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Abstract Acute aortic syndrome is a potentially fatal clinical entity that encompasses different
pathologies affecting the wall of the aorta: aortic dissection, intramural haematoma, pene-
trating aortic ulcer and other less common entities. All are characterised by the sudden onset
of thoracic-abdominal pain and all share similar features, preventing differentiation. Com-
puted tomography plays a crucial role in the diagnostic process, enabling a rapid and accurate
assessment and contributing to early therapeutic management.

This article reviews the main entities that make up acute aortic syndrome, their aetiolo-
gies, pathophysiology and characteristic radiological findings. Imaging tests are mainly used to
confirm the diagnosis and determine the location and extent as well as possible complications.
© 2024 SERAM. Published by Elsevier Espana, S.L.U. All rights are reserved, including those for
text and data mining, Al training, and similar technologies.

Sindrome aértico agudo ;jqué necesitas saber?

Resumen Elsindrome adrtico agudo es una entidad clinica potencialmente mortal que engloba
diferentes patologias que afectan a la pared de la arteria aorta: la diseccion adrtica, el
hematoma intramural, la Ulcera adrtica penetrante y otras entidades menos habituales. Todas
ellas se caracterizan por un cuadro de dolor toraco-abdominal de instauracion subita con carac-
teristicas similares, que no permite diferenciarlas. La tomografia computarizada, juega un papel
crucial en el proceso diagndstico, permitiendo una valoracion rapida y precisa, contribuyendo
a un precoz manejo terapéutico.

En el presente articulo se realiza una revision de las principales entidades que componen el
sindrome adrtico agudo, sus etiologias, fisiopatologia y los hallazgos radioldgicos caracteristicos.
El objetivo principal de las pruebas de imagen es confirmar el diagndstico, determinando la
localizacion, extension y posibles complicaciones.
© 2024 SERAM. Publicado por Elsevier Espana, S.L.U. Se reservan todos los derechos, incluidos
los de mineria de texto y datos, entrenamiento de IA y tecnologias similares.
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Introduction

Acute aortic syndrome (AAS) encompasses a group of poten-
tially life-threatening conditions affecting the wall of the
aorta. They are clinically indistinguishable and manifest
with sudden chest/abdominal pain of varying intensity. This
syndrome encompasses various conditions, including the
most common condition, aortic dissection (AD), as well as
intramural haematoma (IMH) and penetrating aortic ulcer
(PAU). Finally, there is a catch-all category, which some
authors include traumatic aortic pathology and rupture of
aortic aneurysm in.'*

The incidence is three to seven cases per 100,000
patient-years, although it is probably underdiagnosed as it
is associated with cases of sudden death and pre-hospital
mortality which go unnoticed if a directed autopsy is not
performed.® The prevalence is higher in males (2:1) around
the 6th-7th decades of life.®° It appears to have a temporal
pattern, with the prevalence of AD higher during the winter
months and in the morning."°

Several risk factors common to all the conditions have
been identified. The most common of these is hyperten-
sion (HT), but others include atherosclerosis, being male,
smoking, having undergone previous aortic surgery, having
an aneurysm and having a collagen disorder.?

The gold standard imaging technique is computed tomog-
raphy (CT), which plays a crucial role in the management of
AAS, as it not only provides a rapid diagnosis, but also pro-
vides the detailed anatomical characterisation necessary for
therapeutic management.

Our main aim with this article was to provide a com-
prehensive review of the conditions that make up AAS,
describing their epidemiology and pathophysiology and
giving special emphasis to the characteristic radiological
findings and technical aspects of the CT.

Technique

Currently, there is no standardised CT protocol, mainly
because of the wide variability in CT equipment, contrast
medium concentrations, administered doses and acquisition
delay times."" The choice of protocol is made by each insti-
tution according to its preferences and available tools. At
our centre we perform multiphase CT, which provides pre-
cise three-dimensional information and has a sensitivity and
specificity close to 100%.%% 121 The study extends from the
base of the neck to the height of both trochanters"'” and the
iodinated contrast is preferably administered in the right
arm to avoid flow artefacts in the brachiocephalic trunk,
with an approximate volume of 70 ml and a concentration
of 370 mg/ml at an approximate flow rate of 4-5 ml/s.
The study includes the following phases:

- A first phase without contrast, which is of special
importance for the assessment of findings such as
IMH, haemopericardium, haemomediastinum, haemoth-
orax and displacement of intimal calcifications.” 4181

- There are two arterial phases: an early phase and a late
phase. The early phase is used to confirm dissection and
study the dynamic behaviour of both vascular lumens and
entry tears. The late phase is used to assess re-entry

tears, which may be located in segments distal to the
entry tear and cannot be adequately assessed in the early
phase.

