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BACKGROUND AND PURPOSE: Surface irregularity and bleb formation are anatomical
factors that are associated with aneurysm rupture. The perianeurysmal environment has been
proposed as one factor that may influence aneurysm morphology. We have developed a fusion
imaging technique of 3D MR cisternography and angiography that allows clear visualization of
an aneurysm and its environment. This technique may prove useful in further understanding
of the natural history of intracranial aneurysms.

METHODS: Fusion images of 3D MR cisternography and angiography were reconstructed by
a perspective volume-rendering algorithm from the volume datasets of MR cisternography,
obtained by a T2-weighted 3D fast spin-echo sequence, and coordinated MR angiography, by a
3D time-of-flight sequence. On the fusion images, the anatomic relationship of an aneurysm to
the perianeurysmal structures was assessed, and the influence of perianeurysmal environment
on the deformation and bleb formation of the aneurysm was investigated.

RESULTS: Marked and minor deformation and bleb formation of the aneurysmal dome were
found at the areas confronted or adjacent to a certain contact with perianeurysmal structures,
including cranial nerves, brain parenchyma, cranial base bones, petroclinoidal dural folds, and
dura mater.

CONCLUSION: Fusion images of 3D MR cisternography and angiography can depict the
contact of an aneurysm with its perianeurysmal environment; this may provide an additional
parameter in consideration for the natural history of cerebral aneurysms.

Cerebral saccular aneurysms are initially rounded,
berrylike outpouchings that arise at a branching site
on the parent artery within the free subarachnoid
space (1). With an enlargement of the aneurysmal

dome, the aneurysms touch the intracisternal ana-
tomical elements, including cranial nerves, bridging
and surface veins, small arteries, and arachnoid tra-
becula. As the aneurysms grow to a certain size be-
yond the capacity of the surrounding subarachnoid
space, they may come into contact with the juxtacis-
ternal structures, such as the adjacent brain paren-
chyma, cranial base bone, dural folds, and dura ma-
ter. Intrinsic factors related to the initiation, growth,
and rupture of cerebral aneurysms have been eluci-
dated regarding the geometric angioarchitecture (2–
8), pathologic fragility of the wall and the cellular
mechanisms of degeneration and repair (9, 10), and
intraaneurysmal flow dynamics (6, 7, 11–18). In addi-
tion, contact of the aneurysm with the surrounding
intra- and juxtacisternal structures (perianeurysmal
environment) may cause either cranial nerve symp-
toms by the adhesive compression or deformation
and bleb formation of the aneurysmal dome by the
limitation in spatial expansion; these extrinsic factors
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may play a role in the growth and rupture of cerebral
aneurysms (19, 20).

Assessment of the anatomic relationship between
the outer wall configurations of the aneurysmal com-
plex and the perianeurysmal environment on the 3D
MR cisternography can provide useful information,
not only in surgical or interventional treatments but
also for investigating the natural history of unrup-
tured cerebral aneurysms (20). In the present study,
we have developed a fusion imaging technique of 3D
MR cisternography and 3D MR angiography. The 3D
MR cisternography–MR angiography fusion images
were applied for the evaluation of the contact of
unruptured cerebral aneurysms with their perianeu-
rysmal environments.

Methods
Thirteen patients with unruptured cerebral aneurysms that

were detected at MR angiography underwent MR cisternogra-
phy; 5 aneurysms were located at the internal carotid artery, 2
at the anterior communicating artery, 3 at the middle cerebral
artery, and 3 at the basilar artery. The patients’ ages ranged
from 54 to 83 years old (mean [�SD] 68.5 � 8.1 years; 3 men;
10 women). Six patients underwent surgery, the others were
followed-up, and 1 aneurysm ruptured in 14 months.

MR Cisternography Data Acquisition
MR cisternography was performed with a clinical MR im-

ager (Signa HiSpeed 1.0T, General Electric Healthcare, Mil-
waukee, WI) using a T2-weighted 3D fast spin-echo sequence.
We used the following parameters: TR/TE, 4000/160; number
of excitations, 1; echo-train length, 128; bandwidth, 15.63 kHz;
matrix, 256 � 256; section thickness, 0.6 mm; section interval,
0.6 mm; field of view, 16 cm; and total imaging time, 13 minutes
23 seconds. A total of 96 continuous source axial images were
acquired. Volume data were transferred to an independent
workstation with medical visualization software (Zio M900
Quadra, AMIN, Tokyo, Japan).

