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Assessment with Fusion Imaging of 3D MR
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SUMMARY: Fusion imaging of 3D MR cisternography/angiography was used for the assessment of
the vascular bulging finding detected by MR angiography from the viewpoint of the outer wall
configuration of the corresponding internal carotid artery depicted by MR cisternography. With a fusion
image, useful information was obtained to distinguish an infundibular dilation and enlarged origin of the
normal posterior communicating artery from an aneurysm. This imaging technique can be a feasible
addition to a noninvasive screening of cerebrovascular lesions with MR angiography alone.

MR angiography is a noninvasive technique for vascular
imaging and is thus widely used to screen for cerebro-

vascular lesions, including asymptomatic unruptured cerebral
aneurysms.1-3 Infundibular dilation is often detected at
branching sites of the posterior communicating and anterior
choroidal arteries from the internal carotid artery,4-6 and this
needs to be differentiated from an aneurysm. In this commu-
nication, we used a fusion imaging technique of 3D MR cis-
ternography/angiography7,8 to assess the vascular bulging
finding detected by MR angiography from the viewpoint of the
outer wall configuration of the corresponding internal carotid
artery depicted by MR cisternography.

Technique

MR Angiography Data Acquisition
Patients with vascular bulging findings of the internal

carotid artery detected at MR angiography underwent MR
cisternography. MR angiography was performed with a
clinical MR imager (Signa HiSpeed 1T; General Electric
Healthcare, Milwaukee, Wisc) by using a 3D time-of-flight
(TOF) sequence, spoiled gradient-recalled acquisition in
the steady state. We used the following parameters: TR/TE,
35/4.0; 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; zero-fill interpolation processing 2 times; 120 sec-
tions in total (2 slabs); overlap of 8 sections; and total of 104
overlapping source images acquired in 8 minutes 49 sec-

onds. Volume data were transferred to an independent
workstation with medical visualization software (Zio M900
Quadra; AMIN, Tokyo, Japan). Data were interpolated ev-
ery 0.6 mm, and processed into 3D volume-rendering data-
sets. The 3D MR angiogram was rendered with a perspec-
tive volume-rendering algorithm by using an increasing
curve starting with a threshold of 170 –180 (0% opacity
level) and up to 190 –200 (100% opacity level, width 20),
with a visual angle of 90°, and color-rendered in red.

MR Cisternography Data Acquisition
MR cisternography was performed with the same scan

baseline, and data were obtained by 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 thick-
ness, 0.6 mm; section interval, 0.6 mm; field of view, 16 cm. A
total of 96 continuous source axial images were acquired in 13
minutes and 23 seconds. Data were interpolated every 0.6 mm
and processed into 3D volume-rendering datasets. The 3D
MR cisternogram was rendered with perspective volume-ren-
dering algorithm by using an declining curve starting with a
threshold of 390 – 450 (100% opacity level) and down to 410 –
470 (0% opacity level, width 20), with a visual angle of 90°, and
color-rendered in blue.

Reconstruction of Fusion Images of 3D MRC and MRA
A fusion image of 3D MR cisternography/angiography was

reconstructed on a workstation by compositing 3D MR cister-
nography and its coordinated 3D MR angiography; each individ-
ual image was rendered from each volume-rendering dataset. To
emphasize the vascular components, MR angiography-weighted
fusion image was employed by overlapping 3D MR cisternogram
(opacity level of 15%, in blue) and 3D MR angiogram (100%
opacity level, in red). Total time required to produce the 3D MR
cisternogram, 3D MR angiogram, and fusion image was approx-
imately 30 seconds per image from postscanning.
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Illustrative Cases

Case 1: Left Infundibular Dilation at the Junction of the
Internal Carotid Artery–Posterior Communicating Artery
(Adult Type), a 75-Year-Old Woman

The digital subtraction angiogram (Fig 1A), left lateral
projection, showed a round protrusion (2.6-mm maximum

diameter) at the posterior wall of the supraclinoid internal
carotid artery. The 3D MR angiogram (Fig. 1B), right su-
peroposterior projection, detected the trapezoid bulging
extended posteriorly. The 3D MR cisternogram (Fig. 1C),
coordinated projection as to the 3D MR angiogram in Fig
1B, depicted an infundibular dilation at the junction of the

Fig 1. Case 1, Left infundibular dilation at the junction of the internal carotid artery–posterior communicating artery (adult type) in a 75-year-old woman.

