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What is CTA?

Computed tomography angiography (CTA) is a quick, non-
invasive method to visualize the vasculature; in most cases 
with the help of iodinated contrast material (ICM). Modern 
CT scanners can provide sub-millimeter isotropic three-
dimensional (3D) datasets within a single breath-hold during 
the first pass of intravenous ICM with excellent spatial and 
temporal resolution. There are varied applications of CTA 
including various vascular conditions in different vascular 
territories. However, the basic principles of CTA remain 
the same i.e., maintaining good contrast opacification in the 
anatomy of interest during the length of image acquisition. 
Hence the timing of image acquisition with respect to the 
contrast injection and the amount of ICM are critical.

Indications

Visualization of anatomy

CTA is often used for visualization of the vascular tree as a 
part of pre-procedural planning of surgical procedures. CTA 

is a standard procedure before performing endovascular 
procedures such as transcatheter aortic valve replacement 
(TAVR) (Figure 1) and endovascular repair (EVAR) (1). It 
may also be used prior to high risk-percutaneous coronary 
interventions (PCI) with potential use of assist device such 
as Impella and extracorporeal membrane oxygenation 
(ECMO) also requiring adequate assessment of vascular 
anatomy (2,3). CTA is also often utilized prior to surgical 
procedures which require harvesting of vascular stumps 
such as organ donors, pedicled soft tissue flaps (4). CTA 
may also be utilized as a scouting procedure to define the 
anatomy in high-risk surgeries such as coronary artery 
bypass grafting (CABG) or redo sternotomy (5,6).

Obstructive atherosclerotic lesions 

Atherosclerotic disease is a leading cause of morbidity and 
mortality in the western world (7). Atherosclerosis starts 
as a local inflammatory process within the vascular intima 
and can result in wide range of clinical outcomes such as 
fixed luminal stenosis, plaque rupture, aneurysm formation 
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and plaque ulceration/penetration/dissection (8) ultimately 
leading to major cardiovascular events. Fixed luminal 
stenosis, which is the most common outcome, can limit 
blood flow in a given territory and can result in symptoms 
such as claudication, angina, renovascular hypertension 
and abdominal angina (8-10). Patients with atherosclerosis 
often require surgical/endovascular procedures and CTA 
is essential to localize and confirm a hemodynamically 
significant stenosis (11). CTA also provides a road map to 
the vascular lesion and helps in choosing a procedure and 
route of access. Relevant applications include coronary 
CTA, carotid CTA, renal artery CTA, aortic CTA, 
peripheral vascular run-off CTA.

Vessel enlargement 

Aneurysms are excessive localized enlargement of an 
artery caused by a weakening or a breach of the artery 
wall. Aneurysm rupture can lead to catastrophic internal 
bleeding which can be fatal. Typically, aneurysms often 
have a size threshold/hinge point, after which the odds of 
rupture increase and become unacceptable for conservative 
management and may require surgical or endovascular 
therapy (12). High spatial resolution of CTA allows 
accurate measurement of aneurysm size and extent to 
determine risk of rupture and guide management (surgery 
vs. EVAR vs. conservative; Figure 2) (13-16). CTA is also 
used for surveillance if a conservative approach is adopted 

or an endovascular repair is performed (Figure 2).

Vascular emergencies 

CTA is crucial for management guidance and treatment 
planning in patients with vascular emergencies that include 
acute aortic syndromes, vascular trauma, internal bleeding, 
thrombosis and embolism. The aorta is the most common 
site of dissection and rapid diagnosis is critical due to 
high mortality rates (17,18). Aortic dissection results from 
splitting of the arterial wall layers by the blood entering 
through an entrance tear (17). Dissection may cause 
flow limitation in branch vessels and can lead to cardiac, 
neurological or visceral ischemia. Thus, appropriate 
detection and surveillance to guide management decisions 
with high quality vascular imaging is essential (17).