Reconstruction of Fusion Images of 3D MR Cisternography and
MR Angiography

Data of MR cisternography were processed into the 3D
volume-rendering dataset (84 data points) in 9 seconds. The 3D
MR cisternogram was rendered from the data set in 11 seconds
using a perspective volume-rendering algorithm. On the signal
intensity histogram (arbitrary unit distribution) drawn on the
source axial image of the MR cisternogram, the parent arteries,
an aneurysm, the petroclinoidal dural fold and dura mater, and
cranial base bone showed profoundly low signal intensity (50–
100); juxtacisternal brain and cranial nerves, moderately low
signal intensity (250–300); and surrounding cerebrospinal
fluid, profoundly high signal intensity (500–750). To visualize
the margin of the vessels, nerves, and brain parenchyma in 3D,
we selected the entire area that was hypointense relative to
cerebrospinal fluid from the opacity chart of the signal-inten-
sity distribution using a function of a declining curve. The
threshold value of this curve was adjusted according to each
individual signal-intensity distribution pattern with a threshold
range of 390–450 (100% opacity level), declining to 410–470
(0% opacity level, width 20), and color-rendered in blue. The
3D MR cisternogram depicted the spatial expansion of the
contours of intracisternal objects in relation to the pericisternal
structures and projected from various intracisternal viewpoints
with a visual angle of 90°.

MR angiography was performed with the same scan base-
line, and data were obtained using a 3D time-of-flight se-

quence, spoiled gradient-recalled acquisition in the steady
state. We used the following protocol: TR/TE. 3.5/3.9-4.1;
number of excitations, 2, flip angle, 20°; matrix, 192 � 128;
section thickness, 1.2 mm; section interval, 0.6 mm; field of
view, 16 cm; without magnetization transfer contrast; and total
imaging time, 8 minutes 49 seconds (2 slabs), 120 sections in
total (2 slabs); zero-fill interpolation processing 2 times; over-
lap of 8 sections. A total of 104 source images was obtained.
Volume data were transferred to the same workstation. Data
were interpolated every 0.6 mm and processed into 3D volume-
rendering datasets. The 3D MR angiography was rendered
using an increasing curve starting with a threshold of 155–175
(0% opacity level) and up to 165–185 (100% opacity level,
width 10) and color-rendered in red.

A fusion image of 3D MR cisternography–MR angiography
was reconstructed on a workstation by compositing 3D MR
cisternography and its coordinated 3D MR angiography; each
individual image was rendered from each volume-rendering
dataset. To emphasize the vascular components, we used an
MR angiography–weighted fusion image by compositing 3D
MR cisternography (opacity level of 15%, in blue) and 3D MR
angiography (100% opacity level, in red). Using reconstruction
parameters of the function curves saved on the workstation, we
instantly reproduced standard images of 3D MR cisternogra-
phy, 3D MR angiography, and the fusion 3D MR cisternog-
raphy–MR angiography; however, certain adjustments of the
threshold range were needed to refine the contours of objects
in each individual case. Total average time required to produce
fusion images was approximately 30–50 seconds per image
from postscanning.

Results
On the source axial images of MR cisternography,

the aneurysmal complex and surrounding cisternal
and pericisternal structures were depicted as negative
shadows in contrast to the surrounding hyperintense
subarachnoid cerebrospinal fluid. The 3D MR cister-
nogram showed the spatial relationship of an aneu-
rysm and parent arteries to the adjacent bridging and
surface veins, cranial nerves, tentorial free edge, pet-
roclinoidal dural folds, dura mater, cranial base bone,
and brain parenchyma in perspective views. With use
of the 3D MR cisternography–MR angiography fu-
sion image, we discriminated the vascular structures
depicted on 3D MR cisternography by referencing
the coordinated 3D MR angiography. Contact be-
tween the outer wall configuration of cerebral aneu-
rysms and the anatomic elements of the perianeurys-
mal environment was assessed on the 3D MR
cisternography, 3D MR angiography, and MR an-
giography–weighted 3D MR cisternography–MR an-
giography fusion images from various projections
within a cisternal space. Image data of location and
size of aneurysms (x, y, z), the maximum size of the
parent artery, depth/neck width, aspect ratio, defor-
mation and number of dome blebs, contact anatom-
ical elements, and results are summarized in the
Table.

