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Abstract: Acute aortic syndromes are life-threatening conditions with high morbidity and mortality.
The principal pathological feature is acute wall damage with possible evolution towards aortic
rupture. Accurate and timely diagnosis is mandatory to avoid catastrophic consequences. Indeed,
misdiagnosis with other conditions mimicking acute aortic syndromes is associated with premature
death. In this view, cardiovascular imaging is necessary for the correct diagnosis and management.
Echocardiography, computed tomography, magnetic resonance imaging, and aortography allow
for diagnosis, guarantee immediate treatment, and detect associated complications. Multimodality
imaging is essential in the diagnostic work-up to confirm or rule out acute aortic syndromes. The aim
of this review is to highlight the contemporary evidence on the role of single cardiovascular imaging
techniques and multimodality imaging in the diagnosis and management of acute aortic syndromes.

Keywords: acute aortic syndromes; multimodality imaging; echocardiography; computed tomogra-
phy; magnetic resonance imaging; aortography

1. Introduction

Acute aortic syndromes (AAS) represent a spectrum of interrelated disorders charac-
terized by the disruption of the aortic integrity, and are associated with high morbidity
and mortality. These conditions include aortic dissection (AD), accounting for the ma-
jority of AAS (80%), intramural hematoma (IMH, ~15%), and penetrating aortic ulcer
(PAU, ~5%) [1-3].

AD is described as a separation of the aortic wall layers caused by an intimo-medial
tear, resulting in the creation of a false lumen that propagates within the medial layer.
Thus, AD typically shows the appearance of a dissection flap, an entry tear, and two aortic
channels (a true and false lumen). No modern classifications have substituted the older
Stanford and DeBakey ones that remain the most commonly used. AD involving the
ascending aorta is defined as a Stanford type A dissection, regardless of distal extension;
when the disruption is distal to the left subclavian origin, on the contrary, it is considered
to be type B. The DeBakey classification recognizes types I, II, and, III, with type I affecting
both the ascending and descending aorta, type Il the ascending aorta and the arch only;,
and type IIl involving the descending aorta but sparing the arch and the ascending aorta.
The Stanford classification is used to guide different treatment options. Indeed, surgery is
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recommended in type A AD, while medical therapy is suggested in uncomplicated type
B AD. IMH is instead a haematoma created within the media layer and secondary to the
rupture of the vasa vasorum. Finally, PAU is an ulceration of an atherosclerotic aortic
plaque penetrating towards the internal elastic lamina and into the media [4].

The advent of multi-modality imaging in the assessment and management of AAS has
multiple applications, not only for diagnosis, but also for risk stratification and planning of
the acute intervention, as well as for the evaluation of potential complications and/or the
candidacy for intervention or re-intervention in the subacute or chronic phases (Figure 1).

Figure 1. Multimodality imaging assessment of aortic dissection: (A) Two-dimensional transthoracic
echocardiography showing a linear echo of an intimal flap (arrow) in a dilated aortic root above aortic
valve level; (B) Two-dimensional transesophageal echocardiography in patients with aortic dissection
involving the entire aorta; the false lumen (*) is typically larger and often compresses the true lumen,
potentially affecting distal aortic flow; (C) CT image with evidence of the intimal tear (arrow) at
the level of the aortic arch; (D) MRI with SSFP imaging in the oblique sagittal plane showing an
intimal flap (arrow) from the aortic arch to abdominal aorta; (E) Aortic angiography performed in a
patient with suspected inferior ST-segment elevation myocardial infarction revealing a type A aortic
dissection (one may note that the pigtail catheter is located in the false lumen (*) of the dissection).
CT, computed tomography; MRI, magnetic resonance imaging; SSFP, steady-state free precession.

In this document, our aim is to critically review the distinctive multi-modality imaging
features of AAS, while at the same time providing an update and overview of diagnostic
strategies and the current management of these disorders.

2. Aortic Dissection
2.1. Transthoracic and Transesophageal Echocardiography

Echocardiography is renowned for being a non-invasive, safe, and accurate imaging
modality used in the clinical evaluation of cardiovascular disease and plays an important
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role in the diagnosis of aortic diseases. Transthoracic echocardiography (TTE) can be
performed at the patient’s bedside, as well as in the emergency and critical care units, and
for this reason the European Society of Cardiology guidelines [5] recommend it in patients
who are clinically suspected of having an AD (class I, level of evidence C).

