
C. Catalano, M. Anzidei, A. Napoli (eds.), Cardiovascular CT and MR Imaging,
DOI: 10.1007/978-88-470-2868-5_1 © Springer-Verlag Italia 2013

Since its introduction, computed tomography (CT) has been subject to constant tech-
nological improvement and optimization in order to increase its use in everyday med-
ical practice. In the early 1990s, the transition from spiral single detector row devices
to multi-detector row scanners devices enabled a significant reduction in acquisition
times, allowing an excellent balance between spatial and temporal resolution which
are fundamental requirements for vascular studies. CT angiography (CTA), as a non-
invasive technique, currently plays a major role in the diagnosis of cardiovascular dis-
eases, often replacing almost completely conventional angiography.

1.1 Examination Technique

There are two necessary elements to obtain adequate quality in CTA scan: 
• thin-layer volumetric acquisition;
• adequate contrast medium administration with correct timing.

The fundamental geometric assumption is represented by a volumetric acquisition
(Fig.1.1), the main characteristics of which are:
• a continuous acquisition during the constant table movement along the z axis, with
a spiral pattern;

• use of multi-detector systems (two or more detector arrays) that rotate integrally
with the X-ray source around the patient during scanning (third-generation tech-
nology).
The advantages of this type of scan are:

• lower acquisition time (Fig. 1.2);
• the possibility to examine large volumes with thin layers;
• the possibility to obtain isotropic voxels, which are required for high-quality re-
constructions during post-processing.
Multi-detector systems can be designed with three different types of technology

(Fig.1.3):
• matrix detectors: multiple detector rows with the same thickness;
• adaptive detectors: multiple detector rows of variable thickness;
• hybrid detectors: multiple detector rows with two different thicknesses.
The rationale behind the development of the last two systems is the fact that the

X-ray beam peripherally hits the detectors at an angle that is progressively more
acute; any interface perpendicular to it in the most peripheral portion of the detector
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Fig. 1.1 Single-slice spiral scanning (a) in which a single slice for each tube rotation is acquired.
Spiral volumetric scanning (b): increasing the detectors number it is possible to cover a larger area
for each rotation along the z axis

Fig. 1.2 Increasing the number of detectors decreases the acquisition time for a volume of the same
amplitude: the acquisition time for the study of the aorta is reduced to an adequate scan time using
a minimum of 4 slice detectors
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interferes with the detection of the angled beam components, decreasing the detector
efficiency. Reducing the number of interfaces in the peripheral portions increases the
geometric dose effectiveness (Fig. 1.4), resulting in the lower production of scattered
radiation.

The study of vascular structures, and in particular those of small dimensions (for ex-
ample the coronary vessels), requires high spatial resolution, with particular regard
to the selection of an adequate thickness layer. At the same time it is also essential to
respect the technical conditions that represent the optimal compromise between spatial
and temporal resolution and image quality (Signal to Noise Ratio / SNR): with the
use of old-generation scanners (16 multi-detector Computed Tomography (MDCT))
it is not possible to perform high-resolution CTA examinations (<1.5 to 3 mm) in short
times and with large acquisition volumes, whereas with the use of new-generation
equipment (64-128-320 MDCT), although it is possible to acquire submillimetric lay-
ers in any anatomical region, it is necessary to take into account the fact that the in-
crease in spatial resolution leads to a reduction of SNR. When setting-up the CTA
protocols, it is essential to know how to handle a number of additional parameters,
during both image acquisition and reconstruction.

Fig. 1.3 Different multi-detector CT systems: a matrix detectors; b hybrid detectors; c adaptive de-
tectors

Fig. 1.4 a The geometrical
effectiveness of a system
depends on the so-called
penumbra effect (the 
amount of diffuse radiation)
compared with the total
radiation reaching 
the detector surface area. 
b Reducing the number 
of interfaces in the peripheral
regions of the detector panel
increases the number 
of registered photons 
(even those with an oblique
inclination) with the result 
of augmenting detector
efficiency and thus 
the effectiveness 
of the geometric dose
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• Detector collimation: varies the amplitude of the photon beam used to detect the at-
tenuation profiles of the object under examination. It is determined by the opening
degree and by the number of the detectors used in the selected configuration.

• Pitch: ratio between the table feed speed and the gantry rotation speed, multiplied
by the collimation of the beam:

P = TF/(N x C)

(TF= Table Feed per rotation; N= number of detectors; C= beam collimation).