Illustrative Cases

Case 1: Unruptured Internal Carotid-Posterior
Communicating Artery Aneurysm (Fig 1)

A 75-year-old woman had a left internal carotid-
posterior communicating artery aneurysm. The se-
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lected maximum intensity projection image recon-
structed from the source axial CT angiogram (Fig
1A), superoinferior projection, showed the aneu-
rysmal complex and cranial base bone. The 3D CT
angiogram (Fig 1B), posteroanterior projection,
showed the aneurysm, posterior communicating ar-
tery, posterior clinoid process, and petroclinoidal
dural fold. The selected minimum intensity projec-
tion image reconstructed from the source axial MR
cisternogram (Fig 1C), superoinferior projection,
depicted the aneurysmal complex, posterior clinoid
process and dorsum sellae, petroclinoidal dural
fold, and the adjacent temporal lobe. The 3D MR
cisternogram (Fig 1D), obtained using a projection
similar to that of the CT angiogram and viewed
from the basal cistern, showed the spatial expan-
sion and contact of the aneurysm with the perian-
eurysmal structures. The left oculomotor nerve ran
downward to the posterior margin of the posterior
clinoid process and forward over the dome. The
petroclinoidal dural fold was depicted at the infero-
posterior aspect of the dome. The anteromedial
margin of the temporal lobe showed contact with
the superoposterior aspect of the dome. The 3D
MR angiogram (Fig 1E), coordinated projection as
to the 3D MR cisternogram in Figure 1D, showed
the aneurysm with 3 blebs. The fusion image of 3D
MR cisternography and MR angiography (Fig 1F),
a composite image of the 3D MR cisternography
(Fig 1D) and MR angiography (Fig 1E), revealed
the spatial relationship of the dome blebs to the
adjacent structures: concavity of the medial aspect
of the dome related to the obstacles composed of
the posterior clinoid process as a mold and the
posteroinferior blebs related to the intermediated
petroclinoidal dural fold.

Case 3: Unruptured Internal Carotid-Posterior
Communicating Artery Aneurysm (Fig 2)

A 60-year-old man had a left internal carotid-pos-
terior communicating artery aneurysm. The operative
photograph (Fig 2A) showed the caudal view of the
left superolateral aspect of the aneurysmal complex
and perianeurysmal structures, including the aneu-
rysm, internal carotid artery, the left optic nerve, and
cranial base bone. The digital subtraction angiogram
(Fig 2B), right lateral projection, showed the aneu-
rysm. The serial source axial images of MR cisternog-
raphy (Fig 2C), superoinferior projection, depicted
the aneurysmal complex, left oculomotor nerve, pos-
terior clinoid process and dorsum sellae, and the
adjacent temporal lobe. The 3D MR cisternogram
(Fig 2D), right posterolateral projection and viewed
from the basal cistern, showed the spatial relationship
and contact of the aneurysm with the perianeurysmal
structures. The left oculomotor nerve ran toward the
medial aspect of the dome then turned in a supero-
posterior direction over the dome, but the nerve was
disrupted partially by the motion artifact. The poste-
rior aspect of the dome came in contact with the
anteromedial margin of the temporal lobe. The 3D
MR angiogram (Fig 2E), coordinated projection as to
the 3D MR cisternogram in Figure 2D, showed the
aneurysm with a bleb. The fusion image (Fig 2F),
coordinated projection as to the 3D MR cisternogram
in Figure 2D, revealed the spatial relationship of the
dome bleb to the adjacent oculomotor nerve; protru-
sion on the medial aspect of the dome showed firm
contact with the confronting oculomotor nerve.
Postoperatively, the patient showed transient left
oculomotor nerve palsy, though the relationship of
the inferomedial aspect of the dome to the left
oculomotor nerve was not confirmed directly dur-
ing microneurosurgery.