CTA is a diagnostic modality of choice for patients with 
mesenteric and critical limb ischemia. In suspected acute 
mesenteric ischemia, CTA provides for rapid and non-
invasive assessment of ischemic and alternative diagnoses 
with high diagnostic accuracy (19). CTA is an excellent 
modality for detection of internal hemorrhage due various 
causes such as trauma, diverticulosis, angiodysplasia and 
spontaneous bleed (Figure 3). For rates of bleeding above 
0.25 mL/min GI bleed can be detected by MDCT with a 
sensitivity of 97% and specificity of 100% (20). CTA of the 
head and neck, chest, pelvis, and extremities are commonly 
performed in busy trauma centers. Digital subtraction 

Figure 1 Transcatheter aortic valve implantation planning. Reformatted CTA images (A,B,D) demonstrate measurements of aortic annulus 
which are critical for device sizing. Volume rendered image (C) demonstrates relationship of esophagus with the aortic root which helps 
guiding the transesophageal ultrasound during the procedure. Concomitant abdomino-pelvic angiographic images (E,F,G) are used to 
determine the vascular access. CTA, computed tomography angiography.
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Figure 2 Axial (A) and coronal reformatted (B) CTA images of a 74-year-old female with acute onset abdominal pain. CTA images provide 
accurate size measurements which is crucial for treatment decision making and device sizing if endovascular therapy is planned. CTA images 
can also show high risk features which put patients on risk of impending aneurysm rupture such as periaortic surrounding fat stranding (A,B; 
arrows). CTA is also used for surveillance after endovascular repair (C,D). CTA, computed tomography angiography.

angiography has been largely replaced by CTA for arterial 
trauma due to its speed, noninvasive nature, accuracy, and 
widespread availability. Rapid acquisition of submillimeter 
isotropic data sets allows for accurate assessment of vascular 
injury extending from the head and neck to the torso 
and extremities. CTA is also helpful for the evaluation 
of deep venous thrombosis, particularly to assess the 
intracranial veins and the central venous vasculature of 
chest and abdomen which is not accessible with ultrasound. 
Pulmonary CTA is a commonly performed test for acute 
pulmonary arterial embolism. It is highly sensitive for 
embolism up to the subsegmental level and can also 
simultaneously assess the lung parenchymal changes and the 
heart strain (21). 

Vessels wall imaging 

Plaque imaging/vasculitis/vasculopathy
Plaques at risk of rupture and precipitating myocardial 
infarction and stroke have certain characteristics that 
extend beyond simple stenosis severity. These include 

inflammation, microcalcification, angiogenesis, positive 
remodeling, a thin fibrous cap, a large necrotic core and 
plaque hemorrhage. CT plaque characterization has been 
an area of extensive research especially in coronary and 
carotid arteries and several CT features have been found 
to have adverse prognosis (22-24). CTA is not routinely 
performed primarily for plaque imaging, but plaque features 
are a useful secondary information which has potential 
to modify medical therapy (25). CTA is also performed 
for the assessment of vasculitis and vasculopathy such as 
fibromuscular dysplasia (15).

Extrinsic pathologies affecting vasculature 

Certain vascular structures (most often veins) may 
be compressed by adjacent anatomic structures or 
can compress adjacent hollow viscera (arteries). Such 
compressions are often asymptomatic; however, they can 
lead to a variety of uncommon syndromes in the abdomen 
and pelvis such as May-Thurner syndrome, nutcracker 
syndrome, median arcuate ligament syndrome, superior 
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Figure 3 Axial non-contrast (A), arterial phase (B) and delayed (C) images of a patient with hematochezia demonstrate active contrast 
leakage in the distal transverse colon (B, C; arrows) suggesting on-going hemorrhage. In addition to localizing the bleed CTA images also 
delineate the vascular tree and provide a road-map for the interventional procedure. Coronal maximum intensity projection (MIP) image 
(D; arrow) and volume rendered images (E, F; arrows) delineate the course of middle colic artery which is the vascular supply of the colonic 
segment with bleed. On catheter angiography a bleed form middle colic artery was identified (G, H; arrows) and embolized using micro-
coils (I; arrow). CTA, computed tomography angiography.

