
Introduction

Because the natural history of an unruptured cerebral
aneurysm is not known, the interaction between the in-
tra-aneurysmal blood flow and morphological features
of the aneurysmal geometry has been studied to eluci-
date the potential growth and rupture of an unruptured
cerebral aneurysm [1, 2, 3, 4, 5, 6, 7, 8, 9]. Current

advances in magnetic resonance angiography (MRA)
provide us with serial fine volume data of the aneurys-
mal angioarchitecture, including parent arteries and an
aneurysm [10, 11, 12, 13]. MRA signals obtained by a
time-of-flight (TOF) sequence may provide noninvasive
and feasible interpretation of the blood flow information
within an aneurysm [1, 14, 15, 16, 17, 18]. A postpro-
cessing numerical analysis of the MRA dataset can
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Abstract The natural history of
unruptured cerebral aneurysm is not
known; also unknown is the poten-
tial growth and rupture in any indi-
vidual aneurysm. The authors have
developed transluminal color-coded
three-dimensional magnetic reso-
nance angiography (MRA) obtained
by a time-of-flight sequence to
investigate the interaction between
the intra-aneurysmal signal intensity
distribution patterns and configura-
tion of unruptured cerebral aneu-
rysms. Transluminal color-coded
images were reconstructed from
volume data of source magnetic
resonance angiography by using a
parallel volume-rendering algorithm
with transluminal imaging tech-
nique. By selecting a numerical
threshold range from a signal inten-
sity opacity chart of the three-
dimensional volume-rendering data-
set several areas of signal intensity
were depicted, assigned different
colors, and visualized transparently
through the walls of parent arteries
and an aneurysm. Patterns of signal
intensity distribution were analyzed

with three operated cases of an
unruptured anterior communicating
artery aneurysm and compared with
the actual configurations observed at
microneurosurgery. A little differ-
ence in marginal features of an
aneurysm was observed; however,
transluminal color-coded images
visualized the complex signal inten-
sity distribution within an aneurysm
in conjunction with aneurysmal
geometry. Transluminal color-coded
three-dimensional magnetic reso-
nance angiography can thus provide
numerical analysis of the interaction
between spatial signal intensity dis-
tribution patterns and aneurysmal
configurations and may offer an
alternative and practical method to
investigate the patient-specific natu-
ral history of individual unruptured
cerebral aneurysms.
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visualize three-dimensional (3D) distribution of MR
signal intensities. Additionally, specific areas of signals
can be selected from the dataset of the MR signal
intensity opacity chart using a functional curve with
certain threshold ranges and assigned different colors.

The authors have developed transluminal color-
coded 3D MRA to investigate the interaction between
the signal intensity distribution patterns and configura-
tion of unruptured cerebral aneurysms. In the present
study transluminal color-coded images of the 3D MRA
were applied in three operated cases of an unruptured
anterior communicating artery aneurysm. Compared
with the actual outer-wall configurations observed at
microneurosurgery, the spatial signal intensity distribu-
tion patterns of transluminal color-coded images of 3D
MRA were assessed with respect to the aneurysmal
geometry.

Materials and methods

MRA data acquisition

We studied three cases with an unruptured anterior
communicating artery aneurysm detected incidentally at
MRA, including one case resulting in rupture with time
course. MRA was performed with 1.0-T equipment
(Signa HiSpeed; GE Medical Systems, Milwaukee, Wis.,
USA). Images were obtained with a 3D TOF, spoiled
gradient-recalled acquisition in the steady state
sequence, without cardiac or respiratory gating. Imaging
protocol was as follows: 35/3.9–4.1/2 (TR/TE/excita-
tions), flip angle 20�, 192·128 matrix, 1.2-mm thickness,
0.6-mm slice interval, 16-cm field of view, without
magnetization transfer contrast, total imaging time
8 min 49 s (two slabs), 60 sections in total (two slabs),
zero-fill interpolation processing two times, overlap of
eight sections. A total of 104 source axial volume data
were obtained and were transferred to a workstation
with computer medical visualization software (Zio
M900; AMIN, Tokyo, Japan).

