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Summary: We have developed conventional and transpar-
ent 3D MR cisternography to investigate the spatial rela-
tionship between the contours of aneurysmal complex and
the perianeurysmal structures including the cranial nerves,
dural fold, cranial base bone, and brain parenchyma. Vol-
ume data obtained by a T2-weighted 3D fast spin-echo
sequence were reconstructed by using a perspective vol-
ume-rendering algorithm with a transluminal imaging
technique. 3D MR cisternograms provide useful anatomic
information in the therapeutic and follow-up management
of unruptured cerebral aneurysms.

MR cisternograms obtained by using a T2-weighted
3D fast spin-echo sequence can delineate the outer-
wall configuration of the cisternal structures with thin
sections and a high signal-to-noise ratio. In the
present study, the spatial relationship of the aneurys-
mal contours to adjacent structures was investigated
by using conventional and transparent 3D MR cister-
nography. Perspective views of the aneurysmal com-
plex depicted by the 3D MR cisternography were
correlated with findings disclosed by 3D MR angiog-
raphy and 3D CT angiography as well as intraopera-
tive anatomic findings acquired by similar visual
projections.

Technique

MR Cisternographic Data Acquisition
Two patients with unruptured internal carotid–posterior

communicating artery aneurysms that were incidentally de-
tected at MR angiography underwent MR cisternography be-
fore prophylactic aneurysmal microneurosurgery. MR cister-
nography was performed with a clinical MR imager (Signa

HiSpeed 1.0T; General Electric Medical Systems, Milwaukee,
WI) by using a T2-weighted 3D fast spin-echo sequence. The
following parameters were used: 4000/140/1 (TR/ TE/NEX);
echo train length, 64; bandwidth, 15.63 KHz; matrix, 256 � 256;
section thickness, 1.2 mm; section interval,1.2 mm; field of
view, 16 cm; and total imaging time, 8 minutes 1 second. A total
of 26 continuous source axial images were acquired. Volume
data were transferred to an independent workstation with med-
ical visualization software (Zio M900 Quadra; AMIN, Tokyo,
Japan).

Reconstruction of Conventional 3D MR Cisternograms

Data were interpolated every 0.6 mm on a workstation and
then processed into the 3D volume-rendering data set (51 data
points) in 9 seconds. The conventional 3D MR cisternograms
were rendered from the data set in 11 seconds by using a
perspective volume-rendering algorithm (1, 2). The signal in-
tensity histogram (arbitrary unit distribution) drawn on the
source axial image of the MR cisternogram, the parent internal
carotid artery, an aneurysm, the anterior clinoid process bone,
and the petroclinoidal dural fold showed profoundly low signal
intensity (50–100); juxtacisternal brain and optic nerve, mod-
erately low signal intensity (250–300); and surrounding CSF,
profoundly high signal intensity (500–750).

To visualize the margin of the vessels, nerves, and brain
parenchyma in three dimensions, the entire area that was
hypointense relative to CSF was selected from the opacity chart
of the signal intensity distribution by using a function of a
square curve with a threshold range of 100–500 (100% opacity
level) color-rendered in green (threshold range 100–490) and
red (490–500), respectively (Fig 1A). The conventional 3D
cisternograms depicted the contours of intracisternal objects
(i.e., cranial nerves, vessels, an aneurysm) and juxtacisternal
structures (i.e., cranial base bone, dura mater, ligament, and
the brain); those images were observed from various intracis-
ternal viewpoints with a visual angle of 90°.