The diagnosis of AD by TTE is based on detecting intimal flaps in the aorta. The
sensitivity and specificity of TTE range from 77-80% and 93-96%, respectively, for as-
cending AD, and varies according to the use of contrast agents [6]. Nevertheless, TTE is
successful in detecting the distal dissection of the thoracic aorta in only 70% of patients [7].
On transthoracic M-mode echocardiography, floating intimal flaps, the enlargement of
the aortic root, and an increase in the aortic wall thickness were considered signs of AD.
With the introduction of two-dimensional (2D) echocardiography and the feasibility of
taking suprasternal, subcostal, and substernal views, it has become possible to directly
visualize the presence of floating intimal membranes, intimal tears, and false lumens on the
ascending aorta and aortic arch [8]. Thanks to the superior axial image resolution offered by
parasternal long-axis views, mobile dissection membranes within the ascending aorta can
be seen in AD patients with optimal windows (Figure 1A). The parasternal short-axis view
is useful to evaluate the morphology of the aortic valve and location of any aortic regurgi-
tation. Aortic regurgitation is a frequent finding in patients with type A AD, occurring in
40-76% of patients [9]. TTE can also offer immediate evidence of other complications which
can accompany an AD, such as cardiac tamponade, severe aortic dilation, regional wall
motion abnormalities, and severe left ventricular systolic dysfunction, all of which may
influence surgical management [10]. Since sub-optimal image quality can be a limitation in
some patients, an AD cannot always be completely ruled out by TTE alone, and further
imaging such as transesophageal echocardiography (TOE) or computed tomography (CT)
of the aorta should be considered if clinical suspicion remains high [11].

TOE is currently considered as one of the reference techniques in AD diagnosis, with a
very high diagnostic accuracy for the detection of both ascending and descending aortic
diseases (Figure 1B) [12]. Indeed, the proximity of the oesophagus and the thoracic aorta
permits a high-resolution image. Furthermore, the availability of multiplane imaging allows
incremental assessment of the aorta from its root to the descending aorta. Several studies
have demonstrated the accuracy of TOE in the diagnosis of AD with a sensitivity of 86-100%,
a specificity of 90-100%, and a negative predictive value of 86-100% [13]. Owing to the
interposition of the right bronchus and trachea, a short segment of the distal ascending aorta,
just before the innominate artery, remains a ‘blind spot’ [5]; Evangelista et al. demonstrated
that contrast-enhanced echocardiography can solve this problem [12]. One of the main
limitations of TOE is the presence of ultrasound artefacts in the ascending aorta which are
common, particularly when dilated [14]; in this case, M-mode tracings differentiate between
intimal flap and imaging reverberations [15]. TOE may also identify the presence of leaks
and/or small re-entry tears with much higher sensitivity than angiography. This is also
important for the prognosis of patients with residual patent false lumen in the descending
aorta and the presence of a large proximal entry tear (>10 mm) defined by TOE, which
indicates a high risk of mortality and the need for surgical or endovascular treatment during
the follow-up [16]. Other limitations of this technique could concern the discomfort for
patients, with the possible need for sedation, and the intra- and inter-operator variability.

2.2. Computed Tomography

Thanks to its high spatial resolution, full assessment of thoracoabdominal aorta, short
acquisition time, and wide availability, CT represents the ideal technique for
diagnosing AAS.

The typical scan protocol first includes a non-contrast CT followed by an arterial acqui-
sition [17]. A late thoracoabdominal scan can be added to improve the detection of visceral
malperfusion in the acute setting of AD and distinguish slow flow from thrombus in the
false lumen [18]. Indeed, this late (venous) phase is often useful to confirm the circulation
of the false lumen, which may not be opacified in the arterial phase. Electrocardiogram
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(ECG) gating should always be used to avoid motion artifacts that can be misinterpreted
as intimal flaps. The entire aorta must be assessed to determine the distal extent of the
dissection and to identify the ischemia of the abdominal organs, which have important
prognostic implications. In the case of a cerebrovascular accident, a CT head scan is manda-
tory. Dedicated injection protocols are used, considering the speed of scan acquisition and
coverage to optimize image quality and reduce the volume of contrast agents [19]. The
main limitations concern the use of iodinated contrast and ionizing radiations.

The sensitivity and specificity of CT for AD is approximately 98-100% [20], and it
represents the modality of choice for dissection in the majority of patients [21]. CT can
differentiate between type A and B AD, helping to localize intimal entry site, involve-
ment, relationship with the false or true lumen of the branch vessels, and organ ischemia
(Figure 1C) [19]. Moreover, coronary ostia involvement can be detected with CT [22].

