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Abstract
Thoracic aortic surgery poses significant challenges due to the complex anatomy and potential for life-threatening 
complications. Transesophageal echocardiography (TEE) has emerged as a crucial imaging tool in the management 
of patients undergoing these operations. TEE offers real-time, high-resolution imaging of the heart and aorta, 
enabling accurate assessment of aortic pathology, evaluation of cardiac function, and monitoring of intraoperative 
hemodynamics. Its semi-invasive nature, immediate availability, and ability to provide dynamic information make 
TEE an indispensable adjunct during these intricate procedures. One of the primary indications for TEE during 
thoracic aortic surgery is the assessment of aortic pathology, including aneurysms, dissections, and aortic valve 
diseases. TEE allows precise visualization of the extent, location, and severity of aortic lesions, facilitating decision-
making regarding repair strategies, graft sizing, and intraoperative guidance. Furthermore, TEE aids in identifying 
associated cardiac abnormalities such as valvular or ventricular dysfunction, which may impact surgical planning 
and outcomes. This review aims to summarize the current evidence supporting the use of TEE during thoracic 
aortic surgical interventions and highlight its invaluable contributions to perioperative patient care.

Keywords: Transesophageal echocardiography, thoracic aorta, aorta surgery, cardiovascular surgery, cardiac 
anesthesia

INTRODUCTION
Echocardiography is the diagnostic tool of choice for numerous indications such as assessment of 
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ventricular and valve function, pericardial effusion, or other cardiac abnormalities. During cardiothoracic 
surgery, transesophageal echocardiography (TEE) is used to confirm known or new pathology, asses heart 
function, and to evaluate the effect of inotropic or fluid therapy. The use of TEE during cardiac surgery has 
been shown to be associated with lower mortality and improved patient outcomes[1-3]. Since the greater part 
of the thoracic aorta can be well visualized by TEE, it proves to be an invaluable imaging tool in aortic 
surgical procedures.

Technological developments in echocardiography have resulted in real-time, high-quality imaging and 
precise measurement tools. With the introduction of special matrix array probes for three-dimensional (3D) 
echocardiography in the late 2000s, it is possible to visualize structures in simultaneous multiplane modes 
up to detailed real-time 3D images[4-6].

Although echocardiography operates with harmless ultrasound beams, TEE is categorized as a semi-invasive 
imaging modality due to the insertion of the probe into the patient’s body. Nevertheless, several large 
studies have shown that TEE is associated with a low incidence of complications (< 1.5%), of which the 
majority are mild upper gastrointestinal complications such as dysphagia or gastric erosion[7-10]. Thus, 
international guidelines state that TEE should be routinely used in adults without contraindications during 
surgery on the thoracic aorta[11-14].

Especially in the non-elective setting, surgery of the thoracic aorta is often high-risk surgery, associated with 
significant blood loss, morbidity, and mortality. This requires optimal teamwork between the surgical, 
perfusion, and anesthetic teams. For cardiac anesthesiologists, as well as cardiologists and cardiac surgeons, 
a thorough understanding of the aspects of TEE is essential to guide the aortic procedure, evaluate surgical 
repair, and screen for possible complications.

In this narrative review, we discuss the different aspects of the use of TEE during surgery of the aorta. We 
start with a more technical part: The different parts of the thoracic aorta and how to visualize them. 
Secondly, we address aortic diseases and their appearance on TEE. Finally, we discuss the use of TEE during 
endovascular surgery of the thoracic aorta.

ANATOMY AND DEVELOPMENT OF THE AORTA
The thoracic aorta consists of the aortic root and a tubular part. The aortic root is a complex anatomic 
structure, which includes the aortic valve annulus, leaflets, leaflets attachments, inter-leaflet triangles, 
sinuses of Valsalva, and the sinotubular junction[15]. It connects the heart to the systemic circulation and 
gives rise to the coronary arteries. The coronary arteries originate at the left and right sinuses of Valsalva, 
situated distal to the aortic valve.

The tubular part of the thoracic aorta consists of three segments. The ascending aorta originates at the 
sinotubular junction and rises up to the brachiocephalic trunk.

The aortic arch begins at the brachiocephalic trunk and runs up to the left subclavian artery. In its course, it 
gives rise to three branches. In the most common anatomic variant (approximately 80% of the population), 
the branches of the aortic arch are the brachiocephalic artery, the left common carotid artery, and the left 
subclavian artery [Figure 1]. In approximately 14% of the population, the left common carotid artery arises 
from the brachiocephalic artery. In approximately 3% of the population, the left vertebral artery arises 
directly from the aorta[16].
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Figure 1. Overview of anatomy and the standard views that can be used to visualize the thoracic aorta. AscAo: Ascending aorta; AV: 
aortic valve; BCA: brachiocephalic artery; LAX: long axis; LCCA: left common carotid artery; LSA: left subclavian artery; ME: mid 
esophageal; RCCA: right common carotid artery; RSA: right subclavian artery; SAX: short axis, UE: upper esophageal. Grey area: blind 
spot.

The descending thoracic aorta starts distal to the left subclavian artery and runs down through the 
diaphragm, where it passes into the abdominal aorta. From the descending aorta arise the posterior 
intercostal arteries.

Aortic wall
The aortic wall consists of three layers. The tunica intima is the innermost layer, which is directly in contact 
with the blood flow. It is composed of endothelial cells that form a smooth, non-adhesive surface to help 
reduce friction as blood flows through the vessel. The tunica media is the middle layer, which is composed 
of smooth muscle cells and elastic fibers. It is responsible for regulating the diameter of the artery and 
maintaining blood pressure. The tunica adventitia is the outermost layer, which is composed of connective 
tissue and collagen fibers. It provides support and protection to the aorta and attaches it to surrounding 
structures such as the spine and other blood vessels.

