
In coronary CT angiography (CTA), X-ray radiation is delivered through an
X-ray tube from which the amount of radiation emitted can be carefully con-
trolled. Recently, the use of X-rays for diagnostic purposes has been the sub-
ject of important and renewed attention, with the aim to limit exposure and
thus its negative consequences on human health. The potential oncological
impact of X-rays is well-known. Earlier generations of radiologists used diag-
nostic equipment often without the protection that has since become routine.
Consequently, they often suffered dermatological problems on their hands as
well as an increased frequency of tumors, mostly of the hematopoietic series.
In the following, we focus on the unintentional exposure that occurs during a
diagnostic evaluations, i.e., for coronary artery disease.

Damage from Ionizing Radiation

The damage induced by ionizing radiation can lead to tumor development.
While this is a well-known fact, neither a definitive and consistent cause-
 effect relationship nor the incidence of tumors induced by exposure to diag-
nostic examinations can be measured or defined properly. In fact, the low
amount of X-rays used in diagnostic examinations cannot have an immediate
effect on human tissues (unless there has been continuous exposure, as in
 repeated and prolonged exposure during cardiac catheterizations). Direct
damage by ionizing radiation can, however, be exactly forecasted and docu-
mented for therapeutic irradiation in radiotherapy, in the use of nuclear
weapons (Hiroshima and Nagasaki), and in the course of unforeseen events
at nuclear power stations (Chernobyl). In these cases, the immediate or
 delayed effect of ionizing radiation can be defined with precision, with more
radiosensitive organs, i.e., those with more active metabolism and high
 cellular turnover, being the most vulnerable.

In the diagnostic use of ionizing radiation, the damage is hypothetical
and cannot be evaluated immediately. Brenner and Hall, in a study pub-
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lished in 2007, concluded that, following the atomic bombing of Hiroshima,
approximately 25,000 people who were far from the central area of atomic
fall-out were exposed to an amount of radiation similar to that used during
diagnostic CT. However, the comparison is not entirely valid, since radia-
tion exposure due to atomic fall-out is continuous in time and involves the
entire body uniformly; the exposure during diagnostic CT, by contrast, is
controlled, with X-ray exposure of only a limited part of the body (collimat-
ed exposure) and for a very short time (in the range of seconds). Thus, such
claims have to be evaluated with extreme care, and scientific proof of the
damage caused by diagnostic exposure to X-rays remains to be definitively
determined.

X-ray Dose During CT 

Table 14.1 provides a direct comparison of the X-ray dose used in fre-
quently performed cardiac diagnostic procedures, including coronary CTA,
as measured in mSievert (m Sv). Overall, coronary CTA exposes patients
to a high dose of X-rays, in the range of 7–13 mSv. In fact, with current
procedures, X-rays are emitted throughout cardiac image acquisition, de-
spite the fact that the computer, during image reconstruction, utilizes only
a small portion of the data acquired, i.e., those obtained in the telediastolic
part of the ECG. Therefore, for clinical purposes, a consistent part of car-
diac irradiation is unnecessary and corresponds to an excess X-ray dose of
over 80%.

Techniques for Limiting X-ray Exposure in Coronary CT Angiography

New techniques aimed at drastically reducing the amount of X-ray exposure
during coronary CTA have recently been proposed. Here, we consider three
that have been used successfully proposed.

The first technique is available as part of every type of CT equipment and
allows a proportional reduction of X-ray exposure according to the patient’s
size and weight. The procedure is fully automated and evaluates body thick-
ness and tissue consistency (in terms of X-ray penetration) in order to reduce,
slice by slice and moment by moment, the amount of X-rays emitted, in terms
of milliamperes. For example, higher doses are required for the abdomen than
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Table 14.1. Typical organ radiation dose from various cardiological diagnostic examinations. From Dowe  D.
Radiological  Society of North America (2006)

Procedure Dose (mSv)

Coronary catheter angiography 6-9
Coronary CTA 7-13
Interventional coronary procedure 20
SPECT Thallium, Persinakis et al (2002) 25,3
SPECT sesta-MIBI, Persinakis et al (2002) 12,2



for the chest, which contains air. This technique reduces unnecessary X-ray
exposure by 30–40%. Furthermore, for thinner patients, the radiologist can
manually reduce X-ray exposure by reducing the kV values.

In the second, recently proposed technique, X-ray exposure is controlled
and it is limited to the telediastolic phase through the use of a prospective gat-
ing procedure. In this so-called snap and shoot approach, each data packet,
corresponding to an anatomic area containing a thick slice of the heart (4 cm
for 64-slice CT), is acquired during an axial rotation of the X-ray tube, with
emission only in the telediastolic phase. Immediately afterwards, the table is
moved to the next anatomic area and the data are again acquired (the spiral
procedure is therefore not used during data acquisition). These steps are re-
peated four to five times until the entire anatomical area containing the heart
has been scanned (Fig. 14.1). This technique reduces the X-ray dose from
15–20 mSv to 2–3 mSv, according to patient configuration. Its one major lim-
itation is that it excludes the use of spiral acquisition and instead requires sin-
gle axial acquisitions, possibly leading to overlap artifacts in the single thick
slices acquired during each telediastolic phase.