Transluminal color-coded images of 3D MRA

The workstation interpolated the data every 0.3 mm and
processed the results into a 3D volume-rendering dataset
(207 data) in 9 s. The transluminal color-coded 3D
MRA images were rendered from the dataset in 11 s
using a parallel volume-rendering algorithm with a
transluminal imaging technique [1, 19, 20]. Based on a
histogram of the signal intensity distribution corre-
sponding to the luminal margin on the source volume
data, transparency of the luminal wall was selected from
the opacity chart of MR signal intensities (arbitrary
units distribution) by using a function of spiked peak

curve with a threshold range of 155–165 (peak value at
160 with 100% opacity level, window width 10). Those
transluminal images represented the contour of the
parent arteries and an aneurysm as a series of rings, and
color-rendered in red-purple.

To create transparent visualization of intraluminal
volume data through the vessel wall other square curves
were employed to select several specific areas of signal
intensity serially from the same opacity chart used for
the transluminal images. These areas were extracted with
threshold ranges of 200–250 (10% opacity level), 250–
300 (20% opacity level), and 300–500 (30% opacity
level) and were color-coded blue, green, and red,
respectively. The color-coded signal intensity areas were
superimposed onto the tranluminal images to create
computer-generated transluminal color-coded images
and were shown separately with each threshold range on
several 3D images or altogether on a single 3D image.
The total time required producing each transparent
color-coded images of 3D MRA was approximately 20 s
from post-MR scanning.

Transluminal color-coded 3D MRA was recon-
structed retrospectively through the similar projections
as to the operative views. Intraoperative findings of the
actual outer-wall features, including neck complex,
bulging and bleb of the sac, and perianeurysmal struc-
tures were compared with those of the projection mat-
ched transluminal color-coded images of 3D MRA.

Results

With the transluminal color-coded images intraluminal
information of MRA was color-coded and depicted
three-dimensionally with respect to the contours of the
parent arteries and an aneurysm. The 3D distribution of
signal intensity within each individual aneurysm was
shown as an area with different colors and projected in
various directions. Compared with the intraoperative
findings, a little discrepancy in marginal features of an
aneurysm was observed between 3D MRA and the
actual intraoperative features.

Case 1

A 60-year-old man had an incidentally discovered un-
ruptured anterior communicating artery aneurysm. The
volume-rendering image of 3D MRA (Fig. 1A), right
anterior projection, showed the aneurysm
(6.7·6.7·5.9 mm in size) with a blunt dome at the left
lateral tip of the sac (arrows), a gentle ridge along the
anterior aspect of the sac terminated to a slight bulging
near the neck (arrowheads). Those features were slightly
different but fundamentally consistent with the operative
findings (Fig. 1B). The transluminal color-coded flow
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images showed flow patterns with colors altogether on a
single 3D image (Fig. 1C) or different colors separately,
according to the threshold ranges, on several 3D images
from various projections (Fig. 1D–F, G–I). The distri-
bution pattern of signal intensity was interpreted as
follows: In the direction of the afferent right anterior
cerebral artery (A1) the profound high signal intensity
area was observed at the backside of the neck orifice
along the posterior wall extended to the dome at the tip
and projected back along the ridge of the anterior aspect
of the sac. Areas with relatively high and slightly high

Fig. 1 Case 1: a 60-year-old man with an unruptured anterior
communicating artery aneurysm. A Volume-rendering 3D MRA,
right anterior projection. Arrows Blunt dome at the left lateral tip;
arrowheads bulging of the sac. B Operative photo; similar
projection. C Transluminal color-coded flow images of 3D MRA
with mixed red, green, and blue colors altogether; right anterior
projection. D–F, G–I Transluminal color-coded flow images of 3D
MRA selected by signal intensity threshold range of 300–500 (red),
250–300 (green), and 200–250 (blue). D–F Right anterior projec-
tions. G–I Right lateral) projections
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signal intensity distribution were observed at the central
zone and beneath the bulging at the frontal sac adjacent
to the neck (arrowheads).