Aortic dimensions
The diameter of the aorta decreases in its course, being the largest at the aortic root and the narrowest at the 
abdominal aorta. Aortic dimensions are affected by age, sex, daily workload, body surface area (BSA), and 
especially body height[17-19]. In ratio to BSA, the upper limit of normal has been defined as 2.1 cm/m2 for the 
ascending aorta and 1.6-1.8 cm/m2 for the descending aorta[18,20]. In addition, several nomograms, which 
include age, sex, and BSA, have been published, defining these upper limits more precisely[21-23].

Aortic embryology
During the embryologic development of the aorta, common cell types and signaling pathways form the 
common origin of structures of the heart and aorta. Aortic valve and vascular smooth muscle cells show 
many similarities, and development errors in these primitive cell lines may lead to associated 
abnormalities[24,25]. For example, an error in the formation of the aortic valve leading to a bicuspid aortic 
valve is associated with an aneurysm of the proximal thoracic aorta, due to the shared involvement of 
common cell types in the development of both structures. Conversely, a bicuspid aortic valve is rarely 
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associated with descending aortic aneurysms, which is formed by different cell types[25].

ECHOCARDIOGRAPHY OF THE AORTA
When assessing the aorta, it is important to optimize image quality (“knobology”). To improve resolution, 
image depth should be reduced, focus should be set to the near field and gain should be adjusted so the 
blood in the lumen is displayed as black on the screen[12]. If possible, increasing the ultrasound frequency 
(for example, with dynamic frequency tuning) can increase axial resolution, especially in the near field. 
With optimization of these settings, it is possible to differentiate the layers of the aortic wall; the luminal 
border of the intima appears as a grey line and the collagen-rich adventitia as a white line[26-28].

Echocardiography of specific aortic parts
Aortic root
The aortic root is best imaged in the mid-esophageal (ME) aortic valve (AV) short axis (SAX) (30-40°) and 
long axis (LAX) view (120-140°)[12]. In the SAX, the three sinuses of Valsalva can be distinguished. The left 
coronary artery is usually well visualized, arising at the left sinus of Valsalva to the right side of the screen. 
By carefully turning the probe to the left, the left coronary artery can be tracked down its course. The 
bifurcation can be visualized, where the left circumflex artery (LCx) runs up on the screen and the left 
anterior descending artery (LAD) runs down to the right side of the screen[29-31]. The right coronary artery, 
arising from the right sinus of Valsalva and typically running downwards on the screen, can be more 
difficult to image due to its smaller size and potential acoustic shadowing caused by the AV[31,32].

Measurements to be made at the root include the maximum diameters of the aortic annulus (at the hinge 
points of the aortic leaflets), sinus of Valsalva, and the sinotubular junction [Figure 2].

Compared to 2D TEE, the use of 3D TEE can lead to more accurate measurements of the aortic root 
structures. Foreshortening can be avoided by adjusting the perpendicular sectional planes[33]. Moreover, 
automated software combined with 3D TEE can result in accurate models and reproducible measurements 
of aortic root dimensions[34].

Ascending aorta
Compared to the aortic root, the ascending aorta runs steeper. It is best assessed from the ME AV LAX view 
by retracting the probe while reducing the probe angle to 90-100°[12]. The SAX view of the ascending aorta 
can be visualized by further reducing the probe angle to 0-10°. The proximal ascending aorta can usually be 
well-imaged with TEE. The right mainstem bronchus runs between the esophagus and the distal ascending 
aorta, which leads to refraction of the ultrasound. This area is called the blind spot [Figure 1], given that the 
distal ascending aorta is visible in only 10% of the cases[35]. For better visualization of this area with TEE, an 
endobronchial fluid-filled balloon catheter device (A-view® Cordatec Inc., Zoersel, Belgium) has been 
developed. With this device, the authors were able to visualize the distal ascending aorta in all cases in their 
study[35,36].

Epi-aortic ultrasound serves as an intra-operative alternative for TEE for visualization of the ascending 
aorta. With this technique, the surgeon scans the aorta via direct contact between the outer layer of the 
aorta and a high-frequency phased or linear probe[37].

Aortic arch
The aortic arch is visualized using the upper-esophageal (UE) SAX (70-90°), and the UE LAX view 
(0-10°)[12]. The proximal aortic arch and the brachiocephalic artery lay in the blind spot and may be difficult 
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Figure 2. Mid-esophageal aortic valve long axis view (127) with measurements made from leading-to-leading edge. Ao: Aorta; Asc: 
ascendens; Diam: diameter; LVOT: left ventricular outflow tract; ST junct: sinotubular junction; SVals: sinus of valsalva.

to visualize. In one study, the origin of the brachiocephalic artery was visualized in only 36% of the 
subjects[38]. Similar to its application in visualizing the distal ascending aorta, the A-view® method can also 
be used for imaging the proximal aortic arch[35,36].

The brachiocephalic artery might be visualized starting at the aortic arch by turning the probe clockwise, 
withdrawing slightly, and tilting the probe to the left or right to possibly overcome the interference of the 
trachea[39]. Further withdrawing the probe will demonstrate the bifurcation to the right subclavian artery and 
the right common carotid artery[38,39].

