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BACKGROUND AND PURPOSE: Although digital subtraction angiography (DSA) is consid-
ered the criterion standard for depiction of intracranial aneurysms, it is often difficult to
determine the relationship of overlapping vessels to aneurysms when using 2D DSA. We
compared 2D and 3D DSA in evaluation of intracranial aneurysms.

METHODS: Thirty-six consecutive patients with cerebral aneurysms underwent 2D and 3D
DSA. After standard 2D DSA, rotational DSA was performed. Maximum intensity projection
(MIP) and shaded surface display (SSD) images were created from the rotational DSA data
sets. All images were assessed randomly for overall image quality, presence of aneurysm,
presence of aneurysmal lobulation, visualization of aneurysmal neck, and relationship to
adjacent vessels. Data analysis was conducted for 40 aneurysms treated by clip placement.

RESULTS: One aneurysm that was not detected at 2D DSA was classified as uncertain on the
basis of rotational DSA. All aneurysms were classified as probably or definitively present on the
basis of MIP and SSD findings. Overall image quality of rotational DSA, MIP, and SSD was
statistically inferior to that of the standard 2D DSA for visualization of distal arteries. However,
MIP and SSD images were significantly superior to those of standard 2D DSA for all other
evaluations. For detection of lobulation, SSD images were significantly superior to other
images, and for visualization of aneurysmal neck and relationship to neighboring arteries, SSD
images were significantly superior to those of rotational DSA. For evaluation of the relationship
to neighboring arteries, MIP images were significantly superior to those of rotational DSA.

CONCLUSION: Three-dimensional DSA, especially SSD, provided more detailed information
for evaluating cerebral aneurysms than did standard 2D and rotational DSA.

Determination of the size of an aneurysmal sac and
neck and the anatomic relationship of an aneurysm to
the vascular tree is essential for successful clip place-
ment in the neck of a cerebral aneurysm and for
interventional endovascular treatment. To obtain de-
tailed morphologic information, digital subtraction
angiography (DSA) has been considered to be the
criterion standard because of excellent depiction of
cerebrovascular anatomic structures with high image
contrast and spatial resolution. However, it is often
difficult to determine the relationship between mul-
tiple overlapping vessels from 2D projectional im-
ages. Furthermore, small vessels may be obscured

when they are adjacent to large areas of opacification.
When complex vascular structures are being imaged,
it may be necessary to make multiple acquisitions at
various angles to provide adequate visualization.
However, multiple acquisitions result in increased
radiation exposure to the patient and repeated injec-
tions of contrast material.

Recently, 3D DSA was introduced (1–3). With this
technique, the 3D DSA images are reconstructed
from a rotational 2D DSA data set. The recon-
structed 3D DSA images show only the enhanced
vascular lumina, and data are stored. Therefore, it is
easy to evaluate the morphologic characteristics of an
aneurysm from multiple views with the use of variable
reconstruction techniques, such as multiplanar recon-
struction, maximum intensity projection (MIP),
shaded surface display (SSD), and volume rendering.
Although some researchers have shown that 3D DSA
is more sensitive for depiction of aneurysms than is
2D DSA, the number of patients and the detailed
evaluation with a commercially available 3D DSA
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system have been limited (1–3). Therefore, we ob-
tained the standard 2D and 3D DSA images in pa-
tients with intracranial aneurysms and investigated
the potential usefulness of 3D DSA compared with
that of 2D DSA.

Methods

Patients
Between December 1999 and January 2001, 36 consecutive

patients who were referred for evaluation of suspected intra-
cranial aneurysms were prospectively examined. The patient
group consisted of 11 (31%) male patients and 25 (69%)
female patients ranging in age from 32 to 74 years (mean
patient age, 61 years). At initial clinical presentation, 19 (53%)
patients had subarachnoid hemorrhage (SAH) resulting from a
ruptured aneurysm. Sixteen (44%) patients had no SAH but
had MRA findings that were suspicious for aneurysms; in these
16, MRA had been performed for routine clinical examination
or for ruling out vascular anomaly. One (3%) patient had
progressive left third nerve palsy suggestive of an enlarging
aneurysm of the left posterior communicating artery. Written
informed consent for DSA examination was obtained from all
patients.

