Cerebral Aneurysms: Detection and Delineation Using
3-D-CT Angiography
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Purpose: We compared three-dim ensional image (3-D-CT ) angiography with conventional angiography to determ ine the clini ca l usefulness of this technique. Materials and Methods: We studied
15 patients with cerebral aneurysms using dynamic CT with intravenous injection of contrast
material and reconstructed 3-D-CT angiography. Results: 3-D-CT angiograph y could be performed
in conjunction with standard axial high-resolution CT without any additional scanning time and
with in 10-30 minutes for the overall study . All aneurysm s were clearly vi sualized by 3-D-CT
angiograph y. 3-D-reconstruction was very helpful in dem onstrating the neck , shape, and direction
of aneurysms, and adjacent vascular and bony structures. O ne small aneurysm that was difficult
to detect on axial images was clearly vi sualized on 3-D-reconstruction . Conclusion: 3-D-CT
angiography of cerebra l aneurysms could be performed routinely and was helpful in dem onstrating
the complex anatom y of cerebral aneurysms and surrounding structures. T his tec hnique will be
of value in surgical planning.
Index terms: Aneurysm , intracranial ; Computed tom ography, 3-D; Brain , computed tom ography;
Arteries , cerebral
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For many years cerebral angiography has been
the technique of choice for demonstrating the
intracranial vascular architecture, including aneurysms, but it is invasive, expensive, and subject
to a certain percentage of complications. Although magnetic resonance (MR) angiography
has been reported to be useful in the evaluation
of several cerebrovascular diseases, it has some
difficulties in demonstrating aneurysms because
of turbulent or slow flow (1-3).
The accuracy of high-resolution axial computed tomography (CT) in the direct diagnosis of
cerebral aneurysms has been reported by Schmid
et alto be 97.4 % (4). They recommended careful
on-screen observation before copying images
onto films to avoid misinterpretation of axial twodimensional CT images.
Three-dimensional (3-D)-reconstruction using
CT images has been reported in brain tumors (5),
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facial anomalies (6) , cranial bones (7 , 8), vertebral
diseases (9), pelvic fractures (10) , and others.
However, few reports have dealt with 3-D-reconstruction in cerebral vascular diseases (11 ), and
to our knowledge, none has dealt with cerebral
aneurysms. In the present study, we compared
conventional and 3-D-CT angiograms in 15 patients with cerebral aneurysms.
Patients and Methods
Since June 1989 to Decem ber 1990 , 26 patients with
intracranial aneurysm s were studied by Seldinger 's film
angiography of complete int ra cra nial circulation in our
hospital. Fifteen patients out of those 26 patients with 15
intracranial aneurysms were also studied usi ng 3-D-CT
angiography and these form the basis of this report. In the
other 11 patients, 3-D-CT angiography could not be performed because of patient condit ion or a full scan schedule.
Patients' age, sex, and size and location of aneurysms are
summarized in Table 1.
O ur proced ure for 3-D-CT angiography was as follows.
After determ inin g t he level of the circle of W illis by preli minary t hick scan (1 0 mm), we injected 2 m l /kg of nonionic
contrast material (lopamidol 370 , Schering , Berlin , Germ any) intravenously within 2 min (about 1 m l/second).
Thin-section rapid dynamic CT scanning was started 30
seconds after t he injection and lasted about 2 minutes.
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Secti on thickn ess was 1.5 mm at intervals of 1.5 mm (1530 section s, 2 second s per scan plus a 3.5 second intersection delay, 512 X 51 2 matrix, 12-cm field of view, 120 kV ,
120- 140 kV (240-280 mAs)) . The axial plane was set
approx imately parallel to the supraorbital-meatal line in
order to decrease irradiati on to the eyes. 3-D-reconstruction
was performed using the GE 9800 HR surface-rendering
m ethod (computer program s for 3-D reconstruction have
been described elsewhere (1 2, 13) with a threshold of about
100 HU and recon struction time of 3 minutes. About 20
different vi ews from different angles of the 3-D image were
recorded for compari son (angles were selected by S.A. and
Y.S.). After reconstruction of surface image (surface-rendering data set) , it took 6.5 seconds to rotate from one
angle to the other. W e set thresholds and fields of view
without using manual tra cing or object removal applications, becau se complicated m ethods were not practical.
Original axial images were also recorded for comparison .
All pati ents were also studied by conventional film
angiography before (two/1 5) or after (13/ 15) 3-D-CT angiography . 3-D-CT angiograms alone were retrospectively
revi ewed blindly by three of the authors (S .A ., Y.S., and
T .M .) from the viewpoint of aneurysm number. Then we
compared 3-D-CT and conventional angiograms from the
viewpoint of neck size and position using film angiogram
as a standard.
3-D-CT angiography required 2-3 minutes for scanning ,
3- 4 minutes for 3-D-reconstruction and 6.5 seconds for
angle rotation. The total examination time per patient wa s
about 10-30 minutes.

