
Introduction

Multidetector-row computed tomography 
(MDCT) is changing the spectrum of vascular im-
aging as a result of its fast image acquisition speed
and spatial resolution. When coupled with high-
quality three-dimensional (3-D) image represen-
tations, MDCT angiography effectively permits the
evaluation of the abdominal visceral vasculature
and is preferred to conventional angiography be-
cause of its noninvasiveness.

Abdominal, applications of CT angiography
(CTA) are growing. This chapter focuses on CTA
evaluation of the mesenteric and renal vessels.
Common indications include staging and surgical
planning of tumors, evaluation for renal donor
transplantation, workup of renovascular hyperten-
sion, and assessment of mesenteric ischemia and
inflammatory bowel disease.

General Contrast Medium Principles

For CTA, contrast administration technique should
be optimized to best delineate the vascular struc-
ture. Positive oral contrast is not administered be-
cause the anatomical separation of the intravenous-
ly enhanced vascular structures from the opacified
gastrointestinal (GI) tract is difficult and can be
problematic when displaying vasculature in 3-D.
Prior to imaging, patients can drink approximately
1 l of water to distend the proximal GI tract. Opti-
mal CTA contrast enhancement requires accurate
timing of data acquisition with rapid and precise in-
travenous delivery of contrast medium. The amount
of contrast medium required to achieve a desirable
enhancement in CTA may be reduced because of a
faster acquisition time with MDCT.An increased in-
jection rate and high contrast medium concentra-
tion can compensate for the somewhat decreased
magnitude of aortic enhancement achieved with the

smaller contrast medium volume [1–3]. Contrast
medium volumes ranging from 90 to 120 ml with
350–400 mgI/ml concentration are injected intra-
venously at rates of 4–5 ml/s. Given high injection
rates, an intravenous access of at least 20 gauge or
larger in the antecubital fossa should be used. In or-
der to maintain an equivalent degree of contrast en-
hancement, larger patients require a larger iodine
dose while smaller patients require smaller iodine
dose. A saline flush improves the efficiency of con-
trast medium use and reduces artifact [4] and is
particularly beneficial when a small total amount of
contrast medium is used.

Precise arterial timing is critical to the CTA
technique. Either a test bolus or bolus-tracking
technique is used to determine the contrast bolus
arrival time (Tarr). The Tarr is derived by placing
the region of interest within the reference vessel of
interest. To ensure adequate vascular opacification,
the scan delay is determined with an additional
delay of 5–15 s plus the Tarr, as described in Sec-
tion I.2 [4, 5].

3-D CTA Postprocessing 

CTA protocols generate a large amount of data. In-
teractive 3-D workstations are becoming more ef-
ficient in both managing the large data set and
generating 3-D angiographic presentations [6].
Initially, reviewing axial images can be performed
expeditiously by scrolling. Multiple planes can be
selected on the interactive dedicated 3-D worksta-
tion to evaluate the vessel of interest. Volumetric
data, reconstructed at 0.7–1.0 mm, can be reviewed
using several available 3-D display techniques:
maximum intensity projection (MIP), multiplanar
reformatting (MPR), curve planar reformatting
(CP), and volume rendering (VR).

The MIP technique displays only the maximum
intensity voxel values along a viewer projection in
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a given volume of 3-D data. Thus, additional image
processing steps are often required to remove
bones and other hyperdense structures that are of
high CT attenuation values and superimpose over
and obscure the vascular structure of interest.
MPR illustrates all structures within a particular
plane. Thus, to circumvent this restriction in eval-
uating a vessel, curved planar reformatting, which
can be also time consuming, is utilized. VR is an
easily adaptable technique, as it requires minimal
data editing by the operator and can dexterously
display complex anatomy [7–11]. As VR preserves
spatial depth and relationships, it has been proven
to be better than MIP in evaluating the peripan-
creatic and renal vessels [9, 12, 13]. Nonetheless,
MIP images readily simulate conventional angio-
graphic images and are effective in evaluating ath-
erosclerotic burden in the vessels. The workstation
should be user friendly and flexible for radiolo-
gists to switch rapidly from one display mode to
another to depict anatomy and pathology in the
most informative manner.