- Finally, we sometimes include a venous phase in cases
of suspected visceral ischaemia, which provides us with
information on possible signs of visceral hypoperfusion
and the behaviour of the false lumen in later phases
(assessment of false lumen thrombosis).""

The CT scan is performed using the bolus tracking
technique,?® which consists of placing a cursor (ROI) in the
aorta. After contrast administration, multiple axial acqui-
sitions are performed at that point until a pre-established
Hounsfield unit threshold (150 HU in our centre) is reached
at the ROI. Once reached, acquisitions are made at 8, 17
and 50 s respectively (early, late arterial and portal). An
important technical aspect to consider in preparation is the
placement of the ROI. There is a risk of this being placed
in the false lumen and the aortic staining may be subopti-
mal for assessment (Fig. 1). Visualisation of the non-contrast
phase prior to ROI localisation is particularly important,
as identifying displaced intimal calcifications can guide us
toward the existence of different lumens and so help us
choose the most appropriate image from which to fire the
helix. At our centre, to avoid motion artefacts, the ROI is
located in the proximal descending thoracic aorta and once
the true lumen enhancement begins, its correct placement
within the aorta is verified. Otherwise, the acquisition is
carried out manually.

Pitfalls

To make a correct diagnosis, CT must be assessed taking into
account artefacts and potential errors of interpretation (pit-
falls) caused by different factors (for example, anatomical,
technical or physiological).

Heartbeat artefact

The movement derived from heart contraction, more accen-
tuated in young patients with tachycardia, can produce
multiple linear artefacts in the periaortic structures, espe-
cially in the ascending aorta and at the origin of the
coronary arteries, which could be confused with true inti-
mal flaps.*"?* To avoid this, acquisition can be synchronised
with an electrocardiogram (ECG), or using rapid acqui-
sition equipment with high pitch, which improves the
images obtained, especially where the disease is suspected
to be affecting the aortic root or ascending aorta*®'4%3
(Fig. 1a,b). If not performing this type of acquisition, the
different CT phases available will need to be evaluated; a
heartbeat artefact will not be constant, while a true intimal
tear will be visible in all phases.

Flow artefact

In older adult patients with low cardiac output, linear arte-
facts can be identified which can simulate flaps®' and are the
result of flow turbulence inside the vessel. They are most
common in the lesser curvature of the aortic arch and in the
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Figure 1

Common pitfalls. (a) and (b) Non-ECG-synchronised portal-phase contrast-enhanced CT, axial and coronal slices. Pro-

nounced motion artefact in the aortic root simulating a dissecting flap (arrowheads) within the supravalvular aorta, a typical location
of motion artefact. (c) Accidental placement of the ROI in the false lumen, axial slices from the scan sequence. Early staining of
the true lumen is seen at the medial margin of the ascending aorta (arrowhead) and at the anterior margin of the descending aorta
(arrows), with the ROI located in the false lumen. As a result, the study acquisition was performed late, once the threshold in the
false lumen was reached, resulting in late suboptimal staining of the study. The image on the right corresponds to the helix of the
study and shows a collapsed true lumen (TL) in the medial margin of the ascending aorta with a lower degree of attenuation than

would be expected.

central aspect of the descending aorta, giving a smoke-like
image. In case of doubt, a later CT acquisition can be con-
sidered, which will homogenise the contrast and confirm the
absence of AD."?

Aortic dissection

AD is the most common condition coming under AAS. The
incidence is estimated at 2.6 to 3.5 cases per 100,000 people
per year.>2*

Pathophysiology

The pathophysiological mechanism is still not fully under-
stood. It is believed that most are secondary to a
degeneration of the middle layer of the aorta (cystic
necrosis) which results in a loss of elasticity that reduces
resistance to mechanical stress, perpetuating weakness and
predisposing to dissection.? It originates from an intimal
tear (entry point) (Fig. 2), which separates the layers of
the wall, generating two vascular lumens and allowing the
passage of blood from the true lumen to the false lumen,
separated by an intimal flap (Fig. 2b-d). Hypertension and
degenerative changes in the medial layer are the most
important predisposing factors. Other conditions that have
been linked include various connective tissue diseases such
as Marfan syndrome, Ehlers-Danlos syndrome and Turner syn-
drome, and congenital defects of the aortic valve.'

Classification

AD classifications are based on the anatomical extension
(Fig. 3a) of the intimal flap and the most widely used and
well-known are those of DeBakey and Stanford?® (Fig. 3b).