• Current intensity and the potential difference at the X-ray source: the conductor
current intensity (milliamperes / second, mAs) of the X-ray tube determines the
number of photons produced by the tube itself, whereas the potential difference
(kilovolts peak, kVp) determines their power. By increasing the mAs we can obtain
images with a better contrast resolution and with a lower noise; increasing the kVp
instead will obtain better penetration of the photon beam (Figs. 1.5, 1.6). The dose
administered increases linearly for mAs and with an exponential relationship as
regards the kVp.

• Slice thickness: effective thickness (expressed in mm) of the contiguous slices ob-
tained in the transverse reconstruction plane. It can be equal to or greater than the
value of the collimation, but not less than it. The layers can be reconstructed with
a thickness greater than the collimation in order to obtain a dataset consisting of a
smaller number of images and with a lower noise (Fig. 1.7).

• Reconstruction Interval (RI): represents the degree of overlap, expressed in mil-
limeters, of two contiguous slices. It can be set to values higher, equal or less than
the slice thickness, resulting, respectively, in layers which are spaced, adjacent or

Acquisition Parameters

Reconstruction
Parameters

Fig. 1.5 CTA of the peripheral arteries in two patients with a similar body mass, evaluated both at
120 kVp but with 100 mAs (a) and 130 mAs (b), respectively. The use of a higher mAs value produces
an image with less noise and a greater contrast resolution
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overlapped. Reconstructing slices with relatively high thickness (for example 3
mm), but with reduced IR (1-1.5 mm), may make it possible to obtain an adequate
spatial resolution along the z axis even with less efficient equipment.
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Fig. 1.6 Exam performed with the Dual-Energy technique on a dual source scan, using the same pa-
tient and variable values of kVp and mAs. By reducing the value of the kVp (a) it is possible to
obtain an image with a contrast resolution comparable to that present in an image obtained using a
much higher kilovoltage (b). However, despite the increase in the mAs value on the low kVp scanning
(a), the parameter with the greatest effect on the SNR is represented by the effective photon power
and not by their number (higher noise in the image obtained at high mAs and low kVp values)

Fig. 1.7 Detail of the abdominal vessels in an image reconstructed with a slice thickness of 1 mm (a)
and 3 mm (b): the greater spatial resolution increases the visibility of fine details but reduces the SNR
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• Field of View (FoV): this represents the sizes (expressed in millimeters) of the pla-
nar images on the transverse plane. The FoV size must be selected according to
the compromise existing between the spatial resolution and the image noise: small
FoVs, which are necessary for the assessment of structures with limited dimen-
sions, results in a SNR reduction (Fig. 1.8).

• Reconstruction matrix: indicates the number of pixels in each image. It is normally
fixed (512 x 512), but may be varied in dynamic studies (for example for the evalua-
tion of cardio-CT kinetics) in order to reduce the size of the stored data.

• Reconstruction algorithms (or convolution filters): they are used to reconstruct
images from the raw data. Information on the attenuation profiles of the object
under examination are reworked by means of mathematical algorithms that apply
appropriate correction functions to the data before the production of the final
image. This leads to the highest influence on the quality of the planar reconstructed
image (Fig. 1.9). 

• In all CT scanners various types of filter are available to vary the degree of definition
of the image profiles (filters for bone, soft tissue, etc.). The choice of the more ap-
propriate filter is finalized to modify an intrinsic characteristic of the scanned image
(for example, the planar spatial resolution for studies of the lung parenchyma), re-
ducing or emphasizing the effect in the reconstruction phase. The use of high-def-
inition filters (sharp) increases spatial resolution, but also the image noise; the use
of soft filters (smooth) reduces the definition, but also the noise level.

All variations of the parameters described, during both the acquisition and reconstruction
phase, help to determine the image quality, measured quantitatively with SNR, which is
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Fig. 1.8 Study of the peripheral extremity vessels obtained for both legs with a 350 mm FoV (a);
detail of the limb affected by disease with 125mm FoV (b): also in this case the greater spatial reso-
lution leads to a reduction in the SNR

a

b

Signal-to-Noise Ratio



defined as a numerical size which correlates the power of the useful signal with the noise
in any system of acquisition, processing or transmission of the information:

SNR= signal / noise 

where 0 < SNR > ¥. 

