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SUMMARY

Background

The goal of the present review is to demonstrate the usefulness of multi-detector
row computed tomography (MDCT) angiography in the evaluation of diseases of the
aorta. The high morbidity and mortality associated with this condition requires a
rapid diagnostic tool with diagnostic accuracy at the moment of evaluating patients
with known or clinically suspected disease of the aorta. The non-invasive nature of
and the rapid evaluation provided by MDCT angiography are the main advantages
of the method that is widely accepted by the patients. MDCT angiography is the
reference-standard method for the evaluation of aneurysms of the aorta, describing
its location in the spatial planes, extension, diameters and characteristics of the
aortic wall. The clinical presentation of the acute aortic syndromes - aortic dissection,
intramural hematoma and penetrating aortic ulcer - is similar. MDCT angiography
is a diagnostic tool with the greatest efficacy to confirm or rule out aortic lesions.
The multiple visualization techniques and the possibility of multiplanar and three-
dimensional reconstructions make it easy to choose between surgical or endovascular

treatment.
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BACKGROUND

The multi-detector row computed tomography
angiography (MDCTA) is a highly effective method in
the evaluation of the arterial anatomy. The acquisition
of isovolumetric images allows us to study with
great accuracy the whole of the arterial tree in axial,
coronal and sagital planes. Three-dimensional (3D)
reconstructions provide information that is relevant
to potential surgical or endovascular treatment.

Moreover, this technique can detect the associated
diseases that go beyond the vascular system.

In this article, we will review the 64-slice MDCT
applications for the most common aortic disease in
our facility.

MATERIAL AND METHODS
The studies were performed with a 64-slice, multi-detector
CT scanner (Toshiba, Aquilion).

Images were 0.5 mm thick with a reconstruction interval
of 0.3 mm (0.828 pitch factor; tube rotation in 0.5 s).

We administered 70-100 mL of nonionic intravenous
contrast agent (Iopamiron 370, Schering) using an injection
pump (Medrad, Stellant) at a flow of 3.5-5 mL/s.

In certain situations, we acquire the images with ECG-
cardiac gating in order to reduce the movements caused by
the cardiac cycle. This is particularly important in suspected
type A dissection, in which the aortic movement causes
artifacts that can simulate intimal tear.

In all the cases of acute aortic syndrome, we have included
a phase without intravenous contrast agent, especially

designed to detect mural hematoma, which appears more
evident without intraarterial contrast.

In all the cases, multiplanar and three-dimensional
reconstructions were performed using workstation (Vital,
Vitrea 2).

Clinical applications

Dilatations

Aneurysms

Aneurysms are defined as ‘permanent focal (saccular) or
diffuse (fusiform) dilatation’ in any aortic segment by 50%
or more of the normal vessel diameter. True aneurysms
involve the three layers of the aortic wall (intima, media and
adventitia) (Figures 1 and 2).1,2

In the ascending aorta, we observe the aortic annulus, the
limb of the sinus, the sinotubular junction, and the limb of
the tube, because different conditions may selectively affect
some of these regions (Figure 3). For the sinus portion of
the ascending aorta, the maximum normal limit is 40 mm
in diameter.3,4

This parameter may vary according to age, sex and size
of the patient.

Annuloaorticectasiais the uniform aneurysmal dilatation
of the Valsalva sinuses extending towards the ascending
aorta, with associated rectification of the sinotubular joint
(Figure 4).5 This is typical of the Marfan syndrome, in which
cystic medial necrosis causes weakening of the aortic wall,
resulting in dilatation at an early age.

Involvement of the infrarenal portion of the abdominal
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aorta is observed in more than 90% of patients. Depending
on their anatomical location, thoracoabdominal aneurysms
are classified into four types:
I: It involves the descending aorta distal to the left subclavian
artery, up to the third of the upper abdominal aorta.
II: It involves both the thoracic descending aorta and most of
the abdominal aorta.
III: It involves the lower portion of both the thoracic
descending aorta and abdominal aorta.
IV: The aneurysm begins at the diaphragm and extends
caudally.6

At present, MDCTA is considered the reference standard
for the evaluation of aneurysms, because it can accurately
determine their extension, maximum diameters, wall
features, presence of thrombus, wall calcifications, and
aspect of effective lumen.7

It is extremely important to determine the relationship
between the aneurysm and the emerging arteries,
particularly when there is the possibility of endovascular
repair. In thorax, we make reference to the left subclavian
artery; in abdomen, to the distance between the flow and
the emergence of the renal artery, and the origin of the
aneurysm.