A, Digital subtraction angiogram shows a round bulging (arrow ) at the supraclinoid internal carotid artery.

B, 3D MR angiogram shows the trapezoid protrusion (arrow ) at the supraclinoid internal carotid artery. A1, the first segment of the anterior cerebral artery; M1, the first segment of the
middle cerebral artery; C2, the second segment of the internal carotid artery; C3, the third segment of the internal carotid artery; P1, the first segment of the posterior cerebral artery;
P2, the second segment of the posterior cerebral artery; SCA, superior cerebellar artery.

C, 3D MR cisternogram, coordinated projection as to the 3D MR angiogram in B, shows an infundibular dilation (arrow ) at the junction of the internal carotid artery-posterior communicating
artery. A small posterior communicating artery arises at the apex. Intra- and juxtacisternal anatomic elements surrounding an infundibular dilation are visualized. ON, optic nerve; TS,
tuberculum sellae; PS, pituitary stalk; PD, pituitary diaphragm; DS, dorsum sellae; PCP, posterior clinoid process; PComA, posterior communicating artery (�); CN-III, oculomotor nerve (yellow
arrow); PDF, petroclinoid dural fold.

D, Fusion image of the 3D MR angiography/cisternography shows the relationship of the bulging finding detected by the 3D MR angiography and its outer wall configuration depicted by
the 3D MR cisternography.
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internal carotid artery–posterior communicating artery,
but with a posterior communicating artery (adult-type)
arising at the apex. Intra- and juxtacisternal anatomic ele-
ments surrounding an infundibular dilation including ves-
sels, optic nerve, oculomotor nerve, posterior clinoid pro-
cess, petroclinoid dural fold, and temporal lobe were
depicted simultaneously. Fusion image of the 3D MR an-
giography/cisternography (D) clearly visualized the rela-
tionship of the bulging finding detected by the 3D MR an-
giography and its corresponding outer wall configuration
depicted by the 3D MR cisternography.

Case 2: Right Infundibular Dilation at the Junction of
the Internal Carotid Artery–Posterior Communicating
Artery (Fetal Type), a 36-Year-Old Woman

The maximum intensity projection image of MR angio-
gram (Fig 2A), left superoposterior projection, showed a trap-
ezoid bulging (2.7-mm maximum diameter) at the posterior
portion of the supraclinoid internal carotid artery. The 3D MR
angiogram (Fig. 2B), left anterior projection, showed an aneu-
rysm-like protrusion with an irregular dome tip. The 3D MR
cisternogram (Fig. 2C), coordinated projection as to the 3D
MR angiogram in Fig 2B, depicted an infundibular widening

Fig 2. Case 2, Right infundibular dilation at the junction of the internal carotid artery–posterior communicating artery (fetal-type), in a 36-year-old woman.

A, Maximum intensity projection image of MR angiogram shows a trapezoidal bulging (arrow ) at the posterior portion of the supraclinoid internal carotid artery.

B, 3D MR angiogram shows an aneurysm-like protrusion (arrow ).

C, 3D MR cisternogram, coordinated projection as to the 3D MR angiogram B, shows an infundibular widening (large arrow ) with a large posterior communicating artery (�), bended at
the posterior clinoid process and run tortuously to the posterior cerebral artery. ON, optic nerve; AChorA, anterior choroidal artery (small arrow ); PComA (�).

D, Fusion image of the 3D MR angiography/cisternography shows not an aneurysm but an infundibular dilation.
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with a large posterior communicating artery (fetal type), bent
at the right corner of the posterior clinoid process and run
tortuously up and down to the posterior cerebral artery. With
a fusion image of the 3D MR angiography/cisternography
(Fig. 2D) the bulging finding of 3D MR angiography was dis-
cerned not an aneurysm but an infundibular dilation.

Case 3: Left Infundibular Dilation at the Junction of the
Internal Carotid Artery–Anterior Choroidal Artery, a 69-
Year-Old-Woman

The 3D MR angiogram (Fig 3A), superoinferior projection,
showed an aneurysm-like trapezoid bulging (2.7-mm maxi-
mum diameter) at the posterior portion of the supraclinoid
internal carotid artery. The 3D MR cisternogram (Fig. 3B),
coordinated projection as to the 3D MR angiogram in Fig 3A,
depicted an infundibular dilation not at the junction of the
posterior communicating artery but at the anterior choroidal

artery. The anterior choroidal artery arose at the side of the
infundibular dilation and ran posterolaterally to the choroidal
fissure. The fusion image of the 3D MR angiography/cister-
nography (Fig. 3C) discriminated an infundibular dilation
from an anterior choroidal artery aneurysm.