The classical finding of AD in CT is an intimal flap with a partition between the true
and false lumen. Supporting signs are the internal displacement of intimal calcifications,
the delayed enhancement of the false lumen, the widening of the aorta, mediastinal, pleural,
or pericardial hematoma [23], and signs of cardiac tamponade. The latter is suspected
in the presence of a large pericardial effusion, dilatation of superior and inferior vena
cava, reflux of contrast agents into the inferior vena cava and azygos vein, compression
of the cardiac chambers, and the bowing of the interventricular septum [24]. A thorough
clinical evaluation does not always provide a clear understanding of the cause of acute
chest pain. For these cases, a triple rule out protocol has been proposed in which coronary
arteries, the thoracic aorta, and pulmonary arteries are simultaneously examined with CT.
However, triple rule out scans provide greater anatomic coverage than dedicated protocols,
which leads to a higher radiation dose. In addition, they require a higher contrast load
to opacify both the right and left circulations, as well as more time to report the scan.
Multiple studies have failed to demonstrate superior clinical outcomes with triple rule
out to justify the increased radiation, contrast dose, and readout time [2]. Apart from its
essential crucial diagnostic role, CT is used in patients with AD for planning interventional
surgical or percutaneous interventions. Specifically, measurements of vessel diameter,
angles, aneurysm neck size, and proximal and distal landing zones for stent grafts are
essential in determining thoracic endovascular aortic repair (TEVAR) eligibility [25].

2.3. Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is a highly accurate, noninvasive imaging modality,
with a sensitivity and specificity of almost 98% for detecting AD [26]. Additionally, it does
not require ionizing radiation or iodinated contrast, making it the most suitable test for
patients with impaired renal function, known severe allergies to iodated contrast material,
and who are pregnant. The limitations of MRI in acute AD apparently include long imaging
time, the need for patient cooperation to avoid motion-related image degradation, and
difficulty in monitoring acutely ill patients. Nevertheless, Wang et al. demonstrated that
the use of MRI for evaluation of thoracic aortic dissection is well-tolerated by emergency
department patients [27], despite the fact that MRI is currently not used in the vast majority
of centres to search for acute dissection, it being more useful in the follow-up of chronic
type B dissection. Other limitations include the risk of nephrogenic systemic fibrosis with
GFR < 30 mL/min/1.73 m? when gadolinium is used, and the poor assessment of arterial
wall calcification.

In a suspected case of AD, the standard MRI examination should begin with rapid
spin-echo black blood acquisitions covering the aorta to outline aortic shape and diameter
and to rule out alterations in wall structure [28]. In the axial plane, the intimal flap is
detected as a line inside of the aortic lumen. In stable patients, adjunctive gradient-echo
sequences or phase contrast images can be instrumental in identifying aortic regurgitation
and entry or re-entry sites as well as in differentiating slow flow from the thrombus in
the false lumen [29-32]. With balanced steady-state free precession (SSFP) techniques,
image contrast is determined by T2/T1 ratios, allowing the detection of the intimal media
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flap, with no gadolinium contrast media [33,34]. These images are typically acquired
initially in axial and oblique sagittal projections and gated to the cardiac diastolic phase
(Figure 1D). Cine SSFP MRI can be used to further delineate the entry and exit zones of
the intimal media flap and the presence of aortic regurgitation thanks to the detection
of flow turbulence. Quantitative data on flow velocity and volume, in the true and false
lumen, can be obtained from the velocity maps of phase contrast sequences. In addition,
contrast-enhanced MRI angiography may be performed quickly (in a few seconds with-
out any need of ECG triggering) and will provide information regarding branch vessel
involvement, the presence of intraluminal abnormalities, PAU, and will demonstrate the
intimo-medial flap location and the entry and exit tears in the dissection. Despite the
advantages, the image quality of dynamic MRI angiography proved to be inferior to high-
resolution three-dimensional (3D) MRI [35]. Four-dimensional (4D) flow MRI could be a
potential tool in AD patients thanks to flow quantification and hemodynamic information.
Unfortunately, so far it has currently been used only in ex vivo studies and in patients with
chronic dissection [36,37].

2.4. Aortography

In the past, aortography represented the gold standard for the diagnosis of AD [38]. In
more recent years, aortography has been almost completely replaced by equally accurate,
but less invasive, techniques. Nevertheless, aortography remains the benchmark against
which all other imaging modalities should be measured [39]. Furthermore, aortography
still maintains an important role in patients who undergo coronary angiography (for
example, in stable patients in which concomitant coronary artery disease is suspected). It
should also be kept in mind that AAS may mimic an acute coronary syndrome and, as a
result, the correct differential diagnosis will be made only at the time of invasive coronary
angiography. Finally, aortography is an indispensable guide for endovascular procedures,
which are more frequently carried out in patients with type B dissection [5].