mesenteric artery syndrome and various forms of ureteral 
compression (26). Similar syndromes may be encountered 
in the extremities, examples of which include thoracic 
outlet syndrome, Paget-Schroetter syndrome and popliteal 
entrapment. Direct venography or duplex ultrasonography 
can provide hemodynamic information in cases of vascular 
compression. However, multidetector CTA is particularly 
useful for comprehensive evaluation of the anatomy and 
resultant morphologic changes. Anatomic findings of 
these syndromes are also often encountered incidentally in 

patients who are undergoing imaging for unrelated clinical 
reasons (26).

Miscellaneous 

CTA is a commonly performed test for non-coronary 
cardiac ailments such as cardiac masses, valvular heart 
disease, infective endocarditis and congenital heart disease. 
CTA is also performed for the evaluation of vascular 
device such as, IVC filters, vascular stents and cardiac assist 
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devices.

Technical challenges in performing CTA and 
solutions

Bolus requirements 

CTA mandates high contrast to noise ratio to visualize 
vessels. This is achieved by rapid injection of contrast 
material (CM) with high iodine concentration (preferably 
350–400 mg/mL) via wide gauge IV access (20 or 18 G) 
using mechanical injectors and standardized multiphase 
injection protocols (4). The resultant attenuation in the 
vessels is a product of the iodine injection rate, injection 
duration, kVp and the venous return (4). Increasing the 
injection rate leads to a faster accumulation of contrast 
in the aorta and higher peak aortic enhancement. With 
modern scanners, an injection rate of 4–5 mL/s is usually 
enough for achieving excellent arterial opacification for 
most vascular studies. Traditional approach to determine 
injection duration was to match it to scan duration time; 
however, with modern faster scanners, this may result 
in inadequate opacification due to a lower total volume 
of contrast material being delivered. A usual approach 
for estimating injection duration is to set a minimum of 
10 seconds and adding on the estimated scan duration. 
Power injectors are typically used to ensure a uniform high 
injection rate of bolus delivery. Use of a saline flush should 
be routine to help push the tail of the bolus into the central 
blood volume (27). The saline chaser also helps reduce 
streak artifact from dense contrast in the central veins, 
superior vena cava and right atrium which is especially 
important in coronary and thoracic CTA (28). The injection 
rate must also be tailored according to body size to match 
the increasing venous return which is important to achieve 
diagnostic image quality across different body size.

Time constraints and variance in cardiac output/flow velocity

The physiologic limits of contrast dosage and a high 
injection rate allow a small bolus length and narrow time 
window to perform the imaging (4). The time window also 
varies significantly with physiologic states which further 
complicates the task of achieving diagnostic images. To 
maximize the chances of appropriately timing the image 
acquisition with respect to contrast peak, a fast scanner 
and a bolus triggering or a timing bolus approach can be 
used to provide a close prediction of contrast peak in the 

