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oncardiac arterial vascular disease is a significant contributor to morbidity
and mortality. Conditions such as cerebral ischemia, renal vascular hyper-
tension, peripheral vascular disease, aortic dissection, and pulmonary em-

bolism require prompt and accurate diagnosis necessitating precise anatomic vascular
characterization. Historically, contrast angiography has been the principal method of
evaluation of arterial disease, although over the last 15 years there has been a rapid
proliferation of less invasive techniques that can be applied to screening patients who
are at risk.

Duplex sonography has been shown to be quite effective in the diagnosis of peri-
pheral vascular disease affecting the extremities and the cervical carotid arteries. Its
role as a comprehensive vascular screening tool is limited because of its inability to
display the entire vascular system (e.g., it cannot display the thoracic, intracranial,
and crural vessels).

The evolution of computed tomography from a device that required over 2 min-
utes to create a single poor-resolution image slice to one in which multiple slices can
be obtained in less than 1 second and images displayed in a variety of presentations
(multiplanar and 3-D) has propelled that technique into the forefront in the diagno-
sis of arterial vascular disease.

Similarly, magnetic resonance imaging has become a powerful noninvasive tool to
define occlusive and dilating conditions that affect the vasculature. Stronger, faster
magnetic gradients, creative radiofrequency pulsing maneuvers, and faster comput-
ing techniques have contributed to this success.

The intent of this article is to update the reader on the current status of magnetic
resonance and computed tomographic techniques in the evaluation of a variety of
vascular disorders and to provide clinical examples from our institution.

Magnetic Resonance Angiography

Magnetic resonance (MR) techniques developed to define vascular anatomy in mag-
netic resonance angiography (MRA) can be broadly divided into 2 categories depend-
ing on the appearance of flowing blood: black blood (Fig. 1) and bright blood (Fig. 2).

Flowing blood appears dark on black blood studies. Types of imaging that produce
black blood display include spin echo (SE), half-Fourier rapid acquisition with relax-
ation enhancement (RARE), inversion recovery (IR), and other T1 weighted fast gra-
dient-echo techniques.1,2 The primary advantage of this display is visualization of the
vascular wall.

Bright blood studies include the various gradient-recalled varieties: time of flight
(TOF), phase contrast (PC), contrast-enhanced (CE), and cine magnetic resonance
angiography. This format is the primary method currently used for MRA display.

Time of flight MRA produces images from flow-related enhancement, as fresh
proton spins (non-saturated) of flowing blood enter the imaging slice (2 dimension-
al) or slab (3 dimensional).

Phase contrast MRA produces images from a different method. Blood flowing
across the gradient of a magnetic field will accumulate phase or change in precession
rate. Nonmoving tissue will not experience a phase change and can be subtracted,
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leaving an image which is encoded in both direction
and velocity of flow. However, to provide display of
blood in all 3 directions, 4 acquisitions are required,
which results in long scan times. Phase contrast imag-
ing, because of its inherent qualities, can be to used to
determine the direction of flowing blood as well as to
calculate its velocity (Fig. 3). This feature, which pro-
vides MR with an advantage unavailable with CT,
enables accurate physiologic measurements to calcu-
late blood flow, cardiac output, shunt quantification,
and retrograde flow.

Both TOF and PC angiography suffer from signal
loss as a result of saturation effects and complex flow
(intravoxel dephasing), which can lead to an overesti-
mation of stenoses. This disadvantage and the other
disadvantage of long scan times can be offset by using
techniques that combine a T1 shortening intravascu-
lar agent (gadolinium), which produces an increase in
the signal of flowing blood, with a 3-D spoiled gradi-
ent-recalled sequence (contrast enhanced).3,4 Large
areas (>36 cm) can be studied during a single breath,
providing contiguous high-resolution (1 mm) image
production (Fig. 2). Further, gadolinium-based con-
trast agents are not nephrotoxic, which enables their
use in patients with azotemia as well as in patients
with iodine allergies.5

Cine techniques provide snapshots of flowing
blood at different phases of the cardiac cycle (usually
12 through 18) and, when displayed sequentially, pro-
ject the appearance of active blood flow; in the case of
the heart, they also display ventricular and atrial wall
motion. This technique is useful in aortic dissections,
wherein small intimal flaps and differential blood
flow in the lumina are better demonstrated than with
other techniques (Fig. 4).6

Thoracic Aorta
Magnetic resonance imaging has become an impor-
tant technique in the evaluation of patients with aor-
tic disease. Its ability to provide multiplanar images
and to acquire cine-type images makes MR a tech-
nique that offers comprehensive information, with-
out use of an iodinated contrast agent. It can also
depict the number of cusps and the competency of
the aortic valve, which is important in thoracic aortic
conditions such as coarctation and dissection.

Dissection. The value of MR in the diagnosis of aor-
tic dissection has been proved. The sensitivity and
specificity of SE and non-contrast-enhanced gradi-
ent-echo (GRE) protocols in published series ranges
from 94% to 100%,7-10 which is greater than that of
contrast angiography and transesophageal echocar-
diography. Categorization of dissection into types A
(ascending thoracic aortic involvement) and B (in-
volvement beginning distal to the left subclavian ar-
tery) can be reliably displayed (Figs. 3 and 4), as can

the extent and involvement of branch vessels. Even
small intimal tears can be visualized, particularly
when cine or contrast-enhanced techniques (or both)
are used.7-11 Associated pericardial effusion and aortic
valvular insufficiency can also be identified.