The distal aortic arch lies close to the esophagus and can thus be well visualized with TEE. The left common 
carotid artery is visualized in SAX by starting from the aortic arch LAX view (0-10°) and retracting the 
probe with a slight counterclockwise rotation[31]. Increasing the probe angle to 90° results in imaging the 
carotid artery in LAX. Tilting the probe slightly to the left might evade reverberations from the trachea[38]. 
Starting from the UE aortic arch LAX view (0-10°), the left subclavian artery can be viewed by withdrawing 
the probe while counterclockwise turning, with a slight upward flexion. By retracting the probe further and 
turning the probe slightly counterclockwise, it is possible to image the subclavian artery in LAX, along with 
the origins of the vertebral artery and the left internal mammary artery (LIMA)[31,38,40].

Descending thoracic aorta
The descending thoracic aorta runs parallel and close to the esophagus, resulting in excellent imaging 
quality. It is best visualized using the descending aorta views in SAX (0-10°) and LAX (90-100°)[12]. The 
intercostal arteries, which arise from the descending aorta, can be visualized in short axis by slowly 
advancing or retracting the probe with a slight angle. The use of Color flow Doppler (CFD) can help 
visualize the small arteries[41]. When imaging the descending thoracic aorta in LAX, multiple intercostal 
arteries may be seen in the same view[12,31]. Pulsed wave Doppler (PWD) of an intercostal artery typically 
shows a high resistance flow pattern with a prominent anterograde systolic flow and nearly no diastolic 
flow. This can distinguish the intercostal arteries from other vessels such as bronchial arteries or abdominal 
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branches, which show a low resistance type of flow pattern with prominent anterograde flow in both systole 
and diastole. Veins, on the other hand, typically show a continuous blood flow in systole and diastole[41]. 
Left-sided pleural effusion, if present, can be seen in SAX as a dark, triangle-shaped collection next to the 
aorta known as the tiger’s claw sign[42,43].

Measurement of dimensions
When assessing the size of the aorta, it is essential to measure accurately and to use standardized techniques, 
as these measurements guide the decision for surgery[17]. By convention, aortic diameters should be obtained 
from leading-to-leading edge as this method gives the best correlation with measurements done with inner-
to-inner edge measured by CT-scan or MRI[44]. Moreover, it is the most used technique in guidelines and 
reference articles[11,45]. For the best reproducibility, the aortic diameters should be measured in end diastole, 
since the aortic diameter has a variable increase in systole depending on the cardiac output[11,17,18,44-46].

Off-axis imaging should be avoided as it underestimates the size of the aorta in LAX views and, conversely, 
overestimates the size of the aorta in SAX. We recommend using simultaneous bi-plane mode to image the 
tubular part of the aorta from two perpendicular angles at the same time. This can help to prevent off-axis 
imaging as the diameter is measured perpendicular to the LAX of the aorta[11].

It is noteworthy that on ultrasound, the aortic wall thickness is falsely increased by 2 mm due to reduced 
axial resolution compared to CT or MRI, where the normal aortic wall thickness is typically 0.8-1.1 mm[44].

TEE DURING SURGERY OF THE AORTA
When assessing the thoracic aorta with TEE before and during surgery, it is important to use a systematic 
approach. When visualizing the aortic root and ascending aorta, it makes sense to use the AV as a landmark 
and retract the probe slightly. When the TEE probe is turned counterclockwise to posterior, the descending 
aorta is usually well visualized. Retracting the probe slowly will reveal the aortic arch and its branches. A 
summary of the standard views that can be used to visualize the aorta in SAX and LAX is shown in Figure 1.

Prior to surgery, but particularly before initiating cardiopulmonary bypass (CPB), it is essential to conduct a 
comprehensive examination of the heart to detect or rule out any abnormalities. Several aortic pathologies 
are associated with structural heart abnormalities, i.e., aortic dilatation, dissection, coarctation, and 
endocarditis are linked to a bicuspid aortic valve[47]. Furthermore, aortic pathologies, particularly if the 
aortic root is involved, can lead to coronary dysfunction, regional wall motion abnormalities, pericardial 
effusion, and aortic valve regurgitation.

After weaning from CPB, the result of the surgical repair and cardiac function have to be assessed carefully 
and discussed with the surgeon. Surgical interventions and prolonged CPB may lead to cardiac 
complications such as coronary occlusion and ventricular dysfunction.

Various surgical procedures potentially lead to distinct complications. During aortic root replacement, 
coronary arteries are re-implanted. TEE with CFD can play a vital role by verifying blood flow in the 
coronary arteries and excluding the presence of new regional wall motion abnormalities. If a valve-sparing 
technique is used, close inspection of the aortic valve is essential. This inspection should include 
measurements of the coaptation length, coaptation height, mean pressure gradient, and the presence of 
residual regurgitation, along with the mechanism of regurgitation[48]. After AV replacement, the mean 
gradient over the prosthetic valve should be determined to rule out patient-prosthesis mismatch.
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After ascending aorta or aortic arch replacement, the aortic lumen and the aortic branches can be visualized 
to assess adequate blood flow. If, during aortic arch replacement, a so-called (frozen) Elephant Trunk is 
placed, TEE can evaluate the position and blood flow over the Elephant Trunk[49] [Figure 3]. Elephant Trunk 
kinking is a rare complication, resulting in reduced blood flow in the descending aorta[50,51].

TEE and specific aortic diseases
Atherosclerosis
Atherosclerosis is the most common aortic disease and is characterized by the accumulation of lipids, 
inflammatory cells, and connective tissue within the arterial wall. It leads to thickening of the intima and 
may progress to the formation of atherosclerotic plaques[17,18]. The incidence of atherosclerotic plaques 
increases in the course of aorta, being lowest in the ascending aorta and highest in the descending aorta[52].

