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Figure 1 Three dimensional contrast enhanced MRA of a
middle aged woman with coarctation of aorta. There is a short
segment of stenosis at the proximal portion of the thoracic
descending aorta (arrow) after it branches the left subclavian
artery. Note numerous collaterals developed in the thoracic
wall are well depicted on this contrast enhanced MRA, which
cannot are not entirely delineated by single catheter technique.
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Figure2 Non contrast
MRA of the whole body
(3D MIP projection).
This angiogram is com-
posed of several non-
contrast MRA. Selective
visualization of the arter-
ies is well demonstrated
without overlaps of veins.
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Figure 3 Pulse sequence Chart of Flow-prep MRA.
Selective excitation of the arterial flowing blood can be made with use of veloc-

ity encoding pulses.
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Figure 4 Flow-prep MRA technique demonstrate wide range
of the abdominal aorta and both renal arteries without overlap
of the veins especially around the periphery of the renal arter-
ies in the case of the renal tumor (3D MIP reconstruction).
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Figure 5 Scheme of the Inhance Inflow IR: Selective IR pulse suppresses the signal of the vein and station-
ary tissue. Unsaturated fresh arterial blood can be visualized with inflow phenomenon and selective visual-
ization of the artery can be done. This scheme can be applied in any area in combination with SSFP or FSE.
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Figure 6 The effect of shear stress on the vessels.
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There are several hypothesis concerning the effect of physical stimulus like shear stress on the vessels.

Diagram shows one of the recent and widely accepted hypothesis.

Moderate and appropriate shear stress detected by the endothelium increases NO in the vessel wall; and thereby, dilate vessels and
at the same time increase PGI2, which inhibit platelet coagulation, and decreases VCAM-1, which inhibit monocyte adhesion. These
are anti-arteriosclerosis factors. For the integrity of vessel wall, wall shear stress should be maintained to the appropriate level not
less than 1.5 Pa. Low shear stress below 0.4 Pa promotes atherosclerosis and the apotosis of the smooth muscle in the vessel wall.
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Figure 7 A color display of shear stress map generated in an
elderly patient with infra-renal abdominal aortic aneurysm.
Note significantly low shear stress below 0.3 Pa is seen in the
diffusely dilated segments around the bifurcation of aorta. This
aneurysm is developed as a result of hemodynamic mechanism
explained in Fig. 6.
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Figure8 Three dimen-
sional MIP projection im-
age of contrast enhanced
MRA of an elderly male
patient with arterioscle-
rosis obliterans shows a
total occlusion of the right
common iliac artery and
the right external iliac
artery. Right lower limb
is dependent on the cross
circulation via left internal
iliac artery. The popliteal
artery is also near occlud-
ed in the right side. Bypass
surgery is not indicated to
the patient like this condi-
tions. Alternative therapy
such as pharmacological
intervention is chosen.

Figure9 Three dimen-
sional MIP projection image
of contrast enhanced MRA
of an ASO patient showing
the occlusion of left com-
mon iliac artery, left super-
ficial femoral artery and
the severe stenosis of right
external iliac artery. If the
“run-off” of popliteal arter-
ies and trifurcations as well
as further peripheral arter-
ies are maintained, bypass
surgery is indicated as this
patient.

PANF B

Figure 10

A: Seventy-seven year old male with infected aneurysm in the abdominal aorta (3D MIP projec-
tion MRA using contrast enhanced MRA). There is a ulcer in the left side of the aorta just above
the bifurcation.

B: Axial fat saturated T1 weighted image with gadolinium enhancement. There is an strong en-
hancement in the soft tissue layer surrounding abdominal aorta.
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Figure 11 Fifty-eight year old female of aortitis syndrome Figure 12 Contrast enhanced MRA (left anterior oblique
(3D MIP projection image using contrast enhanced MRA). view; 3D MIP projection) of a patient with thrombosed type
There is a short segment of stenosis at the infrarenal segment of Stanford B aortic dissection.

abdominal aorta (—) followed by distal post-stenotic dilatation. There are several ulcer like projection (ULP) at the distal por-

tion of the aortic arch.

Figure 13

A: Growing PAU (penetrating atherosclerotic ulcer) seen in the thoracic aorta of eighty-
five year old male (left anterior oblique view; 3D MIP projection). Contrast enhanced
MRA. Risk of rupture is increased in this case.

B: Coronal source image shows huge ulcer created in the atherosclerosis in the thoracic
descending aorta.
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A‘B

Figure 14

A: Enhanced MRA seen in the dissection
in the thoraco-abdominal aorta (3D MIP
projection). Three main visceral arteries (—)
(the celiac axis, the superior mesenteric ar-
tery and left renal artery) stem from the true
lumen. Right renal artery branches from the
pseudolumen (*) remain unoccluded.

B: Precontrast fat saturated coronal T1
weighted image. Dissected pseudolumen in
the thoracic aorta is alomost occluded with
thrombus.
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Figure 15

A:Pseudoaneurysm (contrast leakage into the A | B
pseudolumen) seen in the seventy-six year old

male, which was created at the orifice of the celiac

axis after graft replacement (left anterior oblique

MIP projection of the contrast enhanced MRA).

B: Oblique coronal reconstruction of the source

image shows the pseudoaneurysm outpouching

from the celiac axis.
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Magnetic resonance angiography delineates entire arteries including collaterals of the whole body utilizing non-
nephrotoxic contrast media or even no contrast media. Arbitrary sections are reconstructed in addition to projection
images using 3-dimensional data set. This non-invasive, ionizing-radiation-free technique is best suited not only for
screening for aortic pathologies but for follow-up use for the pathologies after the surgical repairs. Although there are
many benefits in utilizing MRA, the temporal and spatial resolution of MRA is still not superior to X-ray DSA. Gadolinium
administration to patients with chronic renal failure also increases a risk of NSF (nephrotoxic systemic fibrosis). In this
context, non-contrast MRA is developing significantly with use of arterial spin labeling and phase shift of spins. Flow
analysis technique is also being refined. In near future, shear stress of the arterial wall can be assessed using 3 dimensional
phase contrast MRA. (J Jpn Coll Angiol, 2009, 49: 503-516)

Online publication January 22, 2010
516 MR Vol. 49, 2009