Contrast-enhanced examination of the entire aorta
can be performed over 1.5 to 4 minutes during quiet
breathing with respiratory compensation11,12 or, more
recently, during a single breath-held examination,
which is faster than other techniques and rapidly dis-
plays the aorta and major branch vessels (Fig. 5). Pen-
etrating aortic ulcers, which may be associated, can
also be demonstrated.13

Disadvantages of MR include limitations in scan-
ning certain populations (e.g., patients with pacemak-
ers, surgical ear implants, or intracranial aneurysm
clips, and patients who are claustrophobic or other-
wise uncooperative). The inability to detect calcifica-
tion is also a limiting factor, especially in patients with
thrombosed false lumina. We currently reserve MR
for patients with subacute or chronic disease or with
renal insufficiency, and we perform computed tomo-
graphic angiography (CTA) in those with acute symp-
toms.

Aneurysm. Aneurysms of the thoracic aorta can be
found in a number of locations and are easily seen
with MR.11,14 Sinus of Valsalva aneurysms are usually
congenital and involve a single sinus (right). These
lesions are best demonstrated with MR because of its
multiplanar and cine capabilities. Associated condi-
tions such as bicuspid aortic valve, ventricular septal
defect, and coarctation, can also be defined.

Sinus of Valsava aneurysms of the acquired variety
(Fig. 6) more commonly affect all 3 sinuses and are
seen in patients with Marfan syndrome, osteogenesis
imperfecta, Ehlers-Danlos syndrome, and homocys-
teinuria. Further, focal aneurysm formation can be a
complication of aortic valvular surgery and bacterial
endocarditis.

Aneurysms of the ascending (non-sinus) aorta, aor-
tic arch, and descending aorta are also well displayed
with routine MR (Fig. 7).

Traumatic aneurysms are less common. Approxi-
mately 20% affect the ascending aorta. Our prefer-
ence for evaluation of acute trauma remains contrast
angiography (CA), although CT shows considerable
promise. Magnetic resonance has a lesser role in the
evaluation for suspected aortic injuries.

There is some debate in the literature about the
upper-normal limits of aortic size. At our institution,
we use the following criteria for the upper limits of
normal: sinus of Valsalva, 4.0 to 5.0 cm; tubular por-
tion, 4.0 cm; and the descending aorta, 3.5 cm.

Coarctation. Coarctation accounts for about 5% of
patients with congenital heart disease. In this condi-
tion, the aorta is congenitally narrowed by fibromus-
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er, as with other MRA contrast techniques, the pa-
tient must be cooperative and able to breath-hold for
20 seconds to enable high-resolution imaging. There-
fore, we limit the use of MRA to cooperative patients
who, because of allergy or azotemia, cannot receive
iodine contrast solution. Our current preference is
computed tomography or contrast angiography.

Abdominal Aorta and Its Branches
Aneurysm. Abdominal aortic aneurysms (AAA) are

common. Precise anatomic display (of size and length
of neck, number and integrity of renal arteries, overall
length of aneurysm, and sizes of iliac arteries) is cru-
cial in selecting patients for non-operative (endovas-
cular) stent placement. Computed tomography has
become the mainstay in pre- and post-stent graft eval-
uation, although MR is also a useful technique, espe-
cially in azotemic patients.

Initial reports indicate MR’s accuracy, using black
blood techniques, in depicting aneurysms, although
information about branch vessels is not detailed (Fig.
11). In subsequent studies using black blood and
TOF protocols, Kandarpa,22 Dunham,23 and Kauf-
man24 indicated that the aneurysm’s neck and length
were well seen and the main renal and mesenteric ves-
sels could be determined to be patent; however, the
accessory renal arteries were not reliably imaged 
(sensitivity 24% to 67%). Prince25 1st used contrast-
enhanced studies, which increased the detection of
accessory arteries to over 90%.3,4,26 Subsequent articles
have confirmed the high sensitivity of contrast-
enhanced MR. Magnetic resonance angiography of-
fers comprehensive preoperative evaluation of AAA
that compares favorably with that of catheter angiog-
raphy (Fig. 12).11,22-29

Magnetic resonance evaluation of patients who
have undergone prior surgical or endovascular aneu-
rysm repair has been tried but suffers from varying
amounts of image degradation in accordance with the
number of surgical clips that are present or the type of
metal that is used in the stent-graft. Grafts supported
by stainless steel produce severe artifacts, which ren-
ders them incapable of successful visualization, but
nitinol-based stent grafts can be imaged without dif-
ficulty.30-32 Our preference for post-stent graft evalua-
tion is contrast-enhanced CT, because it is the proven
standard for detection of endoleaks, but MRA can be
applied to patients who are azotemic and have niti-
nol-based grafts.

Mesenteric Vessels. Chronic symptomatic mesenteric
ischemia is related to significant in-flow reduction
that usually involves at least 2 of the 3 major arter-
ies.33,34 Acute symptomatic ischemia may affect only 1
artery, or even a branch.