anatomy of interest (Figure 4). Bolus triggering is usually 
a preferred method for most applications. While ICM is 
being injected, serial single slice scans are performed to 
monitor the contrast arrival in a region of interest (ROI) 
which is drawn on a vessel. The ROI can be drawn at 
different locations depending on the vascular territory being 
imaged: For example, right cardiac chambers for pulmonary 
CTA, ascending aorta for coronary CTA, aortic arch for 
neurovascular CTA, abdominal aorta for abdominal and 
run-off CTA. Acquisition of a delayed phase scan covers 
up for additional/extreme variations of flow dynamics such 
as slow filling endoleaks, contrast extravasation and slow 
filling atrial appendages or cardiac aneurysms. Also, as 
vasculature is a dynamic system a single acquisition (one 
time-point snapshot) is often not enough for complete 
understanding. Hence, a multiphase acquisition (including 
non-contrast, arterial and delayed phases) is a standard 
way of performing a comprehensive CTA. As previously 
mentioned, a short-lasting contrast bolus also mandates fast 
imaging. A 64-channel CT is a minimum requirement for 
more advanced CTA applications such as coronary CTA. A 
16-channel CT is usually adequate for other less challenging 
vascular applications such as abdominal aorta or visceral 
aneurysm assessment. Wide-area detector CT scanners, 
with up to 320-detector rows, can provide up to 16-cm z-axis 
coverage in a single gantry rotation which allows for large 
volume coverage in both helical and axial sequential (step 
and shoot) acquisition modes. Coverage of large anatomy 
can also be achieved with ultra-low contrast dose using high-
pitch helical mode on dual source scanners (4).

Motion 

Image artifacts due to motion are highly detrimental for CT 
image quality. Hence, the patient must lie still, and imaging 
should be performed in absence of breathing motion for 
all body applications. ECG-gating is also essential for 
coronary/cardiac applications to help time scan acquisition 
in relatively motion free cardiac phases. Most centers also 
use beta-blockers to slow down the heart during coronary 
artery imaging. Dual-source CT scanners provide the 
maximum temporal resolution available, as the temporal 
resolution is equal to a quarter of the gantry rotation 
time; this is as low as 66 milliseconds (ms) in the third-
generation scanners (29). Maximizing temporal resolution is 
advantageous when imaging structures are prone to cardiac 
motion artifact. Moreover, systolic imaging with fast dual 
source scanners can obviate the need of beta blockers (30). 
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ECG-gating is also mandatory for aortic root imaging 
for most scanners (15) (Figure 5), except for dual source 
scanners operating in high-pitch helical/FLASH mode 
(15,31) (Figure 6). Due to the motion freezing fast scanning, 
high pitch helical acquisition can also be used when imaging 
trauma patients or poor breath-holders who are prone to 
motion artifacts (15,31).

CTA image acquisition and post-processing

CTA protocol 

A typical CTA protocol includes 3 phases including non-
contrast, arterial phase and a delay. A non-contrast phase 
is particularly useful in patients with suspected acute aortic 
syndrome to evaluate for the presence of aortic intramural 
hematoma and patients with suspected bleed (15,17). 
Non-contrast images are also useful in differentiating 
calcifications and surgical graft material from peri-prosthetic 
contrast enhancement or graft leak. The radiation dose 

of non-contrast phase should be kept low by using wider 
collimation and low tube potential with concomitant 
reduction in tube current (15). The arterial phase imaging is 
most crucial, and the goal is to achieve a very high contrast-
to-noise ratio (CNR) and maximum spatial resolution 
for visualization of small arterial branches. As previously 
mentioned, the timing of the arterial phase is very strictly 
tailored to bolus arrival in the anatomy of interest. The 
delayed phase imaging allows assessment of slow filling 
structures and venous circulation. The timing of a delayed 
scan varies according to the anatomy of interested. In 
neurovascular applications, delayed images are immediately 
performed after the completion of arterial phase. In body 
imaging, a 2 min delay is the standard except for the cardiac 
imaging (60 sec) and mesenteric vascular imaging (portal 
venous 90 sec) (4,15). For lower extremities, the delays are 
generally performed to have a second chance of getting 
optimum arterial images of infra popliteal vasculature. The 
timing of contrast arrival in this region can be variable and 
arterial phase scan can outrun the bolus, so an immediate 

