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Turnover in Intracranial Aneurysm Phantoms:
Its Relation to Neck Size!

Tae-Sub Chung, M.D., Young-Jun Lee, M.D., Yoon-Chul Rhim, PhD.2

Purpose: To evaluate the physiologic background of aneurysms poorly visualized dur-
ing 3D-TOF MRA, contrast-enhanced MRA (CEMRA) and DSA due to hemodynamic
isolation.

Materials and Methods: Using handmade elastic silicon phantoms to represent termi-
nal basilar tip aneurysms, 3D-TOF MRA, CEMRA and DSA were used to determine
blood turnover. Aneurysmal neck size was 2 mm and 10 mm, and the use of a pulsatile
pump also helped recreate human physiologic parameters. We compared the results
with those of computational fluid dynamics.

Results: DSA images of the narrow-necked aneurysm showed that a small volume of
contrast medium washed into it during the systolic phase. As the width of its neck in-
creased, the turnover volume of fragments of contrast bolus also increased. At CEM-
RA, the broad-necked aneurysm was visualized as the main bolus of Gd-DTPA passed
through it, and at delayed CEMRA, the narrow-necked aneurysm was visualized faint-
ly after the passage of bolus Gd-DTPA. The results correlated closely with those of 3D-
TOF MRA and computational fluid dynamics.

Conclusion: The visualization of intracranial aneurysms at 3D-TOF MRA, CEMRA
and DSA was greatly dependent upon blood turnover, which varied according to
aneurismal neck size. A narrow-necked aneurysm might be missed at 3D-TOF MRA,
CEMRA and DSA due to hemodynamic isolation.
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The hemodynamic analysis of intracranial aneurysms
is important not only in order to understand the patho-
physiology of their growth and rupture (1—3), but also
for their detection and the optimization of image quality
at MRA (4). The enlargement and collapse of aneurysms
is synchronized with the turnover volume of blood dur-
ing each cardiac cycle. Their increasing volume during
each cycle is identical to this turnover. The turnover vol-
ume can be an important factor not only in their hemo-
dynamically caused growth and rupture, but also, due
to the source of inflow, in the quality of the images ob-
tained at noncontrast 3D-TOF MR angiography (MRA)
and contrast-enhanced MR angiography (CEMRA).

The expansion and collapse of the elastic wall of real
aneurysms is synchronized with the cardiac pulse; due
to the absence of wall motion and a different inflow pat-
tern, however, investigation using a hard-wall model
suffers limitations (5).

The purpose of this study was to visualize turnover in
terminal aneurysm phantoms of different neck sizes
constructed using elastic silicon, and thus determine the
extent to which compliance of the aneurysmal wall in-
fluences image quality at 3D-TOF MRA, CEMRA and
DSA.

Materials and Methods

We designed home-made elastic silicon phantoms
(Fig. 1) which mimicked basilar tip aneurysms (diameter
of aneurysmal sac: 18 mm). In-vitro flow experiments
were performed using phantoms of two different neck
diameters (2 and 10 mm) connected to a computer-dri-
ven piston pump (UHDC, Ontario, Canada) pro-
grammed to pump forward at a systolic pumping vol-
ume of 30 (average, 9.196) ml per second. To maintain a
viscosity similar to that of human blood, a solution of
glycerine and distilled water (1.4:1) was used.

All 3D-TOF MRA and CEMRA studies involved the
use of a 1.5-T MR system with a 25 mmT/m gradient ca-
pability (Siemens Vision, Erlangen, Germany). A 3D-
TOF technique was used, with TR/TE of 30/6.4 msec,
ramped pulses from 15 to 25 degrees, and a center flip
angle of 20 degrees. A three-dimensional fast low-angle
shot (3D-FLASH) MRA sequence was used for CEMRA,
the imaging parameters were a repetition time of 3.2
msec, an echo time of 1.3 msec, a 35° flip angle, an 80x
160 matrix, a 175x 280 mm field of view, and 7.18 sec-
onds per sequence, with four phases. Ten mm of 50
mmol/L gadolinium chelate (gadopentate dimeglumine)
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(Magnevist; Schering, Berlin, Germany) was injected us-
ing a Spectris MR power injector (Medrad, U.S.A) at a
rate of 4 ml/sec via a side connector. Maximum intensi-
ty projection (MIP) images of each phase were evaluated
to compare the difference between time taken for the
main bolus to pass through the parent vessel and time to
visualization of aneurysms by wash-in and out of con-
trast media.