Contrast angiography remains the primary tech-
nique for assessing patients with acute ischemia be-

ç

cular tissue, a process that affects primarily the media.
The area affected is usually focal and located just dis-
tal to the aortic arch, near the ductus; but there is a
spectrum of severity that ranges to complete interrup-
tion of the aortic arch. Occasionally, coarctation can
be longer and affect much of the aortic arch. The de-
gree of coarctation can be quantified with black blood
or bright blood techniques (Fig. 8). Phase contrast
studies can provide flow quantification.

Magnetic resonance angiography can also display
pseudocoarctation of the thoracic aorta, a condition
seen in adults that is characterized by an elongated,
buckled aortic arch. In these cases, there is no signifi-
cant pressure gradient across the buckling stenosis
(Fig. 9).

Oblique sagittal images are the most useful and eas-
ily understood projections. Dephasing effects from
the jet effect seen with cine gradient echo can be gen-
erally offset with the use of 3-D contrast enhance-
ment. Aortic valve cine studies can also demonstrate
an associated bicuspid aortic valve, which is found in
up to 80% of patients (Figs. 1 and 2).

Other Conditions. Stenosing lesions of the aorta,
such as Takayasu’s arteritis,14,15 and dilating lesions,
such as temporal arteritis, relapsing polychondritis,
and Behcet’s syndrome, can also be shown. Magnetic
resonance can be used to follow the activity of the dis-
ease. Edema of the wall seen in active inflammation is
well shown on T2 weighted spin-echo images.15

Pulmonary Emboli
Pulmonary emboli are a significant problem: it is es-
timated that over 600,000 cases occur each year in the
United States.16 Historically, pulmonary angiography
has been the gold standard for diagnosis, but this
technique is under-used because of its invasiveness, its
cost, and various other factors. Ventilation/perfusion
lung scanning has also been used as a screening proce-
dure, but in the PIOPED study (Prospective Investi-
gation of Pulmonary Embolism Diagnosis) only 27%
of patients had definite diagnoses established through
non-indeterminate scans.17

Early attempts at MR evaluation have shown
promise but medium-to-small emboli and adjacent
pulmonary densities remain problematic. Spin-echo
imaging can display moderate and large pulmonary
emboli (Fig. 10). Recently, 3-D SPGR (spoiled gradi-
ent-recalled) breath-hold contrast-enhanced studies
have proved more useful in diagnosing acute and
chronic pulmonary embolism.18-21 In a prospective
study of 30 patients with suspected pulmonary em-
bolism who underwent examination with contrast-
enhanced MRA and conventional angiography, MRA
had sensitivities of 100%, 87%, and 75% and speci-
ficities of 95%, 100%, and 95% for main, lobar, and
segmental pulmonary emboli, respectively. 18 Howev-
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Fig. 1 Black blood magnetic resonance image.
Sagittal spin-echo view of the heart, including a
bicuspid aortic valve (arrow), with the pulmonary
outflow tract noted ventrally. 
(Courtesy of Scott D. Flamm, MD)

Fig. 2 Bright blood magnetic resonance image.
Oblique sagittal gradient-echo image through the
level of the aortic valve depicts flowing blood as
bright signal. Note typical fish-mouth appearance
of a bicuspid aortic valve (arrow). 
(Courtesy of Scott D. Flamm, MD)

Fig. 3 Sagittal cine phase contrast image of the
thoracic aorta. This single image is 1 of 18 images
obtained at this same location during a cine phase
contrast study. The blood flowing in a superior
direction from the aortic valve in the ascending
aorta is bright (arrow). Blood flow in the true lumen
of a descending thoracic aortic dissection is
depicted in black.

Fig. 4 Sagittal cine gradient-echo image of aortic
dissection. Note bright signal in the cardiac
chambers as well as in the fast-flowing true lumen
in the descending thoracic aorta (arrow). There is
relatively sluggish flow in the false lumen (L),
characterized by a darker gray appearance.

L
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Fig. 5 Type A aortic dissection, after graft repair of the
ascending aorta. A) Axial spin-echo image of the mid-thorax
with bright signal (black arrow) in the false lumen of the
descending thoracic aortic dissection, and with a small, dark,
slit-like flow-void in the true lumen (white arrow). B) Sagittal,
contrast-enhanced magnetic resonance image of the chest
and upper abdomen, disclosing flow in the small ribbon-like
true lumen (arrow) with residual contrast in the pulmonary
artery (P). Also note opacification of the celiac and superior
mesenteric arteries that arise from the true lumen. C) Sagittal
image from a contrast-enhanced series of images obtained 15
seconds after image B, showing delayed opacification of the
false lumen, which is separated from the true lumen by a
dissection flap (arrow) that extends from the proximal aortic
arch to below the diaphragm.