A

D

B

E

C

F

Figure 4 Figures (A, B, and C) are acquired at short time interval to monitor the contrast arrival in the ascending aorta during injection 
of iodinated contrast material. Figure (D) demonstrate a time graph of the attenuation values within the region of interest drawn over the 
ascending aorta. Such a technique is called as bolus triggered technique in which scan triggers after the attenuation within the region of 
interest increases above a preset threshold (+100 HU in this example). Once the trigger value is detected scan is started after few seconds 
of delay. In contrast in a timing bolus technique a small volume of contrast is injected (20–30 cc) and serial single slice scans of the anatomy 
of interest are obtained to define the peak of contrast arrival (within the region of interest, E) with respect to the start of contrast injection. 
This time to peak is used to define the window of scan during the diagnostic contrast bolus (F). 
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Figure 5 Non-ECG-gated CTA of a patient with history of post repair type B dissection and now acute chest pain demonstrate an apparent 
flap (A, B; arrows) in the native aneurysmal ascending aorta (A,B). A repeat CTA with ECG-gating (C,D) does not show any flap in the 
corresponding anatomy (C, D; arrows), confirming presence of a motion artifact on prior non-gated (A,B) study. ECG-gating is essential for 
imaging aortic root on most modern scanners. CTA, computed tomography angiography.
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Figure 6 High pitch helical imaging without (A,B,C,D) and with (E,F,G,H) ECG-gating demonstrate good definition of aortic root. Motion 
free short axis images (A,B) provide visualization of valve orifice (A; arrow) and accurate size of the artic root (B). Oblique reformatted 
images (C, D) demonstrate aortic annulus (C, arrows) and coronary ostium (D, arrow). ECG-gated systolic CTA (E,F,G,H) with an ultra-
low contrast CT bolus (20 cc; in this study) is routinely performed at our institution for patients who are candidates of TAVI/TAVR but have 
poor renal function (GFR <30). A double oblique short axis image at the aortic annulus demonstrate accurate annulus sizing (E). Oblique 
reformatted long axis image (F) demonstrate distance of coronary ostia above the annulus. Volume rendered image (H) demonstrates 
relationship of esophagus with the aortic root which helps guiding the transesophageal ultrasound during the procedure. TAVI, transcatheter 
aortic valve implantation; TAVR, transcatheter aortic valve replacement; CTA, computed tomography angiography.
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delay provides an additional opportunity to visualize the 
vascular anatomy (32). The direction of the delayed scan is 
not crucial for body applications however the delays in run-
off CTA and neurovascular imaging, where to avoid any 
pause between arterial and delayed phases, the direction of 
delayed scan is caudocranial and craniocaudal, respectively 
(which is reverse relative to the arterial scan).
Post processing 

CTA is an established method to render high quality 
multiplanar reconstruction (MPR) and three-dimensional 
(3D) images from acquired axial CT scans using dedicated 
computer algorithms (33). MPR and 3D images are often 
visualized through maximum intensity projection (MIP) 
reformats which allow for superb visualization of vascular 
anatomy in any desired plane (Figure 7) (33). MIP images 
selectively display pixels with the highest attenuation 
number along the z-axis highlighting hyperdense structures 
to allow for adequate assessment of vascular pathology (33).  
For tortuous vascular anatomy, curved planar reformats 
(CPR) along the course of the target vessel can be 
generated (34). Bone removal is sometimes necessary to 
depict 3D anatomy which can be performed by manual 
segmentation of bone or by performing subtraction of a 
true non-enhanced image (35). Recently, several automated 
bone removal methods have been developed with newer 
generation dual energy CT (DECT) scanners (35). 

DECT can differentiate between iodine and bone because 
of varying effective atomic numbers (13.8 and 56 zeff, 
respectively) at different energies (35). 

New advances 

Most of the new CT technological advances allow fast 
imaging while minimizing radiation dose and contrast 
bolus requirements. These advances include low kV 
imaging, iterative reconstruction technique, high pitch 
helical imaging and DECT. Fractional flow reserve by 
CT is a technique to determine hemodynamic significance 
of luminal narrowing in the vessels. This post-processing 
technique has recently generated a lot of interest in the field 
of coronary artery imaging. 

