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MR Angiography of Aneurysm Models of Various Shapes and Neck
Sizes

Haruo Isoda, Ruth G. Ramsey, Yasuo Takehara, Motoichiro Takahashi, and Masao Kaneko

PURPOSE: To investigate the signal intensity of lateral and terminal saccular aneurysm models
with differing neck sizes using three-dimensional time-of-flight (TOF) MR angiography with various
imaging parameters. METHODS: The study included four lateral and four terminal saccular
aneurysm models with pulsatile flow. The height and fundus diameter were 10 mm; the neck diameters
were 2.5 mm, 5 mm, 7.5 mm, and 10 mm, respectively. Each aneurysm model was examined wit
h fast imaging with steady-state precession MR sequences with parameters of 20–140/7 (repetition
time/echo time) and flip angles of 10° to 30°. Signal intensity was measured and compared among
the models. RESULTS: Three-dimensional TOF MR angiography with the shorter repetition time
and/or larger flip angle showed weaker signal intensity in the aneurysm models. Stronger signal
intensity was obtained in the terminal saccular aneurysm models and/or the models with a wider neck
than in the lateral saccular aneurysm models and/or the models with a narrower neck. In some
aneurysm models, longer repetition times produced greater signal intensity than that of background
brain models, but not in aneurysms with narrow necks. CONCLUSION: Noncontrast 3-D TOF
MR angiography delineated terminal saccular aneurysms and/or aneurysms with wider necks and did
not delineate lateral saccular aneurysms and/or aneurysms with narrower necks. Longer repeti-
tion times are recommended to allow the spins flowing into the aneurysms to recover.
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Magnetic resonance (MR) angiography is
widely used in the evaluation of intracranial an-
eurysms (1–4); however, the potential of MR
angiography to show intracranial aneurysms is
less than that of conventional angiography (1–
4). The sensitivity for aneurysms measuring
less than 5 mm in diameter is reported to be
55.6% to 56% and the sensitivity for aneurysms
measuring 5 mm or larger in diameter is re-
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ported to be 86% to 87.5% (1, 2). Furthermore,
MR angiography sometimes fails to depict giant
aneurysms (5). The reasons for decreased sig-
nal in intracranial aneurysms are thought to be
mainly slow and/or turbulent flow (6).

We studied the utility of MR angiography for
the detection of aneurysms according to their
type and the size of their necks. Specifically, our
aim was to investigate the level of signal inten-
sity in models of lateral and terminal saccular
aneurysms with differing neck sizes and pulsa-
tile flow with the use of three-dimensional time-
of-flight (TOF) MR angiography with several
imaging parameters, and to determine the ef-
fects that aneurysmal shape and imaging pa-
rameters have on their visibility.

Materials and Methods

Models and Flow Simulator (Fig 1)

Imaging was performed on a 1.5-T superconducting MR
system with a commercially available head coil. A polytef
tube with a 10-mm inside diameter was used as a vessel
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model. The lateral and terminal saccular aneurysm mod-
els were constructed of T-shaped or cross-shaped polytef
connectors and one kind of polyolefin (Oyumarukun, Hi-
nodewashi Inc, Tokyo, Japan). The height and fundus
diameter of the models were 10 mm, and the neck diam-
eter of both lateral (Fig 2) and terminal (Fig 3) saccular
aneurysm models was 2.5 mm, 5 mm, 7.5 mm, and 10
mm, respectively. A parent artery model of each lateral
saccular aneurysm model was placed in the z-axis (head
to feet) direction in the MR scanner. Similarly, a parent
artery model before the bifurcation of each terminal sac-
cular aneurysm model was placed in the z-axis direction in
the MR scanner. Only parent artery and aneurysm models
were placed in the magnet.

Fig 1. Diagram of the aneurysm models and flow simulator
device. The sequencers control the bellows pump and pump out
the fluid with a pulsation period of 1500 milliseconds. Arrows
indicate the direction of flow.
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At 1.4 T, T1 and T2 of blood is reported to be 1140 6
54 milliseconds and 250 6 18 milliseconds, respectively
(7). Therefore, an aqueous solution of 1.0 mmol/L copper
sulfate was used as the fluid, because its T1 is 1100 to
1200 milliseconds. We took care to make the T1 of this
fluid mimic that of blood, because the T1 of the fluid was
thought to affect the fluid’s spin saturation. The T2 of the
fluid was 150 to 200 milliseconds, which is less than that of
blood; however, this was not thought to affect the experi-
mental model.