- Stanford Classification: preferred in the radiological set-
ting for its simplicity and its therapeutic implications.
It categorises both AD and IMH into two groups: those
that involve the ascending aorta regardless of the loca-
tion of the entry tear (type A) and therefore require
surgical management?’; and those that do not affect the
ascending aorta (type B) and whose urgent management
is initially conservative. Some authors propose using the
term fion-A non-Bdissection to refer to those dissections
with the entry point in the descending aorta and retro-
grade progression of the flap to the aortic arch and those
that have the entry point between the brachiocephalic
trunk and the subclavian artery and do not affect the
ascending aorta. It is important to be aware of fion-A
non-Bdissections because they are associated with higher
complication rates and worse prognoses.?®2°

- DeBakey Classification®°: used exclusively for AD and clas-
sifies it as type | if it involves the ascending aorta, aortic
arch and descending aorta, type Il if it is limited to the
ascending aorta, and type lll if it affects the aorta dis-
tal to the exit of the subclavian, sub-classified as llla if it
exclusively affects the descending thoracic aorta and Illb
if it extends to the abdominal aorta.

Imaging findings

CT enables us to assess the entry tear, the identification of
both lumens, their extension and possible complications.’ '
It is important to perform a systematic assessment which
provides an accurate and detailed diagnosis, facilitating
proper patient management. For this to be done, the fol-
lowing findings will have to be assessed to enable the
preparation of a brief, structured and concise radiological
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Figure 2  Aortic dissection. (a) Classic illustration of aortic dissection. An entry tear is identified that allows blood to pass through
the medial layer, creating two vascular lumens, one true (TL) and one false (FL), separated by an intimal flap. (b) Contrast-
enhanced CT scan in the arterial phase, axial slice. Entrance tear, identifying the defect (dashed line) of the intimal flap that
allows communication between the two lumens. (c) Contrast-enhanced CT in arterial phase, axial slice, intimal flap with intimal
calcification (arrow) in the external wall of the left ventricle. The calcification is located in the intima, which has displaced from
the external wall of the aorta (arrowhead) medially into the lumen. In addition, less contrast opacification characteristic of false
lumen can be seen. (d) Late arterial phase contrast-enhanced CT, sagittal slice. Type B dissection. An intimal flap (arrowhead)
with spiral progression (not shown) is identified separating the two vascular lumens, a true one (TL) with homogeneous contrast
opacification and a false one (FL) with a larger lumen and less contrast enhancement and more heterogeneous, reflecting turbulent
flow.
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Figure 3  Classic classification of AD. (a) Illustration of the aorta and its anatomical divisions. (b) Stanford and DeBakey classi-
fication. The Stanford classification classifies as A if it involves the ascending aorta, otherwise it is classified as B. The DeBakey
classification classifies as type I, Il or lll depending on whether both the ascending and descending aorta are affected, only the
ascending or only the descending respectively. DeBakey Ill is sub-classified as llla or lllb depending on whether only the descending
thoracic aorta is involved or the abdominal aorta is affected respectively.
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Table 1  Proposal for structured report.

- Stanford Classification (A/B).

- Location of entry and re-entry tear(s) and approximate
sizes.

- Morphology and proximal and distal extension of the
intimal flap.

- Description of TL and FL: morphologies, maximum
diameters, presence of false lumen thrombosis.

- Assessment of the origin of the main visceral branches
(type of obstruction, signs of hypoperfusion/infarcts).

- Assessment of complications
(haemopericardium/haemomediastinum/haemothorax,
rupture of the pulmonary artery sheath, rupture of the
false lumen)

- Other findings (anatomical variants, incidental findings).

TL: true lumen; FL: false lumen.

report which includes the assessment of the most relevant
aspects (Table 1).

Identification of the intimal flap and location of entry
tear(s)

Identification of the intimal flap confirms the dissection. It is
important to look for the entry and re-entry tear(s), as they
will be one of the therapeutic targets. The entry tear is typ-
ically located in areas of greatest hydraulic stress such as
the right lateral wall of the ascending aorta or the segment
proximal to the ligamentum arteriosum in the descending
aorta."? Entry tears longer than 10 mm are associated with
a worse prognosis, as are those located in the internal cur-
vature of the aorta, as they have a tendency to retrograde
progression towards the ascending aorta®' Re-entry tears are

usually located in the abdominal aorta and are frequently
not identified due to their small size.

Differentiating between the two lumens
Differentiating between the two lumens is essential for ther-
apeutic management and is not always an easy task. The
false lumen will generally be larger, more heterogeneous
due to the presence of non-physiological turbulent flow,
and will show less contrast opacification in the early arte-
rial phase. The true lumen will be smaller and have greater
contrast enhancement in the early phase.