We also documented the diameter of the dilatation of the
proximal neck, and the diameter of suprarenal aorta (Figure
5).

Acute aortic syndromes

Dissection

Dissection is characterized by a tear in the intima
layer, which lets the blood flow enter the middle layer,
causing double lumen of the vessels.

The main predisposing factor is hypertension; other
associated conditions include connective tissue disorders,
congenital valve defects, aneurysms, coarctation.8-10

It is considered acute when the development of the
process takes less than two weeks.11

Regarding the anatomical extent, the Stanford
classification is the most widely used nowadays:

Type A: It involves the ascending aorta irrespective

of the site of the primary intimal tear; it represents

about 60% of the cases and requires surgical repair
because of its potential fatal complications (Figure

6).

Type B: Its origin is located distal to the emergence

of the left subclavian artery (Figure 7).12

In most cases, dissections present anterograde extension
from the site where the intimal flap typically occurs, then
progressing distally. However, there may be dissections with
retrograde propagation, and flow progressing from distal
to proximal; in certain circumstances, a chronic type B
dissection may even become a type A.12

The key and typical image of dissection is the presence
of a tear or intimal flap dividing the vascular lumen into two
(Figure 8).13

There are different CT features that distinguish false
lumen from true lumen, and this is a key factor to be
considered in all the studies.

In most cases, it is possible to identify the true lumen
by its continuity with the non-dissected section of the aorta;
however, this is not always simple, and other elements have
to be considered.14

The cobweb sign is an exclusive indicator of false
lumen, but it is not commonly found. It is determined by
the presence of small, linear, low-attenuation images, which
correspond to incomplete media detachments originated at

Fig. 1

Fig. 2

the beginning of dissection (Figure 9).14

The beak sign is defined as an acute angle that represents
the gap formed by the blood flow through the false lumen,
providing space for propagation.
In both acute and chronic cases, true lumen is often smaller
and with greater contrast-enhancement due to higher flow
rate. In general, intimal tears are predominantly convex
toward the false lumen (Figure 10). Eccentric calcifications
are commonly located toward the true lumen.14-16

It is important to evaluate the origin of the different
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Fig. 10

branches arising from the aorta, regarding their false-
lumen or true-lumen dependence, and their possibility of
developing ischemia in their territories (Figure 11).17,18
Different complications are identified, including
hemopericardium, hemothorax and organ ischemia due to
involvement of the visceral branches (Figure 12).

Intramural hematoma
Basically, it is an acute hemorrhage in the middle layer of the
aortic wall, and its pathogenesis is still unclear.

The major pathophysiological mechanism is the

Fig. 12

spontaneous rupture of the vasa vasorum that feeds
the middle layer. Another proposed theory is that of the
thrombus in the false lumen of a classical dissection which
does not show intima involvement.19

Hypertension is the main predisposing factor observed
in 53% of the patients with intramural hematoma.20

In MDCT, the typical finding is observed in the non-
contrast phase, in which crescent-shaped hyperdensity of
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Fig. 14

the aortic wall is visualized. A common finding is the medial
displacement of intimal calcifications.21

When the angiographic phase is acquired, no intimal
tear is demonstrated (Figures 13 and 14).

