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BACKGROUND AND PURPOSE: How the complex flow phenomena generated within unrup-
tured cerebral aneurysms relate to the corresponding aneurysmal geometry is unknown. To
estimate the interaction between flow patterns and morphologic features of unruptured cerebral
aneurysms, we developed a method to visualize intraanuerysmal flow patterns with translumi-
nal flow imaging of 3D MR angiograms in conjunction with aneurysmal configurations.

METHODS: Transluminal images of the vessel lumen were reconstructed with use of a
parallel volume-rendering algorithm by selecting information on the margin of lumina from the
volume data sets of 3D time-of-flight MR angiograms. Transluminal flow images were then
created by superimposing flow-related intraluminal information onto transluminal images.
Intraaneurysmal flow patterns were evaluated in three cases of unruptured cerebral aneurysms,
based on the animated display of transluminal flow images with stepwise extracted intraluminal
volume data of signal intensity, in conjunction with the corresponding aneurysmal configura-
tions depicted on 3D MR angiograms.

RESULTS: Transluminal flow images showed 3D visualization of flow-related signal intensity
distribution obtained from volume data of MR angiograms, so that qualitative information
regarding intraaneurysmal flow patterns could be estimated with respect to morphologic
features of cerebral aneurysms.

CONCLUSION: Transluminal flow images of 3D MR angiograms allowed feasible visualiza-
tion of intraaneurysmal flow patterns that were studied. More work is required to validate the
technique and clarify the significance of being able to visualize intraaneurysmal flow patterns.

Numerous flow dynamics studies of cerebral aneu-
rysms have been conducted in experimental models
and clinical trials to investigate the role of hemody-
namic forces in the initiation, growth, and rupture of
cerebral aneurysms (1–7). In individual clinical cases
with unruptured cerebral aneurysms, however, the
relationship of the complex flow phenomena gener-
ated within cerebral aneurysms to the corresponding
aneurysmal geometry is not known; also unknown is
the relationship between a change in flow dynamics

and growth and rupture of an aneurysm with time
course.

As a noninvasive screening method, current ad-
vances in CT and MR imaging provide invaluable
volume data on the angioarchitecture of cerebral an-
eurysms, which has had a positive effect on the ther-
apeutic management of cerebral aneurysms (8–11).
Three-dimensional reconstruction of luminal data,
shown by CT and MR angiograms, represents the
anatomic spatial relationship and morphologically
fine configuration of the parent arteries and an an-
eurysm. By using reconstruction software for com-
puter visualization applied to the workstation, it is
possible to select specific and limited data from the
whole-volume data sets, based on the opacity chart of
CT values or MR signal intensities (12, 13). By select-
ing the data obtained from intraluminal information,
the intraaneurysmal flow patterns may be represented
and analyzed in relation to the morphologic features
of the aneurysmal angioarchitecture.

We have developed a transluminal imaging tech-
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nique for visualization of an object transparently
through the vessel lumen, by using 3D CT and MR
angiograms, in which information of the outer margin
of the vessel lumen is selected from the volume data
set and represents the contour of the vessels and
aneurysms as a series of rings (12, 13). Transluminal
imaging allows a transluminal view from outside or
inside the vessel lumen through the spaces between
the rings and provides direct visualization of the un-
derlying objects through the lumina. Further, to visu-
alize the flow patterns, we developed a transluminal
flow imaging technique in which the flow-related in-
traluminal information is simply superimposed onto
transluminal angiograms. The transluminal flow im-
ages of 3D MR angiograms represent qualitative in-
formation regarding intraaneurysmal flow patterns as
a relative change in spatial distribution of MR signal
intensities within an aneurysm in conjunction with
corresponding aneurysmal configuration.

In the present study, we evaluated our initial results
of applying transluminal flow imaging of 3D MR
angiograms in three cases of unruptured cerebral an-
eurysms. Intraaneurysmal flow patterns were visual-
ized and evaluated by the animated display of trans-
luminal stepwise flow images in conjunction with
aneurysmal configurations.

