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Gr   upSM
Computed Tomography Angiography as a Non-
Invasive Diagnostic Tool for Limb Arteries: A 

Current Application

ABSTRACT
Diagnostic procedures of limb arteries are changing and rapidly advancing field. Diagnostic and 

imaging modalities shows that vascular illness is more prevalent especially in older patients or 
in youngs who have additional risk factors such as diabetes, renail failure, e.t.c. [1-19]. The promt 
diagnosis and treatment of lower limb vascular illness is a key role to prevent salvage an ischemic 
limb(s). Advancements in Computed Tomography Angiography (CTA) have made vascular CTA 
the modality of choice for accurately diagnosing vascular disease and the management of its 
treatment. Three-D multi-detector CT provides noninvasive, direct imaging of virtually the entire 
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vascular system şs accepted as a safe, effective and accurate method without the inherent risk 
attributed to invasive angiography. CTA is widely available in nearly all institutions in around the 
world that do not perform invasive angiography. Vascular CTA and the diseases for which it is 
meant to diagnose into an easy to follow and inclusive resource. CTA angiography in elective and 
emergent situations is given valuable informations for cardiovascular surgerons and radiologs as 
well as for those already in practice. This work makes ‘difficult to understand’ concepts easy to 
comprehend with the aid of simple, and quality images. For those already proficient in vascular 
CTA, this chapter will serve as a resource as it compiles a complete radiation review, imaging 
protocols, screening recommendations, disease states and imaging tips in all location of the limb 
arteries.

CT imaging of the arterial system is generally performed in trauma patients, patients with 
ischemic symptoms, for preoperative planning of complex extremity vascular reconstructions 
and dialysis access, and for follow-up evaluation of endovascular or surgical procedures [1]. CTA 
imaging in patients with arterial pathology and its abnormalities has been the domain of digital 
subtraction angiography (DSA) because of it has dynamic nature and superior spatial resolution 
[20-43]. As we know that, DSA is not a cost effective and time-consuming invasive procedure. DSA 
provides limited information about anatomic relationships between the arterial system and soft-
tissue of the lower extremity. On the other side, DSA has potential complications such as hematoma, 
pain, pseudoaneurysm, e.t.c. With recent advances in MDCT allowing routine acquisition of sub 
millimeter isotropic datasets. Combined with standard post processing techniques, CTA has made 
rapid, accurate noninvasive evaluation of the upper extremity arterial vasculature possible. This 
chapter focuses on the role of CTA in the evaluation of arterial system of the lower extremity.

METRIX OF CTA
CTA image quality metrics focus on the ability to resolve, differences between tissues, namely 

spatial resolution, temporal resolution and volume coverage [21,23,29,30,34]. Contrast media 
administration is briefly discussed because it is an essential part of the CTA acquisition.

Spatial resolution measures the smallest high contrast object depicted by the CT system and 
depends largely on the detector collimation and reconstruction kernel. Another key parameter 
is the size of the focal spot [5]. Sub millimeter slices generated from modern hardware has 
expanded the role of CTA from aortography to smaller vessels. Consider a set of equally spaced 
lines where the spaces have the same thickness as the lines. The “spatial frequency” is measured 
in line pairs per centimeter. Larger objects with poorly defined edges have predominantly low 
spatial frequencies; small objects with sharp edges have higher spatial frequencies [6]. Although 
inferior to conventional DSA, CTA can assess arteries as small as 1 mm in diameter. Because it is 
volumetric, CT angiography allows three-dimensional visualization of the vasculature to separate 
superimposed structures (Figure 1, Figure 2 and Figure 3). As we illustrate in the applications 
(Figure 4), CTA can image small arteries as well as the distal vascular circulation, up to and 
including an evaluation of the ascending aorta.
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Figure 1: A volumetric three-D computed angiography shows a descending aorta and the 
peripheral system (the white arrow demonstrates descending aortic, iliac and femoral artery 

calcific disease.). Patent femoro-popliteal bypass graft is also visualised (red arrow-head).

Figure 2: This figure shows using a 3-D aorto-femoro-popliteal computed tomography 
angiography in a 74 years old male patient. There is a total occlusion of the right and the left 

femoral artery (white arrows head.). The red arrow demonstrates a collatal circulation which 
arising from the common femoral artery. The yellow arrow shows a patetnt femoro-popliteal 

artery by-pass graft.
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Figure 3: shows that that a there is severe occlusion of the left femoral artery (arrow). The 
distal femoral artery occlusion is also indicates using another arrowhead.

Figure 4: Demonstratres that postoperative view of patent subclavian to thoracic aortic graft 
after an operation performed for aortic coarctation in a 9 year old boy (the white arrow-head).  