Aortography visualizes all features of AD: the intimal flap, true lumen (which is
usually compressed), false lumen, craniocaudal extension, indirect visualization of the
coronary arteries, possible aortic regurgitation, and aortic rupture (Figure 1E). Various
projections may be necessary to evaluate every aspect of aortic anatomy and the potential
involvement of aortic side branches [22]. In the case of a type A dissection, aortography
permits the assessment of the blood vessels which originate from the aortic arch, thus
facilitating surgical planning. However, because aortography is a “lumenogram”, it does
not provide any information on aortic wall thickness. Caution must be employed in
performing aortography because, if the false lumen is cannulated with the diagnostic
catheter, a sudden increase in pressure during contrast injection may lead to aortic rupture.
To this end, manual injection may be safer, although less effective in the visualization
of the entire dissection, especially in the case of low blood flow. Moreover, in patients
with chronic kidney disease, aortography may lead to contrast induced nephropathy. In
addition to the use of contrast medium, the invasive nature of the procedure and radiation
exposure are other limitations to this technique. The specificity of aortography is high
at 95%, but sensitivity may be lower than other techniques due to the inability in certain
cases to differentiate the two lumens of the aorta (for example, because of a completely
thrombosed false lumen) [4].

3. Intramural Hematoma
3.1. Transesophageal Echocardiography

IMH is classified among AAS and represents about 15% of cases. Specifically, it
is defined as Type A when it affects the ascending aorta and the aortic arch and type
B when it involves the descending aorta. [5]. Echocardiography is a useful method for
diagnosing IMH, preferably with TOE due the low sensitivity of TTE (<40%) [40]. IMH
is typically diagnosed in the presence of crescentic or concentric thickening of the aortic
wall > 0.5 cm [41]. Furthermore, it is characterized by the absence of intimal tear, mobile
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dissection flap, and Doppler signal indicating a communication between the aortic lumen
and hematoma. The luminal shape is preserved and the luminal wall is curvilinear and
smooth. Other secondary findings are the presence of intimal calcification displacement
and echo-lucent areas in the aortic wall hematoma (Figure 2A) [2]. Complications due to
IMH cover a broad spectrum. Indeed, hematoma can evolve towards classical or localized
AD, saccular or fusiform dilatation, pseudoaneurysm, or aortic rupture in the pericardium,
pleura, or mediastinum [42]. Limitations in using the TOE in this setting include the
limited visualization of all segments of the aorta, semi-invasive nature, and operator
dependency. In several situations, diagnosing IMH can be challenging. Indeed, classical
AD with thrombosed false lumen may be similar to IMH, but the diameter is generally
larger and the circumferential extension is smaller. Instead, aortic atherosclerosis and
aortic aneurysm with mural thrombus differ mainly in the presence of an irregular luminal
surface. Furthermore, intimal calcification displacement is useful for further differentiation
and characterization. Finally, a hemizygous sheath is also considered in the differential
diagnosis with IMH. This is a normal structure, a periaortic fat pad situated 30-35 cm from
the incisors during TOE [43].

Figure 2. Transesophageal echocardiography assessment in two different patients with acute aortic
syndrome: (A) intramural hematoma and (B) penetrating aortic ulcer.

3.2. Computed Tomography

Non-contrast CT from the supraortic vessels to the aortic carrefour is crucial to di-
agnosing IMH. IMH is visible on unenhanced CT typically as an eccentric, hyperdense
(60-70 HU), crescentic area of thickening of the aortic wall (>0.5 cm), showing no enhance-
ment after administration of intravenous contrast that extends in a longitudinal, non-spiral
fashion (Figure 3A,B). The sensitivity and specificity values of CT for IMH are close to
100% [44]. In addition to the well-known limitations of this technique, another limitation is
the difficulty in differential diagnosis with aortitis. Type A IMH is at higher risk of evolving
towards overt dissection and is associated with the increased incidence of hemopericardium
and cardiac tamponade. Management of IMH type A is usually surgical [45].