Methods

MR Angiogram Data Acquisition
We studied three cases of unruptured cerebral aneurysm

detected incidentally at MR angiography: two cases of internal
carotid–posterior communicating artery aneurysm and one case
of internal carotid–ophthalmic artery aneurysm. We used 1.0-T
superconducting MR imaging equipment (Signa HiSpeed;
GE Medical Systems, Milwaukee, WI) for MR angiography.
Images were obtained with a 3D time-of-flight, spoiled gradi-
ent-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/NEX), flip angle 20°, 192 � 128 matrix,
1.2-mm thickness, 0.6-mm section interval,16-cm field of view,
without magnetization transfer contrast, total imaging time 8
minutes 49 seconds (two slabs), 60 sections in total (two slabs),
zero-fill interpolation processing two times, overlap of eight
sections. A total of 104 source axial images were obtained, and
those volume data were transferred to a workstation (Zio
M900; AMIN Co. Ltd., Tokyo, Japan).

Reconstruction of Transluminal 3D MR Images

The data were reconstructed every 0.3 mm on a workstation,
then processed into a 3D volume-rendering data set in 9 sec-
onds. The 3D MR angiograms were created from the data set
in 11 seconds by the conventional parallel volume-rendering
algorithm, by using an increasing curve starting with a thresh-
old of 145 (0% opacity level) and up to 155 (100% opacity
level)(Fig 1, top). Based on a signal intensity corresponding to
the luminal margin on the source images, transparency of the
luminal wall was selected from the opacity chart of MR signal
intensities by using a spiked peak curve with a threshold range
of 145–155 (peak value at 150 with 100% opacity level, window
width 10) (Fig 1, middle). The resultant transluminal 3D MR
angiogram (data reconstructed in 11 seconds) represented the
contour of the vessel and aneurysmal configurations as a series
of rings (color-rendered in red-purple in Fig 1).

Reconstruction of Transluminal Flow Images of 3D
MR Angiograms

To create the transluminal flow image, intraluminal volume
data, shown by regions of signal intensity distribution, were simply
superimposed onto the transluminal 3D MR angiogram and re-
constructed in 11 seconds. The data were selected stepwise by
using another square curve from the opacity chart of MR signal
intensities used for the transluminal image. The intraluminal data
were extracted in 30 increments with threshold ranges of 350–500,
320–500, 290–500, 260–500, 230–500, and 200–500 (100% opac-
ity level, respectively) (color-rendered in pink in Fig 1, bottom).
Serial change in stepwise extracted intaluminal contents within a
transluminal image was evaluated continuously by the animated
display and used to estimate intraaneurysmal flow patterns in
conjunction with aneurysmal configurations.

Results
The transluminal 3D MR angiograms represented

the configuration of the parent arteries and an aneu-
rysm as a series of rings, also showing the neck, dome,
and bleb. By using the transluminal flow images of 3D
MR angiograms, intraluminal contents relating to
blood flow information were superimposed onto
transluminal images, and 3D distribution of intralu-
minal MR signal intensities was visualized translumi-
nally through the vessel lumina. The flow pattern
within an aneurysm was evaluated as a change in
signal intensity distribution by animated display of
transluminal stepwise flow images.

Case 1
A 75-year-old woman had an unruptured left inter-

nal carotid–posterior communicating artery aneu-
rysm. The volume-rendered images of CT and MR
angiograms showed that the aneurysm was 12.7 � 8.4
mm (Fig 2A and B). The magnified images of CT and
MR angiograms depicted the aneurysm to have a bleb
at the lateral tip of the dome (Fig 2C and D). The
maximum intensity projection image of the CT angio-
gram showed homogeneous contents within the an-
eurysmal sac (Fig 2E). However, the maximum inten-
sity projection image of the MR angiogram showed a
high-signal-intensity linear area entering at the distal
neck orifice and running along the superoposterior
margin of the dome, with an area of relatively low
signal intensity in most of the remaining dome, in-
cluding the bleb (Fig 2F). The transluminal flow im-
ages with stepwise intraluminal contents demon-
strated the flow pattern within the aneurysm (Fig
2G–L). The blood flow pattern was evaluated as fol-
lows: blood flow entered into the aneurysm from the
distal aspect of the neck orifice and swirled along the
superoposterior wall, with a relatively slow-flow vor-
tex at the central zone and proximal neck within the
aneurysm and very slow flow at the protrusion of the
inferolateral dome and in the inferoposterior bleb.