The collateral artery arising from subclavian artery indicates using a white arrow-head.
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The Z-axis coverage per gantry rotation plays an important role in the CTA acquisition. For 
example, 4X1 mm detector-row CTA requires the following trade-off between acquisition speed 
and slice thickness [7,8]. With 0.5 second gantry rotation and a 1.25 pitch, 30 cm cephalocaudad 
coverage typical of aortoiliac or its branches CTA requires a 30 second acquisition. Using a 4X3 
mm detector row configuration, scan time is reduced to 10 sec. Wide area detector systems (8-
16 cm per rotation) can image axially, i.e. without table motion, and may have advantages for 
dynamic perfusion imaging [9].

CONTRAST MEDIUM AND ITS APPLICATION
The injection of contrast medium is a key factor to provide quality images of the vascular 

lumen. CTA should discriminate the true lumen of the vascualar wall. The ideal agent for CTA is 
nonionic, iso- or low osmolar, and has high iodine concentration [44-55]. 370-400 mg of iodine per 
milliliter may be use in CTA. Artefacts because of cardiac or vena cava system may be seen with high 
iodine concentrations. Therefore, large volumes reflect sub-optimized imaging protocols. Saline 
flush injection follow contrast has been suggested by the authors to avoid this problem [56-60]. 
Protocols must be tailored to the vascular bed and typically require rapid contrast administration 
(3-6 cc per second Biphasic injection can provide a more homogeneous enhancement profile over 
time [61-74]. Faster acquisitions enable smaller contrast volumes because peak enhancement is 
required for shorter acquisition times [75-80].

IMAGE ACQUISITION
Helical CT angiography has been used in a large number of patients. During the procedure, 

continuous gantry rotation and table motion is required for high quality image reconstruction 
(Figure 4 and 5). Along with the rotation time, the helical pitch determines the table speed, and 
therefore the speed at which the volume is scanned [15]. The helical pitch and table speed with 
the first circulation of contrast medium through the anatomic region is an important factor. 
The timing of a CTA scan is of critical importance so that the data is acquired during peak 
enhancement and not before or after the contrast has arrived [16]. To ensure suitable circulation 
timing, we may use a scanners automatic bolus for tracking software (Figure 6). After the test 
bolus approach, a small amount of contrast medium is injected, and low radiation dose scans 
are acquired to time the contrast arrival. After then, a CTA scan is acquired with the full dose of 
contrast material with a scan delay as determined by the test bolus (Figure 7). The second, more 
common, approach is automatic tracking of the main bolus arrival with subsequent automatic 
initiation of the acquisition. When contrast opacification reaches a preset threshold, the scanner 
automatically moves to the start position and begins the CTA helical acquisition.
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Figure 5: shows that a post-intervention ascending aortic stent graft in a 54 year old femal 
patient who have dissection of descending aorta (The first and the second white-arrowhead 

shows the stent graft and normal descending aorta, respectively).

Figure 6: demonstrates the aortic pseudoaneurysm which developed after aorto-bifemoral 
by-pass grafting surgery in a 68 year old male patient. Endovascular stent graft replacement 

has been performed successfully in this patient after diagnosis of pseudoaneurysm formation. 
Upper yellow arrow shows aterosclerotic abdominal aorta. The white arrow-head exhibites 

pseudoaneurysm formation (7 cmm Diameter). The red arrow-head demonstrates aorto-
bifemoral graft.
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Figure 7: shows that bilateral distal femoral arteries and the anterior peroneal and posterior 
tibial artery in a young patient with popliteal artery entrapment syndrome. In this picture, we 

see that there is an artifact between the arterial system and soft tissue area.

Helical CT can be used to freeze motion, either from the aortic root in CT aortography. 
Retrospective gating is not required for evaluation of the descending aorta and should not be used 
since retrospective gating inherently has a higher radiation dose than helical imaging without 
gating. The data is then post-processed to correlate with the ECG and assign cardiac phase to each 
segment of the reconstructed data. Image quality is degraded by blurring secondary to rapid heart 
rates and misregistration artifacts secondary to heart rate variability and arrythmia [81-97]. For 
single source x-ray systems, beta-blockers should be used to decrease the heart rate, dependent 
on patients tolerance. Motion compensation algorithms allow for more consistent image quality 
[98] (Figure 5 and Figure 8).

Multi-energy CTA with bone subtraction software is an important device. The long-term aim 
of multi-energy imaging is additional anatomical information based on the energy dependence of 
tissue attenuation differences [99-101]. Tissue components can be determined via post-processing 
of images collected at two energies [64,65] or via direct analysis within the multidetector CT data 
simultaneously acquired at separate energies [66]. Dual source CTA has been suggested, with 
each tube operating at a different kV and acquiring data 90 degrees apart. Each tube can operate 
different currents to equalize the noise between the different energies [79,86,88,102-106].