Image data of incidentally discovered unruptured cerebral aneurysms

Patient No./
Age (y)/Sex

Aneurysm
Site

Dome Size
(x, y, z, mm)

Afferent
Artery
(mm)

Aneurysm Dome

Contact Results
Depth/Neck
Width (mm)

Ratio of
Depth/Neck

Degree of
Deformation

No. of
Blebs

1/75/F IC-PC 11.7 � 9.4 � 9.8 4.6 9.5/7.5 1.27 �� 3 DS, CN-III, PF, TL Follow-up
2/77/F IC-PC 9.3 � 8.7 � 9.7 4.8 8.5/4.8 1.78 �� 1 TL, CN-III Follow-up
3/60/M IC-PC 9.2 � 8.4 � 7.3 3.7 10.6/4.3 2.47 � 1 CN-III, TL OP/CN-III

Palsy
4/83/F IC-PC 8.6 � 8.6 � 11.3 4.0 9.8/7.6 1.29 � 0 PF, TL OP
5/58/M IC-PC 2.9 � 2.9 � 4.5 4.3 2.3/4.7 0.49 �� 1 TL OP
6/54/M AComA 5.4 � 4.4 � 5.8 3.3 3.6/4.7 0.77 � 1 FL OP
7/76/F AComA 4.4 � 4.5 � 4.1 3.0 3.4/3.1 1.10 � 1 ON, Chiasm Follow-up
8/67/F MCA 5.3 � 7.9 � 7.6 2.8 10/4.5 2.22 � 1 TL, SV Follow-up
9/68/F MCA 3.8 � 5.9 � 3.0 3.7 4.5/4.2 1.07 � 1 TL OP
10/68/F MCA 4.2 � 3.6 � 5.2 2.3 3.3/3.9 0.85 � 1 TL OP
11/67/F BA-Top 4.5 � 5.6 � 6.7 3.4 5.2/3.4 1.53 � 1 BS Follow-up
12/70/F BA-Top 7.3 � 10.6 � 5.6 6.6 10.2/6.4 1.59 �� 2 DE Ruptured
13/68/F BA-AICA 2.7 � 2.7 � 3.8 2.9 2.7/3.3 0.82 � 1 BS Follow-up

Note.—Content indicates contact of the dome with perianeurysmal structures; IC-PC, internal carotid-posterior communicating artery; AComA,
anterior communicating artery; MCA, middle cerebral artery; BA-Top, top of basilar artery; BA-AICA, basilar artery-anterior inferior cerebellar
artery; DS, dorsum sellae; CN-III, oculomotor nerve; PF, petroclioidal dural fold; TL, temporal lobe; FL, frontal lobe; ON, optic nerve; Chiasm, optic
chiasm; SV, surface vein; BS, brain stem; DE, floor of the third ventricle (diencephalon).
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Case 7: Unruptured Anterior Communicating
Artery Aneurysm (Fig 3)

A 76-year-old-woman had an anterior communicat-
ing artery aneurysm. The minimum intensity projec-
tion images of the source MR cisternogram (Fig 3A),
superoinferior projection, showed the aneurysmal
complex and perianeurysmal structures. The 3D MR
cisternogram (Fig 3B), anteroinferoposterior projec-
tion and viewed from the bottom of the basal cistern,
showed the spatial relationship and firm contact of
the aneurysm with the optic nerves and the anterior
portion of the chiasm. The 3D MR angiogram (Fig
3C), coordinated projection as to the 3D MR cister-
nogram in Figure 3B, showed the aneurysm with de-
formed dome and a bleb. The fusion image (Fig 3D)
depicted the spatial relationship of the dome to the
adjacent optic nerves and chiasm; the inferoposterior

portion of the dome was embedded into the chiasm.
Deformation of the dome (crest) could be induced by
the obstacle of the adjacent chiasm as a mold. A bleb
projecting off the left anterolateral projection along
the left optic nerve might not be affected by the optic
nerve directly. Alternations in intraaneurysmal flow
caused by the deformation of the dome may induce
the left-sided bleb formation.