Several classification systems have been proposed for grading the severity of aortic atheroma. Based on the 
results of most studies, atherosclerosis severity depends on the level of intimal thickening. It is considered 
mild with 2-3 mm (grade 1), moderate < 4 mm (grade II), severe  4 mm (grade III), and complex, when any 
grade is associated with mobile or ulcerated components (grade IV)[17,53,54]. Progression of the atherosclerotic 
plaques can lead to a penetrating aortic ulcer or aortic dissection.

The presence of aortic atherosclerosis is associated with perioperative stroke. The risk of stroke rises with 
increased severity of atherosclerosis, especially in the presence of protruding atheroma ≥ 4 mm, the presence 
of a mobile component (mural thrombosis), and if the atherosclerotic plaques are located in the ascending 
aorta or aortic arch[52-55]. We recommend scanning the aorta prior to incision, but particularly before 
cannulation and cross-clamping to identify any atherosclerotic plaques. Their presence may prompt a 
change in surgical strategy[56].

On TEE, aortic atherosclerosis is characterized as intimal thickening with an irregular border, often with 
reverberation artefacts known as comet-artefact due to aortic wall calcifications [Figure 4]. Compared to 
two-dimensional (2D) imaging, 3D TEE provides superior visualization of the number, morphology, 
volume, and spatial extent of aortic atherosclerosis[54]. Furthermore, the use of simultaneous multiplane 
imaging (bi-plane) can lead to more rapid imaging of atherosclerotic plaques, especially in cases with 
complex plaque formation[57].

Epi-aortic ultrasound may be considered in cases where atherosclerosis is suspected but the cannulation site 
cannot be visualized with TEE. EUS guidance on surgical manipulation can lead to a change in cannulation 
or aortic clamping strategy in up to 36% of the cases and may reduce the incidence of postoperative 
stroke[58-60] .

Aortic dilatation and aneurysm
Aortic dilatation is defined as an enlargement of the diameter of the aorta to more than two standard 
deviations from the mean predicted diameter[17]. An aneurysm is defined as an artery dilated more than 50% 
of the normal diameter. While this applies well for the descending thoracic aorta, it is noteworthy that for 
the ascending aorta and aortic arch, the risk of rupture increases before this limit is reached[61]. Therefore, 
several authors recommend to use the term aneurysm for diameters > 45 mm[17,62].

The most common site of thoracic aortic aneurysm is the aortic root and ascending aorta (60%), followed by 
the descending aorta (35%) and the aortic arch (< 10%)[62]. Approximately 20% of the thoracic aortic 
aneurysms are related to a genetic disorder, such as Marfan’s syndrome or Ehler Danlos[63].
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Figure 3. Descending aorta short axis view. An enlarged descending aorta can be seen, with the Frozen Elephant Trunk clearly visible in 
the lumen. Right image with color flow Doppler with adequate flow in the Frozen Elephant Trunk. AoDs: Descending aorta; FET: frozen 
elephant trunk.

Figure 4. Simultaneous multiplane image with (A) Mid-esophageal descending aorta short axis view (0) and (B) Mid-esophageal 
descending aorta long axis view (90). Yellow arrows: Severe atherosclerosis (grade IV) with intimal thickening > 10 mm and irregular 
border. Blue arrows: Multiple reverberation artefacts from the calcified aortic (comet-tails).

Preoperatively, it is important to document the size and location of the aneurysm with TEE, although it can 
be challenging to measure the exact diameter of the dilated aorta due to off-axis imaging. Aortic 
regurgitation (AR) is a common secondary complication of aortic root and ascending aorta dilatation and 
can be severe[64]. When present, the severity and etiology of AR should be assessed with TEE.
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Sinus of Valsalva aneurysm is a rare congenital or acquired defect, which leads to severe dilatation of one or 
more sinuses. It can lead to rupture of nearby structures, in most cases, the right ventricle or the right 
atrium. In the event of rupture, CFD shows a continuous positive flow from the aorta to the nearby 
structure in both systole and diastole[65].

Aortic dissection
Aortic dissection (AD) is a result of a disruption of the intima (tear), leading to the accumulation of blood 
between the intima and media. This results in the formation of a second lumen, the so-called false lumen. 
Intimal tears typically occur at points of greatest wall stress, most commonly just above the sinotubular 
junction on the greater curve or just distal to the origin of the left subclavian artery. AD can be classified 
anatomically according to Stanford or DeBakey. AD is classified as Stanford type A or DeBakey I/II if the 
ascending aorta is dissected regardless of the location of the intimal tear. If the dissection is limited to the 
descending aorta, AD is classified as Stanford type B or DeBakey III. If the aortic arch is involved but not 
the ascending aorta, AD is classified as non-A-non-B[66,67]. The indication of surgical treatment depends on 
the type of dissection; Stanford type A and non-A-non-B AD usually require (immediate) surgery.

TEE can be used as a diagnostic modality for AD, with sensitivity reaching up to 99% and specificity 89% in 
acute cases[17]. The diagnosis of chronic AD can be more difficult to make with TEE, especially in cases 
where false lumen is completely thrombosed[55].

The intimal flap, which separates the true and false lumen, appears on TEE as a mobile echodense line[11,68]. 
An example of a dissection flap visualized on TEE is shown in Figures 5 and 6. The entry or re-entry tears 
appear as a disruption of the intimal flap and CFD shows blood flow over the tear. Imaging artefacts such as 
reverberation artefacts or side lobe artefacts can give a false impression of AD. Therefore, it is important to 
obtain multiple images of the intimal flap in different views[11,17,68].