The T1 relaxation times of deep gray matter and white
matter are reported to be 1006 to 1223 milliseconds and
742 to 764 milliseconds, respectively (8). And T2 relax-
ation times of the same areas are reported to be 71 to 78
milliseconds and 73 to 77 milliseconds, respectively (8).
Therefore, an aqueous solution of 1.25 mmol/L copper
sulfate was used for the brain model, because its T1 is 820
to 900 milliseconds. We took care to make the T1 of the
brain model mimic that of normal brain, because the T1 of
the brain model was thought to affect the spin saturation.
The T2 of the brain model was 160 to 180 milliseconds,
which was somewhat greater than that of brain; however,
this was again thought not to affect the experimental
model. We used this solution as the “background” brain
model when we evaluated the signal intensity of the intra-
cranial aneurysm or vessel models.

A pulsatile flow generator was made of a bellows pump
(Iwaki Bellows Pump Model KB-4N, Iwaki, Tokyo, Japan)
and a constant flow pump (Nikkiso Magpon Model CP20-
PPRV-10, Nikkiso Eiko, Tokyo, Japan), as shown in Fig-
ure 1. Two sequencers (Melsec-FX Model FX2–16MS and
FX8EYT, Mitsubishi, Himeji, Japan) controlled the bellows
pump and pumped the fluid with a pulsation period of
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Fig 2. Spin-echo T1-weighted im-
ages (300/15) of lateral saccular aneu-
rysm models with fluid but without active
flow. The height and fundus diameter of
the models were 10 mm; the neck diam-
eters were 2.5 mm (A), 5.0 mm (B), 7.5
mm (C), and 10.0 mm (D).



Fig 3. Spin-echo T1-weighted images
(300/15) of terminal saccular aneurysm
models with fluid but without active flow.
The height and fundus diameter of the
models were 10 mm; the neck diameters
were 2.5 mm (A), 5.0 mm (B), 7.5 mm
(C), and 10.0 mm (D).
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Fig 4. Fluid flow velocity curve as a function of time in the
vessel models. A 2-D phase-mapping MR flow measurement was
obtained for one pixel in the middle of the vessel models. Peak
systolic velocity was about 110 cm/s and end-diastolic velocity
was about 10 cm/s.
1500 milliseconds (Fig 4). The human internal carotid
artery carries a volume of blood in an anterograde fashion
during diastole; by sonography, the diastolic velocity is
30% to 40% of the peak flow during systole (9). Therefore,
we used the constant flow pump in order to maintain flow
during diastole, simulating the human internal carotid ar-
teries. After adjusting the flow volume of each pump, we
measured fluid flow velocity and its waveform using two-
dimensional phase-mapping MR imaging (10). The elec-
trocardiography (ECG)-triggering 2-D phase-mapping MR
images were obtained using a fast low-angle shot with
steady-state precession–type gradient-echo sequence
with first-order flow compensation in the readout direction;
imaging parameters were 34/6/1 (repetition time [TR]/
echo time [TE]/excitations) flip angle of 20°, field of view
(FOV) of 220 mm, acquisition matrix of 192 3 256, and
section thickness of 6 mm. The ECG triggering was done
by using sequencers (Fig 1). The velocity range was se-
lected to keep the phase shift induced by the moving fluid
at less than 360°. Images were acquired in an axial plane
that was perpendicular to the parent vessel model in the
lateral saccular aneurysm models or to the parent vessel
model before the bifurcation in terminal saccular aneu-
rysm models.

MR flow measurement of one pixel in the center of the
vessel models showed that the peak systolic velocity was
110 cm/s, that end-diastolic velocity was 10 cm/s, and
that mean velocity was 65 cm/s (Fig 4). MR flow measure-
ment of whole pixels in vessel models showed that peak
systolic velocity was 82 cm/s and that mean velocity was
47 cm/s. Fluid flow velocities and waveforms in our study
were somewhat different from those in humans, but were
thought to be superior to those of a constant flow model.



Data Acquisition

Three-dimensional TOF MR angiography was per-
formed with flow-rephasing fast imaging with steady-state
precession sequences with 20,40,60,80,100,120,140/
7/1; flip angle of 10°, 20°, and 30°; slab thickness of 64
mm with 64 partitions; FOV of 128 mm; acquisition matrix
of 128 3 128; and imaging time of 2 minutes 44 seconds
to 19 minutes 7 seconds. A total of 21 sequences with
different TRs and flip angles were obtained for each of the
eight aneurysm models. When the lateral saccular aneu-
rysm models were examined, the slabs were placed in the
center of the models and in a transaxial direction, perpen-
dicular to the parent vessel models. For the terminal sac-
cular aneurysm models, the slabs were placed at the cen-
ter of the necks and in a transaxial direction, perpendicular
to the parent vessel models before the bifurcations.