Case 8: Unruptured Middle Cerebral Artery
Aneurysm (Fig 4)

A 67-year-old-woman had a right middle cerebral
artery aneurysm. The digital subtraction angiogram
(Fig 4A), anteroposterior projection, showed the an-
eurysm and parent arteries. By reviewing the source
axial and reconstructed coronal images of MR cister-

FIG 1. Case 1, a 75-year-old woman with
an unruptured internal carotid-posterior
communicating artery aneurysm.

A, Maximum intensity projection (MIP)
image of the source CT angiography (CTA),
superoinferior projection, shows aneurys-
mal complex and cranial base bone.

B, 3D CT angiogram (CTA), posteroante-
rior projection, shows the aneurysm (AN),
posterior communicating artery (PCom),
posterior clinoid process (PCP), dorsum
sellae (DS), and petroclinoidal dural fold
(PF). Arrowheads (1, 2) indicate the blebs.

C, Minimum intensity projection (MinIP)
image of the MR cisternography (MRC), su-
peroinferior projection, shows the aneu-
rysm (AN) and perianeurysmal structures.
A1 indicates the first segment of the ante-
rior cerebral artery; M1, the first segment of
the middle cerebral artery; C2, the second
segment of the internal carotid artery;
PCom, posterior communicating artery;
PCP, posterior clinoid process; DS, dorsum
sellae; PF, petroclinoidal dural fold; TL,
temporal lobe.

D, 3D MRC, similar projection to 3D CTA
in B, viewed from the basal cistern, shows
the spatial expansion and contact of the
aneurysm with the perianeurysmal struc-
tures. CN III indicates oculomotor nerve.

E, 3D MR angiogram (MRA), coordinated
projection as to the 3D MRC in D, shows the
aneurysm with 3 blebs (arrowheads 1–3).

F, Fusion image of the 3D MRC and MRA
coordinated projection as to the 3D MRC in
D shows the spatial relationship of the
dome blebs to the adjacent structures.
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nography (Fig 4B, -C), we discriminated the aneurys-
mal complex from the surrounding superficial veins
by their running courses and histograms of MR sig-
nal-intensity distribution. Figure 4C shows a view po-
sition for the 3D MR cisternogram shown in Figure
4D. The 3D MR cisternogram (Fig 4D), left antero-
inferoposterior projection and viewed from the sphe-
noidal compartment of the deep sylvian fissure,
showed the spatial relationship of the aneurysmal
complex to the perianeurysmal structures, including
the temporal lobe and superficial middle cerebral
veins draining into the sphenoparietal sinus. The 3D
MR angiogram (Fig 4E), coordinated projection as to
the 3D MR cisternogram in Figure 4C, showed the
arterial components of the aneurysmal complex. The
fusion image (Fig 4F) revealed the relationship of the
dome to the adjacent brain and veins; part of the

dome showed contact with the adjacent temporal
lobe. Bridging and surface sylvian veins ran beneath
the proximal aneurysmal neck.

Case 12: Unruptured Basilar Artery Top
Aneurysm Resulting in Rupture (Fig 5)

A 70-year-old-woman had a basilar artery top an-
eurysm that resulted in a fatal subarachnoid hemor-
rhage due to aneurysmal rupture in the next 14
months. The 3D CT angiogram (Fig 5A), posteroan-
terior projection, showed the aneurysm and cranial
base bone. The 3D MR cisternogram (Fig 5B), pos-
teroanterior projection viewed from the interpedun-
cular cistern, showed the spatial relationship of the
aneurysm with the dome, bleb, parent arteries, and
caudal aspect of the diencephalon. The 3D MR an-

FIG 2. Case 3, a 60-year-old man with an
unruptured internal carotid-posterior com-
municating artery aneurysm.

A, Operative photograph (OP), caudal
view, shows the aneurysm (AN). C2 indi-
cates the second portion of the internal ca-
rotid artery; M1, first segment of the middle
cerebral artery; ON, optic nerve.

B, Digital subtraction angiogram (DSA) is
in right lateral projection.