Angiography
All patients underwent angiography while under local anes-

thesia. The device allowing 3D acquisition as well as 2D acqui-
sition was a commercially available angiographic unit with a
single X-ray tube and 9-inch image intensifier on a motorized
C-arm (LCN�; GE Medical Systems, Buc, France). By using
the Seldinger technique, the tip of a 5F catheter was guided
from the femoral artery to the ascending aorta and positioned
in the internal carotid or vertebral artery with the suspected
intracranial aneurysm. Standard 2D DSA was initially per-
formed to obtain anteroposterior and lateral views. X-ray pa-
rameters were 80 kV and 400 mA, a 1024 � 1024 matrix, and
injection of 9 to 10 mL of contrast agent at a rate of 4 to 5 mL/s.
Second, rotational angiography was performed by using the
C-arm. This series rotated a total angular range of 220 degrees,
but data acquisition was accomplished during the angular range
of 200 degrees at 40 degrees/s, providing 44 projections with
X-ray parameters of 80 kV and 250 mA and a 512 � 512
matrix. A total 15 mL of contrast agent was injected at a rate of
3 mL/s.

The method by which the rotational DSA produced the 3D
angiograms was as follows. First, rotation of the C-arm was
performed without injection to acquire the masks. Second, the
C-arm rotated back to the initial position. Finally, the C-arm
rotated again during injection of contrast material. The delay
between the beginning of injection and acquisition of the first
image was 1.2 to 1.5 seconds, determined as a reference of the
standard 2D DSA. During image acquisition, real-time tasks,
such as controlling C-arm movements, synchronizing X-ray
exposures, and injecting contrast material, were handled auto-
matically.

3D Reconstruction Techniques
The direct data obtained from the rotational DSA did not

have the spatial accuracy necessary for the 3D reconstruction
mainly because of two types of distortion: pincushion distortion
and S distortion (1, 2, 4). Pincushion distortion results from the
curvature of the input phosphor, and S distortion is caused by
the effect of the surrounding magnetic fields on moving elec-
trons within the image intensifier. Because the projection im-
ages were acquired at different image intensifier positions
relative to the earth’s magnetic field, the S distortion differed
for each image. These image distortions were corrected by

calculating the displacement for each pixel location at certain
C-arm positioners and matching the acquired grid points to
ideal grid points with the use of a grid phantom (4).

The acquisition geometry of the C-arm positions for each of
the projection images was computed with the help of a calibra-
tion phantom called Helix, which consisted of a cylinder with
markers arranged in a two and a half helical pattern. The
C-arm geometry was calculated by modeling the imaging pro-
cess as a transformation between the coordinate system defined
by the X-ray source and the image intensifier and the coordi-
nate system defined by the reference object. The transforma-
tion matrix relating a 3D point to its projection was decom-
posed into component matrices that described projection,
rotation, and translation of the two coordinate systems relative
to each other. The projection matrix is a function of the source
to image distance and the image center. The three rotation
matrices include the relative x-, y-, and z-axis angles. The
translation matrix contains the location of the source with
respect to the object center. The elements of the transforma-
tion matrix were estimated for each projection image, and the
locations of the source and the image were determined with
respect to the object coordinate system. Those calibrations
were required every week.

Furthermore, to estimate gray levels of the retained voxels,
an algebraic reconstruction method was used. With this recon-
struction method, a set of ray equations is defined that equates
each pixel gray value to the corresponding weighted sum of
intercepted voxels. Starting from an initial estimate, one deter-
mines the voxel gray values through a series of iterative cycles.
The method was generalized to 3D geometry determining the
weighting parameters on the basis of the intersection volume
between a ray and a voxel, adjusted for the voxel magnification.

After acquired data were corrected, the data were trans-
ferred to a workstation. It took approximately 7 minutes until
the 3D data were available on the workstation. MIP, which was
displayed with optimal windows, and SSD, which was displayed
with optimal threshold, were reconstructed by a neuroradiolo-
gist (T.S.) who was experienced in cerebral angiography. Ini-
tially, MIP images, which were not required for any postpro-
cessing, were displayed, and then SSD images were
reconstructed. The optimal threshold of SSD images was ap-
preciated as a reference of MIP images. Routinely, nine axial
and nine coronal MIP images and nine axial and nine coronal
SSD images were printed in sequential 10-degree rotation
intervals. All 3D images were stereoscopically arranged. When
the readers suspected aneurysms and required further infor-
mation, they could independently examine the 3D images on
the workstation from desired angles. Three-dimensional im-
ages were available approximately 10 to 15 minutes after 3D
data were transferred to a workstation.