A

B

C
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Fig. 6 Sinus of Valsalva aneurysm. A) Oblique spin-
echo, black blood image discloses slight dilatation 
of the aortic root (asterisk). B) Cine gradient-echo
sagittal image discloses a small aneurysm (arrow)
arising along the anterior aspect of the aortic root. 
C) Oblique coronal cine gradient-echo image
discloses the left ventricular outflow tract and the
sinus of Valsalva aneurysm (arrow) arising from the
aortic root. 
(All images courtesy of Scott D. Flamm, MD)

Fig. 7 Aneurysm of the aortic arch. A) Sagittal spin-
echo image discloses flowing blood (black blood
technique) through the aneurysm (asterisk). 
B) Coronal spin-echo image through the aneurysm
(asterisk). C) Gradient-echo sagittal oblique image
through the aneurysm.
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B
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Fig. 8  Coarctation of the aorta. A) Sagittal spin-echo (left) and cine gradient-echo (right) images of a characteristic aortic
coarctation with narrowing of the aorta (arrow) just distal to the left subclavian artery. B) Sagittal spin-echo (left) and cine gradient-
echo (right) images obtained just slightly to the left of image A, disclosing the high-grade stenosis (arrow) just distal of the origin of
the left subclavian artery. (All images courtesy of Scott D. Flamm, MD)

Fig. 9 Pseudo-coarctation of the thoracic aorta. A) Oblique sagittal spin-echo image of the thoracic aorta discloses mild
ectasia of the distal ascending aorta and apparent narrowing just distal to the origin of the left subclavian artery (arrow).
B) Contrast-enhanced oblique sagittal magnetic resonance image discloses apparent narrowing related to buckling
(arrow) of the proximal descending ascending aorta.

A B

A B
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Fig. 10 Pulmonary artery magnetic resonance images. 
A) Coronal spin-echo image demonstrates an area of
increased signal in an embolus within the right pulmonary
artery extending into the intralobar artery (arrow). 
B) Volume-rendered contrast-enhanced study in a normal
pulmonary arterial system. This 3-D technique enables
rotation about all 3 axes in space to provide comprehensive
evaluation of the entire pulmonary arterial system.

Fig. 11 Spin-echo, coronal magnetic resonance image
displays a distal abdominal aortic aneurysm (arrow). The
renal arteries are also seen, in part.

A

B
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Fig. 12 Contrast-enhanced magnetic resonance angiogram of
abdominal aortic aneurysms. A) Single 2-mm-thick coronal
image discloses the proximal portions of the single renal
arteries as well as opacification of a portion of the distal
abdominal aortic aneurysm. Thirty to 40 of these contiguous
images can be stacked together and displayed in a variety of
3-D views. These single images (source images) provide
useful information on the status of branch vessels. 
B) Contrast-enhanced 3-D display (using volume rendering) 
of an abdominal aortic aneurysm in another patient. Typically,
these images are rotated around the x, y, and z axes every 10
degrees, for comprehensive display of branch vessels. Note
that large areas can be examined.

Fig. 13 Contrast magnetic resonance angiography of patient
with suspected mesenteric ischemia and with claudication,
iodine allergy, and renal failure. A) Oblique volume-rendered 
3-D display of aorta and proximal iliac vessels discloses
patency of the superior mesenteric artery, poor visualization of
the inferior mesenteric artery, moderate stenosis of the distal
abdominal aorta, and high-grade stenosis of the origin of the
right common iliac artery. B) Lateral volume-rendered display
of same patient discloses patency of the celiac and superior
mesenteric arteries and moderately severe stenosis of the
origin of the inferior mesenteric artery (arrow).

A

B

A

B
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cause of its reliable ability to display main and branch
occlusive disease. Also, CA may serve as a starting
point for endovascular treatment, such as angioplasty
or thrombolysis. However, for chronic mesenteric is-
chemia, MRA and CTA have been shown to have ac-
curacies approaching that of CA.

Magnetic resonance angiography techniques using
contrast enhancement are superior to TOF and even
phase-contrast studies (100% sensitivity and 95%
specificity versus 80% sensitivity and 66% specifici-
ty, respectively) (Figs. 13 and 14).35-38 Unfortunately,
CE MR techniques have limitations in evaluating the
inferior mesenteric artery: in 1 study, 36 only 9 of 14
mesenteric vessels were demonstrated. Current CTA
studies provide a higher degree of confidence of pa-
tency of the inferior mesenteric artery than does
MRA, but they too are limited in spatial resolution,
which makes precise stenosis-grading difficult.

Iliofemoral Vessels. The 1st descriptions of MR an-
giography in the evaluation of peripheral occlusive
disease were reported in 1992 and 1993.39-41 The ini-
tial techniques used 2-D time of flight protocols with
the body coil. These reports required at least 1 hour
of scanning, from the abdominal aorta to the feet;
sensitivity for the detection of significant stenosis or
occlusion ranged from 43% to 100%, and specificity
ranged from 47% to 100%, with an average of 85%
to 90%.29 An improvement in image quality occurred
when dedicated extremity or head receiving coils were
used, at the expense of even longer scan times.42,43 As
in other vessels, TOF MRA tended to overestimate
the degree of stenosis as a consequence of intravoxel
dephasing, saturation (caused by slow-flow or in-
plane effects), or artifacts (caused by adjacent ferro-
magnetic clips). Other problems were the length of
the scan time required and the fact that vessels flow-
ing in a retrograde fashion were not seen, secondary
to saturation band effects.42-44