Case 2
A 66-year-old man had an unruptured left internal

carotid–posterior communicating artery aneurysm.
The magnified volume-rendered CT and MR angio-
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grams showed the aneurysm (11.3 � 8.5 mm) to have
a bleb at the medial aspect of the dome (Fig 3A and
B). The maximum intensity projection image of the
CT angiogram showed relatively homogeneous con-
tents within the aneurysmal sac (Fig 3C). However,
the maximum intensity projection image of the MR
angiogram showed a high-signal-intensity linear area
entering at the distal neck orifice and running along
the superoposterior margin of the dome, with an area
of relatively low signal intensity in most of the remain-
ing dome (Fig 3D). The digital subtraction angio-
grams obtained in the early and late arterial phases
showed that the aneurysm had inhomogeneous in-
traaneurysmal contents (Fig 3E and F). Contrast me-
dium was distributed mainly at the superoposterior

area within the dome, consistent with blood flow
within the aneurysm. The transluminal flow images of
the 3D MR angiogram with stepwise intraluminal
contents demonstrated the flow pattern within the
aneurysm (Fig 3G–L). The blood flow entered into
the aneurysm from the distal side of the orifice and
flowed along the superoposterior wall, with relatively
slow flow at the center and most of the remaining part
of the dome. Very slow flow was shown at the infero-
medial region, including the bleb.

Case 3
63-year-old woman had an unruptured left internal

carotid–ophthalmic artery aneurysm. The magnified

FIG 1. Schematic illustration of selective opacity curves used in the opacity chart of MR signal intensities: increasing curve for the
conventional parallel volume-rendered imaging (top), spiked peak curve for transluminal imaging (middle), and spiked peak curve with
a stepwise square curve for transluminal flow imaging (bottom). Serial observation of transluminal flow images represents the
intraaneurysmal flow patterns by superimposing stepwise extracted intraluminal volume data, with signal intensities ranging 350–500,
320–500, 290–500, 260–500, 230–500, and 200–500, respectively, onto the corresponding transluminal images with aneurysmal
configurations.
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volume-rendered MR angiogram and coordinated
maximum intensity projection image showed that the
aneurysm (9.2 � 10.4 mm) extended medially (Fig 4A

and B). The transluminal flow images of the 3D MR
angiogram with stepwise intraluminal contents dem-
onstrated the flow pattern within the aneurysm (Fig

FIG 2. Case 1. 75-year-old woman with an unruptured left internal carotid–posterior communicating artery aneurysm.
A and B, Three-dimensional volume-rendered CT and MR angiograms, respectively, superoinferior projection.
C and D, magnified images of CT and MR angiograms, respectively, left lateral projection.
E and F, Maximum intensity projection images of CT and MR angiograms, respectively. Figure 2 continues.
Figure 2 continued. G–L, Transluminal flow images of 3D MR angiogram with stepwise intraluminal contents, with signal intensities

ranging 350–500, 320–500, 290–500, 260–500, and 200–500, respectively, demonstrate blood flow as the three-dimensional distri-
bution of signal intensities.
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4C–F). The blood flow entered into the aneurysm
from the distal side of the orifice and flowed along the
posterosuperomedial wall, with relatively slow flow at
the center and remaining anteroinferomedial part of
the dome to the proximal side of the orifice.

Discussion

With use of MR and helical CT angiography for
screening and further examination of cerebrovascular
diseases, a number of unruptured cerebral aneurysms
can be detected incidentally. Because the natural his-

FIGURE 2. CONTINUED.