The noise in CT is generally divided into quantum noise and electronic noise. The
quantum noise is the expression of the probabilistic nature of the interaction between
the ionizing radiation and the tissues, whereas the electronic noise is due to the math-
ematical approximation of the procedures that govern the image reconstruction. In
general, the noise presence is related to random and systematic errors due the choice
of the image acquisition parameters or also by intrinsic patient factors, such as body
mass. The parameters described and their effects on the image are illustrated in Figures
1.10 and 1.11.

1.2 Contrast Medium Administration 

Iodinated contrast agents used in CT are iodine-based substances (with a high atomic
number), capable to determine X-ray attenuation. Therefore, for the same adminis-
tration parameters (total dose of contrast medium and infusion speed expressed in ml
/ sec) and scanning parameters (mAs and kVp), the higher the iodine concentration
(expressed in mgI / ml), the greater the enhancement obtained. 
The iodinated contrast agents currently available on the market are distinguished

by chemical-physical characteristics and iodine concentration, and are water-soluble
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Fig. 1.9 Details of the femoral vessels in a patient with steno-obstructive disease (arrows). The use of a sharp filter (c,d) allows better de-
lineation of the vessel wall profiles and a more adequate identification of the lumen/plaque interface compared with the use of a softer filter
(a,b). The conventional angiography examination confirms the presence of multiple steno-obstructive vascular alterations (arrows)
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Fig. 1.10 The chart shows the effects induced by changes in different acquisition parameters
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molecules whose toxicity is significantly lower than that of the older ionic types. These
contrast agents are molecules with an interstitial type of biodistribution, whose phar-
macokinetics are summarized in Figure 2.13. Once administered intravenously, they
undergo an initial phase of vascular distribution, followed by an interstitial phase. 

Contraindications to the use of iodinated contrast agents include:
• History of previous allergic events related to contrast media or atopy (rhinitis, ur-
ticaria, food allergy, allergic asthma). In these cases appropriate prophylaxis must
be applied (ESUR guidelines: prednisolone 30 mg - 12 h and 2 h before the exam-
ination).

• Renal failure (GFR <30 ml / min): this requires both proper hydration (before and
after the examination) and a reduction of the total amount of contrast agent ad-
ministered and, when necessary (advanced renal failure), dialysis treatment.

• Heart failure: in this case the danger of the administration of contrast medium is
not linked to the chemotoxic effects of the agent, but rather to cardiovascular fail-
ure due to circulatory overload, which can be obviated by minimizing the total
amount of contrast agent administered.

• Pregnancy and breastfeeding: although there is no definitive information, it is pos-
sible that a portion of the contrast medium may be temporarily secreted in the
breast milk and therefore breast-feeding should be discontinued for approximately
24 h after the examination.

• Multiple myeloma and Waldenström paraproteinemia (monoclonal gammopathy).
• Patients treated with nephrotoxic drugs (NSAIDs or especially metformin; met-
formin is a drug whose prolonged plasma half-life can induce metabolic acidosis):
therapy should be discontinued at least 48 h before the examination and should be
resumed 48 h after, having first confirmed normal renal function.
The listed cases are conditions with increased risk for developing scarcely pre-

dictable adverse reactions, as well as for the onset of relatively predictable conditions
such as Contrast-Induced Nephropathy (CIN), a clinical condition characterized by
acute deterioration of renal function 48-72 h after administration of the contrast
medium in the absence of other possible causes. 
Depending on the severity of the clinical manifestations, allergic reactions that

may occur following the administration of an iodinated contrast medium can be clas-
sified as:
• side effects (nausea, vomiting, altered taste, sweating etc.);
• mild side effects (itching, hives, coughing, sneezing etc.);
• moderate side effects (dyspnea, bronchospasm, hypotension, etc.);
• severe side effects (loss of consciousness, seizures, arrhythmias, cardiac arrest).
The allergic reaction can also be classified, based of the time of occurrence, as:

• early effects;
• late effects (1 to 7 days after administration of contrast medium).

The strategy of contrast medium administration is a crucial point for proper CTA ex-
amination and is characterized by a complex management.