Recently, 3-D contrast enhancement has been
applied to evaluation of the peripheral circulation,
and several techniques have been described.45-50 The
most common method involves the subtraction of an
initial non-contrast 3-D coronal image set from sub-
sequent image sets performed following intravenous
gadolinium injections (Figs. 13 and 15). This process
is repeated at several locations, until both lower ex-
tremities have been examined in their entirety. Typi-
cally, 3 injections are made to evaluate the arterial
system from the lower aorta to the feet. Newer, bolus-
chase techniques enable the use of a single longer in-
jection, with the aid of automated or semi-automated
table movement.28,48,49 Our experience with 1 of the
automated commercially available systems (Philips-
Mobitrack; Best, Netherlands) has been positive in
the 1st 25 patients we have studied (Fig. 16). This
technique yields good visualization of the vascular sys-

tem from the aorta to the feet in less than 2 minutes.
However, there are some limitations. For example, the
relatively slow rate of contrast infusion (0.3 to 0.6
mL/sec) does not provide sufficiently high signal-to-
noise ratios to reliably image the renal arteries (as a
dedicated renal MRA study would do). Further, in
patients with relatively fast arterial flow, there is some
venous overlap below the knees. Several possible solu-
tions to these shortfalls include additional gadolini-
um-contrast injection or supplementation with 2-D
or 3-D TOF images.47 Published studies comparing
contrast-enhanced MRA with digital subtraction an-
giography have revealed sensitivities and specificities
of at least 90% for CE MRA.28,45-50,51

Renal Arteries. There are a number of noninvasive
methods for evaluating the renal arteries. Published
results of traditional techniques, such as Doppler ul-
trasonography and renal scans, have varied consider-
ably. A number of MR methods have been used with
relatively good success. Johnson29 reviewed 15 studies
that used a variety of MRA techniques in the detec-
tion of significant renal arterial disease. In this collec-
tive group of 148 patients, 2-D TOF yielded a
sensitivity of 80% (range, 70% to 100%) and a speci-
ficity of 80% (range, 78% to 98%). In 163 patients
(whose results are also summarized in Johnson’s re-
view),29 phase contrast studies—including 2-D, 3-D
and cine—averaged 91% (80% to 100%) sensitivity
and 93% (91% to 96%) specificity for significant
renal artery stenosis. Several other studies summarized
by Johnson comprised a total of 301 patients who un-
derwent 3-D CE breath-hold exams (Fig. 17); these
had an average sensitivity of 95% (88% to 100%) and
specificity of 94% (88% to 100%).

Gilfeather52 compared conventional digital subtrac-
tion angiography with 3-D CE MRA and found sim-
ilar variability between observers, in the assessment of
renal stenoses (6.9% at MRA vs 7.4% at conventional
angiography). Magnetic resonance angiography, how-
ever, overestimated the degree of narrowing by at least
10% in 21% of all cases and underestimated it by
more than 10% in 14% of all cases.

Although MRA is useful in the evaluation of renal
artery stenosis, its ability to define accessory arteries is
limited. In a study of 25 patients that compared 3-D
CE MRA with angiography in the evaluation of
prospective renal donors, MRA had an accuracy of
90% in the detection of accessory renal artery branch-
es, but a sensitivity of only 70% (Fig. 18).53

On the basis of the data cited above and our own
experience with over 50 patients, we use 3-D CE MR
only in screening selected patients for renal artery
stenosis, and we add 3-D phase contrast images when
they are needed for clarification.

Carotid Arteries. Duplex color-flow sonography and
power-imaging sonography, with and without in-
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ning should begin, relative to the initiation of contrast
injection. In the test bolus technique, multiple scans
are obtained at a single area of interest after a small
injection of contrast agent and the arrival time is cal-
culated. In the 2nd technique, an automated bolus-
tracking system begins scanning when the density or
intensity of an area defined by the operator exceeds a
prescribed threshold. Like MRA, CTA display com-
prises the actual scan slices, reconstructed thinner
slices, and 3-D techniques: maximum intensity pro-
jection, or MIP (Fig. 20A); shaded surface display, or
SSD (Fig. 20B); and volume rendering, or VR (Figs.
20 C and D). Reconstructed thinner slices (smaller
than beam collimation) and 3-D techniques are gen-
erally produced on a workstation.

Recently, several manufacturers of CT equipment
have introduced a new generation of CT scanners
(multi-detector array or multislice) that enable 2 to 4
image slices to be obtained during a single revolution
of the scanner (0.5 to 1.0 sec). This advance produces
much faster CT studies, with resolution similar or
superior to the resolution achieved by the older equip-
ment. Moreover, areas 3 to 6 times larger can be scan-
ned without significant image degradation. This
advance will enable wider application of CT in the
diagnosis of peripheral vascular disease.

Thoracic Aorta
In contrast to the abdominal aorta, CTA of the tho-
racic aorta can be challenging. Pulsatile motion of the
aorta (from transmitted cardiac motion) and streak
artifacts produced by adjacent high-contrast struc-
tures (the pulmonary artery and vein, the heart, and
the brachiocephalic veins) can mimic aortic disease,
such as dissection flaps, and can prevent good 3-D or
multiplanar reconstruction algorithms. These limita-
tions not withstanding, CTA is a rapid and accurate
tool in the diagnosis of variety of aortic lesions.