Mesenteric Vascular Imaging

CTA of the mesenteric vasculature includes the su-
perior mesenteric artery (SMA) (Fig. 1), the inferior
mesenteric artery (IMA) (Fig. 1), the superior
mesenteric vein (SMV), and the inferior mesen-
teric vein (IMV) (Fig. 2). MDCT can be used to de-
lineate involvement of the mesenteric vessel from
disease processes such as neoplasm, mesenteric is-
chemia, and inflammatory bowel disease [12].

Imaging Techniques

For any type of CTA, attention to patient prepara-
tion, intravenous contrast medium administra-
tion, scanner features, data quality, and postpro-
cessing techniques is crucial. The mesenteric CTA
protocol depends on the scanner type available.
These protocols are summarized in Tables 1–3.
Negative oral contrast such as water allows simul-
taneous detailed characterization of bowel-wall

Fig. 1a-e. Normal superior and inferior mesen-
teric arteries. a Sagittal three-dimensional (3-D)
volume rendering (VR) demonstrates the normal
anatomy of the superior mesenteric artery (SMA)
(white arrow) arising from near the L2 body ap-
proximately 1 cm caudal to the celiac axis (yellow
arrow). Inferior mesenteric artery (IMA) (red ar-
rowhead) arises approximately 7 cm caudal to the
SMA. b Coronal VR and c coronal maximum inten-
sity projection (MIP) demonstrating SMA branch-
es: intestinal branches (white arrowheads), ileo-
colic artery (red arrow), middle colic artery (short
thick yellow arrow), and right colic artery (long
thin yellow arrow). d Uncommon variant of celia-
comesenteric trunk (1%) (yellow arrow), which
gives rise to the celiac axis and SMA in a different
patient. e Coronal three-dimensional (3-D) VR of
IMA (red arrowhead) with left colic artery (short
yellow arrow) and superior rectal artery (dashed
yellow arrow) [33]
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Fig. 2a, b. Normal portal venous system. Coronal volume rendering (VR) showing main portal vein (*), splenic vein (yellow arrow), and
superior mesenteric vein (SMV) (S) joining at the portal confluence. The inferior mesenteric vein (IMV) (white arrow) and the gastroepiploic
vein (red arrowhead) can drain into the splenic vein

Table 1. Mesenteric computed tomography angiography (CTA) parameters for 64-slice multidetector-row computed tomography
(MDCT)a

Phase Noncontrast Arterial Portal venous
kVp/effective mAs / rotation time (s) 120/240/0.5 120/240/0.5 120/240/0.5
Detector collimation (mm) 0.6 0.6 0.6
Slice thickness (mm) 5 1 2
Beam Pitch 1:1 1:1 1:1
Recon increment (mm) 5 0.7 2
Scan delay Bolus tracking 60 s
a Scan parameters from Siemens Sensation 64

Table 2. Mesenteric computed tomography angiography (CTA) parameters for 16-slice multidetector-row computed tomography
(MDCT)a

Phase Noncontrast Arterial Portal venous
kVp/effective mAs/rotation time (s) 120/160/0.5 120/180/0.5 120/180/0.5
Detector collimation (mm) 1.5 0.75 1.5
Slice thickness (mm) 5 1 2
Feed/rotation (mm) 24 12 24
Recon increments (mm) 5 0.8 2
Scan delay Bolus tracking 60 s
a Scan parameters from Siemens Sensation 16

Table 3. Mesenteric computed tomography angiography (CTA) parameters for 4-slice multidetector-row computed tomography
(MDCT)a

Phase Noncontrast Arterial Portal venous
kVp/effective mAs/rotation time (s) 120/180/0.5 120/180/0.5 120/180/0.5
Detector collimation (mm) 2.5 1.25 2.5
Slice thickness (mm) 5 1.25 3
Feed/rotation (mm) 10 4 10
Recon increment (mm) 5 1 2
Scan delay Bolus tracking 60 s
a Scan parameters from Siemens VolumeZoom

a b
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enhancement and 3-D vascular reconstruction
without interference from bowel content [14]. The
noncontrast phase is used to delineate bowel hem-
orrhage and vascular calcifications, the arterial
phase is used for arterial vascular mapping and
treatment planning, and the portal venous phase is
used for portal-venous vascular mapping and vis-
ceral evaluation [15].

Applications

Neoplasms

Among numerous neoplastic processes, pancreatic
cancer most commonly involves the mesenteric
vessels. SMA invasion (Fig. 3) precludes surgery
for pancreatic cancer [16, 17]. Limited involvement
of the portal vein or confluence may not be an ab-

solute contraindication for surgical resection.
When a vessel is either narrowed or occluded by
an adjacent soft tissue mass, vascular involvement
is suspected (Fig. 4). Also, collateral vessels can be
an ancillary sign of vascular involvement [12].