Image Analysis
Standard anteroposterior and lateral 2D DSA images and 18

rotational DSA images in sequential 13.6-degree rotational
intervals were printed for evaluation. Films of all standard 2D
DSA, rotational DSA, MIP, and SSD images were randomly
arranged. Three readers (S.Ha, K.N.), who were unaware of
clinical findings and did not take part in image manipulation,
independently interpreted half of the films at separate sessions.
Two months after the initial interpretation, three readers
(S.Ha., K.N.) then independently evaluated the remaining films to
minimize the risk of affecting the interpretation of one aspect
of the study by others. After the independent review, a con-
sensus reading was conducted to resolve any differences in
interpretation. The readers evaluated all images randomly but
could not be prevented from knowing which images were being
reviewed, because the characteristic features of each image
were easily identifiable. First, scoring of the overall image
quality was performed on a four-point scale: 1 indicated that
findings were inadequate for diagnosis; 2, findings made detec-
tion of an aneurysm possible but were not useful for diagnosis;
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3, findings were good enough to detect an aneurysm, but
visualization of cerebral arteries was not adequate; 4, findings
were excellent for the diagnosis of an aneurysm, and visualiza-
tion of cerebral arteries was adequate.

Scoring for the presence of an aneurysm was performed on
a five-point scale: 1 was absent; 2, probably absent; 3, uncer-
tain; 4, probably present; and 5, definitively present. If the
answer was definitively present or probably present (score 4 or
5), the reader was then asked to evaluate the following char-
acteristics of each aneurysm in question: presence of aneurys-
mal lobulation, visualization of aneurysmal neck, and separa-
tion of aneurysm from neighboring vessels. Scoring for
presence of aneurysmal lobulation was performed on a five-
point scale: 1 was absent; 2, probably absent; 3, uncertain; 4,
probably present; and 5, definitively present. Scoring for visu-
alization of aneurysmal neck and separation of aneurysm from
neighboring vessels was performed on a four-point scale: 1 was
poor; 2, fair; 3, good; and 4, excellent.

Data Analysis
Data analyses were conducted for the aneurysms verified

with surgery. The analysis of variance and multiple compari-
sons were performed by using the Scheffé criterion (5) for each
evaluation. P � .01 was considered statistically significant.

Results

Nine axial and nine coronal MIP images and nine
axial and nine coronal SSD images provided a some-
what limited range of the potential views, but three
readers thought that these images were enough for
the evaluation of the presence of aneurysms. How-
ever, they sometimes needed observation of the im-
ages on the workstation to obtain different angles to
get more detailed information on the characteristics
of each aneurysm, such as the aneurysmal neck and
the relationship of the aneurysm to surrounding ves-
sels. One reader needed the workstation for seven
patients to ensure the presence of aneurysm, one
reader for 10 patients, and the other for 12 patients.

Forty-three aneurysms were detected and classified
as probably or definitively present (grade 4 or 5) by all
imaging techniques. Two untreated aneurysms and
one treated aneurysm were undetected (grade 1), and
one untreated aneurysm and one treated aneurysm
were classified as uncertain (grade 3) on the basis of
standard 2D DSA findings. One aneurysm that was
undetected at standard 2D DSA was classified as
uncertain and others were classified as probably or
definitively present (grade 4 or 5) on the basis of
rotational DSA results. All aneurysms were classified
as probably or definitively present (grade 4 or 5) on
the basis of MIP and SSD images. Finally, 48 aneu-
rysms were detected. Data analysis was conducted for 40
aneurysms treated by clip placement. The locations of
the evaluated aneurysms are detailed in Table 1.

Data for each evaluation are shown in Table 2. For
overall image quality, the standard 2D DSA findings
were superior those of other techniques (P � .001).
The SSD images often did not show distal small ce-
rebral arteries, and their scores were poorer than
those of other images. Artifacts were present on ro-
tational DSA images from misregistration between
masks and images because of equipment vibration

during the contrast agent injection, but they were
minimal and did not degrade the MIP and SSD im-
ages (Figs 1 and 2). Motion artifacts, blurring of the
vessel margin on the MIP images, and abnormal ir-
regular structures on the SSD images were severe for
only one patient (Fig 3).