Aneurysm. Computed tomographic angiography
provides a reproducible and reliable delineation of the
extent, size, and thrombus-load of aneurysms of the
aorta (Fig. 21).61-63 Involvement of branch vessels is
also reliably defined. The ability of CT to display as-
sociated calcification is also sometimes quite useful in
following aneurysm size and in helping to determine
whether there is associated dissection.

We use CT as our primary technique in the diag-
nosis and follow-up evaluation of patients with aneu-
rysms. Three-dimensional and multiplanar displays
provide a better spatial understanding of the aneurys-
mal sac, which can be useful in planning treatment.

Dissection. Computed tomographic angiography is
the most rapid invasive technique for defining aortic
dissections. Studies that compare CT with MR and
transesophageal echocardiography (TEE) have con-
firmed the similar accuracy of CT.64,65 Although TEE

travenous contrast agents, are proven and effective
screening tools for identification and categorization of
extracranial carotid stenoses.54 Magnetic resonance
angiography is routinely applied to patients with is-
chemic neurologic symptoms, as a part of a compre-
hensive MRI examination of the brain. Historically,
MRA of the cervical carotid arteries has been per-
formed with 2-D and 3-D TOF and occasionally with
3-D phase contrast techniques. Because of inherent
artifacts, these techniques tend to overestimate the
degree of stenosis. Despite this, accuracies above 90%
(sensitivity of 84% to 94% and specificity of 94% to
100%) have been reported in each of the 3 techniques
when compared with CA.55-57

The use of gadolinium-contrast-enhanced spoiled
gradient-recalled techniques (CE) has improved the
success of MRA by decreasing not only artifacts but
also the scanning time.56,58 This technique, unlike
TOF imaging, can begin visualization at the aortic
arch. In 1 study of 21 patients, the correlation value
between CE MRA and CA was 92%.58 Contrast-
enhanced MRA is quite good (>90%) at categorizing
severe stenosis (over 70%) and occlusions.57-59 Differ-
entiation of near-total (pseudo) occlusions from total
occlusions has been variable: some reports indicate
that MRA has difficulty in these cases59,60 while oth-
ers58 publicize CE MRA’s uniform success. For non-
dedicated combined imaging of the carotid and
vertebral arteries with brain MRI, we use non-CE
techniques (2-D or 3-D TOF of the cervical carotids
and 3-D PC of the intracranial vessels). For dedicated
vascular studies of the carotids, CE MRA is used to
better visualize the entire carotid system from its ori-
gins at the aortic arch (Fig. 19).

Computed 
Tomographic Angiography

Computed tomographic angiography (CTA) applies
current helical technology with a sustained high flow
of iodinated contrast material via intravenous injec-
tion. The resultant data can be processed into thin
axial images (source images), as well as into 3-D or
multiplanar images (or both). Before helical (spiral)
scanners became available, CT provided minimal cov-
erage and 3-D volume techniques were primitive. As
in 3-D CE MRA, a relatively large volume can be cov-
ered in a single breath, which provides spatial resolu-
tion free of respiratory motion artifact.

Technique. Good CTA requires contrast agent to be
present in the vascular system of interest through-
out the time that the CT images are acquired. This is
accomplished by beginning CT imaging when ade-
quate contrast levels are present and by ensuring 
sustained contrast throughout the scan. Two tech-
niques are used to determine the time at which scan-
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Fig. 14 Superior mesenteric artery occlusion in
patient with Takayasu’s arteritis. A and B) Volume-
rendered images disclose stenosis of the mid-
aortic segment, patency of the celiac and single
renal arteries, and an enlarged inferior mesenteric
artery (arrow) supplying the transverse colon and
the superior mesenteric circulation.

Fig. 15 Three-dimensional contrast-enhanced
oblique image (maximum intensity projection) of
1st of 3 separate image set acquisitions (1 of the
abdominal aorta and subsequent images obtained
in the thighs and calves). Note poor delineation of
the renal arteries and an ectasia of the aorta
above the level of the kidneys. This is an oblique 
3-D projection, which displays the tortuous but
patent iliac vessels quite well. 

Note: Contrast-enhanced images display only
the patent lumen. In patients with abdominal
aortic aneurysm, spin-echo images must also be
obtained to delineate the outer limits of the
aneurysmal wall.
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Fig. 16 Automated digital subtraction
contrast-enhanced magnetic resonance run-
off angiograms. A, B, and C) Note complete
occlusion of the right superficial femoral
artery (arrow) with moderate (50% to 60%)
stenosis in the left superficial femoral artery.
Also notice venous opacification of the lower
deep-calf veins in the lowest image set (C).
These are maximum intensity projection
(MIP) displays.