Case 2

A 56-year-old man had an unruptured anterior com-
municating artery aneurysm showing an episode of
transient visual field defect. The maximum intensity
projection image of MRA (Fig. 2A), right inferoanterior

Fig. 2 Case 2: a 56-year-old man with an unruptured anterior
communicating artery aneurysm. A Maximum intensity projection
image of MRA; right inferoanterior projection. Arrows Superior
and inferior domes. B Operative photo; similar projection.
C Transluminal color-coded flow images of 3D MRA with mixed
red, green, and blue colors altogether; right inferoanterior
projection. D–F, G–I Transluminal color-coded flow images of
3D MRA selected by signal intensity threshold range of 300–500
(red), 250–300 (green), and 200–250 (blue). D–F Right inferoante-
rior projections. G–I Right inferoposterior projections. Filled
arrowheads Margin of the inferior dome; unfilled arrowheads tip
of the superior dome
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projection, showed the aneurysm (6.8·6.7·4.9 mm in
size) with superior and inferior domes (arrows). The
actual contours of the aneurysm at the operation
(Fig. 2B) were similar to but differed slightly from those
of MRA, showing the superior dome with a sharp tip at
the right superolateral wall, and the inferior dome ex-
panded roundly and embedded into the left optic nerve
and chiasm. With transluminal color-coded images
(Fig. 2C, D–F, G–I) the signal intensity distribution
pattern was interpreted as follows: The profound high
signal intensity area was observed at the aneurysmal
ostium in a direction of the dominant left A1, and along
to the superior dome. A relatively high signal intensity
area was observed along the wall of the inferior dome,
and slightly high signal intensity area along the margin
of the inferior dome (arrowheads) and beneath the tip of
the superior dome (white arrowheads).

Case 3

An 83-year-old woman had an unruptured anterior
communicating artery aneurysm and resulted in rupture
3 months after MRA. The volume-rendering 3D MRA
(Fig. 3A) and the maximum intensity projection image
(Fig. 3B), right inferoanterior projection, 3 months be-
fore rupturing showed the aneurysm (7.2·5.0·10.3 mm
in size) with two large domes (arrows) extended super-
posteriorly and inferoanteriorly. With the transluminal
color-coded images (Fig. 3C, D–F) the signal intensity
distribution pattern was interpreted as follows: the high
signal intensity area was observed along the afferent left
A1 to the aneurysmal orifice and efferent left A2, and
extended beneath the superoposterior dome. The rela-
tively high signal intensity area was observed at the in-
feroanterior dome (arrowheads). The slightly high signal
intensity area was shown at the inferoanterior dome
adjacent to the anterior aspect of the neck (white
arrowheads). Serial 3D computed tomography angiog-
raphies performed 7 months (Fig. 3G) and 5 months
(Fig. 3H) before rupturing, and at the time of rupture
(Fig. 3I) showed the morphological change in the
aneurysmal configuration. The inferior dome (arrow-
heads) expanded slightly in the first 2 months (Fig. 3H)
and then grew anteroinferior direction at the time of
rupture 7 months later (Fig. 3I). Retrospectively, the
change in shape during follow-up time course was ob-
served at the anteroinferior wall of the sac (arrowheads,
white arrowheads), and which corresponded to the area
with relatively and slightly high signal intensity distri-
bution shown by the transluminal color-coded 3D MRA
3 months before rupturing (Fig. 3C, D–F). The patient
was operated on and successfully clipped the next day.
No thrombus or calcification was observed within the
aneurysm, but the exact and precise ruptured point

of the sac was not identified during the microneurosur-
gery.