For evaluation of the presence of an aneurysm, the
MIP and SSD images were significantly superior to
those of standard 2D DSA (P � .001), but no statis-
tical difference was found between MIP and SSD
images (P � .547) (Fig 1). The MIP and SSD images
were superior to those of rotational DSA, although
no statistical significance was found (P � .422 and
.160, respectively).

For evaluation of the presence of lobulation, the
SSD images were significantly superior to other im-
ages (P � .001). The SSD images clearly showed the
lobulation from any angle, but other images did not
always depict the lobulation, especially when the lob-
ulation was overlaid on the aneurysm (Fig 2). The
MIP images were also significantly superior to those
of standard 2D DSA (P � .006), but no statistically
significant difference between the rotational DSA
and the MIP images was found (P � .721).

For visualization of aneurysmal neck and relation-
ship to neighboring arteries, the MIP and SSD images
were significantly superior to those of standard 2D
DSA (P � .001), and the SSD images were signifi-
cantly superior to those of rotational DSA (P � .001).
The MIP and SSD images allowed the readers to view
the images from the desired angles, and the most
revealing images were easily identified (Figs 1 and 2).

Discussion
In the diagnostic workup of intracranial aneurysms,

there are specific characteristics of the lesion and
surrounding vessels that the radiologist must show,
because many aneurysms that have been incompletely
clipped have become enlarged or have rebled after
surgical procedures (6, 7). Previous studies have doc-
umented that rupture of aneurysms was predictable
after clip deployment because of the type and posi-
tion of the aneurysm. For example, Drake et al (8)
noted that in some instances, the clip had been placed
across a lobulation instead of the neck. Sindou et al
(7) showed that a large neck or large aneurysm most
frequently had a remnant. Rauzzino et al (6) empha-

TABLE 1: Location of aneurysms treated

Location Aneurysms (n)

Anterior communicating artery 11
Posterior communicating artery 10
Middle cerebral artery 9
Posterior inferior cerebellar artery 3
Ophthalmic artery 2
Basilar artery 2
Internal cerebral artery 1
Anterior choroidal artery 1
Pericarosal artery 1
Total 40
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sized that incomplete visualization of an aneurysm
because of its position in deep or beneath neighbor-
ing vessels or technical difficulty of clip deployment
because of parent vessel perforators projecting near
the aneurysm sac were important factors related to a
poorer clip placement outcome.

Recently, methods of endovascular treatment have
continued to evolve. The introduction of the
Guglielmi detachable coil (9) allowed more con-
trolled placement of coils and greater possibility of
occlusion of the aneurysmal sac and neck. This tech-
nique is now becoming the treatment of choice in
cases of surgically difficult or inoperable aneurysms
(10–13). However, the success of embolization of an
aneurysmal sac depends on many factors, such as the
degree of the angle between the sac and parent ar-
tery, configuration of the aneurysmal sac, and differ-
entiation of the neck from adjacent branches (13).

For the visualization of the aneurysmal neck and
relationship to neighboring arteries, the MIP and
SSD images were significantly superior to those of
standard 2D DSA and rotational DSA. As noted,
once an aneurysm is discovered, relevant geographic
characteristics must be delineated, because the size of
the neck relative to that of the aneurysm is one of the
most important factors in endovascular planning (13).
Additionally, knowledge of the neck site and sur-
rounding vessels is inevitably needed for clip deploy-
ment, especially when exposure of the neck is insuf-
ficient. In addition, the 3D images could be easily
positioned at the surgical view, which made it easier
for neurosurgeons to clip the aneurysms.

For the presence of lobulation, the SSD images
were significantly superior to those of MIP, standard
2D DSA, and rotational DSA. The morphologic char-
acteristics of the aneurysm must be displayed, be-
cause this is a key feature of predicting ruptured
aneurysms (12). Inherently, the SSD images can dis-
play the surface structure and provide a 3D vascular
survey, and the readers can easily identify the aneu-
rysmal surface and contour without having them ob-
scured by overlying vessels, even in a single image.
Although the SSD method is threshold-dependent
with subsequent reduction of information and is
judged unfavorably in comparison with the MIP
method, the source images show only a vascular tree
filled with contrast agent. Therefore, the density of
enhanced vascular lumina is extremely higher than

that of background or misregistration artifacts due to
equipment vibration, and the reconstructed images
were considered to be reliable.