Low kV technique 

When other scan factors are held constant, low tube 
potential results in radiation dose reduction (dose α V2). 
Low kV also results in attenuation gain (proximity with 
the k edge of iodine) and decreased requirement of ICM. 
However, low kV also results in excessive image noise which 
can be countered by using high tube current (mAs upto 
1500 with 3rd generation dual source scanners), attenuation 
gain and simultaneous use of novel iterative reconstruction 
algorithms. The use of low-kV technique (as low as  

A

C

B E F

D

Figure 7 Post-processing of CTA images. Axial CTA run-off study of patient with left lower extremity claudication demonstrate partly 
calcified plaques in the distal right superficial/proximal popliteal arteries (A, arrow). Reformatted multiplanar projections (B, C and D) 
further delineate the plaque and degree of stenosis luminal narrowing (severe). Long axis reformatted MIP image (E) demonstrates enlarged 
collaterals (arrow) across the stenotic lesion. A volume rendered image (F) gives an overview of the entire vascular tree; and also the stenosis 
in the left popliteal artery (arrow). CTA, computed tomography angiography.
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70 kVp) has resulted in large radiation dose savings 
especially in coronary artery imaging (36). Similar 
applications in pulmonary artery CTA and aortic CTA have 
also resulted in similar radiation dose reductions (37,38). 
The application of lower tube potential requires careful 
adjustment of the tube output (mAs) to maintain the desired 
CNR, leading to higher mAs demands for larger patients. 
Hence, the use of low kV scanning should be limited to 
patients with smaller body size (36). 

High-pitch helical (HPH/FLASH) mode 

Single-source multidetector-row helical CT scanners are 
restricted to a pitch of up to 1.5:1. The two simultaneous 
overlapping helices on dual-source CT enable image 
reconstruction at a high pitch of over 3:1. The high pitch 
allows for rapid imaging at significantly lower radiation 
dose compared to conventional methods (31). High-
pitch helical (HPH) acquisition mode with fast table 
speed and prospective ECG triggering enables coverage 
of the entire heart within one cardiac cycle. The HPH is 
particularly advantageous in children or young adults for 
assessment of coronary artery anomalies and anatomic 
assessment in patients with congenital heart disease (when 
information regarding cardiac function is not needed) (36).  
HPH can also allow motion freezing imaging of the 
aortic root without ECG gating (15,31,36). In most cases, 
HPH imaging time is drastically short and can cover the 
entire body in less than 2 seconds (15,31). This allows 
performance of CTA with ultra-low contrast volume 
as length of contrast bolus can be shortened. At our 
institution, we perform ultra-low dose imaging for pre-
TAVR assessment with 20 cc contrast volume (15,39,40). 
This property can also allow extended anatomical coverage 
and performance of combined studies with single contrast 
bolus. At our institute we routinely perform imaging 
of coronary arteries and the entire aorta with a single 
extended bolus (6 sec/30 cc longer than standard injection). 
The coronary artery imaging is performed first and the 
HPH imaging of the aorta is acquired after a short pause  
(4–6 sec). HPH can obviate need for sedation or anesthesia 
in young children due to its rapidity. Several studies on 
HPH mode for CCTA in pediatric and adult populations 
have reported good diagnostic quality and consistently sub-
millisievert radiation dose (36). Important limitations of 
HPH mode include inconsistent cardiac gating function 
in patients with increased or irregular heart rates resulting 
in motion artifacts and non-applicability of retrospective 

reconstruction and functional assessment of the heart. This 
technique is typically avoided in morbidly obese patients 
with suspected or known extensive atherosclerotic disease, 
metallic stents/hardware due to higher likelihood of artifacts 
and excessive image noise (36). 