Reconstruction of Transparent 3D MR Cisternograms

The transparent 3D MR cisternograms were rendered from
the same data set by using a perspective volume-rendering
algorithm with transluminal imaging technique (2–4). Trans-
parency of the borderline between the cisternal and juxtacis-
ternal structures was selected from the same opacity chart by
using a function of a square curve with a threshold range of
480–500 (100% opacity level) color-rendered in green (thresh-
old range 480–490) and red (490–500), respectively (Fig 1B).
To visualize the profoundly hypointense arterial component,
another square curve with a threshold range of 100–250 (100%
opacity level) was employed and color-rendered in blue. Those
transparent images represented the contours of the cisternal
structures, including an aneurysmal complex and juxtacisternal
brain as a series of rings, so the underlying objects were directly
depicted through the spaces between the rings.
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In correlation with the actual outer-wall configurations of
the aneurysmal complex and the perianeurysmal structures
observed at microneurosurgery, reconstructed images were
compared with the intraoperative visual data recorded on the
digital videotapes. The characteristics of the aneurysmal com-
plex—including relationship of an aneurysm to the parent ar-
teries, shape and surface features of the aneurysmal neck and
dome, contact and adhesion with the perianeurysmal struc-
tures—were evaluated independently by five neurosurgeons
(T.S., A.K., Y.Y., S.T., K.O.), including an operator. By using
reconstruction parameters of a function curve saved on the
workstation, each conventional and transparent 3D MR cister-
nogram could be reproducible within approximately 20 seconds
after MR imaging.

Case 1

An 83-year-old woman presented with an unruptured right
internal carotid–posterior communicating artery and a small
anterior choroidal artery aneurysm. The operative photograph
(Fig 2A) showed the caudal view of the right superolateral
aspect of those aneurysms and perianeurysmal structures, in-
cluding the right optic nerve surrounding the cranial base bone
and adjacent brain. The posterior communicating artery aneu-
rysm (9.8 � 8.4 mm) extended laterally, with a large dome
showing a slightly convex surface. By dissecting the distal mar-
gin of the posterior communicating artery aneurysm, a small
anterior choroidal artery aneurysm (2.5 � 1.8 mm) arising from
the internal carotid artery was observed. The digital subtraction
angiogram (Fig 2B), right oblique projection, showed both a
large posterior communicating artery aneurysm and a well-
demarcated small anterior choroidal artery aneurysm. The 3D
MR angiogram (Fig 2C), obtained using a similar projection as
that of the operative view (Fig 2A), showed the arterial com-
ponents of the aneurysmal complex; findings of the 3D MR
angiogram were similar to those of the operative view but
differed slightly in surface features of the aneurysmal neck and
dome. The minimum intensity projection (MinIP) image of the
source axial MR cisternogram (Fig 2D), superoinferior projec-
tion, depicted the posterior communicating artery aneurysm,
the optic nerve and optic chiasma, the anterior and posterior
clinoid process bones, the petroclinoidal dural fold, and the
adjacent temporal lobe. The conventional 3D MR cisterno-
gram (Fig 2E), obtained by using a similar projection to that of

the operative view, showed the spatial expansion and contact of
the aneurysm with the perianeurysmal structures. The shape
and surface features of the neck and dome of the aneurysm,
and their relationship to the parent arteries and the temporal
lobe, were essentially comparable to the operative findings.
The distal margin of the posterior communicating artery aneu-
rysm, however, was indistinguishable from the proximal margin
of the anterior choroidal artery aneurysm because of the ad-
hesive contact of aneurysmal margins before surgical dissec-
tion. The virtual viewpoint of the 3D MR cisternogram (Fig
2F), superoposterior projection, showed an unclear border
between the two aneurysms and contact of the internal carotid–
posterior communicating artery aneurysm with the temporal
lobe.