Other CT findings that can be useful to predict the negative evolution of the IMH
include an IMH high mean IMH thickness greater than 10-11 mm, compression of the true
aortic lumen, a maximal ascending aortic diameter greater than 50 mm, or descending aorta
greater than 45 mm, association with PAU, and the presence of pericardial effusion [46].
These high-risk features can help to decide the management of type B IMH if conservative
or interventional using TEVAR.
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Figure 3. Intramural hematoma on CT using (A) non-contrast CT and (B) CT angiography: crescentic,
high-attenuating regions of eccentrically thickened aortic wall on non-contrast CT (arrow). A diffuse
pericardial effusion (*) was also visible in both scans. (C) Penetrating ulcer on CT: CT angiography
image showing a penetrating ulcer of the descending aorta as a contrast-filled, out-pouching into the
thickened aortic wall (arrow). CT, computed tomography.

3.3. Magnetic Resonance Imaging

MRI has the unique ability to determine the age of the hematoma based upon T1
and T2 signal characteristics [47-49]. Despite this, MRI is currently used as a second level
investigation in the acute patient in the presence of diagnostic uncertainty.

Breath-hold ECG-gated fast spin echo images acquired with T1 and T2 weighting are
used to assess aortic calibre, aortic wall thickness, and aortic wall signal change. These are
acquired as contiguous transverse sections from the apexes to the infrarenal abdominal
aorta and also as sections paralleling the long axis of the aortic arch. On MR], the spin-echo
black blood images of an IMH show a crescent-shaped area of eccentric thickening, and
exhibit the expected signal characteristics associated with the transition of hemorrhage from
deoxyhemoglobin (low T1 and T2) in the hyperacute stage to intracellular methemoglobin
(high T1, intermediate T2) in the subacute stage and extracellular methemoglobin (high T1
and T2) in the late stage of IMH (Figure 4A).

Dynamic SSFP sequences are used to assess aortic valve function and the calibre of
the aortic root. These are acquired in both transverse and coronal planes through the
left ventricular outflow tract (LVOT). If aortic regurgitation is present, its severity can be
quantified via flow sensitive phase contrast sequences. Finally, a gadolinium-enhanced
aortic angiography study could be performed. However, the risk of nephrogenic systemic
fibrosis with GFR < 30 mL/min/1.73 m? represents a limitation, in addition to the difficulty
in monitoring patients in the acute phase.

A small study suggested three magnetic resonance angiography (MRA) parameters to
distinguish IMH from type B dissection: (1) no visualized entry tear, (2) no contrast uptake
in aortic lesion on first pass angiography, and (3) no contrast uptake in the aortic lesion on
the equilibrium phase T1-weighted sequence [50]. In addition, post-gadolinium sequences
are useful to discriminate between aortitis and IMH: mural enhancement is not an expected
feature of IMH [51,52] (Figure 4B).

3.4. Aortography

In the diagnosis of IMH, aortography has a more limited role compared to classic
dissection because the intima is intact and, as a result, the lumen of the aorta remains
unaffected [2]. The only clue to IMH provided by aortography may be a faint shadow
separated from the aortic lumen, but confirmation from other techniques is mandatory. In
this context, the accuracy of aortography is reduced and the technique is limited by the
use of contrast medium and the invasive nature. Because evolution to classic dissection
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or aortic rupture is relatively frequent, prompt intervention is frequently indicated. In
addition to classical surgical techniques, endovascular procedures may be performed which
have the advantage of being less invasive, an aspect of primary importance considering
that patients with IMH tend to be older and may have multiple comorbidities. In this
context, aortography becomes necessary to confirm the diagnosis and must be performed
during all phases of the procedure to aid in the deployment of endovascular stents [5].

Figure 4. Magnetic resonance imaging assessment of intramural hematoma (arrows). (A) Spin-Echo
sequence. The eccentric thickening of the aortic wall has a high T1 signal, eliminating the possibility
that it is an acute stage. (B) Late gadolinium- enhancement sequence. Aortic eccentric wall thickening
with no mural enhancement, suggestive of intramural hematoma.

4. Penetrating Aortic Ulcer
4.1. Transesophageal Echocardiography

TOE is among the methods for detecting PAU and evaluating possible complications
(Figure 2B). Although it could be situated in any segment of the aorta, PAU is infrequently
located in the ascending aorta, aortic arch, and abdominal aorta, while it is more commonly
present in the mid and distal segments of the descending aorta [5]. The key diagnostic
feature is the presence of a crater-like out-pouching with jagged edges of the aortic wall and
multiple irregularities of the intimal wall. Color Doppler can be useful for describing turbu-
lent flow within and at the entrance orifice of the ulcer. This method ensures the excellent
visualization of the aortic wall and provides maximum depth of ulcer penetration from the
aortic lumen. In addition, the location, width, and length of the ulcer and aortic diameter
at the level of the PAU may also be detected [2]. Localized IMH is generally associated
with the lesion and could involve the rest of the aorta [53]. The diagnostic value of the
TOE is moderate and the use is restricted by the semi-invasive nature. Echocardiography
can detect complications associated with PAU. Acute AD, pseudoaneurysm, or rupture of
the aorta could result from the propagation of ulcer erosion [54]. Furthermore, PAU can
evolve towards the formation of a saccular, fusiform, or false aneurysm. Finally, TOE has
the capacity to differentiate PAU from an ulcer-like projection (ULP). Specifically, ULP is a
localized pouch with a large communication orifice protruding generally in the IMH.

