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ABSTRACT  

Purpose: Transesophageal echocardiography (TEE) is an efficient method for characterization of 

aortic atherosclerotic plaques (AAP). The aim of our study was to evaluate the feasibility and the 

additional contribution of three-dimensional (3D) TEE in the evaluation of AAPs in descending thoracic 

aorta. 

Methods: We studied 82 patients referred for TEE regardless of the indication. All patients underwent 

two-dimensional (2D) conventional acquisitions. A 3D TEE study was performed for all AAPs localized 

in the descending thoracic aorta. Thickness, degree of calcification, the presence of ulceration or 

mobile debris were compared for 2D and 3D modes. From 3D data, three types of AAPs were defined 

according to their morphological characteristics (surface and contours). 

Results: Among 192 AAPs found on 2D acquisition, 189 (98.4%) were also identified by 3D TEE. For 

AAP characterization, agreement was good between 2D TEE and 2D extracted from 3D with the 

multiplanar reconstruction mode: 83.6% (k=0.69) for thickness and 82.5% (k=0.72) for degree of 

calcification. All AAPs ulcerations (n=13) and mobile debris (n=3) seen in 2D were identified in 3D. 2D 

characteristics of the 3D AAPs’ morphological types were different: type I plaques were thin and rarely 

calcified; type III plaques were thicker and often calcified; and type II presented intermediate 

characteristics. There was overlap among groups. 

Conclusion: 3D TEE is a feasible method for the analysis of AAPs. In addition to conventional 

characterization, 3D TEE provides a new morphological approach to AAPs.  

 

Keywords: 3D TEE, Aortic plaque, Atheroma, Imaging, Transesophageal echocardiography 
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BACKGROUND 

Atherosclerotic disease is a leading cause of cardiovascular death [1] and constitutes a major public 

health issue. This disease, in its different localizations, is therefore generating increasing interest and 

remains a diagnostic and therapeutic challenge. 

In recent years, significant progress has been made in the examination of atherosclerotic 

plaque due to improvements in imaging methods. Several techniques for the morphological and 

functional analysis of atherosclerotic plaques were developed for coronary artery disease,[2][3]and 

magnetic resonance imaging (MRI) provides new data on carotid plaques.[4] 

Atherosclerosis in the descending thoracic aorta is a marker of diffuse atherosclerotic 

cardiovascular disease; atherosclerotic plaques localized in this segment of aorta are associated with 

coronary artery disease and cardiovascular events.[5][6][7][8]Transesophageal echocardiography 

(TEE) is an established technique to study aortic atherosclerotic plaques (AAP) [9][10]; moreover 

descending aortic atheroma is the most common extracardiac finding during routine TEE regardless of 

the indication.[11] 

Three-dimensional (3D) TEE was proposed and validated as a complementary ultrasound 

exploration to the two-dimensional (2D) approach, its utility in various circumstances  including native 

and prosthetic valve analysis and for monitoring of percutaneous catheter-based interventions has 

been established.[12]However, the usefulness of 3D TEE in the examination of AAPs has not been yet 

well explored.[13] 

The objective of this study was to evaluate the feasibility and the contribution of 3D TEE in the 

assessment of AAPs of the descending thoracic aorta.  

 

METHODS 
Study Population 

From January 1st to June 30th 2010, all patients referred to the ultrasound laboratory for TEE and 

examined by the same experienced operator (N.H.), who was familiar with the 3D mode, were 

considered for the study. The examination was carried out according to a standardized protocol. 

Exclusion criteria were the classic contraindications for TEE,[10][14] the absence of aortic atheroma 

identified in 2D TEE, and an incomplete examination of the aorta due to poor tolerance of the 

examination (Figure 1).  
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Ninety three patients were considered for the study. Of these, 11 did not meet all inclusion and 

exclusion criteria. The remaining 82 patients constituted the study population. Data on diabetes, 

hypertension, dyslipidemia, smoking, and serum creatinine level were collected from medical records. 

The consent of all patients was obtained and the study was approved by the institutional committee on 

human research. 