Case 2

A 54-year-old man presented with an unruptured left inter-
nal carotid–posterior communicating artery aneurysm. The op-
erative photographs (Fig 3A and B) showed the caudal view of
the left lateral aspect of the aneurysmal complex. The aneu-
rysm (2.5 � 2.7 mm) arose from the internal carotid artery
distal to the posterior communicating artery branch and ex-
tended laterally. Most of the dome was embedded in the adja-
cent temporal lobe. By dissecting the margin of the dome from
the brain, the whole shape of the aneurysm appeared with a
round bleb at the tip. The 3D MR angiogram (Fig 3C), ob-
tained using a similar projection to those of the operative views
(Fig 3A and B), showed the aneurysmal complex, which ap-
peared to be similar but slightly different owing to aneurysmal
shape and small protrusions on the surface of parent artery at
the contralateral side of the neck. The 3D CT angiogram (Fig
3D), obtained by using a similar projection to those of the
operative views, showed the aneurysmal complex and cranial
base bone similarly. The conventional 3D MR cisternogram
(Fig 3E), obtained by using a similar projection to those of the
operative views, showed the spatial relationship between the
parent internal carotid artery, the aneurysmal neck, the poste-
rior clinoid process bone, the petroclinoidal dural fold, and the
temporal lobe. The transparent 3D MR cisternogram (Fig 3F)
depicted the aneurysmal complex transparently through the
vessel wall and the adjacent brain. Those features correlated
well with the operative findings, but the MR cisternographic
findings did not precisely match those of the actual operative

FIG 1. Opacity charts of the signal intensity distribution for the 3D MR cisternograms.
A, Opacity chart for the conventional 3D MR cisternogram, showing a square curve with a threshold range of 100–500 (100% opacity

level), and color-rendered in green (threshold range 100–490) and red (490–500).
B, Opacity chart for the transparent 3D MR cisternogram, showing square curves, one with a threshold range of 480–500 (100%

opacity level), color-rendered in green (threshold range 480–490) and red (490–500), and the other with a threshold range of 100–250
(100% opacity level), color-rendered in blue.
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field because of the change in position of the frontal lobe and
dissection of the soft tissue by intraoperative manipulation and
retraction in surgical extension.

Discussion
Current advances in vascular imaging techniques—

including MR angiography (3–6), CT angiography (2,
7), and rotational digital subtraction angiography
(8)—provide invaluable information regarding the
angioarchitecture of a cerebral aneurysm. The 3D
images reconstructed from these angiograms by using
computer medical visualization software represent
the spatial relationship between parent arteries and
an aneurysm. Because these angiograms depict angio-
architecture with fine intraluminal configurations,
contours or actual outer wall features of the vessels
and an aneurysm observed at microneurosurgery are
similar but slightly different in certain cases. A dis-

crepancy often exists between angiographic and the
intraoperative findings, especially in cases of aneu-
rysms with intra-aneurysmal thrombus or a thick ath-
erosclerotic wall. In addition, the spatial anatomic
relationship of aneurysmal contours to the perianeu-
rysmal structures is not depicted precisely on the
conventional angiograms.

In contrast, MR cisternography (9–11) depicts the
vascular structures, including vessels and aneurysms,
with profoundly low signal intensity; cranial nerves
and brain parenchyma with moderately low signal
intensity; and cranial base bones with variably low to
high signal intensities. Thus, the space-occupying in-
tra- and juxtacisternal structures are well demarcated
by the profoundly hyperintense adjacent subarach-
noid CSF. These cisternographic features may be
useful in depicting the aneurysmal contours with peri-
aneurysmal structures. The ability of MR cisternog-

FIG 2. Case 1, an 83-year-old woman with a large unruptured right internal carotid–posterior communicating artery aneurysm and a
small anterior choroidal artery aneurysm.

A, Operative photograph showing the caudal view of the right superolateral aspect of the posterior communicating artery aneurysm
(An 1), the anterior choroidal artery aneurysm (An 2), and the right optic nerve (ON).

B, Digital subtraction angiogram, right oblique projection, showing the aneurysms (An 1, An 2).
C, 3D MR angiogram, similar projection to the operative view in panel A, showing the arterial components of the aneurysmal complex.