4.2. Computed Tomography

CT today represents the most used technique for the diagnosis and follow-up of PAU
thanks to its high spatial resolution, which allows for a detailed assessment of atheroscle-
rotic plaques, calcium, and the aortic wall [28].

CT characteristic features of PAU are an aortic out-pouching in the presence of aortic
intima calcifications and severe atherosclerotic disease. The edges of the out-pouching
are usually irregular or jagged [55] (Figure 3C). PAU can be distinguished with CT from
ulcerated aortic plaque. The latter is a minimal disruption of the intima without the
involvement of the media layer of the aorta. On CT images, ulcerated plaques appear
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like a crater within an atherosclerotic plaque which, in contrast to PAU, does not alter the
aortic outline [56].

CT imaging can be helpful in stratifying the risk of patients with PAU to select the
appropriate management. In particular, patients with PAU diameters over 13-20 mm and
more profound than 10 mm and concomitant IMH are associated with a worse progno-
sis [57]. Choosing this technique, the risk of nephropathy and allergy induced by contrast
medium and use of ionizing radiation must be considered.

4.3. Magnetic Resonance Imaging

PAU can be well visualized on MRI, as well as the associated IMH. Ulcer craters can be
documented on spin-echo images as a signal void within the thickened aortic wall [58]. The
immediate arterial phase images on contrast-enhanced MRI may show an outpouching that
fills with contrast and allows the evaluation of the size and extent of ulceration; however,
the delayed images add enhanced visualization of the aortic adventitia and surrounding
soft tissues, thus allowing more definitive characterization of the aortic enlargement and
associated structures in penetrating aortic ulceration.

The diagnostic challenge consists in distinguishing PAU from the ulcerated atheroscle-
rotic plaque and the IMH from the intraluminal thrombus. In 1990 Yucel et al. studied seven
patients with acute chest pain and penetrating aortic ulcers by MRI imaging compared with
angiography and CT. They demonstrated that MRI, thanks to the ability to image the aortic
wall, was superior to angiography in depicting the extent of intramural thrombus and
was superior to CT in differentiating acute IMH from atherosclerotic plaque and chronic
intraluminal thrombus [59]. As noted for other pathologies, limitations include extended
scan time, difficulty in monitoring patients in the acute setting, and risk of nephrogenic
systemic fibrosis. In this scenario, the use of MRI can be decisive in the definitive diagnosis
of PAU and in recognizing associated aortic diseases.

4.4. Aortography

Compared to AD, patients with PAU are older and present risk factors for atherosclero-
sis such as arterial hypertension, dyslipidemia, and smoking [60]. Once again, aortography
is not a first-line imaging test [2]. In addition, the limitations are related to the invasive
nature and the use of the contrast medium and radiation exposure. The typical aspect is that
of an irregular extroflection of the aortic lumen similar to a gastric ulcer observed with a
barium examination. This type of AAS is often multiple and may vary in size. Any segment
of the aorta may be involved, although the ascending aorta is generally spared. In addition,
PAU, like IMH, progresses more aggressively compared to classic dissection, and rupture
is not infrequent if left untreated. For all of these reasons, endovascular procedures—and
consequently aortography—play a key role in the management of PAU [61].

5. Choice of Imaging Modality and Clinical Decision

In an emergency scenario, a rapid comprehensive diagnostic work-up is necessary,
including clinical assessment (calculation of pre-test probability of disease), laboratory
data (D-dimer and troponin amongst others), chest X-ray, and ECG in order to expedite
the appropriate aortic imaging studies [62-66]. Diagnostic multimodality imaging in the
setting of AAS has several goals: the confirmation of clinical suspicion, classification of the
disease, and the evaluation of urgency indicators are in fact mandatory. Clinical pre-test
probability is considered higher in the presence of severe and/or abrupt interscapular chest
pain associated with signs of aortic regurgitation, occluded aortic side branches causing
ischaemia, or pericardial effusion [5,67].

