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Fig. 1. X-ray image of phantoms filled with contrast media
resembles adequate normal bifurcated and stenotic (40%,
65%) carotid arteries of the human carotid bifurcation.
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o AR ERFI SN A vk 40%8 =] 3
Zg Byt 65%2) AW YRR FolF ¥
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Fig. 2. MRA of the normal bifurcated ca-
rotid artery.

a. Axial 3D-TOF carotid MRA shows a
good delineation of the bifurcated carotid
arterial phantom. Scan parameters:TR/
TE/Flip angle=23/10/40 degrees, Matrix
=256 X 256, FOV=20cm, and Slab thick-
ness= 65mm.

b. Source image of coronal 2D-TOF ca-
rotid MRA shows a staight central axis
(arrows) of inflow stream which is direc-
ted to ICA side of the carotid bifurcation
area. Scan parameters:TR/TE/Flip angle
= 23/10/40 degrees, Matrix=256 X 256,
FOV=20cm and Slice thickness=2mm.

Fig. 3. MRA of asymmetrically 40% sten-
otic ICA.

a. Axial 3D-TOF carotid MRA shows 40%
stenotic area (arrow) correlated well with
stenotic site of phantom continued post-
stenotic signal loss. Scan parameters:
TR/TE/Flip angle=36/10/20 degrees, Mat-
rix=256 X 256, FOV=20cm and Slab thick-
ness=65mm.

b. Source image of coronal 2D-TOF ca-
rotid MRA shows mild bowed central axis
(arrows) of inflow stream which is direc-
ted to the bifurcated area of the internal
and external carotid arteries. This may
suggest dividing (50:50) of inflow into the
internal and external carotid arteries.
Scan parameters:TR/TE/Flip angle=23/
10/40 degrees, Matrix=256, FOV=20cm
and Slice thickness=2mm
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(6 Frame /sec)oll A Z7] 34

HAgzad gl s
Al B WATY 712 F] oS4 oHF2 <l
A2 = 23AY TEo] T o= A7 54

AAro] vebhtbe (Fig. 5) 2934 f30] Burks A1

ANE E5k5 23AY ZRHE] RAAA A% e
oAz Qe A%

&g | Heith 40% why @3

g Bel Mt 271 2A f914] SHFE A3 A E &
GAEAe] A WATA FA¥S )&t ArlE &
ALY Hrhe FT 24 AEHoz

frzo] B AldNE o 28 A48
Hlch 65% 1A WA BaolE ofE EYudE &
GAEA) B 2A oo AL on 2odA] fEo] B

Fig. 4. MRA of the symmetrically 65%
stenotic ICA.

a. Axial 3D-TOF carotid MRA shows 65%
stenotic area (arrow) at the identically
stenotic site of phantoms with markedly
decreased signal at the poststenotic seg-
ment mimicking occlusion. Scan parame-
ters: TR/TE/Flip angle=36/10/20 degrees,
Matrix=256 X 256, FOV=20cm and Slab
thickness= 65mm.

b. Source image of coronal 2D-TOF ca-
rotid MRA shows more bowed central axis
(arrows) of inflow stream than Fig. 3b.
This may suggest divided main inflow into
external carotid artery. Scan parameters:
TR/TE/Flip angle=23/10/40 degrees, Mat-
rix=256 X 256, FOV=20cm and Slice thic-
kness= 2mm.

Hiagncas

b

Fig. 5. a, b, c. Delayed filling of contrast media (arrows) at
the proximal portion of ICA revealed reversed flow on DSA of
normal bifurcated and stenotic (40%, 65%) carotid arterial
phantoms at injection of contrast media on steady-state flow
model.
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Fig. 6. a, b, c. CFD simulates flow pattern in the normal bifurcated and stenotic (40%, 65%) carotid arterial phantoms. CFD
shows bowing of central axis of inflow stream to ECA side depending upon the degree of stenosis. The phenomenon may
suggest the relationship between the degree of stenosis and reducing flow volume through stenotic channel.
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Hemodynamic Changes on Phantoms of the Internal Carotid
Arterial Stenosis: Comparison of Magnetic Resonance
Angiography (MRA), Digital Subtraction Angiography(DSA)
and Computational Fluid Dynamics (CFD)."
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Purpose: The most important factor discrediting the reliability of MRAs is the overestimation of the degree

of stenosis in the internal carotid artery(ICA). The purpose of this study is to evaluate the secondary
hemodynamics and the cause(s) for the overestimation of the degree of variable stenotic phantoms of the ca-
rotid artery using steady-state flow on MRAs.
Materials and Methods: Using acrylic materials, normal and variable stenotic phantoms of the bifurcated ca-
rotid artery were constructed (40% and 65%). Flow patterns were evaluated with axial and coronal imaging of
MRAs (2D-TOF and 3D-TOF) and DSAs of phantoms constructed from an automated closed-type circulatory sys-
tem filled with 10% glucose solution. These findings were then compared with those obtained from CFD.

Results:3D-TOF axial MRA of asymmetrically 40 percent stenotic phantom revealed 40 percent stenosis
identical to the stenotic region of phantoms with continued poststenotic signal loss, whereas 3D-TOF axial MRA
of symmetrically 65 percent stenotic phantom showed markedly decreased signal intensity at the poststenotic
segment resembling occlusion. Source image of 2D-TOF coronal MRA showed redistribution (from the internal
to external carotid artery side) of the central axis of inflow depending upon the degree of stenosis of the ICA;
this redistribution can be a cause of the decreased signal at the poststenotic segment, due to
a reduced volume of flow through the stenotic segment. The general hemodynamics of the variable stenotic
phantoms on MRA were identical to the hemodynamics on DSA and CFD.

Conclusion: Although dephasing from turbulent flow and character of maximum intensity projection(MIP)
were suggested as the main cause of the decreased poststenotic signal, our study indicated that a
hemodynamically redistributed central axis of inflow and reduced flow volume through stenotic channel is one
of the basic factors of the decreased signal intensity at the poststenotic segment on MRA.
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