Case 4: Right Infundibular Dilation at the Junction of
the Internal Carotid Artery–Posterior Communicating
Artery (Fetal Type), Misdiagnosed as an Aneurysm and
Treated Surgically, a 44-Year-Old Woman

This patient was misdiagnosed and operated on for an un-
ruptured internal carotid–posterior communicating artery
aneurysm with a bleb. Operative findings disclosed a simple
infundibular widening at the origin of a large posterior com-
municating artery, and coating of the protrusive portion was
performed in the operation. The MR angiography/cisternog-
raphy was examined postoperatively. The 3D MR angiogram
(Fig 4A), superoinferior projection, showed an aneurysm-like
protrusion with a round dome and a conical bleblike elonga-
tion (3.2-mm maximum diameter) at the posteromedial por-
tion of the supraclinoid internal carotid artery. The 3D MR
cisternogram (Fig. 4B), coordinated projection as to the 3D
MR angiogram in Fig 4A, depicted an infundibular dilation
with a large posterior communicating artery (fetal type). The
posterior communicating artery was bent at the right lateral
edge of the posterior clinoid process and run posteriorly to the
posterior cerebral artery. Fusion image of the 3D MR angiog-
raphy/cisternography (Fig. 4C) visualized the anatomic rela-
tionship of an aneurysm-like complex to a large posterior

Fig 3. Case 3, Left infundibular dilation at the junction of the internal carotid artery–
anterior choroidal artery, in a 69-year-old-woman.

A, 3D MR angiogram shows an aneurysm-like trapezoid bulging (arrow ). C1, the first
segment of the internal carotid artery; BA, basilar artery.

B, 3D MR cisternogram, coordinated projection as to the 3D MR angiogram in A, shows
an infundibular dilation (large arrow ) at the junction of the anterior choroidal artery (small
arrow ). PComA (�); CN-III ([GRAPHIC]); TL, temporal lobe.

C, Fusion image of the 3D MR angiography/cisternography shows an infundibular dilation
at the junction of an anterior choroidal artery.
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communicating artery; thus the bulging portion was diag-
nosed as not an aneurysm with a bleb but an infundibular
dilation accompanying a large posterior communicating ar-
tery.

Case 5: Left Internal Carotid Artery–Posterior
Communicating Artery Aneurysm, a 66-Year-Old Woman

The 3D MR angiogram (Fig 5A), right superoposterior
projection, showed an aneurysm with an irregular dome (3.9
mm in the maximum diameter) at the junction of the internal
carotid artery–posterior communicating artery. The 3D MR
cisternogram (B), coordinated projection to the 3D MR an-
giogram in Fig 5A, depicted an aneurysm and a large posterior
communicating artery (fetal type). The dome extended in-
feroposteromedially toward the left lateral edge of the poste-
rior clinoid process and the left oculomotor nerve. Fusion im-

age of the 3D MR angiography/cisternography (Fig. 5C)
clearly visualized the aneurysm complex in relation to its peri-
aneurysmal environment.

Discussion
With use of MR angiography for screening of cerebrovas-

cular lesions, vascular bulging is frequently observed at the
supraclinoid portion of the internal carotid artery.2,9,10 Infun-
dibular dilation most often affects the origin of the posterior
communicating artery at its junction of the internal carotid
artery. Incidence of infundibular dilation detected by angiog-
raphy or at autopsy ranges from 7% to 25%, and increases with
age.4-6 Angiographic criteria for infundibular dilation include
round or conical in shape, �3 mm in the maximum diameter,
without aneurysmal neck, and with a posterior communicat-
ing artery arising from its apex.5 Angiographic findings for this
lesion, however, are difficult to interpret, and it is sometimes
misdiagnosed and treated as an aneurysm.9,10 In particular,
when the posterior communicating artery does not filled well
or appears very small, and when the anatomic relationship of
the protrusion to the internal carotid artery is not clearly de-
picted, it is difficult to distinguish an infundibular dilation and
enlarged origin of the normal posterior communicating artery
from an aneurysm.9-12

MR angiography obtained by 3D TOF sequence represents
not the luminal morphology as shown by angiography and CT
angiography,13,14 but inflow effect related mainly to peak in-
flow velocity within the vessel lumen during the data acquisi-

Fig 4. Case 4, Right infundibular dilation at the junction of the internal carotid artery–
posterior communicating artery (fetal type), misdiagnosed as an aneurysm and treated
surgically, in a 44-year-old woman.