The MIP and SSD images of 3D DSA were also
significantly superior to those of standard 2D DSA
and rotational DSA for evaluation of the presence of
aneurysms. Improving the detection of aneurysms is
very important, because approximately one fourth of
patients with aneurysms have multiple aneurysms.
Cases of undetected subarachnoid hemorrhage at an-
giography, even at standard 2D DSA, have been re-
ported (9). In particular, when a subtle angiographic
abnormality is encountered and other aneurysms are
not detected on the angiograms, it is very difficult to
decide whether surgical exploration should be per-
formed. Three-dimensional DSA can more clearly
depict the subtle angiographic abnormalities. To
avoid unnecessary and costly surgery, we advocate the
use of 3D DSA in the evaluation of cerebral aneu-
rysms.

Although our results look promising, it is important
to note that image quality is degraded by some arti-
facts. First, misregistration due to equipment vibra-
tion was always observed. These artifacts were often
encountered at bony structures of the skull base.
Fortunately, most cerebral aneurysms that required
treatment were located near the circle of Willis,
where the overlap of skull base bones was relatively
minimal and the evaluation of cerebral aneurysms
was not made difficult by the artifacts. Second, small
vessels originating near the aneurysm and distal ce-
rebral arteries might be obscured, because the injec-
tion volume of contrast agent per second is limited to
decrease total volume and to avoid, as much as pos-
sible, adverse effects of contrast agent administration.
In the present study, the injection rate for the 3D
DSA was slower than that for the 2D DSA, although
the total volume of contrast agent was larger for 3D
DSA than for 2D DSA. The use of a slower injection
rate for 3D DSA must have resulted in relatively poor
visualization of distal cerebral arteries in comparison
with standard 2D DSA. To determine the optimal
volume of contrast agent, further investigation should
be made in the future. Third, reconstructed images
show only vascular lumina and may not allow differ-
entiation of clotted blood from aneurysmal lumina.
This information cannot be obtained with arterial
angiography, and other imaging techniques such as

TABLE 2: The data of image analysis

Presence of
Aneurysm

Presence of
Lobulation

Visualization of
Aneurysmal Neck

Relationship to
Neighboring Artery

Overall Image
Quality

DSA 4.50 � 0.92 3.27 � 1.27 2.50 � 0.88 2.37 � 0.94 3.90 � 0.31†‡§
Rotation 4.83 � 0.45 3.83 � 1.23 3.60 � 0.65* 3.57 � 0.70* 3.56 � 0.54§
MIP 4.93 � 0.27* 3.94 � 1.08* 3.86 � 0.39* 3.86 � 0.43*† 3.44 � 0.54§
SSD 5.00 � 0.00* 4.54 � 0.99*†‡ 4.00 � 0.00*† 4.00 � 0.00*† 3.06 � 0.25

Note.—DSA indicates digital subtraction angiography; MIP, maximum intensity projection; SSD, surface shaded display.
* Value is significantly greater than that of DSA.
† Value is significantly greater than that of rotational DSA.
‡ Value is significantly greater than that of MIP.
§ Value is significantly greater than that of SSD.
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CT or MR imaging should be used. Fourth, the
patient’s motion artifacts produced more severe
image degradation. Inherently, 3D DSA techniques
required a longer acquisition time than did stan-
dard 2D DSA techniques and were more affected
by the patient’s motion. When a patient’s motion is
marked, we recommended repeating 3D DSA, or if
impossible, conducting a detailed evaluation of the
rotational and standard 2D DSA images. Finally, a

relatively longer period (approximately 7 minutes)
is required to produce 3D images. It is desirable to
decrease postprocessing time, especially when in-
terventional procedures are performed. This will be
resolved with the development of computer hard-
ware, but we thought that the time required to
display 3D images was not so long as to prohibit
routine use of this technique.

One limitation of this study was that only antero-

FIG 1. Images from the case of a 64-year-old female patient with
multiple aneurysms.

