
Computed tomography angiography (CTA) of the coronary arteries is a very
quick and the most advanced imaging technique. Using a multislice imaging
approach together with specialized and dedicated software, CTA “freezes”
cardiac movement thereby acquiring static images of the rapidly moving
heart. In addition, the same approach produces contrast-agent-enhanced im-
ages of the coronary arteries, by employing a three-dimensional technique
with high spatial and temporal resolution. The aim of this chapter is to edu-
cate the non-experienced reader about the CTA modalities that allow these
images to be acquired. We evaluate: (a) the basic concepts of the equipment
employed, (b) the technical procedures needed to image the coronary arteries,
(c) the modalities for proper reconstruction of the three-dimensional images,
and (d) the procedures allowing diagnostic analysis and image reproduction.

Technical Principles in the Acquisition of Cardiac Images by CT

“Freezing” moving organs has been one of the main goals of CT since its intro-
duction. All of the apparatuses employed thus far are based on a simple princi-
ple: an X-ray tube (the same as employed elsewhere in radiology) rotates around
the patient, who lies on a radio-transparent bed. Collimated X-ray (thin beam) is
sent towards the patient from one side while sensors (detectors) are located on
the other. The amount of X-ray radiation absorbed by the patient at that anatomic
level examined is then computed. Thus, from a simple perspective, CT consists
(Fig. 2.1) of a large box, the gantry, which contains a circular track that allows
fast rotation of the X-ray tube. On the other side of the tube, positioned along the
same track, are the detectors, which rotate synchronously with the X-ray tube.
The detectors transform the received signal (i.e., the X-ray beam after it has
passed through the patient’s body) into a weak but consistent electrical signal
that is proportional to the amount of X-rays detected. Accordingly, the greater the
absorption of the X-ray beam by the patient, the smaller the number of X-rays
that hit the detector, and the weaker the electrical signal transformed and trans-
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mitted by the detector. Therefore, the electrical signal created by the detector is a
direct measure of X-ray beam absorption. If the beam crosses an area containing
bone (e.g., the vertebrae), X-ray absorption will be consistent and a weak signal
will be produced by the detector (Fig. 2.2). If an anatomic area containing air
(e.g., the lungs) is evaluated, X-ray absorption will be less and a strong, consis-
tent signal will result as very little of the radiation is absorbed by the lungs.

At the same time that information on X-ray absorption is collected by the
CT detectors during rotation of the tube around the patient’s body, the detec-
tors are also continuously and rapidly sending electrical signals to a computer.
In the process, these weak but significant electrical signals are immediately
transformed into digital data that can be analyzed by the appropriate software.
Complex reconstruction algorithms ultimately produce a series of diagnostic
images, which are displayed on the console monitor and are thus readily ac-
cessible by the clinician.

As simple clinical users, it is not necessary to understand the mechanics of
these analyses. It is important, however, to acknowledge those scientists who
have been able to resolve the numerous technical problems such that CT im-
age quality has constantly improved. Of interest is that the ‘inventor’ of CT,
Sir Hounsfield, succeeded in his efforts thanks in part to the Beatles, since
EMI Records financed CT research and the construction of the first “commer-
cial” CT unit. The volumetric (spiral) revolution was a product of the work of
Willi A. Kalender. The results of these and related scientific activities are that,
today, CT is used almost as easily as digital photography. Indeed, the acquisi-
tion principles are the same: in CT, X-rays are absorbed by the anatomic
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Fig. 2.1. Computed tomography (CT) equipment: basic principles. Reproduced from Brenner and Hall,
2007. © 2008 Massachusetts Medical Society, with permission



region of interest; in digital photography, the brightness of the object is as-
sessed by a kind of detector, the CCD (charge-coupled device) such that the
light signal is transformed into numerical (digital) information.