1440 SATOH AJNR: 24, August 2003



tory of unruptured cerebral aneurysms is unknown, it
remains controversial whether such aneurysms should
be prophylactically treated by surgical and interven-

tional procedures or observed conservatively (14–21).
The size, shape, and location of unruptured cerebral
aneurysms are reported to be the most reliable ana-

FIG 3. Case 2. 66-year-old man with an unruptured left internal carotid–posterior communicating artery aneurysm.
A and B, Magnified volume-rendered CT and MR angiograms, respectively, right lateral projection.
C and D, Maximum intensity projection images of CT and MR angiograms, respectively. E and F, Digital subtraction angiograms,

lateral projection, obtained in the early and late arterial phases, respectively. Figure 3 continues.
Figure 3 continued. G–L, Transluminal flow images of 3D MR angiogram with stepwise intraluminal contents, with signal intensities

ranging 350–500, 320–500, 290–500, 260–500, 230–350, and 200–500, respectively.
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tomic risk factors for rupture (15–19, 21). In recent
studies, it has been suggested that physiologic factors,
such as intraaneurysmal blood velocity, blood pres-
sure, asymmetric flow state, and fluid-induced wall
shear stress may be responsible for the development
and growth of aneurysms (1–7, 22–24).

Intraluminal Information on CT and
MR Angiograms

CT angiograms provide luminal volume data by
filling the vessel lumen with contrast medium and
depict the luminal morphologic configuration of the

FIGURE 3. CONTINUED.
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parent arteries and an aneurysm; this representation
is similar to that obtained with digital subtraction
angiography (5, 9, 12). Intraluminal information indi-
cated by CT values consists of the volume of contrast

medium delivered from blood flow during the scan-
ning period.

In contrast, volume data of MR angiography, ob-
tained by 3D time-of-flight data acquisition, represent

FIG 4. Case 3. 63-year-old woman with an unruptured left internal carotid–ophthalmic artery aneurysm.
A, Magnified volume-rendered MR angiogram and B, coordinated maximum intensity projection image, anteroposterior projection.
C–F, Transluminal flow images of 3D MR angiogram with stepwise intraluminal contents, with signal intensities ranging 350–500,

320–500, 290–350, and 260–500, respectively.
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flow voids related mainly to peak inflow velocity
within the vessel lumen during data acquisition (8, 10,
11, 13, 25, 26). Intraluminal functional blood flow
information on MR angiograms, however, is compli-
cated and affected by several factors. Loss of signal
intensity occurs mainly from spin saturation effects
due to slow flow, and/or phase dispersion due to
disturbed and complex flow (10, 25, 26). The funda-
mental patterns of flow within the aneurysm are com-
posed of inflow, circulating flow, and outflow (2, 3, 6,
7, 22). Depending on the aneurysmal geometry, in-
cluding the size of the neck and the flow ratio in distal
branches, complex intraaneurysmal flow phenomena
are generated by circulating flow, recirculating flow,
and stagnation or stasis of flow (3, 6). Slow or dis-
turbed flow conditions within the aneurysm may
cause a decrease in MR signal intensity. Complex
intraaneurysmal flow results in inaccurate contour of
an aneurysm with inhomogeneous intraaneurysmal
contents depicted on the maximum intensity projec-
tion images or the source images of MR angiograms,
as compared with morphologic features shown on CT
angiograms. With respect to flow-related informa-
tion, however, heterogeneous intraluminal signal in-
tensity distributions, caused by signal intensity loss on
MR angiograms, may provide specific and character-
istic features relating to the intraaneurysmal blood
flow patterns.

Evaluation of Intraaneurysmal Flow Patterns
on Transluminal Flow Images of 3D

MR Angiograms
The transluminal images of 3D MR angiograms

represent the marginal information selected from lu-
minal volume data, which consist of the vessels and
aneurysms shown as a series of rings (12, 13). In the
present study, we extracted the intraluminal informa-
tion by selecting the volume data according to the
signal intensities obtained on MR angiograms. Se-
lected information related to intraluminal blood flow
was simply superimposed onto transluminal images.