A, Anteroposterior standard 2D DSA shows right anterior (arrow)
and posterior communicating (double arrows) artery aneurysms,
but the right middle cerebral artery aneurysm cannot be visualized
(arrowhead).

B, Lateral standard 2D DSA shows right anterior (arrow) and
posterior communicating (double arrows) artery aneurysms, but
the right middle cerebral artery aneurysm cannot be visualized
(arrowhead).

C, Rotational DSA image, which can be seen stereoscopically,
clearly shows the relationship of the right anterior (arrow) and
posterior communicating (double arrows) artery aneurysms to the
neighboring vessels and to the aneurysmal necks. The right middle
cerebral artery aneurysm (arrowhead) can be seen, but the rela-
tionship to the neighboring vessels and the aneurysmal neck are
obscured by the superimposition of the surrounding arteries. Note
that minimal misregistrations are observed.

D, MIP image clearly shows the relationship of the right anterior
(arrow) and posterior communicating (double arrows) artery aneurysms to the neighboring vessels and to the aneurysmal necks. The
right middle cerebral artery aneurysm (arrowhead) can be seen, but the relationship to the neighboring vessels and the aneurysmal neck
are obscured by the superimposition of the surrounding arteries. Minimal misregistrations do not create artifacts.

E, SSD image clearly shows the relationship of the right anterior (arrow) and posterior communicating (double arrows) artery
aneurysms to the neighboring vessels and to the aneurysmal necks. The right middle cerebral artery aneurysm (arrowhead) is seen, and
the relationship to the neighboring vessels and aneurysmal neck are easily recognized. Minimal misregistrations do not create artifacts.
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posterior and lateral views were provided with stan-
dard 2D DSA. When an aneurysm is suspected on the
basis of anteroposterior or lateral views, obtaining
oblique images to adequately define the aneurysm
anatomy would be warranted. A more appropriate
study would be to obtain as many obliquities as are
necessary to adequately define the aneurysm anatomy

and then compare this with 3D DSA images. How-
ever, many oblique images would result in higher
doses of contrast material, longer examination times,
and more exposure to radiation. However, ethical and
economic concerns may obviate such a comparison in
a clinical study such as ours.

Recently, volume rendering, a third 3D technique

FIG 2. Images from the case of a 67-year-old female patient with a right middle
cerebral artery aneurysm.

A, Anteroposterior standard 2D DSA image. The aneurysm can be identified (arrow),
but the identification of the presence of aneurysmal lobulation and the relationship to
neighboring arteries is difficult.

B, Lateral standard 2D DSA image. The aneurysm can be identified (arrow), but the
presence of aneurysmal lobulation and the relationship to neighboring arteries is
difficult to discern.

C, Rotational DSA image, which can be seen stereoscopically, clearly shows the
aneurysm (arrow), but the superimposition of many neighboring arteries makes it
difficult to evaluate the presence of aneurysmal lobulation and the relationship to
neighboring arteries.

D, MIP image clearly shows the aneurysmal lobulation and relationship to neigh-
boring arteries (arrow).

E, SSD image is especially clear in showing the aneurysmal lobulation and relation-
ship to neighboring arteries.
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(14), has been introduced. This method has some
advantages over the MIP and SSD techniques. First,
the entire DSA data set can be incorporated within
the 3D image, whereas a small fraction of data is
displayed on MIP and SSD images. Second, the
number, density, and opacity of voxels can be ad-
justed separately to allow a change in the transpar-
ency of selected materials. Finally, the 3D appear-
ance is maintained and thereby enables a good
analysis of the relationship among vascular struc-
tures. Although a longer period is required to re-
construct 3D images, because of the larger data set
incorporated, more accurate evaluation is likely
possible.

It should be possible to extend this technique to the
evaluation of other vascular lesions, such as arterio-
venous malformations, arterial stenosis, and vascular
tumors, in various parts of the body. In addition, 3D
DSA provides morphologic information. The infor-
mation can be used for interventions such as percu-
taneous transluminal angioplasty and vascular stent
placement.

Conclusion
Three-dimensional DSA, especially SSD images,

clearly revealed aneurysms and aneurysmal lobula-
tion, aneurysmal neck, and adjacent vessels without
significant artifacts. Such detailed information is
likely to be very useful for the surgical management,
endovascular planning, and treatment of cerebral an-
eurysms.
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