From Conventional to Spiral CT

The speed of data acquisition in CT depends on two different factors: how fast
the tube rotates around the patient and the amount of information that can be
analyzed at the same time. Early CT machines needed 18–20 s for a single ro-
tation of the tube around the patient; thus, the waiting time, in which the tube
returned to its initial position ready to begin a new rotation, was as long as 
1 min. A revolution in CT imaging of the abdomen occurred in the early 1980s,
with a tube able to rotate around the body in 2 s, thereby minimizing all arti-
facts arising from motions of the abdominal organs. As a result, excellent static
images of the liver, pancreas, and adjacent vessels could be obtained.

The next step was the introduction of spiral systems, in which the tube is
able to move freely in the track contained in the gantry and does not return to
its initial position after each rotation. In these machines, introduced in the early
1990s, the electrical power that supplies the X-ray tube is transmitted along the
same rotational track, thus avoiding both the need for long cables and a return
to the start position after each rotation. “Spiral” refers to the fact that, once a
continuous rotation of the tube around the patient is started, movement of the
bed along the longitudinal axis creates a spiral acquisition of images along the
human body (Fig. 2.1) instead of the axial images acquired in conventional CT.
There is dramatic improvement of image quality with spiral CT in terms of
speed of data acquisition and the consistency of the diagnostic information.
This is due to the fact that images are not acquired on a single imaging plane

Chapter 2 Basic Techniques in the Acquisition of Cardiac Images with CT 17

Fig. 2.2. X-ray absorption and signal detection. X-ray absorption is higher or lower depending on the ana-
tomic area crossed by the X-rays. For example, when X-rays pass through the strongly absorbing vertebrae,
the detector receives a weak signal. When they pass through the lungs, there is less absorption and the de-
tector receives a much stronger signal



(axial); rather, data representative of an entire volume are reconstructed on the
axial, coronal, sagittal, and curved planes of the target organ. The information
provided by these three-dimensional images facilitates diagnostic evaluation of
the internal organs of the human body. Moreover, the development of spiral
CT has allowed the development of other techniques, such as virtual en-
doscopy and CTA, which nowadays are routine tools in clinical practice.

From Spiral to Multislice CT

Despite the advances made with the introduction of spiral CT, the acquisition
times were still too long to allow cardiac imaging. The rotation time of the
tube was about 1 s, not short enough to “freeze” cardiac movement. More-
over, the need remained to acquire more data within the same time frame, in
order to include the anatomic area surrounding the heart. With multislice CT
(MSCT) (Fig. 2.3) , which became commercially available at the beginning of
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Fig. 2.3. Single slice and
multislice (multi-row) detec-
tor CT



this century, an increase in the speed of data acquisition has been achieved.
The principle of MSCT is simple: in conventional CT, a collimated X-ray
beam is emitted and data are collected by a row of detectors located on the
other side of the patient, after attenuation of the beam through his or her body.
In MSCT, there is a large data-acquisition system, composed of an array of
detectors arranged in multiple parallel rows along the longitudinal axis. The
larger collimation of the X-ray beam is such that all of the detectors are “hit”
at the same time, allowing simultaneous evaluation of a larger anatomic area.

The first systems used in cardiac imaging had four rows of detectors, but
the real clinical revolution in cardiac imaging was enabled by machines with
16 detector rows, as they were able to generate images of the coronary arter-
ies with limited artifacts and improved resolution.

Currently, the most widely employed systems have arrays of 64 detector
rows, although newer systems with 128, 256, and 320 detectors have since
been developed. It is easy to understand why the speed of acquisition is pro-
portional to the number of detectors. Coverage of an anatomic volume such as
the heart requires a certain number of rotations of the tube around the patient.
Clearly, the larger the anatomic area covered by the detector rows, the fewer
the number of rotations needed (Fig. 2.4).
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Fig. 2.4. Anatomic area evaluated in a single rotation of the X-ray tube. In MS CT, the higher the number of
detectors, the wider the anatomic area evaluated during each rotation of the X-ray tube