Results

All aneurysms and their necks and parent arteries were clearly visualized on 3-D-CT angiography (Table 1, Figs. 1-4). One middle cerebral
artery aneurysm that was extremely difficult to

demonstrate on conventional two-dimensional
axial images was readily visualized on 3-D images
(Fig. 3). 3-D-reconstructed views from different
angles were helpful in determining the main direction of the aneurysm , its actual shape, the size
of the neck , and its relationship with parent
arteries and bony structures. 3-D views from
above and below were especially useful in providing information not available from conventional
angiograms. Operative views were also helpful
for planning surgery and during the operation.
Because the surface-rending method shows only
the surface (like a shell), the inner surface of
aneurysms could be observed by "cutting" them .
These unique views were useful for better understanding of the relationship between the aneurysm and its parent arteries.
In giant and relatively large aneurysms , 3-DCT angiography was helpful in determining a
suitable angle on conventional angiography by
which to demonstrate the neck and adjacent
small vessels.
One false positive aneurysm was found on 3D-CT angiogram. It was revealed to be due to
small branches of artery on conventional angiogram. 3-D-CT angiography occasionally failed to
demonstrate small but important vessels such as
small posterior communicating and anterior choroidal arteries, which in some cases also could
not be identified on conventional angiograms.
Discussion

3-D-CT angiography of cerebral vascular structures can be performed in conjunction with con-

TABLE 1: Summary of pati ents and aneurysm s
Case
No.

2
3
4
5
6
7
8
9
10
11
12
13
14
15

Age

Sex

Site of
Aneu rysms

Size
(mm)

Neck Size

Neck Site

Fa lse Positive
A n on CT

Recent
Hemorrhage

61
58
42
67
42
45
52
54
54
54
59
59
66
67
68

F
F
M
F
M
M
F
F
F
M
F
F
M
F
F

IC-PC
Basila r tip
M CA bifurcation
ln tracavernous
A com
VA
IC-PC
IC-ophthalm ic
IC
MCAM1
MCA bifurcation
MCA bifurcation
VA
IC bifu rcation
IC-PC

20
8
5
25
35
20
3
26
20
8
10
12
15
25
12

A= CT
A<CT
A= CT
A<CT
A= CT
A = CT
A= CT
A= CT
A= CT
A= CT
A<CT
A<CT
A=CT
A =CT
A=CT

A= CT
A= CT
A= CT
A<>CT
A= CT
A= CT
A= CT
A<>CT
A= CT
A= CT
A= CT
A<>CT
A= CT
A= CT
A= CT

No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
Yes

Note

Right IC stenosis
Poorl y seen on 2D-CT
Part thromb
Fusiform , part thromb
Incidental A n

Fusiform

Ca lcifiction
Fusiform , part throm b

Note.-MCA = middle cerebra l artery; A com = anterior comm unica ting artery; VA= vertebral artery; IC = internal ca rotid artery; PC = posterior
comm unicating artery; part thromb-pa rtially throm bosed; <> = not equa l to ; A n = aneurysm .
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Fig. 1. A large ICA-posterior communicating artery aneurysm
(case 1).
A, Superior view (view from above). The aneurysm and its
neck at the ICA just distal to the posterior com municating artery
(arrowheads) are clearly demonstrated. A = anterior clinoid
processes; D = dorsum sellae; AC = anterior cerebral arteries;
MC = middle cerebra l arteries; P = posterior cerebral arteries.
B, Superior-posterior view. The line indicates the cut plane
for C.
C, Posterior and slightly inferior-lateral view with the cut plane
(see B) through the aneurysm. The orifice of the aneurysm
(arrow) was visualized. Because our surface rendering method
displayed only the surface of the aneurysm (like a shell), we cou ld
observe the inner view of the aneurysm when one "cut" the
aneurysm. D =dorsum sellae.

c

Fig. 2. An 8-mm basilar tip aneurysm (case 2). Superior view
(view from above). The basilar tip aneurysm (white arrow) was
visualized with posterior communicating arteries (arrowheads).
Narrowing of the right ICA due to atherosclerotic changes (confirmed by conventional angiography) was demonstrated as well
(black arrow). D =dorsum sellae; MC =middle cerebral artery.

ventional axial high-resolution imaging. Only 23 minutes is necessary for scanning and 5-l 0
additional minutes are needed for processing.
This makes the procedure easy to perform routinely.
Compared with conventional angiography, the
major advantage of 3-D-CT angiography, in addition to the fact that it is less invasive and
inexpensive, is its capacity to provide multiple
projections of anatomically complex vascular
structures (especially for giant or large aneurysms). "Base view" projections from above and
below are especially helpful in clarifying the anatomy of the aneurysm and adjacent vessels. Such
images are difficult to obtain by conventional
angiography, but can be easily obtained by 3-DCT angiography. The unique advantage of our
surface-rendering 3-D-CT angiography is the view
within the aneurysm . 3-D information on the
aneurysm and surrounding structures (vessels
and bones) can potentially have a significant
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A

