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Figure 1 Contrast-enhanced MRA visualizes the aortic arch and the entire range of cervical arteries.
Right ICA reveals pseudo-occlusion on contrast-enhanced MRA, but severe stenosis on CT angiogra-
phy (thin arrows). The left subclavian artery is occluded at its origin (thick arrow), and the distal por-
tion is supplied by retrograde flow through the left vertebral artery.

A: MIP of contrast-enhanced MRA.

B: Target MIP of contrast-enhanced MRA.
C: Target MIP of CTA.

D: SSD (shaded surface display) of CTA.
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Figure 2 TOF MRA of dissection
of the internal carotid artery.
Subacute thrombus in the false lumen
displays a high signal (arrows) that is
not continuous with the true lumen.
A: MIP of TOF MRA.

B: Target MIP of TOF MRA around
the right internal carotid artery.

C: Near coronal MPR of TOF MRA.
D: Source image of TOF MRA.

Table 1 Imaging sequences used for carotid plaques

Sequence

Acquisition time

T1 weighted
TIW SE
MPRAGE
TOF MRA*
T2 weighted
T2W SE
PD (proton density) weighted
PDW SE

(ECG gated, black-blood, 2D)
(IR FLASH, heavy TIW, 3D)
(Flow enhance, TIW, 3D)

(ECG gated, black-blood, 2D)

(ECG gated, black-blood, 2D)

30sec—1min/slice
5min/50-100slices
5min/50-100slices

30sec—1min/slice

1-2min/slice

Total 30-60min

#*: TOF MRA is the source image of conventional TOF MRA used for lumen visualization.
2D: two-dimensional, 3D: three dimensional, IR: inversion recovery, FLASH: fast low-angle shot,
MPRAGE: magnetization-prepared rapid acquisition with gradient echo.
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Figure 3  Plaques of the aortic
arch and its branches.

Thick high signal plaques are
displayed by MPRAGE in the
aortic arch, common carotid
artery, subclavian artery, and
brachiocephalic arteries (ar-
TOWS).

A: Source image of 3D TIWI
(MPRAGE), B: MPR of
MPRAGE.
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Figure 4 Fibrous and inflammatory tissues (ar-
rows) are enhanced by gadolinium.

A: T2W BBSE, B: TIW (MPRAGE), C: TIW
(MPRAGE) a few minutes after contrast injection,
D: Histology of removed plaque by carotid endar-
terectomy (Masson trichrome) at the same section
as panel A-C. F: fibrous cap, I: inflammation (foam
cell infiltration), *: loose matrix.
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Most carotid artery diseases are types of atherosclerosis, which is a major cause of cerebral ischemia. Magnetic
resonance angiography (MRA) displays luminal narrowing and dilatation of the carotid artery, and comprises non-contrast
and contrast MRAs. The most common non-contrast MRA is time-of-flight (TOF) MRA, but other non-contrast techniques
using turbo spin-echo and coherent steady-state methods are emerging. Non-contrast MRA is somewhat time-consuming
when used over a wide range from the aortic arch to the upper cervix; contrast MRA has the advantage of displaying a
wide area in a short time. However, non-contrast MRA is developing.

Unstable plaque without significant stenosis can cause cerebral ischemia. MR imaging (MRI) is very useful in
characterization of plaque components. Multi-contrast MRI using T2-weighted spin-echo (SE), T1-weighted SE, proton
density-weighted SE, and TOF MRA revealed that lipid-rich necrotic core, intraplaque hemorrhage, fibrous cap, and
calcification are discriminated from one another, and are related to cerebral ischemic events. However, multi-contrast
technique is time-consuming, slice number is limited, and the reading is complicated. Automatic and objective reading
is under development. A three-dimensional inversion-recovery gradient-echo sequence (MPRAGE) can encompass a wide
field from the aortic arch to the carotid artery in 5 minutes. MPR AGE high signals correspond to soft plaque with hemorrhage.

(J Jpn Coll Angiol, 2009, 49: 459-464)
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