In this setting, bedside TTE combined with additional TOE have the priority in order
to exclude new-onset aortic regurgitation, pericardial effusion, or to visualize proximal
dissection. Modern ultrasound equipment is in fact mobile and particularly useful at the
bedside for unstable AAS and/or for detecting painless AD [68]. TOE evaluation, added to
the transthoracic suprasternal view, has good accuracy to diagnose acute AD (type A), even
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intraoperatively, with near 100% sensitivity and specificity [69]. Color-Doppler is often
able to assess entry sites and/or false lumen flow in order to confirm a proximal dissection.
However, CT remains the initial diagnostic imaging technique in the patient with suspected
acute AD, especially if stable. Instead, in the unstable patient, echocardiography represents
a reasonable alternative. Multidetector CT scanning of the entire aorta may be the logical
next step, if considered safe. On the other hand, MRI has no place in the acute emergency
setting of symptomatic patients remaining more useful in the follow-up.

Given the optimal accuracy of all multi-modality imaging modalities, imaging proto-
cols should be adapted to local expertise and availability, the patient’s clinical condition,
and the target of interest (Tables 1-3).

Table 1. Advantages and limitations of imaging techniques in the diagnosis of aortic dissection.

Imaging Technique

Advantages

Limitations

Transthoracic echocardiography

-Frequently used technique for measuring
proximal aortic segments in clinical practice
-Visualization of the aortic valve and
ascending aortic structure in real time at the
patient’s bedside or in the emergency and
critical units

-Rapid identification of any complications
such as cardiac tamponade, severe aortic
dilation, regional wall motion abnormalities,
and severe left ventricular systolic
dysfunction

-Restricted in patients with abnormal
chest wall configuration, obesity,
pulmonary emphysema, and in patients
on mechanical ventilation

-Low sensibility in detecting distal
dissection of the thoracic aorta

-Intra- and inter-operator variability

Transesophageal echocardiography

-Useful in the initial diagnosis and follow up
of aortic dissection

-Very high diagnostic accuracy

-Crucial role in the pre-operative,
intra-operative, and post-operative control of
surgically treated aortic disease

-Presence of a “blind spot”

-False positive results could occur
because of reverberation echoes
-Uncomfortable for patient and
sometimes may need sedation
-Intra- and inter-operator variability

Computed tomography

-Short acquisition time (suitable for unstable
patients)

-Wide availability

-No contraindication in the presence of
metallic devices

-Full assessment of thoracoabdominal aorta
-High spatial resolution

-Optimal visualization of arterial wall
calcification and endovascular stents

-Use of iodinated contrast (risk of
contrast induced nephropathy and
allergy)

-Use of ionizing radiations (The tube
parameters and the amount of contrast
agents vary according to the type of
scanner used. Consider the speed of scan
acquisition and coverage to optimize
image quality and reduce the amount of
contrast agents)

Magnetic resonance imaging

-No radiation exposure

-No iodinated contrast

-Excellent evaluation of aortic wall
-Dynamic assessment of flow

-Gadolinium contrast media not mandatory
-Not controindicated in pregnancy

-Prolonged scan time

-Difficulty in monitoring acutely ill
patients

-Risk of nephrogenic systemic fibrosis
with GFR < 30 mL/min/1.73 m? (when
gadolinium is used)

-Poor assessment of arterial wall
calcification

-Signal loss within endovascular stent
due lack of radiofrequency penetration
-Less availability

Aortography

-Elevated accuracy
-Necessary for endovascular procedures

-Invasive
-Requires contrast medium
-Entails radiation exposure

GFR, Glomerular Filtration Rate.
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Table 2.

Advantages and limitations of imaging techniques in the diagnosis of intramural hematoma.

Imaging Technique

Advantages

Limitations

Transesophageal echocardiography

-High-resolution images with direct
observation of the aortic wall

-Flow assessment with Doppler technique
-Complication assessment (e.g., pericardial
and pleural effusion and mediastinal
haemorrhage)

-Difficult to visualize all segments of the
aorta (e.g., “blind spot”)

-Semi-invasive technique

-Operator dependent

Computed tomography

-Short acquisition time (suitable for unstable

patients)

-Wide availability

-No contraindication in the presence of
metallic devices

-Full assessment of thoracoabdominal aorta
-High spatial resolution

-Uses iodinated contrast (risk of contrast
induced nephropathy and allergy)

-Use of ionizing radiations

-Difficult for the differential diagnosis
with aortitis

Magnetic resonance imaging

-No radiation exposure

-No iodinated contrast

-Excellent evaluation of aortic wall and
determination of the age of hematoma
-Differential diagnosis between aortitis,
thrombus, and dissection

-Gadolinium contrast media not mandatory
-Not controindicated in pregnancy

-Prolonged scan time

-Difficulty in monitoring acutely ill
patients

-Risk of nephrogenic systemic fibrosis
with GFR < 30 mL/min/1.73 m? (when
gadolinium is used)

Aortography

-Necessary for endovascular procedures

-Limited accuracy
-Invasive

-Requires contrast medium
-Entails radiation exposure

GFR, Glomerular Filtration Rate.