C, Serial source images of MR cisternog-
raphy (MRC), superoinferior projection,
show aneurysmal complex and perianeu-
rysmal structures. BA indicates the basilar
artery; TL, temporal lobe; M1, first segment
of the middle cerebral artery; ON, optic
nerve; PS, pituitary stalk; CN III, oculomotor
nerve; AN, aneurysm; C2, second segment
of the internal carotid artery; PCP, posterior
clinoid process.

D, 3D MRC, right posterolateral projec-
tion, is viewed from the basal cistern. CN III
indicates oculomotor nerve; TL, temporal
lobe; AN, aneurysm; C2, second segment
of the internal carotid artery; PCP, posterior
clinoid process.

E, 3D MR angiogram (MRA), coordinated
projection as to the 3D MRC in D, shows the
aneurysm with a bleb (arrowhead).

F, Fusion image of the 3D MRC and MRA
shows spatial relationship of the dome bleb
to the adjacent oculomotor nerve.
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giogram (Fig 5C), coordinated projection as to the 3D
MR cisternogram in Figure 5B, showed the arterial
components of the aneurysmal complex. The fusion
image (Fig 5D) depicted the spatial relationship of
the dome to the adjacent brain; the tip of the dome
bleb extended to the right anterolateral projection
and contacted the floor of the third ventricle
(diencephalon).

Discussion
Surface irregularity, deformation, bleb formation,

and multilobe configuration appearing on the dome
of relatively large unruptured cerebral aneurysms can
be a morphologic sign indicating a tendency to rup-
ture (2–8). However, the precise mechanism for
change in the shape of the aneurysm is not known. Is
it influenced by wall shear stress due to intraaneurys-
mal hemodynamics alone, or by the perianeurysmal
environment, or by the combination of the complex
and complicated intrinsic and extrinsic factors?

Initiation, subsequent growth, and rupture of a
cerebral aneurysm are considered to be influenced
mainly by hemodynamic stress related to arterial
pressure, pulsatility, and blood flow (11–18). In the
geometrically realistic acrylic models for aneurysms
harboring blebs, Tateshima et al (15) found that the
aneurysmal dome blebs were exposed to higher fluid-
induced shear stress than any other measured points
on the aneurysmal wall. The bleb might be formed at
the portion exposed to high wall shear stress, or the

bleb might induce a higher shearing velocity within
the dome that results in increased wall shear stress.
Additionally, Hassan et al (17) reconstructed compu-
tational replicas from the volume data obtained by
the 3D digital subtraction angiography and simulated
intraaneurysmal blood flow. The ruptured areas of
the aneurysms were correlated with areas of high wall
shear stress that was induced by the bloodstream
turning along the aneurysmal wall in a large area
around the localized high-pressure spot. In a case
with multiple blebs on the dome, the largest bleb in
the low shear stress area was not ruptured, but dome
blebs in the high shear stress area were ruptured.
Because persistent high wall shear stress might cause
local dilation and degeneration of arterial walls, focal
increase in fluid-induced wall shear stress was consid-
ered as a major factor inducing morphologic change
of the aneurysmal dome.

In contrast, shape or geometry of an aneurysm may
affect intraaneurysmal hemodynamics. As for the fun-
damental patterns of intraaneurysmal flow composed
of inflow, circulating flow, and outflow, Ujiie et al
(14) found the circulating flow depended on the as-
pect ratio (aneurysmal depth/neck width). A local-
ized, extremely low-flow condition or stagnant flow
was commonly observed within the dome of aneu-
rysms with aspect ratios of more than 1.6; moreover,
the above-flow pattern was characteristic in the ge-
ometry of ruptured aneurysms. Localized stagnation
of intraaneurysmal flow might induce degeneration
and fragility of the aneurysmal wall and then produce

FIG 3. Case 7, a 76-year-old woman with
an unruptured anterior communicating ar-
tery aneurysm.

A, Minimum intensity projection (MinIP)
image of MR cisternography (MRC), su-
peroinferior projection, shows the aneu-
rysm (AN) and perianeurysmal structures.
RtA2 indicates the second segment of the
right anterior cerebral artery; Chiasm, optic
chiasm; RtA1, first segment of the right an-
terior cerebral artery; LtON, left optic nerve.