Detector Number and Cardiac Imaging

It is worth underlining once more that the number of detectors used in MSCT
corresponds to an array of defined width. The volume simultaneously evalu-
ated by the X-ray beam equals the width of the detector array. In a 64-detector-
row machine, the detector width and the anatomic area to be explored in a
single rotation is 4 cm. Thus, to fully cover the anatomic area of the heart
(15–20 cm), four to five rotations are needed during each phase of the
 cardiac cycle (using cardiosynchronization, as discussed below). With 
128 detectors, the number of rotations is reduced by one half, while with 
320 detector rows it may be possible to evaluate the entire heart in a single
rotation. It should be noted that with 320 detector rows the width of the
 volume acquired in one rotation corresponds to 16, not 20 cm, due to correc-
tions needed for the so-called cone beam artifact. One rotation, carried out in
the telediastolic phase of the cardiac cycle, allows for the simultaneous
 acquisition of data covering the entire heart. However, multi-cycle images of
the heart can also be acquired in a single rotation, with the data reconstructed
in the different cardiac phases.

Temporal Resolution in Cardiac Imaging 

Together with progress achieved by MSCT regarding the simultaneous acqui-
sition of more data, efforts have been made to reduce the rotation time of the
X-ray tube. This technical parameter is of utmost importance, as it represents
the real temporal resolution of cardiac CT. In fact, even with the largest detec-
tor array (i.e., 320), it would not be possible to “freeze” images of the heart if
the rotation time of the X-ray tube was slow (e.g., 1 s, as was the case with
the first generation of spiral scanners). In other words, it is not enough to si-
multaneously obtain as much data as possible; rather, data acquisition must be
very fast if the goal is to generate consistent cardiac images.

The rotation time of early MSCT equipment, 0.5 s, was too slow to com-
pletely “freeze” cardiac movement. Since the temporal resolution is equal to
half of the rotation time, with 250 ms significant artifacts in the diagnostic
images were produced and the images were of poor quality.

The rotation time of the X-ray tube has continuously improved with more
modern equipment, and currently ranges from 0.4–0.35 s to 0.3–0.27 s (tem-
poral resolution < 150 ms). As would be expected, the faster rotation times
have yielded cardiac images of much higher quality, greater reliability, and
improved accuracy, as confirmed by world-wide clinical experience. The rea-
son for this improvement lies in the fact that the width of the imaging “win-
dow” (Fig. 2.5) in the telediastolic phase (during which the heart is almost
completely still) is limited; therefore, the faster the data are acquired, the few-
er the movement artifacts.

Another approach to improve temporal resolution is the use of two perpen-
dicular X-ray tubes. In double-source technology, two different X-ray tubes
are installed at 90° to each other on the same rotational track, with two per-
pendicular detector arrays (Fig. 2.6). During X-ray emission and data acquisi-
tion, the two tubes and detector arrays operate independently and data are 
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Fig. 2.6. In dual-source CT, the tubes are mounted perpendicular to each other and the data are obtai-
ned by two different detector arrays. The acquisition time for each rotation is therefore reduced by one
half

Fig. 2.5. Rotation time of the X-ray tube: during cardiac-gated image acquisition, the width of the red
area in telediastole represents the imaging window (time) for data acquisition: the shorter the acquisition
time, the fewer the motion artifacts



collected individually. The computer merges the information produced by the
two tubes into a single data package, as if obtained by a single system. The
end result is that data from the volume being evaluated are actually obtained
in half the time and with a temporal resolution of 83 ms. Only this system
generates images of the heart without significant artifacts, even in patients
with faster heart rates, and without the need for bradycardic drugs.

Types of Equipment and Their Clinical Uses in Cardiac Imaging

Already following the development of equipment with 4 detectors rows and a
rotation time of 0.5 s, CTA of the coronary arteries was proposed. However,
because of the long rotation time of the X-ray tube, the data were not satisfac-
tory. Significant artifacts were present in almost all of the resulting images,
which were of poor quality and exhibited limited anatomic definition of the
coronary circulation. Nonetheless, this technology did find application in the
evaluation of cardiac bypass grafts (CABG), since the reduced motion of the
extracardiac vascular structures yielded fewer artifacts.