Other conditions such as carcinoid tumor, lym-
phoma (Fig. 5), or sclerosing mesenteritis (Fig. 6),
can present as masses that infiltrate and encase the
mesenteric vessels. The masses enveloping the
mesenteric vessels are readily delineated on CTA
but not on conventional digital subtraction an-
giography (DSA). For this reason, 3-D CTA is high-
ly beneficial for planning surgery or biopsy.

Mesenteric Ischemia

Compromise (occlusion, thrombosis, or poor per-
fusion) of the major mesenteric vessels (SMV or

Fig. 3. Curved planar multiplanar reformat (MPR) reveals that the
pancreatic adenocarcinoma (*) has totally encased the superior
mesenteric artery (SMA) (white arrow). This finding is a contraindi-
cation for surgical treatment. Note the atrophy of the pancreatic
body and tail to the left of the mass

Fig. 4. Curved planar multiplanar reformat (MPR) demonstrating
the pancreatic adenocarcinoma (*) severely narrowing the portal
venous system at the portal confluence (white arrows)

Fig. 5a, b. Lymphoma (*) encasing the superior mesenteric ar-
tery (SMA) and superior mesenteric vein (SMV) seen on a coronal
and b sagittal multiplanar reformatting (MPR) views

a

b
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SMA) (Figs. 7 and 8) can lead to bowel ischemia or
infarction. Thrombosis of the main mesenteric
vessels can be seen on the axial images (Fig. 8c, d),
and, if chronic, occlusions can present with collat-
erals (Figs. 9 and 10). Narrowing or occlusion of
the origins of the major mesenteric vessels from
atherosclerotic disease may be best seen on 3-D
CTA (Figs. 9 and 10). Evaluation of the distal
branches may also be improved with 3-D refor-
matted images.

Acute mesenteric ischemia can present with a
variety of appearances. Manifestations can include

thickened bowel loops with either intramural low
attenuation suggesting edema or high attenuation
representing submucosal/intramural hemorrhage
(Fig. 8g). Bowel caliber can increase, bowel-wall
enhancement can be decreased due to compro-
mised blood supply or be increased due to hyper-
emia. Pneumatosis suggests irreversible infarction,
but this is not specific, as it can be seen in mucosal
ischemia (Fig. 8h) [14, 18–20].

Inflammatory Disease

Three-dimensional MDCTA may be helpful in as-
sessing changes of active inflammation in patients
with inflammatory bowel disease or vasculitis such
as systemic lupus erythematosus (Fig. 11) and cys-
tic medial necrosis (Fig. 12). Enlargement of the
mesenteric vessels feeding the affected intestine
may indicate hyperemia [12, 21].

Gastrointestinal Bleed

Oftentimes, when a patient presents with GI bleed,
the source of the bleed is very difficult to find. CTA
may be helpful in depicting the region or source
and planning treatment of the patient’s underly-
ing disease condition (Fig. 13). Mesenteric vessel
aneurysms or pseudoaneurysms (PSA) are accu-
rately depicted with CTA (Fig. 14). CTA is particu-
larly efficient in acquiring diagnostic information
quickly for a patient in a trauma in order for sur-
geons and interventional radiologists to plan and
expedite an appropriate treatment (Fig. 15).

Fig. 6a, b. a Thick-section coronal and b axial multiplanar refor-
mat (MPR) images demonstrate a soft tissue mass (*) encasing the
superior mesenteric artery (SMA) (yellow arrow) with mesenteric
tethering. Open surgical biopsy revealed the mass to be sclerosing
mesenteritisa

b

Fig. 7. Coronal multiplanar reformat (MPR) revealing acutely
thrombosed portal venous system (red arrows). This patient, who
had distal pancreatectomy and splenectomy for intraductal papil-
lary mucinous neoplasm and subsequently developed acute pan-
creatitis of the remaining pancreas, now presents with thrombosed
portal venous system
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Fig. 8a-h. With history of worsening chronic abdominal pain and weight loss, this 59-year-old man was found to have ischemic bowel.
All his major mesenteric vessels were occluded, as shown on a three-dimensional (3-D) volume rendered (VR) computed tomography an-
giography (CTA) and b conventional angiography, which demonstrate no major mesenteric vessel opacification. c Thrombosis of the celi-
ac axis and d superior mesenteric artery (SMA) can be seen on axial plane. e Thick-section curved planar image demonstrates thrombus in
the SMV. f Curve planar reformat reveals the SMA thrombosis. g Noncontrast axial image revealing submucosal hemorrhage (arrow). h
Pneumatosis (arrow) in this case represents necrotic bowel