The main technical requirement is to obtain constant and complete opacification
of the arterial lumen for the entire scan duration, avoiding the overlapping of venous
vessels (Fig. 1.12).
An ideal distribution curve of the contrast agent in the vascular region is repre-

sented by a high, and constant peak enhancement throughout the whole acquisition
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phase; in fact contrast medium distribution corresponds to a parabolic trend which
varies from patient to patient (Fig. 1.13) and, therefore, the administration protocols
require adjustments to achieve and maintain an adequate level of vascular opacification
throughout the examination. 
After the first arterial phase, the contrast medium will spread into the parenchymal

interstitial space (parenchymal enhancement); however, a small amount of it will enter
a phase of recycling going back into the vascular space: this can happen especially in
certain anatomic regions that have particularly marked, high-speed arterial circulation
(brain and kidneys). In relation to these physiological data, it is therefore possible to
consider a single bolus of the contrast medium as the set of multiple fractions of vol-
ume, subjected to the recirculation phenomena, each of which contributes to a greater
and longer-lasting enhancement (additive model, Fig. 1.14).
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Fig. 1.12 The diagnostic window of a vascular study (in yellow) is present during the arterial peak
enhancement (red curve); it is essential to complete the acquisition before the passage of the contrast
agent into the venous system (blue curve)

Fig. 1.13 Illustration of an ideal enhancement curve (in yellow) of the distribution of a contrast me-
dium and of its real distribution curve (black) in relation to the scanning (outlined in blue). PME,
peak of maximum enhancement; TPME, time to peak of maximum enhancement. Courtesy of N.
Mollet Erasmus MC, Rotterdam



Before the development of the latest-generation scanners (> 16 MDCT), the principle
used to calculate the amount of contrast medium to be administered in a vascular
study was:

Duration of contrast medium administration (ml / sec) = Scan Duration (sec)

In this way it is usually possible to obtain adequate and continuous opacification of
the vascular space during the entire duration of the examination: if we consider the
scan duration, (determined by the combination of collimation, pitch and longitudinal
extent of the volume under examination) and the speed of contrast agent administra-
tion, the total volume to be administered may be easily calculated (for example, for a
CTA of the thoraco-abdominal aorta whose scan duration is equal to 25 s and in which
we will use a flow rate of 4 ml / sec, 100 ml of contrast medium  will be sufficient: 4
ml / s × 25 s = 100 ml). The introduction of the latest scanners with a high number of
detectors (64-128-320 MDCT) and the consequent reduction in acquisition time has
made this approach obsolete (Fig. 1.15). In fact, if we consider the previous example,
the hypothetical scan duration with a > 16 MDCT scan, could potentially be of 6 s
(and the suggested contrast agent dose would be therefore only 24 ml): in these cases
it is likely to outrun the contrast bolus, so we must use a longer delay between contrast
medium administration and the start of the scan acquisition (Fig. 1.16) as well as a
correct amount of contrast medium (not too small).

The injection of saline (30-40 ml) at a high flow (3.5 to 4 ml/sec) immediately after
the administration of the contrast medium can help to improve the quality of CT an-
giography studies for three reasons :
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Fig. 1.14 The continuous
administration of single
fractions of the CM bolus (a)
determines a pattern 
of vascular enhancement
with a parabolic morphology
(b) due to the iodine
accumulation in the blood:
the so-called additive effect

a

b
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• it helps the progression of the contrast agent, avoiding stasis at the venous access
site;

• it consolidates (makes compact) the bolus; 
• it can reduce the total amount of contrast medium to be administered.

Once administered, the contrast medium will pass from the peripheral venous access
to the right heart sections, then to the pulmonary circulation, in the left heart chambers
and finally into the arterial circulation.
The length of this first circulation phase (first pass) is essential to define the syn-

chronization of the CTA scan protocols [contrast medium circulation time or CM tran-
sit time (tCMT)]. In fact, it is only from that moment that the contrast medium
concentration and vascular attenuation will increase until an optimum value is reached
for the scanning acquisition (Fig. 1.17). 

Fig. 1.15 The greater 
the number of scanner
detectors, the lower the
acquisition time and the
entity and temporal duration
of the enhancement peak
available for imaging 
(red line for slower scanners
and yellow dashed line
for faster scanners)

Fig. 1.16 a Too early image acquisition in a patient with aneurysm of the abdominal aorta; incomplete
and inhomogeneous enhancement of the aortic lumen is shown. b Proper synchronization between con-
trast medium administration and the scan acquisition start with homogeneous aortic enhancement
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tCMT and the 
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The tCMT from the venous access to the various arterial sites are shown in Figure
1.18.