There are many signs which can help with correct
differentiation’>:

- Peak sign: an acute angle is visualised in the false lumen
between the intimal flap and the external wall (Fig. 4.1).

- Intimal calcifications: always located in the intima, they
move into the vascular lumen and are located on the
external wall of the true lumen (Fig. 4.2).

- Cobweb sign: residual remains of the intimal tear, which
show up as multiple small linear filling defects inside the
false lumen (Fig. 4.2).

The presence of thrombi in the false lumen is associated
with a rapid increase in the size of the vascular lumen due
to greater pressurisation, with a worse prognosis in terms
of survival." To detect this, it is useful to examine the false
lumen in the different CT acquisitions in order to differen-
tiate thrombi from possible flow artefacts (Fig. 4.3).

Segments involved and proximal and distal extension

AD can involve any segment of the aorta. Stanford type A
accounts for 60-70% of dissections and requires urgent sur-
gical intervention, with mortality rates of up to 50% in the
first 48 h without treatment.?? It is important to assess and

m

.

Figure 4 Characteristics to differentiate the two lumens. (1) Peak sign. Contrast-enhanced CT in arterial phase, axial slice. The
intimal flap forms an acute angle with the external wall of the false lumen (arrow). (2) Contrast-enhanced CT in arterial phase, axial
slice. Cobweb sign and intimal calcifications. Linear low attenuation band (arrow) inside false lumen representing torn medial layer
fragments. Intimal calcifications displaced into the lumen and on the external wall of the true lumen (arrowhead). (3) Thrombus
formation in the false lumen. (a and b) CT in early and late arterial phases, axial slices. Filling defect within the false lumen that
persists into the late arterial phase and confirms the presence of thrombus. (c) Contrast-enhanced CT in the late arterial phase,
coronal slice. The elongated linear filling defect is identified in association with partial thrombosis of the false lumen.
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Figure 5 Complications of aortic dissection. 5.1 Renal hypoperfusion and right-sided stroke. (a) Contrast-enhanced CT scan in
early arterial (inset) and portal phases, axial slices. Dissection flap extending into the left renal artery, with partial thrombosis of the
lumen and severe hypoperfusion of the left kidney (arrowhead). (b) CT with contrast, axial slice. Extension of the dissection flap to
the left carotid and subclavian arteries (arrows) and the right carotid artery, revealing a severely collapsed true lumen and thrombosis
of the false lumen, which caused a right-sided stroke (not shown). 5.2 Contrast-enhanced CT scan in late arterial phases, sagittal
and axial slices. Mesenteric ischaemia secondary to type B dissection due to severe pressurisation of the false lumen (a and b) which
displaces the intimal flap anteriorly, occluding the origin of the coeliac trunk and superior mesenteric artery (arrows). (c) Contrast-
enhanced CT in the portal phase, axial slice. Severe generalised hypoperfusion of the liver, spleen, and small intestine and colon
loops (arrows) with respect to both kidneys (arrowheads), which were spared, consistent with massive mesenteric ischaemia, which
was later confirmed in the operating theatre. 5.3 Rupture of the false lumen. Non-contrast CT, axial slice (a) Periaortic haematoma
in the posterior region and moderate left haemothorax (arrows). (b). Late arterial phase contrast-enhanced CT, axial slice showing
a severely collapsed true lumen in the anterior region with significant distension of the false lumen and a contrast-enhanced image

(volumetric reconstruction) at its posterior margin (arrowheads) consistent with rupture of the false lumen.

reflect the distal extension in the report, as involvement
of the iliac arteries may lead to changes when planning an
endovascular therapeutic approach.

In addition to assessing the extent of the dissection, all
the aortic visceral branches need to be evaluated, estab-
lishing their origin in the true or false lumen.

Assessment of complications

Obstruction of visceral branches. Two types of lumen
obstruction have been described, one static and the other
dynamic.?3 Static obstruction is produced by the entry of the
flap into the ostium of the arterial branch (Fig. 5.1) generat-
ing a displacement of the true lumen and a stenosis that will
cause hypoperfusion and infarction of the organ if sustained
over time.3"3234 The treatment for static obstructions is the
placement of a stent in the true lumen to allow re-expansion
and restoration of vascular flow.