For digital subtraction angiography (DSA) of the phan-
tom, a Multistar T.O.P. (Siemens, Erlangen, Germany)
was used, with a bolus injection of 4 ml of iodine con-
trast medium (Ultravist; Schering, Berlin, Germany) ata
rate of 2 ml/sec via a connecting catheter and using an
automatic infector. DSA images were obtained at rate of
6 frames/sec, and the pattern of circulation of the con-
trast bolus in the aneurysms and the flow pattern of the
main bolus in the parent vessel were analyzed and com-
pared with the findings of CEMRA and CFD studies.

Computational fluid dynamics (CFD) were used to an-
alyze the flow patterns depicted at DSA and MR angiog-
raphy, and the hemodynamics were thus expressed
graphically.

CFD software (STAR-CD, CD-Adapco; UK and
U.S.A., respectively) was used for this, and was run on a
personal computer. The mesh was constructed by hand,
and was based upon the X-ray images of the contrast-
filled phantom. The flow pattern was described by vec-
tors, according to direction and velocity, and the out-
flow boundary was set so as to have the same outflow
volume in both branches.

The results were interpreted blindly by two radiolo-
gists (T-S.C., Y-J.L.) and one physicist (Y-C.R.), who
reached a consensus. Results were compared and ana-
lyzed to validate that all results indicated a similar pat-
tern of hemodynamics.

Fig. 1. Two elastic silicon phantoms were similar to basilar tip
aneurysm (size of neck 10, 2 mm).

— 388—



J Korean Radiol Soc 2003;49:387-392

Results

3D-TOF MRA images relating to the broad-necked
aneurysm phantom (10 mm) were better in terms of sig-
nal intensity and image quality than the narrow-necked
phantom (Figs. 2B, 3B).

DSA images of the former demonstrated a larger vol-
ume of contrast media wash into aneurysms during the
systolic phase, and faster washout (Fig. 2C). Images also
showed, however, that during this phase, a small
amount of contrast bolus gushed through the orifice of
the narrow-necked aneurysm (2 mm) and moved to its
dome, and that a smaller volume of contrast media

washed into the aneurysms (Fig. 3C). DSA study
showed that the turnover of narrow-necked aneurysms
was less than that of broad-necked.

During CEMRA, the broad-necked aneurysm was Vi-
sualized as the main bolus of Gd-DTPA passed through
it. As the neck broadened, the volume of contrast bolus
passing into the aneurysm increased (Figs. 2, 3). The
narrow-necked aneurysm was visualized after passage
of bolus Gd-DTPA and continuously visualized during
delayed scanning (Fig. 3D). A signal intensity-time curve
(Fig. 2E) showed that the signal intensity of the broad-
necked aneurysm increased during the passage of con-
trast bolus through the parent vessel, but for the nar-
row-necked aneurysm, both the corresponding curve

F

Fig. 2. Comparative evaluations on the phantom of broad-necked aneurysm.
A. Plain X-ray images of the broad neck (10 mm) of terminal saccular aneurysm phantoms were filled with contrast media (diame-

ter of aneurysm sac:18 mm).

B. 3D-TOF MRA image showed good visualization of aneurysm sac.

C.The aneurysm sac was visualized with arrival of contrast media at parent vessel simultaneously on DSA study. Whole lumen of

aneurysm was filled with contrast media on second systolic phase.

D. First phase of CEMRA showed simultaneous visualization of aneurysms sac with arrival of contrast media at parent vessel.
Second phase of CEMRA showed more brightly visualized aneurysm lumen when the end of main bolus passed the parent vessel.
Third phase of CEMRA revealed nonvisualization of aneurysm due to wash-out of contrast media from aneurysm sac with pass of

contrast bolus.

E. Time-signal intensity curve of aneurysm shows fast turnover of contrast medium similar to parent vessel.

F.CFD reveals good inflow during systolic phase.
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and the washout curve indicated delay (Fig. 3E).

Computational fluid dynamics (CFD) data for the sys-
tolic phase indicated substantial inflow gush into the
broad-necked aneurysm (Fig. 2F), but weak jet stream
inflow at the orifice of the narrow-necked aneurysm
(Fig. 3F).

Discussion

Hemodynamically induced stress is an important fac-
tor affecting aneurysmal growth and rupture (1-—3).
Earlier investigations of both flow rate and flow pulsatil-

E

Tae—-Sub Chung, et al : Turnover in Intracranial Aneurysm Phantoms

ity have made important contributions to the under-
standing of aneurysmal hemodynamics; non-contrast
3D-TOF MRA has depicted terminal saccular or broad-
necked aneurysms, or both more clearly than lateral
saccular or narrow-necked aneurysms, or both (4, 5).
Aneurysmal blood turnover has also been presumed to
have a significant effect on the signal intensity of
aneurysms. Furthermore, the quality of CEMRA is
greatly dependent upon the local concentration of con-
trast medium; to achieve optimal CEMRA, the bolus-in-
jected medium must arrive at the carotid arteries in time
to maintain an adequately high concentration (6). In this

F

Fig. 3. Comparative evaluation on the phantom of narrow-necked aneurysm.