Data Analysis

For the lateral saccular aneurysm models, regions of
interest (ROIs) were placed on the original MR images that
traversed the center of the aneurysms, and the signal
intensity of all aneurysm models, parent vessel models,
and background brain models was measured. For the ter-
minal saccular aneurysm models, the ROIs were placed on
the images that traversed the center of the aneurysms, and
the signal intensity of the aneurysm models and back-
ground brain models was measured. Signal intensity of the
parent vessel models on the images that traversed the
parent vessel models before the bifurcations was also
measured.

Although individual imaging parameters and imaging
conditions, such as transmitter and receiver gain, were
different, we did not standardize our data with such mea-
surements as vessel-brain signal difference–to–noise ra-
tios 5 (vessel signal intensity 2 brain signal intensity)/
standard deviation of background noise (11), because we
thought that this kind of standardization would reduce the
information available from our data and make their ten-
dencies and meanings unclear for this study. Therefore, we
decided to evaluate absolute signal intensity. The signal
intensity for the three flip angles used in the aneurysm
models, parent vessel models, and background brain
models, respectively, were plotted as a function of TR for
each of the eight aneurysm models.

Results

With a TR of 40 or greater and a flip angle of
10°, there was little difference in signal intensity
among the aneurysm models, vessel models,
and background brain models, because trans-
verse magnetization induced by an excitation
pulse with a small flip angle was minimal (Figs
5, 6A and D, 7, and 8A and D). Signal intensity
of vessel models was relatively strong at a TR of
20 and a flip angle of 10° (Figs 5 and 7). Fur-
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thermore, at a TR of 20 and a flip angle of 10°,
the signal intensity of the terminal saccular an-
eurysm models with wider necks was almost
isointense with that of the parent vessel models
(Fig 7B–D).

The signal intensity of vessel models was
stronger with larger flip angles (Figs 5–8). They
were independent of TR at TRs of 60 or greater.
The MR images that we used to measure the
signal intensity were located at approximately
the midportion of all imaging slabs, 30 mm
away from the flowing fluid entry section in the
slab. We estimated it took 60 milliseconds for
the flowing fluid to reach the midsections from
the entry point, because the mean flow velocity
of the fluid was about 47 cm/s. Therefore, the
signal intensity of the vessel models at TRs of
20 and 40 was decreased owing to spin satura-
tion by several excitation pulses. Those at TRs
of 60 or greater were independent of TR, be-
cause unsaturated fresh spins were exited. Re-
producibility of the signal intensity was possible
for all vessel models.

The signal intensity of brain models was
greater with larger flip angles and/or greater
TRs (Fig 5–8). Reproducibility of these signal
intensities was possible for all models.

MR angiography with shorter TRs and/or
larger flip angles showed weaker signal inten-
sity in the aneurysm models than in parent ar-
teries, because of spin saturation (Figs 5, 6B,
6E, 7, and 8B). We estimated that if the unsat-
urated fresh fluid had flowed into the aneurysm
models and all the fluid in them had been re-
placed during the TR period, their signal inten-
sity would have been the same as that in the
parent vessel models. However, the signal in-
tensity in the aneurysm models was observed to
be less than that in the parent vessel models.
The fluid spins in the aneurysm models were
saturated, because these models decreased in
signal intensity as a function of shorter TR (Figs
5 and 7). We further estimated that if fluid failed
to flow into the aneurysm models, the signal
intensity of these models would be less than that
of the brain models, and their slopes would be
less steep, because the T1 of fluid (1100 to
1200 milliseconds) was greater than that of the
brain models (820 to 900 milliseconds). The
signal intensity slopes for all aneurysm models
were actually steeper than those for the brain
models as a result of inflow of unsaturated fluid
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Key to Figure 5 (FA indicates degree of flip angle): Fig 5. Signal intensity for each of three flip angles (10°, 20°,
and 30°) of aneurysm models, parent vessel models, and back-
ground brain models is plotted as a function of TR (milliseconds)
for each of four lateral saccular aneurysm models (neck diameter:
A, 2.5 mm; B, 5.0 mm; C, 7.5 mm; D, 10.0 mm). There is little
difference in signal among the models at a flip angle of 10°.
Stronger signal intensity and greater slopes were obtained in
aneurysm models with wider necks than in those with narrower
necks. These findings were dependent on the flow. The aneurysm
model with a neck of 7.5 mm (C) is an exception.
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Fig 6. MR angiograms of lateral sac-
cular aneurysm models with neck diame-
ters of 2.5 mm (A–C) and 10.0 mm (D–F).
All MR angiograms are displayed with the
same window width and window center.
Black arrows indicate flow direction in the
parent vessel models.

