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Fig. 1. Transparent silicon phantom
carotid bifurcations filled with blood
mimicking fluid.

A. Model of normal carotid bifurcation
that has smooth branching pattern.

B. Model of tortuous carotid bifurcation
that might be expected to show turbu-
lent flow at the carotid bulb.
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Fig. 2. Sequential images of DSA on 62-year-old man’ s Rt. carotid artery shows dynamic changes of contrast distribution at the

carotid bulb.

A.Early arterial phase shows filling defect(black arrowheads) due to delayed filling of contrast at the vortex flow area of carotid

bulb.

B. Mid arterial phase. Filling defect disappears and is replaced by homogeneous filling pattern at carotid bulb.
C.Late arterial phase shows delayed washout of contrast(black arrowheads) probably due to turbulent flow at the carotid bulb.
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Table 1. Signal Patterns of Carotid Bulb in CEMRA and Correlation with DSA.

Group Signal pattern Corresponding phase in DSA Number
Group 1 Focal signal defect at carotid bulb Early arterial phase 8
Group 2 High and low signal area at carotid bulb Early arterial phase 4
Group 3 Homogenous enhancement Mid-arterial phase 16
Total 28

Fig. 3. Rt. carotid arterial images of 42-
year-old man.

A. Early arterial phase DSA shows in-
complete mixing of contrast agent and
secondary filling defect(white arrow-
heads).

B. Arterial phase CEMRA shows inho-
mogeneous low signal intensity at the
carotid bulb(black arrowheads). Signal
pattern at the carotid bulb is nearly i-
dentical with (A). In this case, central k-
space is targeted to the early arterial
phase.

Fig. 4. Rt. carotid arterial images of 47
year-old woman.

A. Early arterial phase DSA clearly
shows flow pattern at the carotid bifur-
cation. Whirl-like shadow at the carotid
bulb reflects turbulent flow (white ar-
rows). Note wedge shaped filling defect
at the internal carotid bifurcation
(white arrowheads).

B. Arterial phase image of CEMRA
shows wedge shaped low signal area is
noted at the internal carotid bifurcation
(black arrowheads). Also noted focal
high signal area at the carotid bulb
(black arrows). Turbulent and reversed
flow at the carotid bifurcation is respon-
sible for this complex signal.
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(Fig. 5A, B).

Fig. 5. Comparison with arterial (A)
and venous (B) phase selective arterial
MIP images of 42-year-old man in
CEMRA. Low signal at the carotid bi-
furcation (black arrowheads) in the ar-
terial phase disappears in the venous
phase.

Fig. 6.DSA and CEMRA images of s-
moothly branching phantom carotid bi-
fucation.

A Early phase of DSA shows no signifi-
cant turbulent flow at the carotid bifur-
cation. Contrast is homogeneously
mixed in the carotid bulb.

B. Early phase of CEMRA shows ho-
mogeneous signal pattern at the carotid
bulb as (A).
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Fig. 7. DSA and CEMRA of tortuous
phantom carotid bifurcation.

A.Early phase of sequential DSA im-
age shows turbulent flow and incom-
plete filling of contrast at the carotid
bulb leaving wedge shaped filling de-
fect (black arrows).

B. Corresponding phase of CEMRA im-
age with (A) shows inhomogeneous sig-
nal intensity at the carotid bulb. Signal
pattern is similar to (A) (white arrows).
C.Mid-arterial phase of DSA image
shows homogeneous filling of contrast
without any filling defect in the carotid
bulb.

D.Corresponding phase of CEMRA
with(C) shows homogeneous signal pat-
tern instead of inhomogeneous signal
pattern in the early arterial phase(B).
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What is the Cause of Signal Inhomogeneity at the Carotid
Bifurcation During Contrast Enhanced Carotid MRA?:
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Purpose: To evaluate the hemodynamic causes of signal inhomogeneity at the carotid bulb that might be mis-
interpreted as pathologic signal defect in carotid contrast enhanced MRA(CEMRA).

Materials and Methods: Both carotid CEMRA and fast digital subtraction angiography(DSA) were conducted
on 15 patients (28 carotid arteries) and arterial phase CEMRA images were compared with fast DSA images of
the same patients. A 1.5T MR imager was used. The Turbo-FLASH sequence emplayed was TR/TE/FA=
3.2ms/1.3 ms/35°. For experimental study, we utilized hand-made silicon phantoms of the tortuous carotid bi-
furcation; these might be expected to clearly demonstrate turbulent flow at the carotid bulb. In a closed circu-
latory system, both CEMRA and fast DSA involved the use of these phantoms.

Results: During CEMRA, inhomogeneous signals of varying degrees were found at the carotid bulb in 12/28
carotid arteries. When compared with sequential DSA images, incomplete mixing of contrast agent due to tur-
bulent flow at the carotid bulb might be responsible for this inhomogeneity. This hypothesis was reinforced by
successfully reproducing signal defects at the carotid bulb from the experimental CEMRA study using carotid
phantoms that showed marked turbulent flow in the same area during DSA.

Conclusion: Incomplete mixing of contrast agent caused by turbulent flow at the carotid bulb might be re-
sponsible for the signal inhomogeneity seen on carotid CEMRA.
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