With 16 detectors rows and a rotation time of 0.4 s or less, the situation
changed drastically. Clinical experience confirmed the improved accuracy of
CT, and CTA of the coronary arteries became an established examination with
a high degree of reliability and producing images of great clinical interest.
This clearly defined the role of CTA in the assessment of patients with sus-
pected atherosclerotic disease of the coronary arteries.

As noted above, the most widely diffused CT systems for imaging of the
coronary arteries are those with 64 rows; however, there has not been the
same degree of improvement as that achieved in moving from 4 to 16 slices.
In a recent review of papers published in the international literature, the use of
16 and 64 detector rows has corresponded to an improvement in sensitivity
(average from 83 to 93%) while there has been little change in the specificity
(96%). The newer equipment does feature an improved spatial resolution,
with better evaluation of stents (see chapter on this topic).

Newer equipment (128, 256, and 320 detectors rows) provides improved
spatial resolution and faster data acquisition, with complete coverage of the
anatomic area containing the heart within 5–0.5 s. With an anatomic coverage
of 16 cm, it is usually possible to capture the heart in a single rotation of the
X-ray tube.

The current goal of CT research is the “imaging plate,” that is, a device
with 512 detectors. This would provide even more extended anatomic cover-
age and a definitive improvement in the image quality achieved with CTA.
The major problem of imaging research is the cone beam artifact, i.e., conical
divergence of the X-ray beam, which causes distortion in image reconstruc-
tion.

CT equipment with two X-ray tubes (double-source technology) does not
improve resolution, as the acquisition technology is the same as that of ma-
chines with 64 detectors rows. However, these systems do offer dramatic and
unique improvement in temporal resolution, down to a value of 83 ms. The
imaging window in telediastole is very short and for this reason, as discussed
elsewhere in this volume, there is no need to give beta-blockers to patients to
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induce bradycardia. Use of these systems is therefore recommended mostly in
cardiology units with high patient turnover. It is also advised for in the ICU,
where patients must be quickly screened for coronary artery disease in cases
of acute chest pain (so-called triple rule out) and there is no time or
 opportunity to wait for the bradycardic effect of beta-blockers.

Other Factors That Improve the Image Quality of CT Technology

So far, our discussion has focused on the two most evident technical parame-
ters of CT technology: the number of detectors in the array (64–320) and the
rotation time of the X-ray tube (from < 0.4 to 0.3–0.27 s.). However, there are
other ways to improve image quality, an important one being the speed of in-
formation capture. Detectors receive information (X-ray absorption through
the patient’s body) and then send it as an electrical signal to the computer.
Since the tube rotates rapidly, the detectors must respond quickly enough to
receive and process this information. This speed of data acquisition by the de-
tectors influences an important parameter in spiral CT, the so-called pitch,
i.e., the speed at which the patient can be advanced in the gantry, allowing all
relevant data to be collected. A 256-detector system may have a slower pitch
such that acquisition of the anatomic area containing the heart is achieved in 6
s, while a 128-detector system with faster detectors allows a more rapid pitch,
with complete acquisition of the cardiac images in 4 s. Thus, the number of
detectors is not the only parameter that determines the speed of data acquisi-
tion in CTA of the coronary arteries.

Another parameter currently targeted by industry is the spatial resolution.
With more accurate and sensitive detectors along with proper and calibrated
emission of the X-ray beam, the spatial resolution has improved from the
0.6–0.5 mm of 64-detector technology to the 0.25–0.33 mm of today’s tech-
nology. This improvement enables better evaluation of smaller, distal coro-
nary arteries. Consequently, the results achieved with CTA of the coronary ar-
teries may soon be on a par with the spatial resolution of catheter coronary
angiography, i.e., < 0.2 mm.
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