a b c
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a b

c

Fig. 9a-c. A 43-year-old man with thoracic and suprarenal abdominal
aneurysm with an atherosclerotic superior mesenteric artery (SMA)
stenosis just distal to its origin. a Thick-section multiplanar reformatting
(MPR) and b and c  three-dimensional (3-D) volume rendering (VR) re-
veal atherosclerotic plaque narrowing the SMA (arrow) with post-
stenotic aneurysmal dilatation. Collaterals between the inferior mesen-
teric artery (IMA) and the SMA (white arrowhead) are formed via the arc
of Riolan [33]

Fig. 10a, b. a Coronal multiplanar reformat (MPR) demonstrating the occluded proximal inferior mesenteric artery (IMA) (arrowhead)
from atherosclerotic mural thrombus in a 69-year-old man with peripheral vascular disease. b Volume rendered (VR) image demonstrates
the arc of Riolan (yellow arrow) that provides collateral to the IMA distal to the site of occlusion [33]

a b
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Fig. 11a-c. Thick-section multiplanar reformat (MPR) images demonstrating dif-
fuse wall thickening (*) of the small bowel and small vessel collateralizations
(corkscrew collaterals) of the jejunal branches of the superior mesenteric arteries
(SMA) (white arrowhead) (a, b). Volume rendering (VR) image demonstrating the
SMA (red arrow) (c) and its collateral vessels affected with vasculitis resulting in is-
chemia [34]. This patient is a 37-year-old woman with history of systemic lupus ery-
thematosus who presented post-partum with several days of bloody stool. Similar
arteriographic findings of corkscrew collaterals can be seen in patients with sclero-
derma, CREST syndrome, Buerger’s disease, rheumatoid vasculitis, mixed connec-
tive-tissue disease, antiphospholipid-antibody syndrome, diabetes mellitus [35] 

a b
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Fig. 12a-e. a–c Multiplanar reformat (MPR) images demonstrating a dissection with
intramural hematoma in the superior mesenteric artery (SMA) (yellow arrows) in a 40-
year-old man with a 6-month history of abdominal pain and a recent onset of diarrhea.
d, e This abnormality of the SMA is not appreciated with the conventional angiogram
because only opacified lumen is visualized. Surgical pathology demonstrates cystic me-
dial necrosis as the etiology. Isolated SMA dissection is uncommon, and when it is seen,
the reported causes include trauma, cystic medial necrosis, fibromuscular dysplasia,
and hypertension [36]
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Fig. 13a-d. a Coronal thick-section multiplanar reformat (MPR) images
demonstrating jejunal intraluminal hematoma (red arrow) on the unenhanced
exam. b, c Active intravenous contrast extravasation (*) in a jejunal arterial
branch (yellow arrow) on the enhanced images in a 76-year-old man with gas-
trointestinal (GI) bleed. d The leak is not as well seen on the conventional an-
giography

a b
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Fig. 14a-d. a A reported pancreatic “mass” (*) seen on unenhanced computed tomography (CT); b corresponds to a gastroduodenal ar-
tery pseudoaneurysm (*) apparent on the enhanced CT. This is a 53-year-old man with a history of alcohol-induced pancreatitis who pre-
sented with a diagnosis of a pancreatic mass. c Feeding vessel (arrow) from the superior mesenteric artery (SMA) was identified on the vol-
ume rendering (VR) image, d subsequently confirmed on the conventional preembolization angiogram
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Renal Vascular Imaging

CTA is replacing conventional angiography in
evaluation of renal vascular anatomy and patholo-
gy. Indications for renal CTA include renal donor
transplant evaluation, renovascular hypertension
workup and posttreatment assessment, oncologic
perioperative staging, planning, and surveillance,
and renal anomaly/variant workup. Advancement
in technology, optimization of CTA protocols, and
improvement of contrast application have allowed
reliable and accurate depiction of renal vascular
pathology [7–11, 22–24].