Iterative reconstruction (IR)

The IR techniques have made a major impact on reducing 
radiation dose in applications in every domain of CT 
imaging (36,41-43). All modern scanners from different 
CT vendors offer IR techniques which are replacing 
conventional filtered back projection (FBP) techniques 
as they are less prone to increased image noise at lower 
radiation doses. IR techniques remove image noise 
through a process of modeling of the imaging acquisition 
processes including the optics system, photon statistics 
fluctuations and other aspects of X-ray interactions that 
are ignored by the conventional FBP techniques. Different 
IR techniques include a simple algebraic reconstruction 
technique, statistical iterative reconstruction, and a more 
recent model-based IR (MBIR) (36). Most advanced IR 
algorithms combine MBIR with statistical modeling. 
Multiple studies in different body parts have evaluated the 
impact of IR techniques on image quality and radiation 
dose for different clinical indications in both pediatric and 
adult patients. These studies have found that IR techniques 
can lower radiation dose by up to 50% in comparison with 
the traditional FBP methods (36,41-43). For large patients, 
studies have shown that IR equipped CT scanners enable 
higher quality diagnostic images compared to FBP scanners 
without increase in radiation dose (44,45).

DECT

DECT uses data from different tube potentials to generate 
material specific information (46). Advanced postprocessing 
with DECT occurs after image acquisition to create 
virtual monoenergetic (VM) and material density (MD) 
images. Low-energy VM images (40–55 keV) increase 
contrast enhancement, intermediate-energy (60–75 keV)  
images are equivalent to SECT images (120 kVp), 
and high-energy (95–200 keV) images suppress metal 
related artifacts (47). MD iodine (MD-I) images, which 
are independent of inherent tissue attenuation, help 
differentiate contrast from other high attenuation materials 
allowing for a more accurate and objective measurement 
of enhancement compared to HU (48). MD-I images 
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Figure 8 Axial non-contrast (A) and CTA images demonstrate an endoleak in the aneurysm sac (B; arrow). Axial non-contrast images are an 
important part of imaging protocol on conventional single energy CT as it provides a reference baseline and helps differentiate endoleaks 
from other hyper-attenuating objects such as calcification and embolization material. Figure (C) is a virtual unenhanced image generated 
from the post-contrast acquisition (B) and is equivalent to a non-contrast image (which can be omitted to save radiation). Figure (D) is 
a material density iodine image showing that the hyperdense material in the sac arrow) contains iodine further confirming presence of 
endoleak. CTA, computed tomography angiography.

can also suppress artifacts from metals with high atomic 
number (e.g., platinum embolization coils) (48). Virtual 
unenhanced (VUE) images can be generated from contrast-
enhanced DECT scans which can replace a non-contrast 
acquisition (Figure 8). Furthermore, DECT automated 
bone segmentation and calcification removal is superior 
to SECT in assessment of complex vascular anatomy 
on neuroimaging (49,50). DECT scanners have greater 
generator power, better detectors, and allow for more kVp 
options enabling low-dose scanning and acquisition of 
diagnostic images. DECT scanners also offer larger gantry 
size and table weight capacity to permit scanning of patients 
with large body habitus who are challenging to image on 
SECT (44,45). All these capabilities of DECT can aid CTA 
in number of ways. 

DECT imaging can be used to reduce the number 
of acquisitions in CTA protocols to reduce radiation  
exposure (51). As discussed earlier, a triple phase CTA 

protocol with true unenhanced (TUE), arterial and delayed 
acquisition are the standard of practice when evaluating 
for vascular pathologies. With DECT, dual phase CTA 
protocols (arterial and venous phase) with generation of 
virtual unenhanced (VUE) images from contrast-enhanced 
scans have shown comparable diagnostic performance to 
tri-phasic CTA (15,52-55). VUE serve the same purpose 
as TUE by depicting high-attenuation hematoma to 
differentiate extravasation from hemorrhage. In addition 
to simplifying the CTA protocol, eliminating the need for 
TUE acquisition allows for an estimated radiation dose 
reduction between 19–50% (56,57). 