Fig. 1.17 Synchronization 
of acquisition time 
and peak of vascular
enhancement for a peripheral
CTA: in order to obtain
diagnostic examination 
with optimal vascular
enhancement it is
recommended that 
the image acquisition 
is made during the phase 
of greater vascular CM
concentration as described 
by the additive model

Fig. 1.18 Circulation time of the CM 
after administration into a peripheral vein
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With the introduction of the multidetector scanners, we are able to perform vascular
diagnostic studies that require complex scan planning and protocols for contrast
medium administration. By increasing the acquisition speed of the same volume we
can observe a shortening of the time window available to obtain adequate vascular
enhancement. In order to illustrate the mode of parameter variation that influences
the geometry of the enhancement curves, is now useful to introduce some basic con-
cepts of physiology and to describe their interaction.
In a parenchymal study the enhancement depends on:

• total amount of administered iodine (mgI) 
and
• contrast medium distribution volume (related to body mass expressed in kg).
In a vascular study the enhancement depends on:

• iodine administration per unit of time (iodine flow expressed in mgI/sec) 
and
• blood volume per unit of time (cardiac output, expressed in l / min).
These two parameters can be summarized by the Iodine Delivery Rate [IDR =

(mgI/ml) × (ml/s)]. The IDR therefore describes the total amount of iodine molecules
released in a fluid volume in the unit of time. At a given administered volume of the
contrast medium, the higher the iodine concentration and the rate of administration,
the greater the IDR and the vascular enhancement. The most important factor that in-
fluences the IDR (independently from the concentration of iodine) is the administra-
tion rate: therefore, the basic parameter for CTA studies is the administration rate,
whereas for the parenchymal examinations it is the total contrast amount. Then, large
amounts of contrast media are not essential for vascular studies, while a high CM ad-
ministration rate is fundamental (3.5 - 6 ml/s).

There are many factors that influence vascular enhancement, some related to the pa-
tient’s intrinsic characteristics (cardiac output, body mass), other due to the operator’s
decisions (volume of contrast medium, iodine concentration, CM administration rate,
the choice of the scan delay parameters) (Figs. 1.19 to 1.26). Moreover, it should be
underlined how, with a decrease of the kVp, the photon energy is reduced and the tis-
sue attenuation (CM included) is increased, resulting in greater vascular enhancement
(Fig. 1.24). The use of low values of kVp is an effective strategy in selected cases
where, by using a reduced volume of the contrast medium (in cardiac or renal failure,
or pediatric patients), we want to increase the degree of vascular enhancement.

It should be underlined that, to calculate the proper amount of the contrast agent to be
administered in CTA examinations, it is necessary to take into account also the patient’s
body mass. In fact, this influences the distribution volume of the contrast medium as
well as its pharmacodynamic and pharmacokinetics (Fig. 1.19). Adjusting the amount
of CM in relation to body weight is also an appropriate approach to limit the differences
existing in arterial enhancement which are related to the individual characteristics. 
In subjects with a greater body mass, the contrast medium is diluted in the blood,

resulting in a lower iodine concentration and in lower enhancement. In general, the
correction of the contrast agent dose for body mass is necessary for subjects weighing
less than 60 kg or more than 90 kg (reducing or increasing, respectively, by 20% the
standard volume of the contrast medium and varying by the same percentage the ad-
ministration rate). For example, in a CTA examination of the abdominal aorta in a pa-
tient weighing 70 kg it is necessary to administer about 110 ml of CM at 4 ml/sec,

Iodine Delivery Rate

Factors that Influence
Vascular Enhancement

Body Mass Index



151 CT-Angiography

while for the same study in a patient weighing 90 kg 130 ml of CM will be indicated,
administered at a rate of 4.5 ml/sec.

The cardiac ejection fraction directly influences the distribution speed of the contrast
agent through the vascular system, with a particular effect on the arterial concentration
during the first pass. When setting up a CTA study it is therefore appropriate to con-
sider the effects of changes to the cardiac ejection fraction on the patient’s vascular
enhancement, particularly in subjects with heart failure: in these cases, compared to
what happens in patients with normal ejection fraction, the circulation speed of the
contrast agent is reduced and its arrival at the target vascular territories is delayed. In
the same way the effect of the venous wash-out is also delayed by the reduced cardiac
function. The final result of these phenomena is therefore a delayed but more intense
peak of enhancement; the effect is gradually more apparent as the ejection fraction is
reduced (Fig. 1.20).