A, 3D MR angiogram shows an aneurysm-like protrusion (large arrow ) and a conical bleblike
elongation (small arrow ).

B, 3D MR cisternogram, coordinated projection as to the 3D MR angiogram in A, shows an
infundibular dilation (arrow ) with a large posterior communicating artery. PDF (small arrow );
CN-III (large arrow ); PComA (�).

C, Fusion image of the 3D MR angiography/cisternography shows the anatomic relationship
of an aneurysm-like complex to a large posterior communicating artery, and indicating not
an aneurysm but an infundibular dilation.
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tion process.1,3 The magnitude of signal intensity of MR an-
giography is complicated and affected by several factors. Loss
of signals occurs from spin saturation phenomenon due to
slow flow, phase dispersion due to complex and disturbed flow
conditions, and susceptibility or partial volume effects.3 De-
crease in signal intensity and inhomogeneous signal intensity
distribution are often observed within an aneurysm and at the
origin of the branching site of vessels. In addition, when the
flow condition within the posterior communicating artery
varies in complexity according to the directions of collateral
flow in the circle of Willis,15 inflow effect within the vessels
may decrease, and this may result in poor visualization of the
posterior communicating artery.

In contrast, MR cisternography depicts the vascular struc-
tures with profoundly low signal intensity, and cranial nerves
and brain parenchyma with moderately low signal intensity;
outer borderline of intracisternal anatomic elements is well

demarcated by the profoundly hyperintense adjacent sub-
arachnoid CSF.7,8,16 3D reconstruction of volume data ac-
quired by MR cisternography can depict the morphologically
fine outer wall configuration of the vessels in relation to the
surrounding intra- and juxtacisternal structures.7,8

By using a fusion imaging technique of 3D MR cisternog-
raphy/angiography, vascular structure of 3D MR cisternogra-
phy and 3D MR angiography is composed in a single image.7,8

With a 3D MR angiography alone, it may be difficult to depict
the hypoplastic or small size (adult-type) posterior communi-
cating artery associated with an infundibular dilation. In case
of the well-developed (fetal-type) posterior communication
artery but with a bended and tortuous running course, the
whole shape of the vessel may not be shown owing to a de-
crease in inflow effect within a vessel. In contrast, 3D MR
cisternography can depict the vascular contour unrelated to
the intraluminal flow conditions; however, the extent of cis-
ternographic view is limited primarily within a cisternal space
and complicated by the nonvascular elements in the intra- and
juxtacisternal space. With a fusion imaging technique of 3D
MR cisternography/angiography, vascular structures depicted
on the 3D MR cisternogram can be discriminated by referenc-
ing the coordinated 3D MR angiogram. Vascular bulging re-
lated to inflow effect detected by MR angiography may be
assessed from the viewpoint of the outer wall configuration of
the corresponding internal carotid artery by overlapping the
coordinated MR cisternogram.

In conclusion, when a vascular bulging of the internal ca-
rotid artery is detected by MR angiography, assessment with a
fusion imaging technique of 3D MR cisternography/angiogra-

Fig 5. Case 5, Left internal carotid artery–posterior communicating artery aneurysm, in a
66-year-old woman.

A, 3D MR angiogram shows an aneurysm with an irregular dome (arrow ).

B, 3D MR cisternogram, coordinated projection as to the 3D MR angiogram in A, shows an
aneurysm (arrow ) and a large posterior communicating artery. AChorA, anterior choroidal
artery; CN-III (arrow ).

C, Fusion image of the 3D MR angiography/cisternography shows the aneurysm complex in
relation to its perianeurysmal environment.
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phy may provide useful information to distinguish an infun-
dibular dilation and enlarged origin of the normal posterior
communicating artery from an aneurysm. This imaging tech-
nique can be a feasible addition to a noninvasive screening of
cerebrovascular lesions with MR angiography alone.
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