Dynamic obstruction affects the branches that originate
in the true lumen and is produced by the increase in pres-
sure in the false lumen causing a displacement of the
intimal flap towards the true lumen (Fig. 5.2). This causes
difficulty in the passage of arterial flow to the adjacent vis-
ceral branches and consequent ischaemia. Treatment will be

aimed at reducing pressure in the false lumen (fenestrations
or stents).3"3%34

Coronary arteries may become dissected or occluded,
with the right coronary artery generally being the most
affected, causing myocardial ischaemia and infarction®
(Fig. 6).
Rupture of the false lumen. False lumen distension sec-
ondary to weakness of its outer wall (it has no elastic layer)
often contributes to dilation of the aorta and formation of
pseudoaneurysms. In severe cases where a large amount of
blood enters through the intimal defect, sudden intraluminal
pressurisation may occur in the false lumen, causing rapid
distal progression of the flap and possibly complicating the
process with a rupture of the aortic wall with extravasation
beyond the adventitia®' (Fig. 5.3).

Aortic valve dysfunction

In type A dissections involving the aortic root, it will
be essential to perform an emergency transthoracic
echocardiogram,® to provide immediate and important
information on the functioning of the aortic valve and dila-
tion of the ascending aorta."
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Figure 6

Type A dissection complicated by acute myocardial infarction. (a and b) Late arterial phase contrast-enhanced CT,

axial slices showing the origin of the right coronary artery in the false lumen and the origin of the left coronary artery in the true
lumen (arrows). (c) Portal phase contrast-enhanced CT, oblique slice. Transmural infarction in the inferior-septal and inferior basal
segments (arrowheads) in relation to acute infarction in the right coronary artery territory.

Rupture to the pericardium and mediastinum

One of the possible complications of dissections affect-
ing the ascending aorta is rupture and opening into the
pericardium, identifying hyperdense contents in the peri-
cardial sac. These findings are most easily visualised in the
non-contrast phase (Fig. 7). In severe cases with massive
haemopericardium, distension of the pericardium can lead
to cardiac tamponade with collapse of heart chambers,
especially the right ones, hypotension and cardiovascular
ShOCk.5‘6’32’33

Haemorrhagic infiltration of the common
aortopulmonary adventitia
The real prevalence of this complication is unknown, but
it is estimated to be underdiagnosed as it can easily go
unnoticed.*® The ascending aorta and the pulmonary trunk
share an embryological origin and, more importantly, a com-
mon adventitia. Dissections of the ascending aorta can open
through this adventitia, extending the blood towards the
pulmonary arteries, and can reach the bronchial tree and the
pulmonary parenchyma, even becoming complicated with
alveolar haemorrhage, which tends to show up with a peri-
bronchovascular ground-glass pattern.’ 336

The findings in the non-contrast phase are virtually
pathognomonic. Hyperdense circumferential areas are seen
surrounding the wall of the pulmonary arteries (Fig. 7),
which adopt a peripheral halo morphology in the later ones.
In severe cases, the haematoma can exert a mass effect
on the vascular lumen, reducing the lumen of the pul-
monary arteries. This complication is usually accompanied
by haemopericardium and haemothorax.

Intramural haematoma

IMH is a potentially life-threatening condition characterised
by the presence of an accumulation of blood in the thickness
of the aortic wall. Like AD, it presents as sudden, severe
chest pain. The incidence varies in the literature and it is
estimated to account for 5-25% of aortic syndromes.'*37-3°

Pathophysiology

Historically, the theory has been that the haematoma is pro-
duced by a spontaneous rupture of the vasa vasorum within
the medial layer in the absence of an intimal defect (Fig. 8).
However, a large number of studies have described the pres-
ence of small intimal defects found during surgery in cases
of IMH.**~4" The pathophysiology of the conditions that make
up AAS is not fully understood and is widely discussed in the
literature; the boundary between the three (AD, IMH and
PAU) is not clearly defined, and they may be inter-related
or even coexist; for example, an IMH could originate from
a PAU or a small AD, and the IMH could itself lead to a true
dissection.*

Classification

The Stanford classification is used (Fig. 3). Stanford A IMH
has higher morbidity and mortality rates than type B and
therapeutic management follows the dissection scheme,
with type A being preferably surgical, although there is a
certain amount of debate on the subject.?”:3
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Figure 7 Type A aortic dissection with haematoma extending to the pulmonary artery adventitia. (a) and (b) Axial and coronal CT
without contrast. Spontaneously hyperdense circumferential thickening surrounding the pulmonary artery trunk and extending to
the right pulmonary artery (arrows). It is accompanied by a moderate haemopericardium (arrowheads). (c and d) Contrast-enhanced
CT in the early arterial phase, axial and coronal slices, shows a dissecting flap separating two lumens, a very collapsed true lumen
on the left lateral margin of the ascending aorta and anteriorly located in the descending aorta, and a highly pressurised false
lumen. The peripheral thickening of the right pulmonary artery is more difficult to identify; the only notable feature is a slight mass
effect on the lumen in the proximal segment secondary to the haematoma, which could go unnoticed if the non-contrast phase

were unavailable.