Discussion

MRA is a noninvasive technique to obtain vessels-
to-soft tissue contrast by the flow of the spins within
the blood vessels [14, 15]. The inflow effect on TOF
MRA sequence causes flow void related mainly to
peak inflow velocity within the vessel lumen during
data acquisition process through the diastolic and
systolic cardiac cycles [1, 14, 15, 16]. The signal
intensity of each pixel appeared on the source images
can provide flow related information, but with over-
simplified actual flow [1]. The magnitude of signal
intensity is complicated and affected by several factors.
Loss of signals occurs mainly by spin saturation phe-
nomenon due to slow flow, phase dispersion due to
disturbed and complex flow (turbulent flow, accelera-
tion, pulsation, and higher order motion), and sus-
ceptibility or partial volume effects [1, 14, 15, 16, 17].
Depending on the aneurysmal geometry, including the
size of the neck and the flow ratio in distal branches,
complex intra-aneurysmal flow phenomena are gener-
ated by circulating flow, recirculating flow, and stag-
nation or stasis of flow [1, 2, 3, 4, 7, 8, 18]. Complex
or disturbed flow conditions within the aneurysm may
cause a decrease in signal intensity. Additionally,
because the flow within aneurysms varies in complexity
according to pulsation, intra-aneurysmal flow may
change with variations in heart rate [1, 12]. Interpre-
tation of signals of TOF MRA requires careful con-
sideration of potential pitfalls appeared on the volume
data of source images. In general, the bright pixels
may be assigned to high flow velocity, but the darker
pixels may not indicate low flow velocity. It is not
feasible to assign and quantify the magnitude of signal

Fig. 3 Case 3: an 83-year-old woman with an unruptured
anterior communicating artery aneurysm resulting in rupture. A
Volume-rendering 3D MRA; right inferoanterior projection.
Arrows Two large domes. B Maximum intensity projection
image of MRA; right inferoanterior projection. C Transluminal
color-coded flow images of 3D MRA scanned 3 months before
rupturing, with mixed red, green, and blue colors altogether;
right inferoanterior projection. D–F Transluminal color-coded
flow images of 3D MRA selected by signal intensity threshold
range of 300–500 (red), 250–300 (green), and 200–250 (blue);
right inferoanterior projection. Filled arrowheads Relatively high
signals at the inferoanterior dome; unfilled arrowheads slightly
high signals at the area adjacent to the neck. G–I Serial 3D
computed tomography angiographic images 7 months (G) and
5 months (H) before rupturing and at the time of rupture (I);
right inferoanterior projection. Filled arrowheads Inferior dome;
unfilled arrowheads anteroinferior dome
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intensity to the actual flow velocity, however, complex
and disturbed flow conditions within an aneurysm may
be depicted as an area with relatively low signal
intensity distribution on TOF MRA.

A postprocessing computer medical visualization
software offers numerical imaging analysis of the 3D
reconstructed volume-rendering dataset and then depicts
the specific results as a computer-generated 3D image.
Transluminal imaging reconstruction technique provides
transparent visualization of the intraluminal volume

data through the vessel wall, so that the signal intensity
distribution of MRA obtained by TOF sequence can be
depicted three-dimensionally [1, 19, 20]. The translumi-
nal flow images of 3D MRA interpret the intra-aneu-
rysmal flow patterns as a change in signal intensity by
the animated display but without temporal information
of actual flow dynamics [1]. As shown in the present
study, the transluminal color-coded images can visualize
spatial signal intensity distribution within an aneurysm,
with different colors assigning to the numerical thresh-
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old ranges and opacity levels of signal intensities. With
the transparent color-coded images of 3D MRA the
relationship between the signal intensity distribution and
the corresponding aneurysmal geometry, including neck
complex, bulging dome, and bleb, can be assessed three-
dimensionally from various projections.

The transluminal color-coded 3D MRA is a visually
appealing and informative means of postprocessing and
displaying TOF MRA. These images may allow us to
follow-up the patient-specific natural history of each
individual unruptured cerebral aneurysm with time
course. Further studies investigating the effect of mag-
nitude and distribution of intra-aneurysmal signals on
the natural history of various unruptured cerebral
aneurysms are necessary.

Conclusions

The transluminal color-coded images of 3D MRA can
provide a practical and prospective method to investi-
gate the patient-specific natural history of each individ-
ual unruptured cerebral aneurysm with respect to the
interaction between the intra-aneurysmal signal intensity
distribution and the aneurysmal angioarchitecture.
More work is required to validate the technique in un-
ruptured aneurysms with various locations and ruptured
cases of previously unruptured aneurysms. Additionally,
comparison of the color-coded images with the actual
aneurysmal configurations observed at microneurosur-
geries or intraluminal dynamics of contrast agent
obtained during interventional procedures is necessary.
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