Preoperatively, the proximal extension of the intimal flap should be demonstrated precisely to guide surgical 
decision making for aortic reconstruction. If possible, the distal extension of AD should be demonstrated as 
well. Studies indicate that the use of 3D TEE improves the location and size of the entry tear compared to 
2D echocardiography[69]. Furthermore, 3D TEE has been shown to enhance the visualization of the extent of 
the dissection flap[70].

After visualizing the dissection flap, it is essential to differentiate the true and the false lumen[11]. Important 
criteria include:

The false lumen is most often larger than the true lumen, especially further distal in the aortic arch and 
descending aorta.

PWD displays higher blood flow velocities in the true lumen in systole compared to the false lumen[11]. Low 
blood flow velocities can be displayed as spontaneous echo contrast or thrombosis in the false lumen.The 
true lumen expands in systole, while the false lumen is compressed. M-mode can help to visualize the 
extension and compression.

At the entry tear, CFD displays blood flow from true to false lumen in systole.

The direction of flow is anterograde in the true lumen, whereas it can be retrograde in the false lumen.
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Figure 5. Mid-esophageal aortic valve long-axis view (143) in a patient with type A aortic dissection. (A) The dissection flap (yellow 
arrows) is seen passing through the aortic valve (blue arrows) in end-diastole. (B) The same image with color flow Doppler, showing 
moderate aortic regurgitation.

Figure 6. Three-dimensional imaging of the mid-esophageal aortic valve long axis view (128) in a patient with type A aortic dissection. 
(A) In mid-diastole, the aortic valve (blue arrows) and dissections flap (yellow arrows) are seen. (B) In systole, the aortic valve opens 
(blue arrows) and the dissection flap (yellow arrows) is moved forward, showing the entry tear (red line).

The differentiation of the true and false lumen is particularly important for cannulation strategies. In cases 
where a guidewire is used, also known as Seldinger aortic cannulation, it is essential to confirm the position 
of the guidewire in the true lumen and to ensure it stays in place during the cannulation procedure. In 
alternative cannulation strategies, such as direct true lumen cannulation or the “Samurai procedure”, TEE 
can be used to visualize the correction of flow in the true lumen and exclude true lumen collapse after 
initiation of CPB[71].
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Further comprehensive imaging should determine the presence of associated complications due to AD, such 
as pericardial effusion, coronary artery or aortic branch involvement and para-aortic fluid[11,72]. Aortic 
regurgitation (AR) is the most frequent associated complication, and might result from dilatation of the 
aortic root, prolapse of the dissection flap through the AV or detachment of the valve commissures due to 
the dissection itself[66].

The etiology and classification of aortic regurgitation should be assessed preoperatively, as this guides the 
surgical decision process[73]. Type 1a AR, as a result of STJ and ascending aorta enlargement, will typically be 
corrected by restoring the geometry of STJ and ascending aorta. Type 1b, due to the extension of the 
dissection into the aortic root, can be managed by aortic root repair or replacement. Type II AR may be a 
result of aortic cusp prolapse due to commissural disruption or AV detachment, and can be surgically 
managed by aortic valve repair or replacement. Finally, Type III AR may be caused by intimal flap passage 
through the valve, which requires resection of the intimal flap[64,73].

Figure 5 shows an example of a dissection flap passing through the aortic valve.

After surgery, the evaluation of the repair with TEE includes aortic valve function, coronary flow detection, 
and regional wall motion abnormalities. The flow in the aortic lumens should be assessed by the 
echocardiographist to determine the correct flow in the true lumen and to rule out a residual connection 
between the true and false lumen.

Intramural hematoma
An intramural hematoma (IMH) occurs when blood collects in the media of the aortic wall, with the 
absence of an intimal tear, resulting from media vasa vasorum hemorrhage or rupture of an atherosclerotic 
plaque[18,68,74].

Typically, an intramural hematoma appears as a thickening of the aortic wall > 5 mm in a crescent-shape or 
concentric pattern. In patients with severe atherosclerosis, a cut-off value of > 7 mm is more specific[17]. The 
aortic wall shows a mixed echogenicity with predominant echo densities and no detectable blood 
flow[18,68,74]. The aortic lumen shape is generally preserved. The luminal wall is curvilinear and usually 
smooth [Figure 7]. This differentiates IMH from aortic atherosclerosis and intraluminal thrombus that 
presents more frequently with a rough, irregular surface[17,18,20,74]. Compared to AD, IMH is generally a more 
localized process, whereas a (thrombosed) false lumen often has a spiral course and shows an irregular 
intimal surface[17,74]. On the other hand, the extension of an IMH to the aortic lumen may eventually result 
in AD.

Iatrogenic aortic lesions
Iatrogenic aortic dissection (IAD) can result from several procedures such as coronary angiography, cardiac 
surgery, endovascular aortic procedures, intra-aortic balloon pump, or transcatheter aortic valve 
replacement[75]. During cardiac surgery, IAD occurs most frequently on the site of aortic arterial 
cannulation, on the site of aorta cross-clamping, and on the venous graft anastomosis[18,75] [Figure 8]. TEE 
can play a crucial role in readily confirming the diagnosis, when IAD is suspected by demonstrating an 
intimal flap and, if possible, the intimal tear. Besides confirming the diagnoses, TEE can be used to 
investigate the extension of injury and to detect any associated complications.