Imaging findings

In the phase without intravenous contrast (IVC), a concentric
thickening of the aortic wall can be seen with a crescent-like
morphology, hyperdense (39-72 HU), which displaces the
intimal calcifications in a curvilinear manner into the lumen
(Fig. 8). Assessment using a narrow window is recommended
(W: 200 HU; L: 40 HU) to facilitate identification.*® In the
phases with IVC it is iso/hypodense, sometimes going unno-
ticed due to the high attenuation of the aortic lumen.3?3%4

Intimal calcifications can help in the differential diagno-
sis with intraluminal thrombus?; while in IMH the intimal
calcifications move into the aortic lumen, in intraluminal
thrombus the calcifications remain peripheral.

Clinical course

Although IMH appears to have a better prognosis than dissec-
tion, there is a non-negligible risk of complications, with an
estimated 28-56% of IMH progressing.®3° In the natural evo-
lution there are three possible scenarios: in approximately
1/3 of patients complete resorption will eventually take

place; 1/3 remain stable; and the remaining 1/3 progress
and become more complicated. In this last scenario, the IMH
can evolve into AD, aneurysm or even rupture of the arterial
wall.*

Special mention should be made of two conditions which
develop in the follow-up of patients with IMH, ulcer-like pro-
jections and focal contrast accumulations or blood pools.
Both consist of small accumulations of contrast in the thick-
ness of the wall and have different pathophysiology and
prognostic implications (Fig. 9).

Focal accumulation of contrast in the thickness of
the haematoma/blood pool

These are small accumulations of contrast appearing in the
thickness of the IMH and showing communication with the
aortic lumen which are imperceptible or less than 2 mm in
size, unlike the projections mimicking an ulcer (Fig. 9a).%
They are more common in the descending aorta and the
theory is that they are related to pseudoaneurysms of the
intercostal, bronchial or lumbar aortic branches. The natu-
ral evolution is towards resolution and they have prognostic
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Figure 8 Aortic intramural haematoma. (a). Illustration of an intramural haematoma, showing semilunar thickening of the aortic
wall secondary to blood accumulation within the wall, with no entry tears or flapsidentified. (b, c, d, e) Sagittal CT scans with and
without IVC, and axial CT scans with and without IVC respectively. Spontaneously hyperdense aortic semilunar parietal thickening
(68 HU) (arrows). Displacement of calcified atheromatous plaques into the lumen (arrowheads) due to the position of the haematoma

between the adventitia and the medial layer.

implications.*®“® Multiple and contiguous blood pools in the
descending aorta in relation to the intercostal arteries are
uncommon and have been described in the literature as the
Chinese ring-sword sign* (Fig. 10).

Ulcer-like projections

These are small extravasations of contrast located in the
thickness of the IMH which show communication with
the aortic lumen and similar enhancement in the phases
with contrast, that is, we have a small focal intimal
defect (>3 mm) which communicates with the extravasated
contrast®>* (Fig. 9b).

The imaging findings are similar to those of penetrating
ulcers, but it should be noted that these are two phenomena
with distinct pathophysiology. While ulcer-mimicking pro-
jections appear in the natural course of an IMH, penetrating
ulcers always form from the ulceration of an atheroma-

tous plaque, which eventually comes into contact with the
media.>®

Their natural course is usually progression; they have
been associated with a higher risk of complications such
as aneurysm formation (most frequent sequela), dissection,
rupture and even higher mortality rates.>®

With regard to the utility of radiology in follow-up, differ-
ent image predictors have been established which, together
with other clinical and analytical data, help make an appro-
priate selection of patients in whom an active therapeutic
approach would be indicated, thus preventing the develop-
ment of complications'®373%;

- IMH and ascending aortic diameter >4.8 cm or descending
aortic diameter >4.1 cm.

- IMH > 11 mm thick or rapid progression in early checks.