With this transluminal flow image, it was possible
to visualize flow-related information within the lumen
through the spaces between the rings of the lumina
consisting of aneurysmal configurations.

Flow patterns within an aneurysm were analyzed
based on the animated display of transluminal flow
images with stepwise extracted intraluminal volume
data. Continuous observation of the flow-related in-
formation depicts the 3D signal intensity distributions
as a pattern of blood flow. From another approach,
stereoscopic or multiprojection views of the translu-
minal flow images could enhance the realistic spatial
distribution of the intraaneurysmal flow patterns.

Transluminal flow images represent flow as calcu-
lated from peak systolic velocities, but because of the
complex pulse wave in the intracranial circulation,
this representation likely is a considerable oversim-
plification of actual flow. Because the flow within
aneurysms likely varies in complexity according to the
heart rate, intraaneurysmal flow patterns illustrated

by transluminal flow images may change with varia-
tions in heart rate.

Limitations of Flow Pattern Evaluation with
Transluminal Flow Images of MR Angiograms
There are several limitations to the evaluation and

analysis of intraaneurysmal blood flow patterns with
3D MR angiographic transluminal flow images. First,
because MR signal intensity of volume data, obtained
by 3D time-of-flight acquisition, varies among indi-
viduals and conditions of examination, the absolute
value for blood flow is difficult to define. By using
contrast material–enhanced 2D cine phase MR an-
giography, quantitative change in blood flow velocity
is measured during systolic and diastolic cardiac
phases (27), but the range of interest is very small and
restricted within the basilar artery. In addition, car-
diac gating may be necessary for investigating pulsa-
tile effects on blood flow and aneurysm (23). Quan-
titative evaluation of actual flow is difficult; however,
qualitative information or relative change regarding
intraaneurysmal flow patterns may be possible to
evaluate with transluminal flow images of 3D MR
angiograms on a case-specific basis, incorporating the
anatomic geometry of an aneurysm.

The second limitation is related to reconstruction
of image data by using the volume-rendering tech-
nique (8–10, 12, 13). The diameter of the lumen,
consisting of a series of rings, is variable depending on
the MR signal intensities selected for the vessel wall,
so the threshold range of the opacity curve selected
for the aneurysmal wall must be optimized based on
the source axial images. In a case of an aneurysm
containing thrombus or heavy calcification in a por-
tion of its wall, analysis of flow pattern may be af-
fected by poor information on source images.

The third limitation depends on the characteristics
of volume information on MR angiograms. Volume
data obtained by MR angiography provide flow-re-
lated functional information, and images of vessels
and aneurysms on MR angiograms are similar to but
different from the morphologic features shown on CT
or digital subtraction angiograms. The outer margin
of the lumen on transluminal images of MR angio-
grams did not represent the true contours of the
vessels and aneurysmal walls, which resulted in a
certain discrepancy in the shape and size of an aneu-
rysm as compared with those on CT or digital sub-
traction angiograms. These findings may recommend
that the depiction of flow-related intraluminal infor-
mation of MR angiograms be superimposed onto the
projection-matched corresponding transluminal CT
or digital subtraction angiograms.

Conclusion
Transluminal flow images of 3D MR angiograms

can provide feasible visualization of intraluminal flow
patterns of unruptured cerebral aneurysms. Qualita-
tive information regarding intraaneurysmal flow pat-
terns could be estimated with respect to the morpho-

1444 SATOH AJNR: 24, August 2003



logic features of the cerebral aneurysms that were
studied. Pretreatment qualitative evaluation of in-
traaneurysmal blood flow patterns may provide an-
other clinical factor to consider in the natural history
of an unruptured cerebral aneurysm. More work is
required to validate the technique and clarify the
significance of being able to visualize intraaneurysmal
flow patterns.
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