B, 3D MRC, inferosuperoposterior pro-
jection, viewed from the bottom of the basal
cistern, shows the firm contact of the aneu-
rysm with the optic nerves and chiasm.
RtA2, second segment of the right anterior
cerebral artery; LtA2, second segment of
the left anterior cerebral artery; RtON, right
optic nerve; LtON, left optic nerve; FL, fron-
tal lobe; PS, pituitary stalk.

C, 3D MR angiogram (MRA), coordinated
projection as to the 3D MRC in B, shows the
aneurysm with deformed dome and a bleb.
LtA1 indicates the first segment of the left
anterior cerebral artery; LtA2, second seg-
ment of the left anterior cerebral artery;
RtA1, first segment of the right anterior ce-
rebral artery; RtA2, second segment of the
right anterior cerebral artery.

D, Fusion image of the 3D MRC and MRA
shows the spatial relationship of the dome
to the adjacent optic nerves and chiasm.
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a dome bleb, resulting in rupture, even with physio-
logic tensile forces.

However, no mention has been made of the extrin-
sic factors affecting morphologic change in shape with
growth and enlargement of an aneurysm. The perian-
eurysmal environment may be a factor inducing de-
formation and bleb formation of the aneurysmal
dome owing to the anatomic limitation in spatial
expansion (19, 20). Because the perianeurysmal envi-
ronment varies according to the anatomic space com-
posed of intra- and juxtacisternal structures in which
the aneurysm develops and grows, size and shape of
each individual aneurysm may be affected by its own
perianeurysmal environment. Assessment of the ana-
tomic spatial relationship between the aneurysmal
complex and the perianeurysmal environment may
provide useful information in consideration of growth

and expansion of the aneurysm, development of cra-
nial nerve symptoms, deformation and bleb formation
of the dome, and potential risk of rupture (20).

MR cisternography 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 variable signal intensities (20–22). Thus,
the space-occupying intra- and juxtacisternal struc-
tures are well demarcated by the profoundly hyper-
intense adjacent subarachnoid cerebrospinal fluid.
The 3D reconstruction of those cisternographic vol-
ume data with a perspective volume-rendering algo-
rithm can depict the spatial relationship between the
intra- and juxtacisternal structures and the aneurysm
that develops within the corresponding cerebrospinal
fluid space (20). In addition, MR angiography ob-

FIG 4. Case 8, a 67-year-old-woman with
a middle cerebral artery aneurysm.

A, Digital subtraction angiogram (DSA),
anteroposterior projection, shows the aneu-
rysm (AN) and parent arteries. M2-s indi-
cates the superior branch of the second
segment of the right middle cerebral artery;
M2-i, inferior branch of the right middle ce-
rebral artery; M1, the first segment of the
middle cerebral artery.

B, Reconstructed coronal image of MR
cisternography (MRC) with MR signal inten-
sity histogram shows the aneurysmal com-
plex and surrounding superficial veins. AN
indicates aneurysm; M2, second segment
of the middle cerebral artery; SV, superficial
middle cerebral veins.

C, Source axial image of MRC, superoin-
ferior projection, shows a view position (en-
circled arrow) for 3D MRC in D. SV indicates
superficial middle cerebral vein.

D, 3D MRC, left anteroinferior projection,
viewed from the sphenoidal compartment
of the deep sylvian fissure as indicated in C,
shows the spatial relationship of the aneu-
rysm (AN), temporal lobe (TL), and superfi-
cial middle cerebral veins (SV). Arrowheads
indicate contact of the dome with the adja-
cent temporal lobe; M1, first segment of the
middle cerebral artery; M2, second seg-
ment of the middle cerebral artery.

E, 3D MR angiogram (MRA), coordinated
projection as to the 3D MRC in D, shows the
arterial components of the aneurysmal
complex.