Acquisition of Images 

All examinations were performed on an iE33 system (Phillips Medical Systems, Andover, MA, USA) 

equipped with a 3D TEE probe. After a complete transthoracic echocardiogram, local anesthesia of 

the pharynx by lidocaine, and mild sedation with midazolam (mean dose 1.3 ± 0.4 mg; 5 patients were 

not sedated), patients were placed in the left lateral decubitus position. Following a conventional 2D 

TEE examination, [10][14] in particular of the valves, the left atrium, and the interatrial septum, the 

operator focused on the aorta. To optimize image quality, the size of the aorta on the display was 

increased by reducing the depth, the focus was moved to the near field, and the transducer frequency 

was increased. [10] The probe was withdrawn very gradually until the aortic arch in its various 

segments was reached.[9]The descending thoracic aorta was visualized in its short axis (TEE at 0°), 

and whenever an AAP (defined as a hyperechoic thickening of the intima, regardless of the thickness) 

was identified in 2D images, a rotation of 90° was carried out for viewing on its long axis and a 3D 

zoom mode acquisition was performed. Image acquisition was standardized, alternating a 2D loop of 

an AAP followed systematically by a 3D loop of the same AAP. Thus, 2D and 3D loops of the same 

AAP followed each other during the recording of the images.  

 

Image Analysis 

The images were transferred to a computer equipped with Phillips QLAB software (version 8.1) for 

post-processing. The analyses were performed more than 6 months after the examinations by two 

investigators (N.H., M.I.). The total duration of the TEE (defined as the time between the first and the 

last image of the examination) and the specific duration of the examination of the aorta (defined as the 

time between the first and the last image of the thoracic aorta) were collected. 

2D Data 

2D data were analyzed blinded to 3D TEE images and to clinical data. The number of AAPs was 

quantified and each plaque was measured on the incidence where it appeared the thickest (mean of 3 
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measurements). The AAPs were then classified into three categories according to their thickness: < 1 

mm, 1–3.9 mm, and ≥ 4 mm,[9]and the degree of calcification of each AAP was evaluated: not 

calcified (0), slightly calcified (+), or very calcified (++).The presence of mobile “debris” was noted; a 

disruption or marked irregularities of the AAPs’ surface defined ulceration (≥2 mm in depth and 

width).[9] 

Particular attention was given to the precise location of the AAP analyzed in the segment of 

descending aorta studied. Indeed, it was decided to divide the descending thoracic aorta in TEE 0° 

into 4 segments, segments 1 and 2 corresponding to the portions closest to the probe, and segments 

3 and 4 corresponding to the other half of the aorta.  

 

3D Data 

The 3D analysis was performed blinded to the 2D TEE data to clinical data. The quality of the 3D 

images was graded as insufficient, good, or optimal. To make sure that the plaque analyzed in 3D was 

the same which was analyzed in 2D, in cases where several plaques were identified on 3D 

acquisition, the elements of localizations defined above and collected during 2D analysis were used to 

define the plaque to be analyzed in 3D.  

 

Morphological Analysis in 3D 

Initially, 20 3D acquisitions of randomly selected AAPs were analyzed simultaneously by three 

confirmed echocardiographers (M.I., N.H., A.C. respectively 5, 10 and 25years experience with TEE). 

By consensus, AAP in 3D was defined as a persistent intimal thickening despite the reduction in gain 

to zero. In addition, three different morphological types of plaques were identified (Figure 2). Type I 

atheroma plaque was defined as an intimal thickening with regular contours and a smooth surface. 

Type II atheroma plaque was defined as an intimal thickening, with irregular contours and a bumpy 

surface. Type III atheroma plaque was defined as an intimal thickening with strongly marked irregular 

contours, a tortuous surface and an empty band under the plaque separating it from the aortic wall. 

In a second step, the morphological study of all 3D acquisitions was carried out by two investigators 

(N.H., M.I.) and the AAPs identified were classified according to the three types of plaques defined 

above.  
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2D reconstructions from 3D Data 

After the 3D morphological analysis, a study in multiplanar reconstruction (MPR) mode, allowing for 

the extraction of 2D data from the 3D volume, was systematically carried out. From reconstructed 2D 

images, a measurement of the maximum thickness (mean of 3 measurements) was done, and the 

degree of calcification of each AAP was evaluated (Figure 3). In addition, to morphological analysis 

from 3D image, the presence of mobile “debris” and/or ulceration was also searched for carefully in 

whole AAP 3D volume with MPR mode.  

Statistical Analysis 

Continuous variables are presented as medians with interquartile ranges (IQRs). Qualitative variables 

are presented as counts and percentages. The data were compared using the Fisher and Kruskal-

Wallis exact tests. Correlations between the different measures were evaluated using the Pearson 

correlation test. The agreement between 2D data and 2D data extracted from 3D acquisitions by MPR 

was evaluated by calculating the Kappa coefficient. Using the Bland–Altman approach, the mean 

difference and the 95 % limit of agreement was also calculated. 

To evaluate intra- and inter-observer agreement in the analysis of plaque morphology in 3D, 

40 randomly selected plaques were reviewed blinded to the initial evaluation and the Kappa coefficient 

was calculated. A P value < 0.05 was considered statistically significant. STATA software version 11 

was used to perform all analyses. 