A–C, Models with a neck size of 2.5
mm. There is little difference in signal
among the aneurysm model (white ar-
rows), the vessel model (black arrows),
and the background brain model (b) in MR
angiogram obtained with 120/7/1 and a
10° flip angle (A); however, the signal in-
tensity is weak owing to small flip angle. In
angiogram obtained with 20/7/1 and 30°
flip angle (B), signal intensity in the vessel
model is stronger. The background brain
and aneurysm models have relatively
weak signal intensity owing to short TR.
Signal intensity in the aneurysm model is
weaker than in the brain model, making
aneurysm model hard to see. In angiogram
obtained with 120/7/1 and 30° flip angle
(C), the vessel and aneurysm models have
stronger signal intensity than the back-
ground brain model. Signal intensity of the
brain model is stronger with a flip angle of
30° (C) than with a flip angle of 10° (A).
The vessel and brain models had stronger
signal intensity at a TR of 120 (C) than at
a TR of 20 (B).

D–F, Models with a neck size of 10 mm.
There is little difference in signal among
the aneurysm model (white arrows), the
vessel model (black arrows), and the
background brain model (b) in MR angio-
gram obtained with 120/7/1 and a 10° flip
angle (D); however, the signal intensity is
weak owing to small flip angle. In angio-
gram obtained with 20/7/1 and a 30° flip
angle (E), signal intensity in the vessel
model is stronger. The background brain
and aneurysm models have relatively
weak signal intensity owing to short TR.
Signal intensity in the aneurysm model is
weaker than in the brain model, making
aneurysm model hard to see. In angiogram
obtained with 120/7/1 and a 30° flip angle
(F), the vessel and aneurysm models have
stronger signal intensity than the back-
ground brain model (b).
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into the aneurysm models (Figs 5 and 7).
Therefore, in the aneurysm model, the degree of
slope of the signal intensity and the signal in-
tensity itself demonstrated the amount of unsat-
urated spins that flowed into the aneurysm
models. Stronger signal intensity and greater
slopes were obtained in the terminal saccular
aneurysm models and/or models with wider
necks than in the lateral saccular aneurysm
models and/or models with narrower necks
(Figs 5–8). These findings were thought to re-
flect the fact that the flow in the terminal sac-
cular aneurysm models and/or models with
wider necks was faster than the flow in the lat-
eral saccular aneurysm models and/or models
with narrower necks.



Key to Figure 7 (FA indicates degree of flip angle): Fig 7. Signal intensity for each of three flip angles (10°, 20°,
and 30°) of aneurysm models, parent vessel models, and back-
ground brain models is plotted as a function of TR (milliseconds)
for each of four terminal saccular aneurysm models (neck diam-
eter: A, 2.5 mm; B, 5.0 mm; C, 7.5 mm; D, 10.0 mm). There is
little difference in signal among the models at a flip angle of 10°.
Signal intensity of vessel models is stronger with larger flip angle
and is independent of TR at TR of 60 or greater. Stronger signal
intensity and greater slopes were obtained in aneurysm models
with wider necks than in those with narrower necks. Signal inten-
sity in each model was greater than that in lateral saccular aneu-
rysms (Fig 5). These findings were dependent on the flow. How-
ever, there was little difference between the aneurysm with the
5.0-mm neck and that with the 7.5-mm neck.
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Fig 8. MR angiograms of terminal sac-
cular aneurysm models with neck diame-
ters of 2.5 mm (A–C) and 10 mm (D–F).
The MR angiograms of the aneurysm mod-
els and background brain models were re-
constructed separately with maximum in-
tensity projection and are displayed in a
row for each imaging sequences. All MR
angiograms are displayed with the same
window width and window center. Black
arrows indicate flow direction in the parent
vessel models.