Both slow kV switching and dual source use image based decomposition. In order to use raw 
data based decomposition, each projection must be acquired at both energies simultaneously. Fast 
kV switching allows the energy to be changed for each adjacent projection which approximates 
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simultaneous acquisition and has the potential for plaque characterization [29].  A spectrally 
sensitive detector uses distinct detector materials to separate different energy levels from each 
layer [62,73,81,86,87,95]. 

CLINICAL COMPUTED TOMOGRAPHY ANGIOGRAPHY
Compute Tomography Aortography

CTA has replaced catheter angiography as the gold-standard for imaging the aorta [107-110]. 
The entire aorta, from aortic root to distal end, may be imaged in seconds, and the z-axis field of 
view can be extended to iliac systems in a single breath hold. Imaging is rapid, accurate, and widely 
available. CT completely characterizes the aorta for either catheter-based or surgical intervention 
(Figure 5); size, shape, and severity of calcification of aneurysms morphology of the true and false 
lumen in dissection (Figure 6), extent of the stenoses (Figure 7), and the anatomic relationship 
between the artery and juxta positioned tissue (Figure 8). CT is the best method to detect post-
surgery complications [restenosis (Figure 9); thrombosis, or endoleak after aneurysm repair]. CTA 
may provide useful insights into the thickness and composition of vessel walls by differentiating 
lumen and vascular wall. Image post-processing includes three-dimensional volume rendering 
and maximum intensity projections. The latter can be very accurate for larger vessels such as the 
aorta with adaquete intraluminal contrast concentration. Smaller vessels such as femoral or distal 
arteries are best analysed with multiplanar reformations.

Figure 8: shows that there are arterial calcific disease and plaque formation on the ascending 
aorta (short white arrow), and left common carotid artery (short red arrow). There is a normal 
main pulmonary artery and segmental pulmonary branches (long red arrow-head). The yellow-

arrow head shows a normal descending artery.
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CT Pulmonary Angiography

CTA for pulmonary arterial system has replaced catheter angiography as the gold-standard 
for imaging the pulmonary arteries like a traditional arteriography. Traditional arteriography is 
indicated only the patient who has contraindication to CTA. A multi-detector row of the entire 
thorax during breath hold is routinely used per gantry rotation less than one-half second. 
Pulmonary artery CTA has high sensitivity and specificity in detecting pulmonary embolism 
[111,112].

Renal and Mesenteric CTA

Renal arteries may be affected by atherosclerosis with associated stenosis, or aneurysms, 
or stenosis. Because the renal artery has a small diameter (approximately 4-5 mm), and it has 
a smaller accessory arteries, 15% of vessels cannot be visualised by row CTA.  Submillimeter 
isotropic resolution from more modern hard ware improves spatial resolution; these scanners 
also have shorter acquisition times to better visualize normal and atherosclerotic renal arteries. 
CTA may be used for other diagnoses such as fibromuscular dysplasia. Three-dimensional volume 
rendering projection is playing an important role for planning of therapy in patients with renal 
artery stenosis. Mesenteric arteries have also smaller diameter. Distal branches diameter is 1 mm 
or less. CTA may be use for mesenteric ischemia. At multiple phases of contrast enhancement 
to evaluate arteries, veins, and the bowel wall. A dynamic protocol can also be used to pinpoint 
the location of a gastrointestinal bleed. CT can also be used as an imaging modality of choice for 
clinically suspected median arcuate ligament syndrome.

PERIPHERAL CTA
CTA is being increasingly used for detect peripheral artery disease using a three-dimensional 

high quality images [113,114]. Patients with peripheral artery disease (Figure 10), acute arterial 
embolus, post-traumatic diagnosis, and complications after surgery may be evaluated. Because 
the diameter of distal peripheral arterial system is small, according to previous suggestions, 
adequate enhancement requires an understanding of the scanner speed and kinetics of the 
iodinated contrast medium. In patients with severe peripheral arterial disease, the speed of the 
contrast bolus can be 30 millimeters per second. 64,128 (or more) slices per gantry rotation 
may be use in these patients [35,40,56]. Maximum intensity projections and three-dimensional 
volume rendering provides a good overview of the vessel anatomy, graft patency after surgery, 
and the development of collateral vessels.

CONCLUSION
Recent development in technology has moved three-dimensional computed tomography 

angiography to the front line for many vascular diseases, and postsurgical control dramatically 
changing clinical evaluation pathways. In our opinion, multi detector CT technology is critical for 
optimizing protocols for patients’ diagnosis and postsurgical graft or stent-graft control.
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