The mortality of IAD is more than doubled when it is diagnosed in the early postoperative period compared 
to the intraoperative period[76]. Therefore, we recommend routinely inspecting the aortic arch and 
descending aorta with TEE after surgery to detect or rule out IAD.
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Figure 7. Simultaneous bi-plane image. (A) Mid esophageal ascending aorta long axis (93°). (B) Mid esophageal ascending aorta short 
axis (17°). An intramural hematoma is seen in the ascending aortic wall. AoAsc: Ascending aorta; IMH: intramural hematoma; RPA: 
right pulmonary artery.

Figure 8. Upper aortic arch lAX view. Right image with color flow Doppler. Canula is visible in aortic arch (AC). Iatrogenic Aortic 
Dissection can be seen (yellow arrows).
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Iatrogenic intramural hematoma is a rare complication and has been described in literature in some case 
reports. In the perioperative setting, it can be caused by placement or manipulation of the aortic cannulas or 
by aortic cross-clamping[77]. Furthermore, it has been described to be caused by retrograde coronary 
dissection into the aortic root during percutaneous coronary interventions[78]. The echocardiographic 
assessment of iatrogenic IMH is similar to spontaneous IMH. It can be challenging to distinguish iatrogenic 
IMH from IAD[78,79].

Penetrating aortic ulcer
A penetrating aortic ulcer (PAU) occurs when an aortic atherosclerotic plaque ulcerates through the intima 
into the media of the aortic wall. It occurs predominantly in the descending aorta and less frequently in the 
aortic arch[18]. PAU can lead to an intramural hematoma, AD, aortic aneurysm, or rupture, if the adventitia 
is affected[68]. PAU appears on TEE as a focal, outpouching lesion with a rough, serrated edge[68,74] [Figure 9]. 
In the acute phase, it is frequently accompanied by hematoma localized around the lesion[74].

Traumatic aortic injury/aortic rupture
Traumatic aortic injury (TAI) most often occurs in blunt trauma or deceleration injuries. It can result in a 
variety of lesions, including AD, IMH, (pseudo)aneurysm formation, or (contained) rupture[18,62,80].

Aortic rupture is characterized as a disruption of all the aortic wall layers, leading to an acute, devastating 
clinical presentation that requires emergent repair whenever possible. Contained rupture commonly 
manifests as an aortic pseudoaneurysm, defined as a dilatation of the aorta due to disruption of all wall 
layers, which is only contained by the periaortic connective tissue[17,80].

The most common location of traumatic aortic injury is at the aortic isthmus just distal to the left 
subclavian artery, followed by the supravalvular portion of the ascending aorta. This is a result of torsion 
and shearing stress, while these structures are relativly immobile[18,62,80]. For TEE during surgery, it is 
important to visualize the aorta as much as possible to rule out any undetected lesions. TAI is frequently 
accompanied by mediastinal hematoma[80].

Aortic coarctation
Aortic coarctation is characterized as a narrowing of the aortic lumen due to a ridge of dense tissue. It is 
most often located just distal to the left subclavian artery, where the former ductus arteriosus was 
situated[81]. Aortic coarctation is typically congenital, although it can have an acquired cause due to 
inflammatory diseases or severe atherosclerosis[82]. Severe stenosis is suggested by high-velocity flow on CFD 
with continuous systolic and diastolic forward flow. Doppler gradient measurements are often unreliable 
because of the inadequate alignment of the ultrasound beam[81,83]. Post-stenotic dilatation of the descending 
aorta may be observed. Structural lesions associated with aortic coarctation and detectable with TEE are 
bicuspid aortic valve, left heart inflow and outflow anomalies, ventricular septum defects, and patency of the 
ductus arteriosus.

TEE can differentiate aortic coarctation from other aortic arch anomalies, such as pseudocoarctation and 
aortic arch hypoplasia. In pseudocoarctation, a marked dilatation of the aorta and kinking of the proximal 
descending aorta can be seen on ultrasound. Aortic arch hypoplasia, although rarely discovered in adults, is 
characterized by incompletely developed, narrowed arch with acute angulation[84].

Infectious endocarditis
Infectious endocarditis (IE) is a severe disease affecting heart tissue and valves and is associated with high 
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Figure 9. 2D (left upper) and 3D (right) image of the ascending aorta. A penetrating aortic ulcer can be seen. AoAsc: Ascending aorta; 
PAU: penetrating aortic ulcer; RPA: right pulmonary artery.

morbidity and mortality. The extent of IE can vary and it is characterized anatomically by a combination of 
vegetations, destructive valve lesions, and, in severe cases, abscess formation[85]. TEE plays a key role in the 
diagnosis of endocarditis in the preoperative period and it is used for prognostic assessment, risk 
stratification, and surgical decision and timing[86]. The risk of embolization is significantly increased with 
large (more than 10 mm) and highly mobile vegetations, or located on the mitral valve, as demonstrated by 
echocardiography[87-90]. Especially 3D TEE is useful for the evaluation of the size and morphology of 
vegetations, as it results in more accurate measurements than 2D TEE[91].

IE can result in aortic root abscess, which can be visualized on echocardiography as a nonhomogeneous 
echolucent, occasionally echodense area [Figure 10]. By definition, there is no connection between the 
abscess and the adjacent blood pool. If the abscess drains into the aortic lumen, it leads to the formation of a 
pseudoaneurysm, characterized by pulsatile flow on CFD[92]. Further progression of IE may lead to fistula 
from the aorta to the nearby heart chambers, visualized on TEE by highly turbulent systolic and diastolic 
flow across the fistula[92,93].