Fig. 17 Contrast-enhanced magnetic resonance angiography
of renal transplant stenoses. A) Maximum intensity projection
(MIP) image of right iliac fossa shows a transplanted kidney
with a moderately severe stenosis in the mid-renal artery
(arrow). B) Volume-rendered display of another patient shows
a high-grade stenosis of the origin of the transplanted renal
artery (arrow) as it arises from the right external iliac artery.
Portions of the right common and internal iliac arteries are
also seen.
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Fig. 18 Contrast-enhanced magnetic resonance angiograms of renal arteries. A) Evaluation by maximum intensity projection (MIP)
of hypertensive patient, which discloses a high-grade stenosis (arrow) in the proximal portion of the single right renal artery. The left
renal artery appears to be patent. B) Volume-rendered display of normal renal arteries in a renal transplant donor. C) Volume-
rendered magnetic resonance angiogram in a hypertensive patient shows patent duplicated renal arteries. D) Curved multiplanar
coronal reconstruction with display along the courses of the renal arteries demonstrates patency of the main renal arteries.

Fig. 19 Contrast-enhanced 3-D display (maximum intensity projection) of the brachiocephalic vessels. This is only 1 of 18 views that
are usually displayed and rotated every 10 degrees along the vertical axis of the body, to exhibit all aspects of the cervical and
proximal intracranial vasculature. Note: There is signal loss in the distal cervical portions of both vertebral arteries because these
segments of the arteries were excluded from the imaging field.
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Fig. 20 Types of 3-D display. A) Computed tomographic
angiogram using maximum intensity projection (MIP)
technique, which discloses a partially calcified fusiform
abdominal aortic aneurysm. B) Computed tomographic
angiogram with shaded surface display (SSD) depicts the
same abdominal aortic aneurysm that appears in image A.
Notice that the calcifications are not visible, as they were in
MIP imaging. C and D) Two types of volume-rendered images
in patients with abdominal aortic aneurysm. E) Axial computed
tomographic image of abdominal aortic aneurysm (source
image for A-D). Note: A variety of tissues can be presented
with this technique.
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Fig. 21 Computed tomographic angiogram of ascending thoracic aortic aneurysm.

Fig. 22 Computed tomographic angiography of aortic
dissection (type B) in a patient with aberrant right subclavian
artery. A) Axial image at the apex of the aortic arch discloses
an intimal flap in the proximal descending thoracic aorta
(arrow). B) Axial image obtained slightly inferior to image A
discloses normal appearance of the proximal aortic arch and 
a dissection flap in the distal aortic arch that extends into 
the origin of an aberrant right subclavian artery (arrow). 
C) Reformatted sagittal oblique maximum intensity 
projection image of thoracic aortic dissection.
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Fig. 23 Computed tomographic angiography in the evaluation of stent-grafts. A) Computed tomographic image of distal abdominal
aorta, 6 months following AneuRx™ stent-graft placement. This image was obtained before contrast administration. B) Same
location as image A, but during intravascular contrast infusion. Note opacification of both iliac limbs and no contrast extravasation.
C) Volume-rendered display of stent-graft discloses no evidence of endoleak. D) Axial computed tomographic image in another
patient discloses a leak characterized by contrast pooling (arrow) ventral to the 2 iliac limbs. This was documented to be a non-
stent-related endoleak arising from the inferior mesenteric artery. This vessel was embolized successfully.

Fig. 24 Computed tomographic angiography source films in patient with suspected renal artery stenosis. A and B) Sequential axial
images disclosing patency of the proximal portion of the left renal artery (arrow). C) Stenosis of the origin of the right renal artery
(arrow).
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Fig. 28 Computed tomographic angiography of the carotid
bifurcations using multi-detector array high-resolution
technique. The 1st 3 images are volume-rendered displays of
the carotid bifurcations, with calcification in the bifurcations
outlined in lighter colors. The last image is a virtual angioscopic
display that shows the carotid bifurcation from below, with
depiction of a large calcified plaque in the ostium of the
internal carotid artery. (Courtesy of General Electric Medical
Systems; Milwaukee, Wis)

Fig. 25 Curved coronal reformatted images obtained
from a 3-D data set. A and B) The courses of the renal
arteries were traced individually and displayed in a
modified coronal presentation, which shows no
evidence of renal artery stenosis in this patient with
hypertension.

Fig. 26 Volume-rendered computed tomographic run-
off angiography with multi-detector array computed
tomographic scanner. Notice left common iliac artery
aneurysm. These volume-rendered images disclose
vascular patency and can also depict (in lighter
shades) the presence of calcifications. This technique
offers promise in the evaluation of selected patients
with suspected peripheral vascular disease. (Courtesy
of General Electric Medical Systems; Milwaukee, Wis)

Fig. 27 Computed tomographic angiogram of pulmonary
embolus. Notice large embolus in the distal portion of the
right pulmonary artery (arrow) extending into the superior
segment of the right lower lobe.
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and MR may be more sensitive in detecting small 
intimal flaps and (unlike CT) can detect aortic regur-
gitation, the display of branch vessels and pseudo-
aneurysms is apparently better with CT than with
TEE. Further, CT can be used to determine the distal
extent of the dissection, while TEE cannot when the
dissection extends below the diaphragm. Possible
findings on CT are those of intimal flaps, with or
without calcification, flow in 1 or both lumina, and
mural thickening (Fig. 22).