- Ulcer-like projection > 20 mm in diameter and > 10 mm
deep, located in the ascending aorta and aortic arch.
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b ﬁx{ & Baseline CT
Figure 9 Focal accumulation of contrast vs ulcer-mimicking projection. (a). Focal accumulation of contrast (blood pool).
Schematic representation. Accumulation of contrast in the thickness of the haematoma (arrow) with no communication with the
arterial lumen and in contact with a small-lumen artery on its right lateral margin. Late arterial phase contrast-enhanced CT, axial
slices, focal accumulation of contrast in the thickness of an IMH in the descending aorta without communication with the aortic
lumen (arrowhead) and in relation to an intercostal artery at the right lateral margin (arrows). Subsequent follow-up examinations
show a tendency toward regression, consistent with the natural evolution of the lesions. (b) Illustration of a projection mimicking
an ulcer with contrast accumulation in the thickness of the haematoma communicating with the arterial lumen. Late arterial phase
contrast-enhanced CT, axial slices. A spontaneously hyperdense IMH is identified at the inner margin of the aortic arch (arrowhead).
In the successive scans, an image of contrast addition is seen in the thickness of the haematoma which communicates with the
aortic lumen through an intimal defect (arrows) and progressively increases in thickness. Given the progression and associated risk
factors, endovascular treatment with a stent was decided on, excluding the focal defect.

Figure 10  Chinese 9-ring-sword sign. (a). Schematic representation of the sword. (b). Contrast-enhanced CT in early arterial
phase, oblique sagittal slice. Type B intramural haematoma (arrow) extending from the left subclavian artery to the iliac arteries
(not shown). Small focal accumulations of contrast (arrowheads) with a serpenginous morphology resembling rings are identified in
the thickness of the haematoma. (c). Contrast-enhanced CT in the early arterial phase, oblique axial reconstruction showing the
connection of these contrast accumulations with an intercostal artery (arrowhead), without communication with the aortic lumen,
and 3D volumetric reconstruction in which these accumulations are evident in the thickness of the haematoma, giving the aorta
the morphological appearance reminiscent of this characteristic sword.
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Table 2 Proposal for structured report of the IMH.

- Stanford Classification (A/B).

- Maximum aortic diameters.

- Maximum thickness of the haematoma and location.

- Focal accumulations of contrast, if any, number and
location.

- Projections simulating ulcers, if any, number, location,
and largest diameters and thickness.

- Pleural effusion/haemothorax/periaortic haematoma.

IMH: intramural haematoma.

- Stanford type A IMH.
- Pleural or pericardial effusion.
- Persistent or poorly controlled chest pain.

Table 2 shows a proposed structured report which
includes the most important elements when assessing an
IMH.

Penetrating atherosclerotic ulcer

PAU accounts for 2.3-7.6% of all aortic syndromes and is
more common in older, male patients who have multiple
comorbidities and cardiovascular risk factors which con-
tribute to the development of atheromatous plaques (for
example, HT, hyperlipidaemia, smoking).>% 346,47

Pathophysiology

The PAU originates from an atheromatous plaque which
erodes the intima until it reaches the internal layer of the
media" 84’ (Fig. 11a). Progression of the ulcer reaches the
adventitial layer of the aorta, weakening the wall and pro-
moting the formation of pseudoaneurysms. The transmission
of high intraluminal arterial pressures to the medial layer
can lead to the development of IMH, aneurysms, AD or aortic
rupture.

Figure 11

(a) Schematic representation of a penetrating aortic ulcer, which is the result of an ulcerated plaque which crosses the

intima and reaches the elastic layer of the media, and may be accompanied by an IMH. (b and c) Contrast-enhanced CT, axial slices.
Image of contrast addition which extends beyond the aortic wall and deforms its contour. This disruption in the intima facilitates the
association with small haematomas in the wall (arrowhead). (b) Example of neck measurement (double green arrow) and thickness
(double orange arrow) of a PAU (d) CT with contrast, coronal slice. Atheromatous plaque on the inner margin of the aortic arch
with loss of aortic sphericity and contour alteration (arrow) consistent with penetrating ulcer. (e) Contrast-enhanced CT, axial slice.
Ulcerated atheromatous plaque. Soft atheromatous plaque with irregular contours and ulceration up to the intima (arrowhead).

Unlike penetrating ulcers, it does not alter the aortic contour.
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They are usually located in the aortic segments where
the deposit of atheromatous plaques is common, such as
the descending thoracic aorta, the abdominal aorta and the
aortic arch (in descending order of frequency). High flow
in the ascending aorta plays a protective role for atheroma
deposition.?

Imaging findings

It manifests on CT as a broad-based contrast enhanced image
which exceeds the intimal calcifications and alters the aor-
tic contour with pseudoaneurysm morphology®® (Fig. 11).
Unlike penetrating ulcers, chronic atheromatous plaques
and ulcerated plaques (Fig. 11e) do not produce alteration
of the wall contour, this finding being key for the differential
diagnosis.?

