thrombosis may
be influenced by various geometric parameters,
studies that are concerned with this aspect of an-
eurysms would benefit from geometrically accurate
models. The same ratios (D/H and H/S) have been
previously used for the creation of different types
of simple-lobed aneurysm models (6). In addition
to these ratios, the D/N and H/N values are useful
in building a model. They indicate the appropriate
dome height and dome diameter to be used for a
specified neck size. In theory, then, for a neck
width of x, the typical aneurysm of the BB, MCA,
and PcomA would show a dome height of 1.86x
and a dome diameter of 1.91x, located at a distance
of 0.94x from the neck. If the aneurysm were
placed on the AcomA, a more accurate represen-
tation of the typical simple-lobe aneurysm would
show a dome height of 1.86x and a dome diameter
of 1.91x, located at a distance of 1.22x from the
neck of width x. We have used these characteristic
dimensions to generate 3D wire-mesh figures of
both aneurysm types, as illustrated in Figure 7.
These mesh structures are suitable for computa-
tional fluid dynamic modeling, finite element mod-
els, or computer-aided manufacture.

Generally, the measurements indicate that a
spherical model is appropriate for all aneurysms
except for those located at the AcomA, which tend-
ed to be pear-shaped rather than spherical. This as-
sumption of a spherical shape is consistent with
many earlier numerical and in vitro studies (38–
40), although it has not been validated previously.

Analysis of Angles.—The angle at which the bas-
ilar aneurysms tilt with respect to the BA has an
important implication for the outcome of surgical
treatment. The prognosis is poorer for aneurysms
that project more posteriorly, because vital perfo-
rators tend to be more involved (41). Our results
indicate an equal distribution of aneurysms with an
anterior or posterior orientation. A previous study

by Drake et al (21) found that the majority of small
BB aneurysms ‘‘project upward in line with the
curve of the basilar artery’’ (73% upward, 14%
posterior, and 11% anterior); however, this study
defined anterior- and posterior-pointing aneurysms
as those that pointed close to 908 relative to the
BA. If we consider those aneurysms in our study
that point between 6308 to be pointing upward,
then our results are in good agreement with the
previous study.

Absolute Sizes.—While the tracings provide in-
formation on the general shape of the aneurysm, in
order to find the absolute in vivo size of these le-
sions, one must account for the magnification pres-
ent. Being able to calculate the absolute size of the
aneurysm from an angiogram is of some impor-
tance in deciding the type of treatment and in es-
timating the risk of rupture. We made use of two
such methods, using either the parent artery or the
angiographic markers as a reference. The first
method assumes that the parent vessel diameter is
constant; thus, it is important to use as a reference
a vessel that shows little biological variability. The
BA is a vessel that is remarkably constant from its
origin to the bifurcation, with the exception of a
widening proximal to the bifurcation, which is
present in 16% of the cases (42). The BA diameter
was previously used as a reference value for esti-
mating the size of aneurysm necks (16) and of the
pituitary stalk (31). The ICA was also used as a
reference point in estimating the neck width of an-
eurysms (16). Care was taken to select, within the
vessel portion available, a segment with parallel
walls, thus minimizing the measurement error.
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The marker method is based on the assumption
that the location of the reference vessels within the
cranium is constant, and can thus be approximated.
For this method to be of use, the utilization of an-
giographic markers must be part of a standard pro-
tocol. The results of this study show that good
agreement exists between these two methods, in-
dicating that using the BA or ICA as a reference is
a valid technique for estimating the in vivo size
from angiograms.

Controversy still exists in the literature over the
critical size for the rupture of aneurysms and over
the most appropriate therapeutic approach for in-
cidental lesions. Inagawa et al (43) report rupture
to be found mostly in aneurysms larger than 4 mm,
and the risk of rupture and rerupture to increase
with the size of the aneurysm. Jomin et al (44)
place the critical size for rupture at the 10-mm-
diameter mark. Other researchers recommend sur-
gery only for lesions greater than 5 mm, since no
rupture is demonstrated in lesions smaller than 4
mm in diameter (45), while still others qualify le-
sions smaller than 5 mm as susceptible to rupture
(46). However, for locations such as the anterior
cerebral artery, bleeding is reported to be indepen-
dent of size (47). The present study found no dif-
ferences in the size of the neck, dome diameter, or
dome height of ruptured versus unruptured simple-
lobed aneurysms.

The absolute dimensions of the aneurysm are
also critical for accuracy in in vitro and numerical
models of these lesions. The size of the aneurysms
was not uniform at all locations (Table 5). In fact,
BB aneurysms tended to show a larger neck, dome
height, and dome diameter than the rest of the le-
sions (MCA, AcomA, and PcomA). Others have
found MCA aneurysms to have the largest maximal
diameter (35), but the difference probably relates
to the fact that their analysis was not performed on
simple-lobed lesions exclusively.

Our measured dimensions for the MCA aneu-
rysms (N 5 3.41 mm, D 5 6.12 mm, H 5 5.62)
tended to be smaller than previously reported val-
ues (N 5 5.10 mm, D 5 8.55 mm, H 5 6.43 mm)
(20). The discrepancy could be due to the fact that
the values reported by Ebina et al (20) may not
have been corrected for magnification (no mention
of such transformation is made in the article). At
the same time, they do not define the way the di-
mensions were measured; hence, their correspon-
dence to the dimensions described in the present
article can only be inferred.

Excellent correlations between the aneurysm
dome diameter and neck width (D vs N), dome
height and neck width (H vs N), and dome diameter
and dome height (D vs H) were observed, implying
a concurrent increase in the aneurysm dome with
an increase in neck size. A similar relationship was
previously observed between height and neck in
MCA aneurysms (20). These correlations between
D, H, and N imply that, for simple-lobed saccular
aneurysms, knowledge of aneurysm size or neck

width may provide information equivalent to de-
rived ratios such as D/N or H/N.

Conclusion
This study presents a relatively simple approach

to characterizing the simple-lobed aneurysm shape
and size using angiographic tracings. In the context
of aneurysm treatment, the trend is toward the in-
creased use of minimally invasive techniques, such
as GDC coil embolization. The shape of the an-
eurysm is critical to the success of the occlusion
and to the prevention of embolic material from ex-
tending into the parent artery. A relationship worth
investigating is the possible correlation between the
completeness of occlusion and the values of vari-
ous aneurysm dimensions. Measurements such as
described in this article could be prospectively in-
corporated into clinical trials that seek to compare
surgical treatment and endovascular embolization.
We found no significant differences in our mea-
surement parameters between ruptured and unrup-
tured simple-lobed saccular aneurysms. Note, how-
ever, that this finding may not apply to other types
of saccular aneurysms (lobulated and/or compli-
cated); further studies are required to determine if
a relationship exists between our geometric param-
eters and the clinical prognosis for saccular aneu-
rysms in general.

Although aneurysms have been the target of ex-
tensive research, precise quantitative data on their
geometry is limited. Many previous models have
assumed that aneurysms are spherical lesions, but
this assumption was founded in the need to sim-
plify an analysis, and was not based on empirical
evidence. According to our results, the typical sim-
ple-lobed aneurysm is almost spherical in shape, as
indicated by an average D/H ratio of 1.1, and an
H/S of 1.98, with the exception of AcomA aneu-
rysms, which seem to be more pear-shaped. Over-
all, these results validate the use of spheres as phys-
ical models of aneurysms. Furthermore, our
measurements characterize the range of shapes and
sizes assumed by these lesions, providing useful
guidelines for the creation of models that deviate
from the spherical shape.
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