Imaging Techniques

After drinking approximately 1 liter of water for
enteric contrast, patient should have an intra-
venous line at least 20 gauge or larger placed in the
antecubital fossa. The patient lies supine, head
first, on the CT table. Scanning is performed with
the patient holding his or her breath at end inspi-
ration. For concomitant assessment of the kidneys,
including calcification and hemorrhage, unen-

hanced CT images are obtained. For assessment of
renal artery anatomy for surgical planning and
renovascular disease, MDCT with 16 detector rows
or more should be used to acquire thin-section
(<1-mm) arterial images. Nephrographic-phase
renal imaging is critical for evaluation of the renal
parenchyma and mass. Scanning protocols for 16-
and 64-slice MDCT are shown in Table 4 and 5.

Applications

Living Renal Donor Evaluation and Renal
Mass Surgical Planning

Renal CTA is extremely accurate in delineating the
renal artery and vein anatomy [25] (Fig. 16). As la-
paroscopic surgery for renal harvesting is com-
mon, to prevent undesirable or possible life-threat-
ening outcome, accurate preoperative knowledge
of the presence of renal arterial and venous loca-
tion and variant is essential for planning [26]. Al-
most 30% of patients may have variant renal vas-
cular anatomy [7] (Fig. 17). Renal MDCTA has a
mean accuracy of 94% in detecting accessory ar-

Fig. 15a-c. Active extravasation (*) from the inferior mesenteric artery (IMA)
(arrow) depicted on the a axial computed tomography (CT), b sagittal maximum
intensity projection (MIP), c and volume rendering (VR) images from a 44-year-
old man who became hypotensive and unresponsive after suffering a motor ve-
hicle collision

a

b

c
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teries, 95% in depicting early branching (Fig. 17c),
and 98% in demonstrating renal-vein anomalies
[27, 28].Atypical location and diameter of adjacent
vessels, such as lumbar, adrenal, and gonadal veins,
must be identified to prevent or minimize compli-
cations during surgery [27]. Imaging is also crucial
to define vascular anatomy in patients with renal
anomalies for treatment planning (Fig. 18).

Renal Artery Pathology

Renovascular Hypertension (RVH) Assessment

Given its low prevalence of approximately 1%,
RVH is usually screened with a minimally invasive
or noninvasive imaging technique for high-risk
patients [29]. Renovascular hypertension results

from decrease renal perfusion secondary to a se-
vere renal arterial lesion; the most common cause
is atherosclerotic renal artery stenosis (RAS) near
the origin (Fig. 19). Fibromuscular dysplasia
(FMD) (Fig. 20) is the second most common cause,
with the most prevalent type being medial fibro-
plasia, which presents with the “string-of-beads”
appearance [11]. CTA is highly sensitive in the di-
agnosis of FMD [30]. As RVH is potentially treat-
able, its diagnosis is important. Because the renal
arteries have a circuitous path, evaluation of these
vessels is challenging and necessitates the use of a
3-D image display workstation. The caliber of the
renal artery is evaluated more accurately with
MPR than MIP reconstruction [31]. VR technique
is reported to have a higher specificity (99%) than
MIP (87%) for demonstrating RAS [9]. Indirect

Table 4. Renal computed tomography angiography (CTA) parameters for 64-slice multidetector-row computed tomography (MDCT)a

Phase Noncontrast Arterial/corticomedullary Nephrographic
kVp/effective  mAs/rotation time (s) 120/240/0.5 120/240/0.5 120/240/0.5
Detector collimation (mm) 0.6 0.6 0.6
Slice thickness (mm) 3 1 2
Beam Pitch 1 1 1
Recon increment (mm) 3 0.7 1
Scan delay Bolus tracking 90 s
a Scan parameters from Siemens Sensation 64

Table 5. Renal computed tomography angiography (CTA) parameters for 16-slice multidetector-row computed tomography (MDCT)a

Phase Noncontrast Arterial/corticomedullary Nephrographic
kVp/effective mAs/rotation time (s) 120/240/0.5 120/240/0.5 120/240/0.5
Detector collimation (mm) 1.5 0.75 1.5
Slice thickness (mm) 3 1 2
Feed/rotation (mm) 24 10 24
Recon increment (mm) 3 0.7 1
Scan delay Bolus tracking 90 s
a Scan parameters from Siemens Sensation 16

Fig. 16a, b. Single bilateral normal renal arteries seen on the a
multiplanar reformatting (MPR) and b volume rendering (VR) im-
age in a 32-year-old woman being evaluated for a potential renal
donor

a

b
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findings of RAS include a smooth but atrophic
kidney, poststenotic dilatation, delayed and pro-
longed nephrogram, and thinned renal cortex [7]
(Fig. 21). After revascularization of RAS, CTA can
be used to evaluate renal stent patency [32].