A–C, Models with a neck size of 2.5
mm. There is little difference in signal
among the aneurysm model (white ar-
rows), the vessel model (black arrows),
and the background brain model (b) in MR
angiogram obtained with 120/7/1 and a
10° flip angle (A); however, the signal in-
tensity is weak owing to small flip angle. In
angiogram obtained with 20/7/1 and a 30°
flip angle (B), signal intensity in the vessel
model is stronger. The background brain
and aneurysm models have relatively
weak signal intensity owing to short TR. It
is hard to see the aneurysm model, be-
cause it is weaker in signal intensity than
the brain model. In angiogram obtained
with 120/7/1 and a 30° flip angle (C), the
vessel and aneurysm models have stron-
ger signal intensity. The signal intensity of
the brain model is stronger on the MR an-
giogram obtained with a flip angle of 30°
(C) than on that with a flip angle of 10°
(A). The vessel and brain models had
stronger signal intensity at a TR of 120 (C)
than at a TR of 20 (B).

D–F, Models with a neck size of 10 mm.
There is little difference in signal among
the aneurysm model (white arrows), the
vessel model (black arrows), and the
background brain model (b) in MR angio-
gram obtained with 120/7/1 and a 10° flip
angle (D); however, the signal intensity is
weak owing to small flip angle. In angio-
gram obtained with 20/7/1 and a 30° flip
angle (E), the aneurysm and vessel mod-
els have relatively stronger signal than the background brain model owing to their rapid flow. Note the difference in signal intensity in the
aneurysm model on this angiogram (E) compared with that in other aneurysm models (Figs 6B and E and 8B). In angiogram obtained
with 120/7/1 and a 30° flip angle (F), the vessel and aneurysm models have stronger signal intensity than the background brain model.
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Discussion
The possible reasons for decreased signal in

intracranial aneurysms are thought to be related
to slow and/or turbulent flow in the aneurysm
(6). Vortex flow is also reported in aneurysms,
and may contribute to their decreased signal
intensity in some circumstances (12).

The results of our study indicate that 3-D
TOF MR angiography with shorter TRs and
larger flip angles is not optimal to see lateral or
terminal saccular intracranial aneurysms be-
cause of spin saturation in them due to slow
flow. Furthermore, the signal intensity in the
aneurysms depends on the degree of unsatur-
ated fluid flowing into them, the type of aneu-
rysm, and the size of their neck. In general,
terminal saccular aneurysms and/or aneurysms
with wider necks were estimated to have stron-
ger flow and greater signal intensity as com-
pared with the lateral saccular aneurysms
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and/or aneurysms with narrower necks. In par-
ticular, the terminal saccular aneurysm model
with the widest neck showed hyperintense sig-
nal, even with a short TR (Fig 8E). Therefore,
small basilar tip aneurysms with wider necks
should be clearly seen. Other aneurysm models
had lower signal intensity relative to the back-
ground brain model because the spins in these
aneurysms were saturated. Terminal aneurysm
models and/or aneurysm models with wider
necks showed hyperintense signal relative to
background brain models as a function of
longer TR (Figs 5–8). Thus, 3-D TOF MR an-
giography with longer TRs should delineate an-
eurysms that are not visible at MR angiography
with conventional parameters. In this situation,
to shorten the time of acquisition, a reduced
FOV and magnetic transfer contrast may be
helpful (13).

Several of our aneurysm models did not show
greater signal intensity relative to the back-
ground brain models as a function of a longer
TR. In clinical situations, the use of contrast
medium may help to solve this problem. Multi-
ple thin slab 3-D TOF MR angiography (14) or
3-D TOF MR angiography with acetazolamide
challenge (which increases cerebral blood flow)
(15) may also be used to increase the detect-
ability of intracranial aneurysms.

The flow or vortex in aneurysms is reported to
vary according to their location, the size of their
neck, and the flow volume of the parent vessels
(16–19). In this study, the signal intensity of the
aneurysm models with a neck size of 7.5 mm
was somewhat less than that of aneurysms with
a neck size of 5.0 mm. The reasons may be that
the aneurysms with a 7.5-mm neck have a dif-
ferent vortex flow. The aneurysm models used
in this study do not represent all kinds of intra-
cranial aneurysms. Although we found no signal
loss due to turbulence, this may have been a
function of the models we used. Furthermore,
the location of the aneurysms in the imaging
slab was thought to play an important role in
establishing the signal intensity in the aneu-
rysm. Proximal aneurysms had a stronger sig-
nal intensity than distal ones, because spins
flowing into the distal aneurysms were more
saturated than those in proximal ones.

In summary, in our models, noncontrast 3-D
TOF MR angiography showed terminal saccular
aneurysms and/or aneurysms with wider necks
better than lateral saccular aneurysms and/or
aneurysms with narrower necks. Longer TRs
are recommended to allow the spin flowing into
the aneurysms to recover. Shorter TRs and
larger flip angles were not optimal for seeing
lateral or terminal saccular intracranial aneu-
rysms.
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