Note the slightly concave surface at the neck (arrowheads).
D, MinIP image obtained from MR cisternography, superoinferior projection, showing the cisternal structures with negative shadows

in contrast to the surrounding CSF with a positive shadow. ON, optic nerve; AC, anterior clinoid process; PC, posterior clinoid process;
PF, petroclinoid dural fold.

E, Conventional 3D MR cisternogram, similar projection to the operative view in panel A, depicting the contours of the aneurysmal
complex (An 1, An 2, A1, C2, M1), the right optic nerve (ON), the anterior clinoid process (AC), the petroclinoidal dural fold (PF), and the
temporal lobe (TL).

F, Conventional 3D MR cisternogram, virtual viewpoint from superoposterior projection, showing the aneurysmal complex and
perianeurysmal environment.
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raphy to reveal spatial relationships of the aneurysmal
complex to the perianeurysmal structures may, how-
ever, be limited by the 2D assessment based on review
of one or more source images.

By using the 3D reconstruction technique with a
perspective volume-rendering algorithm (1, 2), infor-
mation regarding the entire area with lower signal
intensity than CSF can be selected from the whole
volume-rendering data set without targeting or trim-
ming of the region of interest obtained by the MR
cisternography. The conventional 3D MR cisterno-
grams can provide an extensive spatial view of the
cisternal structures including the aneurysmal complex
and perianeurysmal structures, from various view-
points within the subarachnoid cisternal space; these
images may not be identical, but the shape and sur-
face features of the aneurysmal neck and dome and
their relationship to the parent arteries and periam-
eurysmal environment are correlated well with the
operative findings. Because retraction of the brain

and dissection of the soft tissue are usually performed
during surgical manipulation, the preoperative image
is different from the intraoperative field in the detail.
The movement of the intra- and juxtacisternal struc-
tures following surgical exposure always compromises
comparison of those pre- and intraoperative studies.
In addition, the transparent 3D MR cisternogram,
reconstructed by using a perspective volume-render-
ing algorithm with transluminal imaging technique
(2–4), allows borderline imaging with selected vol-
ume data; contours of the foreground objects are
depicted as a series of rings, so that the underlying
objects visualized directly through the spaces between
rings. In a case of an embedded aneurysm, the whole
shape of the aneurysm could be depicted transpar-
ently through the surrounding brain parenchyma.

Assessment of the anatomic relationship between
the aneurysmal complex and the perianeurysmal en-
vironment on the preoperative 3D MR cisternograms
can provide useful information, not only in the surgi-

FIG 3. Case 2, a 54-year-old man with an unruptured left internal carotid–posterior communicating artery aneurysm.
Operative photographs before (A) and after (B) surgical dissection of the embedded aneurysmal dome, showing the aneurysm (An),

the internal carotid artery (C1, C2), the posterior communicating artery (PComA), posterior clinoid process (PC), and the temporal lobe
(TL).

C, 3D MR angiogram, similar projection to the operative views in panels A and B, showing the aneurysmal complex. Note the slight
difference in terms of the aneurysmal shape and small protrusions on the parent artery (arrowheads).

D, 3D CT angiogram, similar projection with the operative views in panels A and B, showing the aneurysmal complex and cranial base
bone similarly.

E, Conventional 3D MR cisternogram, similar projection to the operative views in panels A and B, depicting the contours of the
aneurysmal complex (An, C1, C2, PComA), the posterior clinoid process bone (PC), the petroclinoidal dural fold (PF), and the temporal
lobe (TL).

F, Transparent 3D MR cisternogram, the same projection as in panel E, depicting the whole shape of the aneurysm (An) and parent
arteries (C1, C2, PComA) in blue, transparently through the vessel wall and the adjacent brain surface (green and red).
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cal or interventional managements, but also for inves-
tigating the natural history of unruptured cerebral
aneurysms. In addition to the intrinsic factors related
to the initiation, growth, and rupture of cerebral an-
eurysms—including the geometric angioarchitecture,
morphology of the dome, pathologic fragility of the
wall, and intraaneurysmal flow dynamics—outer wall
configurations of the aneurysm and the surrounding
intra- and juxtacisternal structures may play a role in
the development of cranial nerve symptoms or in the
deformation of the aneurysmal shape (9, 12); contact
of an aneurysm with the perianeurysmal environment
may affect the growth and rupture of an unruptured
cerebral aneurysm.