In the perioperative period, TEE is essential to assess the extent and the exact location of the infectious 
lesions before initiation of CPB, as the results of TEE often change the operative plan[92,94]. After weaning of 
CPB, a TEE study is essential to evaluate the surgical treatment and to decide whether further surgical 
interventions are needed[94]. If IE is related to a prosthetic aortic valve or Bentall graft infection, TEE might 
not be conclusive due to artifacts of the prosthetic valve[75].

Aortic graft infection
Aortic graft infection is a rare, but devastating complication after surgical or endovascular treatment of 
aortic pathologies. It normally indicates surgical intervention with significant early morbidity and 
mortality[95]. Surgical treatment options consist of partial or complete removal of the graft or debridement 
and irrigation[96].
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Figure 10. Modified mid-esophageal five-chamber view (0) with a focus on the right atrium. A large aortic root abscess presents 
(yellow arrows) with a fistula (white arrows) from the aortic root to the dilated right atrium. Continuous flow in systole and diastole is 
seen using color flow Doppler. LA: Left atrium; LV: left ventricle; RA: right atrium; RV: right ventricle.

On TEE, the infected graft may appear thickened and para-aortic fluid collections, hematoma, or abscesses 
may be seen[97]. Other findings on echocardiography associated with aortic graft infection include graft 
anastomotic disruption, fistulae, vegetations, or aneurysm formation[95].

Graft infections of the ascending aorta, in combination with prosthetic valve infection, may lead to valvular 
dysfunction or valvular dehiscence.

TEE FOR ENDOVASCULAR SURGERY ON THE AORTA
Thoracic endovascular aortic repair (TEVAR) has been used for two decades and has revolutionized the 
treatment for disease of the aorta. It is now the preferred approach for the treatment of aneurysms of the 
descending thoracic aorta, due to its reduced morbidity, hospital length of stay, and short-term mortality 
compared to open thoracic aneurysm repair[98]. Although TEVAR was developed for the treatment of 
aneurysmal disease, treatment indications now include complicated type B aortic dissection, intramural 
hematoma, penetrating aortic ulcer, and traumatic aortic lesions[98,99]. Recently, developments have been 
made for endovascular ascending aortic and aortic arch repair. This may be an alternative for patients who 
are considered at increased risk for open surgery[100].

Besides visualizing aortic pathologies as described previously, TEE can be used for the surgical guidance of 
several specific aspects of endovascular procedures:

Endovascular aortic surgery is performed using guidewires, which are usually placed retrograde via the 
femoral arteries. Correct positioning can be confirmed by TEE by demonstrating the guidewire in the 
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descending aorta in the descending aorta SAX (0-10°). The guidewire will show up as a small, echogenic dot 
in the lumen. If the guidewire lies close to the aortic wall, it may be difficult to visualize. Simultaneous bi-
plane mode or 3D imaging can demonstrate the guidewire in SAX and LAX, which aids in the visualization 
and can exclude potential artifacts [Figure 11]. It is noteworthy that during endovascular repair of the 
ascending aorta, the guidewires are placed across the aortic valve into the ventricular lumen.

In cases of AD, the standard imaging modalities used during TEVAR (fluoroscopy and angiography) cannot 
directly verify the correct positioning in the true lumen. However, with TEE, the true lumen can be 
identified and correct guidewire positioning can readily be confirmed[101,102]. Figure 12 shows an example of 
confirmation with TEE of the correct placement of a guidewire in the descending aorta.

During the procedure, TEE is suited as an imaging modality in addition to fluoroscopy and angiography for 
the guidance of the stent positioning. The presence of atherosclerotic plaque may complicate correct stent 
placement, and scanning the aorta on the site of stent deployment may detect or rule out its presence[103]. 
Ideally, stent grafts require a 20-25 mm landing zone proximal and distal to the lesion to acquire an 
adequate seal[99,104,105]. This landing zone can be determined by TEE. Subsequently, the tip of the probe can be 
set facing the most ideal landing zone, serving as a reference point for fluoroscopy[101,103]. For endovascular 
ascending aorta repair, the determination of the landing zone can be challenging and smaller distances may 
be accepted. The most common site for the entry tear in AD is just distal to the sinotubular junction, and in 
these cases, the sinotubular junction has been used as the proximal landing zone in several cases[104,106]. Even 
more proximal placement of the stent graft within the sinus of Valsalva has been described[104,107]. While 
visualizing the aorta in LAX, the correct stent graft positioning can be confirmed before and during stent 
graft deployment [Figure 13].

In TEVAR after aortic arch replacement with (Frozen) Elephant Trunk, TOE can be used to confirm the 
correct placement of guidewires and the endovascular stent in the Elephant Trunk, especially in challenging 
cases. The same applies to the positioning of an endo-prosthesis for the extension of a previous TEVAR. 
Moreover, recently developed hybrid grafts for thoracoabdominal aortic repair, such as the Toracoflo® 
(Terumo, Tokyo, Japan), rely completely on intraoperative TEE for the correct positioning of the 
endovascular part of the hybrid graft[108,109].

After stent deployment, the echocardiographist should confirm correct positioning and search for gross 
endoleaks. In addition, TEE can be used to detect flow in the stent graft excluded zone, the aneurysmal or 
false lumen. Exclusion from the blood pool leads to an initial “smoke phenomenon”, caused by initial 
thrombosis in this lumen. This can serve as a confirmation that the aneurysm or the primary entry is 
correctly stented[101,103]. CFD with the Nyquist limit reduced to 25 cm/s can be used to detect residual flow in 
the aneurysmal or false lumen[101]. Anterograde flow in the aneurysmal or false lumen indicates endoleak, 
while retrograde flow suggests flow from a re-entry tear. These findings may indicate extra stent graft 
placement or additional balloon dilatation. Studies have shown that the findings on TEE contributed to an 
alternation of the procedures in 38%-59% of cases[101,102].