DECT material specific iodine and VUE images can 
also aid in problem solving by providing material specific 
information. With single energy/polychromatic CT (SECT), 
measuring attenuation values is necessary to distinguish 
between hemorrhage, contrast, and low-attenuation fluid (58). 
However, dilute contrast agent and blood can have similar 
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attenuation values which may hinder accurate diagnosis. 
Additionally, suboptimal contrast enhancement and presence 
of image artifacts can decrease diagnostic confidence and 
lead to repeat exams with unnecessary exposure to additional 
ICM and radiation (59,60). Thus, DECT scanners overcome 
limitations of SECT with advanced post-processing 
capabilities for problem-solving vascular pathology in a more 
functional and quantitative method (47).

Patients with vascular disease often have several 
comorbidities (diabetes, hypertension) which can impair 
kidney function putting them at high risk for developing 
adverse effects from contrast agents (61-63). Since ICM use 
is integral for vascular imaging, there is continued incentive 
to decrease iodinated contrast dose for patient safety (62). 
Obtaining adequate image quality with lower ICM dose 
is challenging on SECT; particularly in larger patients. 
However, DECT low keV images allow for optimal contrast 
visualization while maintaining diagnostic image quality and 
enabling ICM dose reduction (62,64,65). Mean iodine dose 
as low as 15 g has been shown to be diagnostic for CTA 
protocols with DECT when compared to standard iodine 
dose for SECT (30–37 g) (62). Low-energy VM images 
demonstrate up to higher attenuation and contrast-to-noise 
ratio (185% and 25%, respectively) compared to standard 
iodine dose (33.3 g I) on SECT (64). Therefore, DECT 
applications will be able to compensate for inadequate 
contrast-enhancement in instances of improper bolus timing 
or due to extravasation and other patient related factors (62).

With all the advantages detailed above, DECT suffers 
from few limitations including higher scanner cost, 
and higher number of post processed images which can 
impact work-flow. Meticulous technologist training and 
involvement is critical to efficiently incorporate DECT 
into the clinical workflow on a regular basis (66). Recent 
versions of DECT platforms and software upgrades have 
the capability to automate post-processing such that DECT 
image reconstructions do not hinder workflow (67). Recent 
studies have shown that single source rapid switching 
rsDECT suffers from increased beam hardening/streak 
artifacts on material specific images and patient anatomy 
can extend outside dual energy field of view (FOV) on dual 
source scanners (68-70). However, newer detector-based 
spectral CT scanners have no limitations on FOV, gantry 
rotation time or cross-scatter (67).

CT fractional flow reserve (CT-FFR or FFR-CT) 

Determining degree of vessel stenosis is important to 

determine risk of end organ ischemia. Thus, hemodynamic 
significance of a stenosis in a vessel guides management 
especially in coronary artery disease given the risk associated 
with invasive treatments. FFR-CT algorithms focus on the 
noninvasive derivation of flow dynamics through a diseased 
artery (typically coronaries) by employing mathematical 
modelling and computational fluid dynamics (71). The 
preliminary data suggest that the use of FFR-CT for 
rationalizing therapy decisions improves patient outcomes 
and quality of life with reduced health care cost (71). 
Conceptually, FFR CT can be applied to vessels other than 
coronaries but such applications are unknown.

Summary and conclusion

CTA is a robust tool to assess anatomy and pathology of 
the vascular tree with a submillimeter spatial resolution 
and high temporal resolution. Robust imaging protocols 
with rapid image acquisition and accurate bolus timing 
techniques are of utmost importance for high image quality. 
Low kV technique, iterative reconstructions, HPH imaging 
and dual energy CT are novel methods for radiation dose 
reduction. Low kV technique, DECT and HPH imaging 
can also allow contrast bolus requirement reduction in 
appropriate clinical setting. As HPH imaging is very less 
susceptible to motion, it can mitigate the requirements of 
ECG gating for aortic root imaging and requirement of 
anesthesia in poorly cooperative adult and pediatric patients. 
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