Other Conditions. Other conditions, such as Taka-
yasu’s arteritis, can be accurately displayed in CT
without the need for CA. In comparing CT with CA
in 25 patients with Takayasu’s aortitis, Yamada66 found
that CT accurately depicted 195 of 200 arterial seg-
ments. Sensitivity and specificity for CTA were 95%
and 100%, respectively. Stenoses, aneurysms, and oc-
clusions can be observed.

Abdominal Aorta
Aneurysm. The diagnosis of abdominal aortic aneu-

rysm is established primarily with sonography. Sonog-
raphy is relatively inexpensive and reproducible and
can be used to follow an aneurysm’s size. When aneu-
rysms become large enough to warrant treatment,
many surgeons require a more detailed anatomic
study, which historically took the form of coronary
angiography (CA). Associated renal artery stenoses,
accessory renal branches, iliac artery extension, and
stenotic-occlusive disease of the superior and inferior
mesenteric arteries can be defined by CA.

The high-resolution capability of spiral CTA has
been found to be equivalent to that of CA in virtually
every area and superior in others (e.g., aneurysm
diameter and length).67-69 Computed tomographic an-
giography is now the standard technique used to eval-
uate thoracic and abdominal aneurysms before and
after stent-graft placement. Source images and multi-
planar and 3-D reconstruction algorithms enable pre-
cise delineation of the proximal neck’s diameter and
length, the sac size and length, the angulation between
the proximal and distal necks and the sac, the distal
neck (if any), and the access route (iliac vessels) (Fig.
20).70

After stent-graft placement, evaluation of patients
for integrity of the graft and for endovascular leaks is
also best accomplished with CTA. Small endoleaks
might not be easily seen with early arterial phase im-
aging, so a slightly delayed sequence at 60 to 70 sec-
onds following contrast injection may be required.71

In a comparison study of CTA and CA in patients
with stent-grafts, CTA was more sensitive and specific
by approximately 20% than CA in the detection of
endoleaks (Fig. 23).70 Graft-related endoleaks may
occur for a variety of reasons, but usually from poor
fitting of the device. Other graft-related leaks may

occur from loss of integrity of the stent-graft material,
including defects in stent material and suture materi-
al.

Non-stent-related endoleaks arise from continued
patency of branch vessels (usually inferior mesenteric
or lumbar arteries). These are readily detected with
CT, although a delayed phase scan should be obtained
60 to 70 seconds after the contrast infusion has be-
gun, in order to find small leaks.71

Aneurysm size usually diminishes after successful
stent-graft placement. Increases in sac diameter are
seen in 53% to 93% of patients with endoleaks and
in 11% to 20% of patients without demonstrable
leak.71,72

Renal Arteries. Thin-section helical contrast-en-
hanced CTA readily and accurately displays the renal
arteries. Beam collimation of 3 mm or less is used,
with reconstruction at 1.5 to 2.0 mm intervals; images
are then displayed with 3-D techniques. However, as
with other techniques, evaluation must include the
source images (Fig. 24).

Volume rendering (Fig. 20D)—1 of the 3 main
types of 3-D display—appears to be the optimal
method of display for renal stenosis, although curved
multiplanar depictions are very useful (Fig. 25). In a
study of 25 patients who had undergone angiography
and CTA with 3-D maximum intensity projection
(MIP) and volume-rendering (VR) display, VR exhib-
ited sensitivity similar to that of MIP (92% vs 92%)
but had better specificity than MIP (99% vs 87%),
when both were compared with digital subtraction
angiography.73

Accuracy of CT in the detection of main renal ar-
tery stenosis has been variable. In the best published
reports, categorization of renal stenosis into mild 
(<49%), significant (50% to 99%), and occlusive,
sensitivities of 92% to 100% were found.74,75 In these
studies, which compared CTA with optimized digital
subtraction angiography, all accessory arteries, as well,
were identified by means of CTA. Other studies have
shown CTA to be slightly less accurate.76,77 Detection
of fibromuscular disease is also difficult, especially in
its mild-to-moderate forms, because the maximum
resolution of CTA is 1 to 2 mm.

Computed tomographic angiography can also be
used successfully in screening potential renal do-
nors.78-80 In these studies of potential donors, a high
degree of correlation (>90%) between the total num-
bers of arteries and veins has been shown, when CTA
was compared with CA and surgery. Aneurysms,
stenoses, and occlusions are reliably demonstrated,
but evaluation of smaller accessory arteries for steno-
sis is more difficult.

Iliofemoral Arteries. The diagnosis of aneurysms is
easily established with CTA in the iliofemoral arteries.
However, the large coverage areas required for ilio-
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proven noninvasive techniques are available. Thin sec-
tion (2 to 3 mm) collimation, coupled with iodine
injection, is used to generate this study, which can
depict the great vessels from the aortic arch to the
intracranial vessels. In a study of 19 patients,88 CTA
source images accurately detected stenoses in 87%: 3-
D volume rendering (Fig. 28) was superior to MIP
displays, but both 3-D techniques were inferior to
source image evaluation. Eccentric, small, web-like
plaques are also difficult to see with CT. 89 Our prefer-
ence is to use CT in rare cases, when duplex sonogra-
phy is questionable and MRA and CA cannot be
performed.
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