Fig. 1.19 Correlation between the peak of vascular enhancement and the patient’s body mass

Cardiac Ejection Fraction

Fig. 1.20 Correlation
between the peak 
and duration of vascular
enhancement and reduction
of the patient’s cardiac
ejection fraction
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The contrast medium administration rate has direct effects on the velocity of distri-
bution through the vascular system, in particular with regard to the duration of the
enhancement peak and its intensity. For the study of arterial segments it is necessary
to use high administration rates in order to avoid bolus dilution, and to obtain intense
and lasting enhancement through the acquisition time. By employing high adminis-
tration rates, the intensity of vascular enhancement will be greater but its duration
will be reduced compared to what occurs when using a low flow rate (Fig. 1.21).

In a CTA examination, considering as a constant the CM administration rate, the vari-
ation of the total amount of a contrast agent may cause significant changes in the
geometry of the enhancement profile. The use of higher volumes of a contrast medium
leads to longer and more intense vascular enhancement, but with a slower onset, while
a reduced volume of the contrast medium produces faster enhancement but with less
intensity and duration. Generally, higher volumes of CM are used for the study of
large vascular segments (peripheral circulation, thoraco-abdominal aorta, whole-
body), while lower volumes of CM are administered for the evaluation of smaller
anatomical regions (neck vessels, coronary circulation) (Fig. 1.22).

Contrast Medium
Administration Rate

Fig. 1.21 Correlation
between peak and duration 
of vascular enhancement 
and CM administration rate

Fig. 1.22 Correlation
between peak and duration 
of vascular enhancement 
and CM volume

Contrast Medium
Volume
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Assuming as a constant the administration rate and the CM volume used for CTA
study, the variation of the total amount of iodine administered (or of the iodine con-
centration expressed in mgI/ml) directly influences the intensity of the vascular en-
hancement peak. In particular, the higher the iodine concentration in the contrast
medium, the greater the enhancement peak (Fig. 1.23). Therefore, for vascular studies,
high iodine concentrations for the CM are indicated (350-400 mgI / ml). 

Assuming constant conditions of circulation physiology (cardiac ejection fraction), CM
administration parameters (speed and volume), and CM’s own characteristics (iodine
concentration), we can increase the enhancement intensity by increasing the vascular at-
tenuation of photons. The attenuation value is inversely proportional to the energy used
for the beam production from the X-ray source; in particular, the tube kVp is the param-
eter with greater effect on photon attenuation. The use of reduced power beams (produced
with low kVp values) leads to an evident increase in vascular attenuation (Fig. 1.24).

Similarly to the strategies of CM administration, the scan timing (synchronization) is
an essential element for the success of a CTA study. There are three fundamental meth-
ods to synchronize the scan start with the peak enhancement in the vascular region of
interest:
• Fixed delay: this is considered an obsolete approach and is based on using a pre-set
delay between CM administration and the beginning of the scan. Considering the

Iodine Concentration 
of the Contrast Medium
(mgl/ml)

kVp

Timing

Fig. 1.23 Correlation
between the intensity 
of the enhancement peak 
and the CM iodine
concentration

Fig. 1.24 Correlation
between the intensity 
of vascular enhancement 
and the kVp value used 
in the acquisition phase
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variability of individual physiological factors previously described, the risk of mis-
synchronization is high for any CTA examination.

• Test bolus: this is based on the administration of a small amount of CM (15-20
ml) and on the subsequent continuous scan (dynamic) with low dose acquisition
at the level of a single cross-section of the target vascular region (for example, the
thoracic aorta), in order to calculate the time needed to reach the peak enhancement
and to subsequently use it during the CTA scan (Fig. 1.25). The test bolus is a
technically valid method, only recently replaced by the more simple and rapid
technique of bolus tracking.

• Bolus tracking: on the fastest scanners (> 4 MDCT), it uses the principle of the
test bolus (real time monitoring of enhancement) and it has the ability to start the
scan in an extremely fast way (Fig. 1.26). Measuring continuously the attenuation
on a small region of interest positioned in the lumen vessel, it is possible to select
a threshold value (expressed in HU) at which the scan will start automatically.
To obtain optimal synchronization between CM administration and the scan start
it is fundamental to adjust some technical parameters.

• Bolus tracking scan delay: this is the time between the start of CM administration
and the beginning of the bolus tracking scan (usually 8/10 sec).

