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Acute aortic syndromes (AAS) represent a spectrum of interrelated disorders characterized by the disruption of the

aortic integrity, and are associated with high morbidity and mortality. These conditions include aortic dissection

(AD), accounting for the majority of AAS (80%), intramural hematoma (IMH, ~15%), and penetrating aortic ulcer

(PAU, ~5%).
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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 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  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 ascending AD, and varies according to the use of contrast

agents . Nevertheless, TTE is successful in detecting the distal dissection of the thoracic aorta in only 70% of

patients . 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 . 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 regurgitation. Aortic regurgitation is a frequent finding in patients with type A AD, occurring in 40–76% of

patients . 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 . 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 .
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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) . 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% . 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’ ;

Evangelista et al. demonstrated that contrast-enhanced echocardiography can solve this problem . One of the

main limitations of TOE is the presence of ultrasound artefacts in the ascending aorta which are common,

particularly when dilated ; in this case, M-mode tracings differentiate between intimal flap and imaging

reverberations . 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 . Other limitations

of this technique could concern the discomfort for patients, with the possible need for sedation, and the intra- and

inter-operator variability.

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;
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(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.

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 acquisition . 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 . 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

(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 mandatory. Dedicated injection protocols are used, considering the speed of scan acquisition and

coverage to optimize image quality and reduce the volume of contrast agents . The main limitations concern the

use of iodinated contrast and ionizing radiations.

The sensitivity and specificity of CT for AD is approximately 98–100% , and it represents the modality of choice

for dissection in the majority of patients . CT can differentiate between type A and B AD, helping to localize

intimal entry site, involvement, relationship with the false or true lumen of the branch vessels, and organ ischemia

(Figure 1C) . Moreover, coronary ostia involvement can be detected with CT .

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 , 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 . 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 . Apart from its essential crucial diagnostic role, CT is

used in patients with AD for planning interventional surgical or percutaneous interventions. Specifically,
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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 .

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 . 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 , 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 .

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 . With

balanced steady-state free precession (SSFP) techniques, image contrast is determined by T2/T1 ratios, allowing

the detection of the intimal media flap, with no gadolinium contrast media . 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 without 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 . 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 .

4. Aortography

In the past, aortography represented the gold standard for the diagnosis of AD . In more recent years,

aortography has been almost completely replaced by equally accurate, but less invasive, techniques.
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Nevertheless, aortography remains the benchmark against which all other imaging modalities should be measured

. 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 .

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 . 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) .
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