B
Fig. 3 . A 5-mm left middle cerebral artery bifurcation aneurysm (case 3).
A , Superior view (view from above). A small aneurysm is
exhibited (arrow). The A 1 segment of right middle cerebral artery
was hypoplastic on conventional angiogram and 3-D-CT suggests
it as well (arrowheads). AC = anterior cerebral arteries; A =
anterior clinoid processes; D = dorsum sellae.
B, Conventional angiogram of the left ca rotid artery.

impact on decisions regarding surgical indication
and surgical approach . The fact that additional
views at any angle can be reconstructed whenever it becomes necessary is useful for planning
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surgery. This also means that, potentially, angiograms from operative views can be reconstructed
in the operating room on a real-time basis in the
near future.
In giant or large aneurysms, dense opacification of the aneurysm superimposed on adjacent
vessels may take identification of the neck difficult using conventional angiography. Several different angles might be necessary to visualize the
neck (14, 15). 3-D-CT angiography is useful in
this situation to help determine a suitable angle
on conventional angiography by which to demonstrate the neck and small vessels.
However, 3-D-CT angiography is inferior to
demonstrate small vessels such as hypoplastic
posterior communicating artery or the anterior
choroidal artery. Since our dynamic scan sequence covers a maximum of 5 em, it is usually
not possible to completely cover both vertebrabasilar and anterior cerebral arteries in one study
by our 3-D-CT angiography. This limited field of
view is also a disadvantage of 3-D-CT angiography in patients with high clinical suspicion of
aneurysms, because multiple aneurysms have to
be ruled out. Patient movement might also limit
this technique, although sufficient quality images
had been obtained in two patients with acute
subarachnoid hemorrhage in our study. Therefore, we do not believe that 3-D-CT angiography
can substitute for conventional angiography, but
we believe it compliments conventional angiography due to better and easy demonstration of 3D anatomy.
Recently, MR angiography has been developing rapidly (1-3). A preliminary report by Masaryk et at (16) using both spin-echo images and
MR angiograms detected 17 of 19 cerebral aneurysms. Nevertheless, MR angiography fails to
detect aneurysms that have a very slow flow and
underestimates the sizes of those having a turbulent flow. Moreover, thrombus with short T1
(extracellular methemoglobin) can appear bright
on MR angiography. Although the 89 % accuracy
reported in the study of Masaryk et at (15) is high
as a preliminary report, it is not superior to the
previous report using thin-section CT (4). Contrast-enhanced CT with dynamic scan techniques
is very reliable for demonstrating the lumen of
aneurysms, because all patent lumina should be
enhanced even if there is slow /turbulent flow.
Slow and/ or turbulent flow and thrombus within
or adjacent to aneurysms are still major problems
of MR angiography especially in giant ones, at-
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Fig. 4. A giant aneurysm at the cavernous sinus (case 4). Superior views (views from above). A and B were stereoscopic (lateral tilt
with 10° from each other). A large aneurysm was located below the well-developed posterior communicating artery and the posterior
clinoid process.

though there will be some progress because there
is much research work going on that issue.
In our 3-D-CT angiography, bones were not
deleted from reconstruction. Thi~ may limit the
view from certain angles, but can give the relationship between vessels and bones, which is
helpful for planning operation. 3-D-reconstruction
is especially useful to grasp the relationship between anterior clinoid processes and internal carotid arteries (ICA). MR angiography can demonstrate only vessels, but lack of information of
bones sometimes becomes a disadvantage of MR,
such as in ICA aneurysms.
A major disadvantage of 3-D-CT angiography
compared with MR is irradiation. The radiation
dose to the skin surface in our 3-D-CT angiography is estimated to be 10-30 mGy, according to
the report by Gholkar et al (17). This is approximately equal to routine head CT and less than
one series of film angiography. Because we avoid
direct planes through the orbit, the risk of cataract, which is the primary concern with irradiation
in the head, should be lower than with routine CT
or with conventional angiography. In patients
with aneurysms, several series from different angles are usually performed to visualize the neck
on conventional angiography. If 3-D-CT angiography could eliminate one of those series, it would
offset the radiation required for this study.
3-D-reconstruction clearly depicted one middle
cerebral artery aneurysm that was equivocal on
two-dimensional axial CT images. Accuracy of
original axial images should be already very high

(4). This suggests higher accuracy of 3-D-CT
angiography. Although our study was retrospective and patients were limited, 15 out of 16
suspected aneurysms on 3-D-CT angiogram were
positive by conventional angiography and no
aneurysm was missed. These facts suggest usefulness in screening of patients with relatively low
clinical suspicion of aneurysms.
In conclusion, 3-D-CT angiography can be performed routinely, and it provides projections of
aneurysms and adjacent vessels that are helpful
to recognize the 3-D anatomy of these structures,
especially in giant aneurysms. Small aneurysms
were also demonstrated clearly. 3-D-CT angiography might be useful in screening aneurysms.
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