• Threshold attenuation value (expressed in HU): this is the attenuation value at
which the scan begins. It is variable according to the site under examination (70-
90 HU for the carotid study, 150-200 HU for the aorta, 50-60 HU for pulmonary

Fig. 1.25 Test bolus: a small
amount of contrast medium
(blue curve) is injected for
the evaluation of the onset
time of the peak of maximum
enhancement (PME) 
in the vascular area
examined: the transit time
calculated is used to set 
the delay of the CTA scan,
with an additional 4-6 sec 
to allow the administration 
of larger volume of CM 
(red curve) (RoI, Region 
of Interest)

Fig. 1.26 Bolus tracking: 
the contrast agent is
administered during
monitoring of the attenuation
value (HU) in the vascular
region examined: once 
the threshold value is reached
(peak of maximum
enhancement), the acquisition
can start
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arteries) and to the speed of acquisition (with faster scanners it should be set at
higher threshold values in order to avoid the premature acquisition with inadequate
enhancement to overcome the bolus).

• Trigger delay: this is the time between reaching the threshold value and the start
of the scan. In the CT angiography examinations it is set to the minimum values
allowed by the scanners (6-8 sec – which represents the time required to bring the
system comprising the X-ray-tube and the detectors in the correct scanning posi-
tion that is dependent on its rotational speed, and then by its weight). It can be
modified based on the acquisition time: in faster scanners it may be increased to
avoid premature acquisition (compared to the enhancement peak), whereas in
slower scanners it should be reduced to the minimum possible value.

In summary, we can say that there are many parameters that affect the quality of
a CTA examination, related to:
• scan protocol (duration, delay, timing);
• contrast medium administration strategy (concentration, quantity, speed and
method of administration, saline solution);

• patient factors (cardiac output, weight, age, sex).
However, it is only by acting on the adjustable parameters (delay, timing, CM ad-

ministration rate) that we can optimize the study protocol.

1.3 Dosimetric Considerations

The administered radiation dose in a CT examination, and therefore in a vascular
study, is influenced by:
• mAs and kVp used;
• detector collimation;
• scan time.
CT radiation dose is measured by the CTDIvol, which is the average exposure

dose in a given volume scan, whose unit is the milligray (mGy).
The CTDIvol is automatically calculated based on the pitch, mAs, kVp and on

some specific scanner parameters. In patients with an average body mass, the recom-
mended maximum CTDIvol for CTA examination of the chest and abdomen is  5-6
mGy and 8-15 mGy, respectively. In patients with an above-average body mass it is
necessary to use higher doses to maintain an acceptable image quality.
When setting up scanning protocols for CTA examination, it is essential to consider

that, by changing parameters such as beam collimation, mAs, kVp and pitch values,
it is possible to determine a variation of both the dose administered to the patient and
the image quality. Recently, new techniques have been implemented that use real-time
modulation of the X-ray tube current (mAs) during the advancement along the z axis
and setting it on the basis of the different body thickness detection, determining a dose
reduction up to 20-30%, depending on the examined body area.

1.4 Artifacts

They can be caused by patient movements and by technical issues (CM administration,
delays, ECG-gating technique) and can be summarized as follows:
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• Heartbeat and respiration: these are due to the pulse movement that creates a
change in the diameter, shape and position of vascular structures adjacent to the
heart; these artifacts are manifested as a double contour of the vessel in question
(ascending thoracic aorta, coronary arteries). ECG-gating techniques are useful to
reduce the pulsation effects.

• Contrast agent over-concentration: typically evident at the level of the brachio-
cephalic venous trunk, it reduces the quality of the images because it determines
a beam-hardening artifact in the aortic arch and in the epiaortic vessels. It is re-
duced by the administration of a saline bolus immediately after the contrast
medium.

• Turbulent and slow flow: this leads to patchy opacification of a vessel caused by
low and dishomogeneous CM concentration. Typical examples are the patchy ef-
fect induced by flow turbulence in the aneurysmal sacs or asymmetrical enhance-
ment of the distal vessels of the leg in patients with slow circulation times.

• Calcifications, stent devices, embolic materials and implants: even if the capability
of CTA to identify wall calcifications is an undeniable advantage, it may also be
a limitation since it reduces the view of the vascular lumen with a subsequent over-
estimation of the degree of stenosis due to the so called blooming artifact. Similar
alterations are possible in the presence of metallic materials (implants, stent de-
vices and embolic agents). The effect of these artifacts can be reduced with the
use of high spatial resolution reconstruction techniques and the application of high-
definition reworking filters.