Symptomatic penetrating ulcer
It is defined as an atherosclerotic lesion characterized by
the erosion of the inner layer, with extended flow toward
the media in a delimited sector —typically the descending
portion of the aorta. It is important because it predisposes to
intramural hematomas, dissection, and even rupture.22-24
The CT angiography shows a contrast -collection
outside the aortic lumen in an area that typically presents
atheromatous wall thicknening. Ocassionally, there may be
reinforcement of that area of the aortic wall. Lesions may be
unique or multiple (Figure 15)-%>26

Fig. 16

Stenosing conditions

Occlusive atherosclerotic disease
It is common in the infrarenal abdominal aorta. In certain
circumstances, depending on the severity of atherosclerotic
changes, it may cause vascular stenosis of different
magnitude.27 Severe stenosis of the iliac artery bifurcation
is also known as “Leriche syndrome”.28

MDCT reveals the site and degree of stenosis, its
extension, involvement of visceral artery branches, and
presence of collateral vessels, which would provide blood
flow to tissues distal to that stenosis (Figures 16 and 17).29

Coarctation
Coarctation is a congenital anomaly characterized by
a focal narrowing of the arterial lumen located in the
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proximal descending aorta, after the emergence of the
left subclavian artery (Figure 18).27 It is often associated
with other cardiovascular anomalies, including hypoplasy
of the transverse portion of the aortic arch, dilatation of
supraaortic vessels, interatrial septum defects, persistent
ductus, bicuspid aortic valve, aneurysm of the ascending
aorta, and aberrant right subclavian artery (Figure 19).

Depending on the severity of the blood flow blockage,
collateral circulation to irrigate areas distal to coarctation
through intercostal branches may be developed.30

MDCTA allows us to clearly assess the site and extension

Fig. 20

of the obstruction, and the presence of collaterals, providing
useful data for possible therapeutic procedures.31

Pseudocoarctation

It is a very uncommon anomaly consisting of a tortuous
elongation and kinking of the aortic arch and proximal
descending aorta, at the site of the ligamentum arteriosus.32
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It does not usually present significant pressure gradient or
collateral circulation development.

The theory proposed for its origin consists of a traction
caused by the ligamentum arteriosus after the ductus
closure, which can develop severe aortic kinking over time.

It is considered differential diagnosis of true coarctation,
aortic aneurysm and vascular annulus (Figures 20 and 21).%

Takayasu arteritis

It is a primary inflammatory disease that affects the great
vessels and is characterized by a diffuse thickening of ththe
aorta, resulting in segmental stenosis. It is possible to detect
increased thickness in early stages of the disease without
significant stenosis (Figures 22 and 23).

Fig. 21

Fig. 22

Fig. 23

CONCLUSION

This article reviews the pathological entities that are
part of the broad spectrum of diseases of the aorta.
Today, 64-slice MDCTA is a reference method which
stands out for its high spatial resolution and ability
to produce isovolumetric images that can obtain
multiplanar and three-dimensional reconstructions at
high reproducibility.

RESUMEN

Usefulness of Multi-Detector Row Computed
Tomography Angiography in Aortic Diseases

Introduccion

El propédsito de esta revision es demostrar mediante ima-
genes la utilidad de la angiotomografia computarizada
multidetector (angio-TCMD) en el estudio de la patologia
aodrtica. La elevada morbimortalidad de éstas exige precision
diagnéstica y rapidez al momento de evaluar al paciente con
patologia conocida o sospecha clinica. Una de las principales
ventajas de la angio-TCMD es su caracter de no invasiva y
la velocidad con la que se realiza, lo que la convierte en un
método ampliamente aceptado por los pacientes. La angio-
TCMD es el estandar de referencia para la evaluacién de
los aneurismas aérticos caracterizando su ubicaciéon en los
planos del espacio, extensiéon y didametros ademas de las
particulares de la pared. Los sindromes aérticos agudos: el
aneurisma disecante, el hematoma intramural y la tlcera
arteriosclerotica penetrante son de presentacion clinica sim-
ilar. La angio TCMD constituye la herramienta de mayor
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eficacia para confirmar o descartar lesiones. Las multiples
técnicas de visualizacién y la posibilidad de reconstrucciones
multiplanares y tridimensionales facilitan la elecciéon del
tratamiento quirargico o endovascular.

Palabras clave > Diagnéstico por imégenes - Aorta -
Tomografia - Aneurisma - Diseccién
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