Table 3. Advantages and limitations of imaging techniques in the diagnosis of penetrating aortic ulcer.

Imaging Technique

Advantages

Limitations

Transesophageal echocardiography

-High-resolution images with direct
observation of the aortic wall
-Differential diagnosis with ulcer-like
projections

-Moderate diagnostic value
-Semi-invasive technique
-Operator dependent

Computed tomography

-Short acquisition time (suitable for unstable
patients)

-Wide availability

-No contraindication in the presence of
metallic devices

-Full assessment of thoracoabdominal aorta
-High spatial resolution

-Use of iodinated contrast (risk of contrast
induced nephropathy and allergy)
-Use of ionizing radiations

Magnetic resonance imaging

-No radiation exposure

-No iodinated contrast

-Excellent evaluation of aortic wall
-Differential diagnosis between thrombus,
IMH, ulcerated atherosclerotic plaque, and
dissection

-Gadolinium contrast media not mandatory
-Not contraindicated in pregnancy

-Prolonged scan time

-Difficulty in monitoring acutely ill patients
-Risk of nephrogenic systemic fibrosis with
GFR < 30 mL/min/1.73 m2 (when
gadolinium is used)

Aortography

-Elevated accuracy
-Necessary for endovascular procedures

-Invasive
-Requires contrast medium
-Entails radiation exposure

GFR, Glomerular Filtration Rate.
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CT technology has currently replaced invasive diagnostic angiography for the thoracic
and abdominal aorta. CT is rapid, accurate, and has high spatial resolution, but requires
patient transportation and, thus, stable haemodynamic conditions [70].

MRI angiography is also capable of providing high-resolution aortic imaging with
three—dimensional post-processing; it needs neither iodinated contrast nor ionizing radi-
ation, being particularly useful for patients intolerant to contrast due to allergy or renal
failure [71-73]. MRI angiography is less affected by calcification than CT and is better
suited to depict luminal narrowings or IMH even in the presence of atherosclerotic calcifica-
tion [74]. However, MRI has lower spatial resolution than CT and metals (implanted stents,
clips) may cause distortion and artifacts. In addition, many pacemakers, defibrillators or
older mechanical valves are contraindications for MRL

6. Follow-Up

After an AAS, surviving patients require lifelong follow-up. The imaging approach is
crucial in prognostic assessment and to detect evolution and complications. The cardiac
imaging techniques utilized for surveillance are echocardiography, CT, and MRI. CT is the
most commonly performed for the long-term follow-up after an AAS. However, especially
in young patients, this technique must consider radiation exposure. MRl is a valid alterna-
tive and avoids the use of iodinated contrast in addition to radiation exposure. Furthermore,
in the IMH, it identifies the evolution of temporal bleeding and new hemorrhagic episodes.
Cardiac imaging follow-up is indicated both in patients managed with medical therapy
alone and in those treated surgically or with TEVAR [75-79]. Monitoring is crucial for
patients who receive a medical management. Indeed, one-third of those with type B aortic
syndromes stabilized medically will ultimately be treated with surgery for aneurysmal
degeneration of the dissected segment. In patients receiving TEVAR, CT is the first-choice
imaging technique, and it is able to identify endoleaks, aneurysmal degeneration, and
disease progression [57].

7. Conclusions

A multimodality imaging approach in the AAS is indispensable for accurate and timely
diagnosis. In this setting, prompt diagnosis is mandatory considering this life-threatening
condition which requires adequate and immediate treatment. In addition, multimodality
imaging adds key information about urgency indicators and the associated complications.
A correct and high-quality diagnostic work-up improves the poor prognosis in this emer-
gency condition. Advances in cardiovascular imaging techniques have led to a better
understanding of the pathophysiology and improvement in diagnosis and management.
The appropriate choice of imaging modality is based on the accuracy, advantages, and
limitations of the techniques. However, the clinical conditions of the patient and local
availability and expertise should be also considered. The correct application of the imaging
algorithm and cardiovascular techniques is crucial for the diagnosis and management
of AAS.
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