An alternative to this technique uses a prospective gating procedure, but
rather than obtaining axial slices with stepwise movement of the patient table,
it allows spiral acquisition of the data. The X-ray tube continuously emits ra-
diation during the acquisition procedure, but emission is very low during the
cardiac cycle (only 4% of the standard emission) and increases to the amount
needed for diagnostic imaging only in the telediastolic phase (Fig. 14.2).
There are no artifacts arising from the overlap of each thick volume (as in the
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Fig. 14.1. Snap and shoot axial acquisition: X-rays are emitted by the tube only during telediastole (blue
stripe in the ECG gating scheme of the console)



previous technique), since the acquisition is fully spiral. A dose reduction of
50–60% has been estimated.

In Fig. 14.3 a case is shown in which, with the patient’s consent, a snap
and shoot acquisition was followed by a second acquisition using spiral tech-
nique with dose reduction. In the three-dimensional and bi-dimensional im-
ages, there are no major differences in the image quality and diagnostic evalu-
ation of the coronary arteries. The dose exposure was 2 mSv with snap and
shoot and 12 mSv using the spiral procedure.

Large-array detectors, with single-slice acquisition of the entire anatomic
area containing the heart, modulate X-ray emission, limiting patient exposure
to the telediastolic phase and avoiding overlap-type artifacts in the acquisition
of thick volumes.

X-ray Exposure and Patient Age

The damage caused by X-rays is directly related to the age of the patient. In
children, the radiosensitivity of growing organs and the fact that exposure has
occurred before the patient reaches his or her adult years, together with the
fact that he or she will almost inevitably undergo further X ray diagnostic pro-
cedures in the future, allow a more definitive cause-effect relationship to be
established. Pediatric radiologists are fully aware of this problem and thus
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Fig. 14.2. Spiral acquisition with reduced X-ray exposure. During systole, 4% of the radiation dose is emit-
ted, whereas during the time frame when telediastole is expected (light blue area in the scheme) the full
dose is emitted. Thus, it is possible to define the width of the area of maximal exposure



 attempt to use alternative diagnostic procedure, e.g., magnetic resonance
 imaging and ultrasound.

In elderly patients, damage due to ionizing radiations is statistically less
relevant and the statistical incidence of oncological problems is correspond-
ingly lower. In the evaluation of the heart by coronary CTA, only a limited
area of the body is exposed and X-ray emission is controlled and collimated,
with protection of contiguous anatomic areas through the use of more effec-
tive diaphragms, which exclude irradiation of nearby tissues. Thus, in coro-
nary CTA, irradiation is limited to the portion of the lungs surrounding the
heart, and, for female patients, the breast tissues. To further reduce unwanted
irradiation, bismuth-based mildly radio-opaque breast shields are available.

Conclusion

In considering the relationship between coronary CTA and the tissue damage
ensuing from the radiation exposure that is an integral part of this examina-
tion, several points must be mentioned:

Firstly, there is the option of using less radiation. Initial techniques em-
ployed a high dose of X-ray radiation, with exposures similar to those in-
curred with cardiac catheterization and nuclear medicine procedures. Nowa-
days, prospective gating procedures have allowed a dose reduction of
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Fig. 14.3 a-d. A 74 -year-old female patient. Data acquisition using (a, c) snap and shoot technique 
(2 mSv exposure) and (b, d) spiral acquisition (12 mSv exposure). Image quality is basically the same. 
a, b Three-dimensional volume-rendering image. c, d Bi-dimensional images of the same data sets
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60–80%, resulting in the controlled and limited exposure of a defined
anatomic area and to exposure amounts that are similar to those of other cur-
rent and widely used CT diagnostic procedures.

Secondly, there is the matter of exam repetition. In the USA, patients are
frequently and repeatedly exposed to X-rays due to repetitions of diagnostic
examinations (this is particularly true in traumatology and oncology). It has
been calculated that, during a patient’s recovery in the hospital, the total X-
ray radiation exposure is 20–40 mSv. CTA, however, is an examination that is
performed only once, to evaluate the anatomic status of the coronary arteries.
If repetition of the exam is deemed necessary, it will not be until many years
later.

Thirdly, the patient’s age must be considered. Coronary CTA is indicated
for the evaluation of atherosclerotic disease; thus, that the patients are older,
usually 55–65 years. In this population, the radiosensitivity of the organs is
reduced and the potential oncological risk due to ionizing-radiation exposure
is limited if not irrelevant, when careful exposure is performed.

Finally, there are risk-benefit considerations. When proposing CTA to a pa-
tient, the cardiologist and the radiologist have to evaluate the benefit that may
come from a proper evaluation of the atherosclerotic burden on the coronary
arteries, the advantage gained by properly characterizing a plaque in terms of
the correct pharmaceutical approach, and the possibility to identify vascular
stenosis, which may be amenable to stenting or re-vascularization procedures.
Therefore, the proper, limited use of ionizing radiation is to be proposed in
the presence of well-defined clinical indications for this procedure.
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