A. Plain X-ray images of the narrow neck (2 mm) of terminal saccular aneurysm phantoms filled with contrast media (diameter of
aneurysm sac:18 mm).

B.3D-TOF MRA image shows poor visualization of aneurysm sac.

C. Small fragment of contrast media entered into the phantom of aneurysm during the first systolic phase on DSA study. During
second systolic phase, the first fragment of contrast media moved to the dome of aneurysm. Followed second fragment entered in-
to the phantom of aneurysm. The gap between first and second fragment suggested discontinued wash-in during diastolic phase.
D.First phase of CEMRA showed very faintly visualized aneurysm lumen when the main bolus of contrast media arrived at parent
vessel. Second phase of CEMRA showed more brightly visualized aneurysm lumen when the end of main bolus passed the parent
vessel. Third phase of CEMRA showed delayed visualization of aneurysm after pass of main bolus.

E. Time-signal intensity curve of aneurysm shows delayed and diminished turnover of contrast medium.

F. CFD reveals small amount of inflow during systolic phase.
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respect, recently developed high-resolution CEMRA al-
lows 12—20 seconds for the evaluation of an intracranial
aneurysm (7). Although some authors have emphasized
that the center of k-space should coincide with the peri-
od of maximum effect during the first-pass bolus of con-
trast medium through arteries (7, 8), we insist that an-
other important factor governing the optimal visualiza-
tion of aneurysms at CEMRA is aneurysmal blood
turnover when the bolus of contrast medium arrives at
the aneurysms orifice.

Investigation of aneurysmal blood turnover is very im-
portant, not only to help provide an understanding of
the mechanism of growth and rupture of aneurysms,
but also for optimization of the imaging quality of non-
contrast 3D-TOF MRA and CEMRA. Steiger et al. (9)
emphasized that the most important determinant of in-
tra-aneurysmal circulation was the geometrical relation
between an aneurysm and its afferent vessel. Their ex-
perimental model, however, involved the use of hard
walls, a choice which imposes certain limitations due to
the rigidity (rather than compliance) of these walls dur-
ing the cardiac cycle (5). To understand the hemody-
namics of intracranial aneurysms, experiments involv-
ing the measurement of aneurysmal turnover and relat-
ed wall compliance must consider factors such as the
geometrical relation between aneurysms and their affer-
ent vessel, their size, and the elasticity of the wall of the
aneurysmal neck. Important studies of aneurysmal he-
modynamics have included detailed analysis of flow dy-
namics in an aneurysm model (10), but CFD analyses
can be accepted at face value for use in basic and com-
parative studies.

Our models were designed in the form of terminal
aneurysms with elastic walls. Steiger et al. (9) showed
that in hard-wall models, symmetric outflow led to flow
stagnation in aneurysms and at their neck. In our experi-
ments, even though the models of replicated symmetric
terminal aneurysms, our results showed that turnover
patterns were closely related to the elasticity of the
aneurysmal wall and the size of their neck. Pulsatile
flow studies have shown that segments of contrast bolus
formed at the entrance to the aneurysm during each car-
diac cycle (3); the extent of this formation could indicate
the volume of aneurysmal turnover and degree of ex-
pansion during each cardiac cycle. In our experiments
with elastic silicon phantoms of terminal aneurysms,
flow was faster and turnover greater in the broad-
necked aneurysm than in the narrow-necked.

Furthermore, narrow-necked aneurysms were more
likely to be missed, due to hemodynamic isolation, dur-
ing DSA, 3D-TOF MRA and CEMRA. Aneurysmal
blood turnover is an important factor in 1) the hemody-
namic causes of aneurysmal growth and rupture, 2) the
poor signal intensity of aneurysms during noncontrast
3D-TOF MRA, 3) their delayed or poor visualization
during CEMRA, and 4) 3D rotational angiography (11).

Elastic silicon phantoms of aneurysms with pulsatile
flow were an effective method for the evaluation of
blood turnover in intracranial terminal aneurysms, a
factor closely related to the size of the aneurysm’s neck.
Turnover during each cardiac cycle could be an impor-
tant determinant not only of the hemodynamic causes
of the growth and rupture of intracranial aneurysms,
but also of the quality of non-contrast 3D-TOF MRA and
CEMRA images used for their evalvation.
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