After the procedure, TEE can be used to detect any new lesions, such as intimal tears proximal or distal 
from the stent graft. Furthermore, if the distance between the stent graft and aortic branches and the stent is 
small, TEE can be used to confirm adequate flow in these branches after stent deployment[101]. In ascending 
aorta stent grafting, TEE can be used to detect or rule out several specific complications. The AV could be 
damaged from stiff guidewire placement near or across the valve. Therefore, it should be evaluated for 
structural changes and functional abnormalities such as (worsening of) aortic regurgitation. Entrapment of 
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Figure 11. Three-dimensional view of a guidewire (yellow arrows) with correct placement in the descending aorta.

Figure 12. Simultaneous bi-plane image of the descending aorta with aortic dissection. (A) Descending aorta short axis 0° view. The 
true and false lumen can be differentiated. The guide wire can be seen as a small dot (yellow arrow). (B) Descending aorta long axis 
90° view. The guidewire can be seen in long axis (yellow arrows). Note that in this case, the true lumen was larger than the false lumen. 
FL: False lumen; TL: true lumen.

the guidewires in the mitral-valve subvalvular apparatus can occur. Moreover, the stent graft could 
potentially occlude the coronary ostia. Therefore, the coronary artery blood flow and normal regional wall 
motion should be confirmed.
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Figure 13. Descending aorta long axis 90° view with chronic aortic dissection, with a partially thrombosed false lumen. The proximal 
extent of the dissection is indicated with the upward orange arrow. The not-yet-deployed endovascular stent graft is seen (yellow 
arrows). FL: False lumen; TL: true lumen.

LIMITATIONS OF PERIOPERATIVE TEE
Although of great value during the perioperative period, TEE has some important limitations. The imaging 
quality is highly operator-dependent. Extensive training is needed, especially for the visualization of 
complex structures, flow patterns, and 3D echocardiography. Patient-specific contraindications may limit 
the use of TEE in the perioperative setting. These contraindications include esophageal varices or strictures, 
or a medical history of esophageal or gastric surgery[13]. As previously described, not all segments of the 
thoracic aorta are well seen with TEE. Particularly, the distal ascending aorta and the proximal aortic arch 
can be challenging to visualize. Moreover, calcifications, artefacts, and foreign bodies such as cannulas and 
prosthetic valves can compromise image quality. Furthermore, the spatial imaging of the thoracic aorta 
faces limitations due to the narrow 90° image sector, preventing the inclusion of long segments of the aorta, 
which may restrict topographic orientation[17,20].

FUTURE DIRECTIONS
Ongoing development is being made in ultrasound technology, leading to better imaging resolution, higher 
frame rate, and fewer artefacts. Increasing computer processing power on commercial ultrasound machines 
makes real-time 3D imaging with CFD more accessible in the operating theater. In addition, new imaging 
techniques have been developed, such as blood speckle imaging (BSI), which visualize flow patterns and 
blood vector velocities[110]. Current publications studying the fluid dynamics with this novel technique are 
mainly in the field of cardiac imaging, pediatric and congenital cardiology[111-113]. To date, no articles have yet 
been published concerning blood flow patterns during aortic surgery, although this may be an interesting 
addition to the functional evaluation of complex surgical repairs of the aorta.

Contrast-enhanced ultrasound (CEUS) has been used for cardiac imaging for decades. In this imaging 
modality, an intravenous contrast agent containing micro-bubbles is admitted, which aids in the imaging of 
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luminal borders, such as ventricular or vascular walls. In postoperative surveillance after endovascular 
surgery, it has been shown to be more sensitive and accurate for the detection and classification of endoleak 
compared to CT[114]. Furthermore, during TEVAR procedures, CEUS is feasible and more sensitive in the 
detection of endoleaks compared to standard TEE, making it an interesting addition to the perioperative 
imaging strategy for the guidance and control of TEVAR procedures[115,116].

Not surprisingly, ongoing development is made in surgical techniques and devices as well. An interesting 
concept is the Endo-Bentall, an endovascular device for AV and ascending aorta replacement[117]. The device 
consists of a transcatheter aortic valve prosthesis connected to an uncovered portion of the stent graft. The 
concept device is implanted via the transapical route and uses the AV annulus, sinotubular junction, and 
distal ascending aorta as landing zones while the uncovered portion of the stent-graft with coronary stents 
secures coronary perfusion[117]. To date, it has been utilized sporadically with custom-made or modified 
devices[118,119]. Alternatively, in one case, off-the-shelve grafts were implanted via the transarterial route[120]. 
Since the aortic root is a complex structure and correct positioning of the device is essential, perioperative 
TEE can be a valuable tool for surgical guidance and evaluation, and detection of complications. TEE has 
demonstrated right ventricular dysfunction due to coronary obstruction in one published case[120].

CONCLUSION
TEE is used during surgery on the aorta for the detection of aortic pathology, guiding of surgical decision 
making, and evaluation of the surgical repair. For perioperative echocardiographists, it is essential to know 
the key elements of TEE and aortic disease, as summarized in this article. With the developments made in 
echocardiography and surgical techniques, TEE remains an invaluable tool in the operation theater, now 
and in the future.
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