Renal Artery Aneurysms

Renal artery aneurysms (RAA) can be readily de-
picted with MIP and VR images. RAA is mainly
due to atherosclerosis but can be seen with preg-
nancy, FMD, and neurofibromatosis. Pseudoa-
neurysms may be seen secondary to trauma, in-
flammation, and surgical complications (Fig. 22)
[7].

Renal Venous Disorder

Renal vein thrombosis can be readily assessed
with MDCTA. The etiology of renal vein thrombo-
sis includes renal or adrenal malignancies,
glomerulonephritis, collagen vascular disease, sep-
sis, diabetes, and severe dehydration. The renal ve-
nous enhancement typically peaks during the cor-
ticomedullary phase [7], unless the scan delay used
for the corticomedullary phase is too early to allow
a complete drain of the renal vein.

Fig. 17a, b. Volume rendering (VR) images of the renal arteries
from three different patients being evaluated for potential renal
donors. a Right-sided accessory renal artery (dashed yellow arrow),
b right-sided pelvic kidney (red arrow), and c left-sided early bifur-
cating renal artery with incidentally discovered renal artery steno-
sis (yellow arrow) at the origin

a

b

c
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Fig. 18a-c. A 35-year-old man with crossed fused renal ectopia
who was diagnosed with a renal mass suspected to be renal cell
carcinoma underwent renal computed tomography angiography
(CTA) to delineate the vascular anatomy for surgical planning. a
Volume rendering (VR) in the prone projection reveals a mass (ar-
rows) in the inferior aspect of the anomalous kidney. b On the coro-
nal multiplanar reformatting (MPR) image, the hypovascular mass
(*) is depicted. c Five renal arteries (red arrows) are identified on
the oblique VR projection

a b

c

a b

Fig. 19a, b. A significant left-sided renal artery stenosis (arrow) near the ostium from atherosclerotic mural plaque is seen on the a curved
planar reformatting (CP) and b volume rendering (VR) images in a 68-year-old man with hypertension and peripheral vascular disease
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a b

c d

Fig. 22a-d. Pseudoaneurysm (*) with a feeding renal artery (arrows) in the left kidney near the postsurgical bed seen on a maximum inten-
sity projection (MIP) and b curved planar reformatting (CP) images. This is a 47-year-old man status post a partial nephrectomy of the left kid-
ney for renal cell carcinoma. c, d Computed tomography angiography (CTA) findings are confirmed on the conventional renal angiogram

a b

Fig. 20a,b. Irregularly beaded left renal artery (arrows) consistent with fibromuscular dysplasia seen on the a coronal curved planar re-
formatting (CP) and b volume rendering (VR) images in a 40-year-old man with refractory hypertension

Fig. 21. Right renal artery stenosis from calcified atherosclerotic
plaques (arrow) near the ostium as shown on this axial thick-sec-
tion maximum intensity projection (MIP) with right renal atrophy
and delayed perfusion
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Conclusion

Because of its minimal invasiveness and depiction
of 3-D cross-sectional anatomy, CTA is supplanting
conventional angiography for many diagnostic ap-
plications. The use of CTA to delineate the anato-
my and to detect pathology of the mesenteric and
renal vessels is growing. CT scanning and contrast
administration protocols are rapidly evolving, as
with the advance of MDCT technology. CT radia-
tion dosage to the patient should be minimized
and limited by diligently customizing the scanning
protocols to adapt to each patient’s clinical ques-
tion. Magnetic resonance angiography can be used
when radiation exposure is a concern or when iod-
inated contrast medium is contraindicated. The
storing of immense image data sets can be a chal-
lenge. Advancing technology has kept abreast of
this issue. The evaluation of 3-D vascular anatomy
often involves a review of numerous images and
detail anatomy and thus may take longer than the
evaluation with conventional angiography. Fur-
thermore, one must also pay attention to the ex-
travascular findings, as alternative or additional
pathology may be detected from the CT images.
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