F, Fusion image of the 3D MRC and MRA
shows a part of the dome contact with the
adjacent temporal lobe (arrowheads).
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tained by the 3D time-of-flight sequence shows not
the vascular morphology but inflow effect related
mainly to peak inflow velocity within the vessel lumen
during the data acquisition process through the dia-
stolic and systolic cardiac cycle (6, 7). With use of a
3D MR cisternography–MR angiography fusion im-
age, vascular structures depicted on the 3D MR cis-
ternogram can be discriminated by referencing the
coordinated 3D MR angiogram; this fusion imaging
technique can provide an assessment of the contact
between cerebral aneurysms and anatomic elements
of their perianeurysmal environments.

In the present study, contact between an aneurysm
and the perianeurysmal environment was assessed on
the 3D MR cisternography–MR angiography fusion
images. When the internal carotid-posterior commu-
nicating artery aneurysm extended posteroinferiorly
(case 1), then the aneurysmal dome came into contact
with surrounding hard structures such as the tentorial
free edge, petroclinoidal dural fold, and posterior
clinoid process, and marked deformation was ob-
served on the dome. This deformation was consistent
with multilobe configurations composed of multiple
dome blebs depicted by 3D MR angiography. In cases
in which the aneurysms grew in size and contacted
adjacent soft tissues (cases 3, 7, 8, 12), including brain
parenchyma (temporal and frontal lobes, brain stem,
diencephalon) and cranial nerves (optic nerve, optic
chiasm, oculomotor nerve), minor deformation was
usually depicted. However, when the aneurysms ex-
panded toward the brain (cases 8, 12), dome and bleb

were protruded and embedded within the brain
parenchyma. In a specific case of internal carotid-
posterior communicating artery aneurysm resulting
in transient oculomotor nerve palsy postoperatively
(case 3), the dome extended posteromedially and
might have been in adhesive contact with the ocu-
lomotor nerve, where a dome bleb was formed in
the corresponding location. These results suggest
that deformation and bleb formation of the aneu-
rysmal dome were found at the areas confronted or
adjacent to a certain contact with perianeurysmal
structures. When the aneurysm increases in size
beyond the capacity of the surrounding subarach-
noid space, morphologic change in the aneurysmal
shape may be affected by the contact with the
perianeurysmal environment. Deformation and
bleb formation on the aneurysmal dome may not be
influenced by the surrounding structures alone, but
by the complex and complicated interaction be-
tween hemodynamics, pathologic factors, and the
perianeurysmal environment.

Conclusion
Several factors and complex mechanisms may af-

fect the initiation, growth, and rupture of cerebral
aneurysms. A perianeurysmal environment composed
of the intra- and pericisternal anatomic structures
may play an important role in inducing deformation
and bleb formation of an unruptured cerebral aneu-
rysm, when its size exceeds the capacity of the sur-

FIG 5. Case 12, a 70-year-old-woman
with a basilar artery top aneurysm resulting
in rupture.

A, 3D CT angiogram (CTA), posteroante-
rior projection, shows the aneurysm and
cranial base bone.

B, 3D MR cisternogram (MRC), pos-
teroanterior projection viewed from the in-
terpeduncular cistern, shows the spatial re-
lationship of the aneurysm with dome
blebs, parent arteries, and caudal aspect of
the diencephalon and the third ventricle. DE
indicates diencephalon; IIIrd V, the third
ventricle; CP, cerebral peduncle; LtP1, first
segment of the left posterior cerebral artery;
RtP1, first segment of the right posterior
cerebral artery; LtSCA, left superior cere-
bellar artery; RtSCA, right superior cerebel-
lar artery; BA, basilar artery. Arrowhead in-
dicates the bleb.

C, 3D MR angiogram (MRA), coordinated
projection as to the 3D MRC in B, shows the
arterial components of the aneurysmal
complex.

D, Fusion image of the 3D MRC and MRA
shows the contact of the dome bleb with
the floor of the adjacent third ventricle (di-
encephalon).
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rounding subarachnoid space. The 3D MR cisternog-
raphy–MR angiography fusion imaging can depict the
contact of an aneurysm with its perianeurysmal envi-
ronment; this may provide an additional parameter in
the consideration of the natural history of a cerebral
aneurysm, especially for the development of cranial
nerve symptoms and production of a dome bleb lead-
ing to leakage or rupture. Further study is required to
elucidate a causal relationship between the perianeu-
rysmal environment and aneurysm development.
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