Although the 3D MR cisternogram depicts the con-
tours of the intra- and juxtacisternal structures trans-
parently through the intermediating CSF, several lim-
itations may exist in the application of 3D MR
cisternography. First, the quality of the 3D MR cis-
ternogram depends on the degree of spatial and sig-
nal intensity resolution obtained by the source MR
cisternogram (9–11). With the present imaging
equipment, the fine structures such as arachnoid tra-
becula, small veins, and perforating arteries within
the cistern may not be depicted, but higher field
strength imager and alternative imaging sequences,
including 3D constructive interference in the steady
state and 3D fast asymmetric spin echo, may provide
higher spatial resolution with better signal-to-noise
ratios (10, 11). In addition, the pulsation and flow-
related artifacts appearing within the subarachnoid
CSF space, the vessels, and an aneurysm may affect
the MR imaging signal intensity (10).

A second limitation is related to reconstruction
of the image by using a volume-rendering algorithm
(1– 6). A postprocessing computer medical visual-
ization software offers numeric imaging analysis of
the 3D reconstructed volume-rendering data set
and then depicts the specific results as a computer-
generated 3D image. The magnitude of signal in-
tensity of the MR cisternography, however, varies
among individuals and imaging sequences, and ac-
cording to the conditions of examination, the
threshold values of signal intensity for CSF and
cisternal structures are difficult to define. In cases
of the perianeurysmal objects showing similar
signal intensity to the surrounding CSF, it may be
difficult to distinguish the boundary of the aneu-
rysmal contour. The diameter of the intra- and
juxtacisternal structures is variable depending on
the MR imaging signal intensity values selected for
their contours. So that the signal intensity thresh-
old of the opacity curve should not be fixed to the
specific values, but must be optimized on the basis
of the signal intensity histogram drawn on each
source image of the MR cisternogram. For the
reproducible and reliable assessment with the 3D
MR cisternogram, further adjustment of threshold
range may be necessary to refine the contours in
each object in correlation with the actual intraop-
erative findings.

A third limitation depends on the restricted ana-

tomic cisternal space of CSF. The extent of the an-
eurysmal complex visualized by 3D MR cisternogra-
phy is essentially limited within the subarachnoid
cisternal space. Visual access for conventional 3D
MR cisternography is restricted within the cisternal
space through the limited projections and viewing
angles but may be useful in considering the surgical
approach and simulating surgical exposure. Transpar-
ent 3D MR citernography may partially overcome the
above-mentioned limitation and provide a transpar-
ent view of cisternal structures. Multiprojection as-
sessment with 3D MR cisternography, in conjunction
with MR angiography, CT angiography, and digital
subtraction angiography is necessary in investigating
the aneurysmal angioarchitecture.

Conclusion

By using a perspective volume-rendering algorithm
with transluminal imaging technique, reconstruction
of the MR cisternogram obtained by a T2-weighted
3D fast spin-echo sequence offers 3D visualization of
the contours of the cisternal structures including an
aneurysmal complex and intracisternal cranial nerve
and juxtacisternal brain; this visualization is compa-
rable to operative findings. Pretreatment clinical as-
sessment of the aneurysmal contours and perianeu-
rysmal environment would be useful in considering
therapeutic management of cerebral aneurysms with
surgical or interventional procedures. In addition, be-
cause the contact of aneurysm with the perianeurys-
mal environment may cause compression of the ad-
jacent cranial nerve or deformation in aneurysmal
shape, 3D MR cisternography can provide useful in-
formation for investigating the natural history of an
unruptured cerebral aneurysm.
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