Clinical course

It is important to highlight that the vast majority of PAU are
not symptomatic and nor do they evolve into AAS.>'? The
prognosis will depend on its size, presence of associated
symptoms and whether there is an associated haematoma
in the wall. There is currently no established cut-off point
that determines the need for treatment, but it has been
shown that PAU with a thickness greater than 20 mm or
a neck greater than 10 mm are associated with higher
rupture rates and a worse prognosis.“®>" Therapeutic mana-
gement depends on the symptoms, the location of the

Figure 12

aortic segment involved, the associated imaging predic-
tors (for example, size and signs of imminent rupture),
and the experience of each centre. In small asymptomatic
PAU, treatment is medical (aimed at reducing mechanical
stress on the aortic wall) with serial imaging checks. Given
the risk of aortic complications, it is recommended to per-
form repeat CT scans and clinical checks before the patient
is discharged and at one, three, six and 12 months, and
then annual follow-up in symptomatic cases and every six
months in asymptomatic cases for the first three years,
with subsequent annual follow-up.>“®? In cases of larger
or symptomatic PAU, a surgical approach will be neces-
sary, with endovascular management being preferable to
open surgery as it is associated with lower complication
rates.3’46'48'51

Ruptured aneurysm and aortic trauma

Ruptured aortic aneurysms are a potentially life-threatening
condition which often present with haemodynamic instabil-
ity. One of the risk factors for rupture is the size of the
aneurysmal sac, with an annual risk of rupture of 1-11% in
aneurysms of 50-59 mm, 10-22% in those of 60-69 mm and
30-33% in those larger than 70 mm?.

In suspected ruptured aneurysm, CT is the technique
of choice and characteristic findings suggestive of risk of
imminent rupture include irregularity of the aortic wall,
wall disruption, periaortic haematomas and trabeculation
of periaortic fat (Fig. 11.1). In cases of ruptured aortic

il

1. Ruptured abdominal aortic aneurysm. (a, b, ¢, and d) Non-contrast CT, axial slice, contrast-enhanced CT in the

arterial phase, axial and sagittal slices, and 3D volumetric reconstruction respectively. Large aneurysmal sac with peripheral intimal
calcifications, extensive haemoretroperitoneum (arrowhead), and alteration of the contour of the aneurysmal sac wall at its right
lateral margin (arrows). 2. Aortic pseudoaneurysm in the isthmus resulting from high-impact chest trauma in a road traffic accident.
(a and b) Contrast-enhanced CT scan in the portal phase, axial and oblique sagittal slices. Flap (arrows) at the isthmus with
pseudoaneurysm formation, periaortic haematoma (arrowheads), and associated haemothorax. (c) 3D reconstruction, posterior
view, pseudoaneurysm in the isthmus, immediately distal to the subclavian artery exit. (d) 3D reconstruction, posterior view, result
after aortic endograft implantation, excluding the chimney aneurysm in the left subclavian artery due to the short distance from

the neck when fixing the prosthesis to its proximal segment.
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aneurysm, treatment is always surgical, and an open or
endovascular approach may be used depending on the mor-
phological characteristics and location of the aneurysm, the
age and comorbidities of the patient, and the experience of
the working team.>3>*

Traumatic injury of the aorta is a condition with a
high burden of morbidity and mortality in terms of sur-
vival, and an imminent risk of death of around 80-90%
of cases.’® The most common causal mechanism is high-
impact chest trauma, mostly vehicle-related,”® which
causes sudden chest deceleration, most frequently injur-
ing the transition zone of the mobile aortic segment
(ascending aorta and aortic arch) with the fixed por-
tion (descending aorta), known as the aortic isthmus,
immediately distal to the exit of the left subclavian
artery.">13% CT is the test of choice to look for signs
such as intimal flaps, aortic contour irregularities, periaortic
haematoma, haemothorax/haemopericardium and forma-
tion of aneurysms (Fig. 12.2).

Conclusions

AAS is a relatively rare emergency in the Accident and Emer-
gency department. It covers a set of inter-related conditions
with a high burden of morbidity and mortality. All of them
present with a similar and non-specific clinical picture of
sudden onset chest/abdominal pain. CT plays a fundamen-
tal role in distinguishing between the conditions, providing
a rapid diagnosis which does not delay therapeutic manage-
ment, and has an immediate and emerging impact on the
definitive treatment of these patients. Radiologists play a
central role in the management of AAS. It is therefore impor-
tant that we understand the basic concepts to enable us
to collaborate with the other specialist areas, in order to
achieve optimal multidisciplinary management in benefit of
the patient.
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