 

RESULTS 
Population Characteristics 

The characteristics of the population are summarized in Table 1. Patients' median age was 62.3 

(55.2–75.1) years and 33 patients (40.2%) out of a total of 82 were women. 

 

Transesophageal Echocardiography 

The tolerance to the examination was satisfactory in 98.8% of cases and no complication was 

observed. The median duration of examination was 9.2 (6.2–12.2) minutes, the median time to 

examine the aorta was 2.2 (1.3–3.7) minutes.  
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2D Analysis 

A total of 192 AAPs were identified by 2D TEE, with a median of 2 (1–3) AAPs per patient. Ninety-five 

(49.4%) AAPs were not calcified, 65 (33.9%) were slightly calcified, and 32 (16.7%) were very 

calcified.  

The median thickness of the AAPs was 2.0 mm (1.1–2.7 mm); 38 (19.8%) were< 1 mm, 132 (68.8%) 

were 1–3.9 mm, and 22 (11.4%) were≥ 4 mm. Ulcerations and mobile debris were identified in 13 and 

4 AAPs respectively.  

3D Analysis 

Of the 192 AAPs viewed by 2D TEE, 189 (98.4%) were identified by 3D TEE. The missed plaques 

were thin (thickness between 0.5 and 1.2mm) and not calcified in 2D. The mean 3D TEE off-line 

review time was 2.5 minutes per plaque and the quality of the 3D images was rated as good or optimal 

in 95% of the cases. 

Of the 189 AAPs identified in 3D, 77 (40.7%) were a type I, 63 (33.4%) were a type II, and 49 

(25.9%) were a type III. The 2D TEE characteristics for the three morphological types of AAP in 3D 

TEE were different (Table 2). Type I AAPs are thin and rarely calcified, type III AAPs are thicker and 

often calcified, and type II AAPs have intermediate 2D TEE characteristics. The 3D morphology could 

not be formally predicted based on 2D TEE characteristics, due to significant overlap between the 

measurements of plaque thickness for types II and III (Figure 4).  

There was similar intra- and inter-individual agreement for the 3D morphological analysis of 

AAPs, with 93% (kappa=0.88) of AAPs classified in agreement with the first reading. 

MPR Analysis of 3D Acquisitions  

A good correlation (r = 0.92, P < 0.001) was observed between 2D measurements extracted from 3D 

acquisitions and those carried out on the 2D TEE data.  The mean difference between the both 

methods was -0.1mm, the 95% limits of agreement were -1.4 to 1.2mm (Figure 5).  

Table 3 presents the conventional classification of AAPs according to their 2D TEE 

characteristics and those extracted from 3D by MPR. The agreement between the two methods was 

good, at 83.6% (kappa = 0.69) for the measurements of thickness, and 82.5% (kappa = 0.72) for the 

degree of calcification.  

All AAP ulcerations (n=13) and mobile debris (n=3) seen in 2D have been identified from 3D 

images (Figure 6) (Video 1). 
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DISCUSSION  
In this study evaluating 3D TEE applied to the study of AAPs in the descending thoracic aorta, we 

have shown the feasibility of the method and an excellent agreement for AAP characterization 

between the 2D data extracted from 3D TEE and those measured from conventional 2D. In addition, 

3D TEE provides an original morphological approach for the study of AAP. 

 

Feasibility 

We showed that 3D TEE is an appropriate tool for evaluating AAP. Indeed, 98.4% of plaques viewed 

in 2D were visualized in 3D. The median 3D TEE examination time seems to be acceptable for routine 

use, being relatively similar to that for a conventional 2D TEE examination.[15][16] 

 

2D TEE Aortic Atherosclerotic Plaques 

With 2D TEE a total of 192 AAPs were identified on the descending thoracic aorta. Echocardiographic 

studies do not usually report the number of plaques studied by aortic segment.[5][6][7]In 120 

consecutive necropsy studies, Khatibzadeh et al.[17]reported a mean of 2.2 plaques per patient, 

including fatty streaks on the descending thoracic aorta. This result is very similar to our own. 

 

3D TEE Aortic Atherosclerotic Plaques 

We found good agreement between the 2D measurements and those extracted from 3D by MPR, 

which has been validated and routinely used for 3D visualization in computed tomography (CT).[18] 

However, two cases of clear disagreement between the two methods were observed (figure 5). 

Because these cases concerned very protrusive aortic plaques (> 6 mm), it is possible that the 

measurements extracted from 3D were not made at exactly the same level of cut as those carried out 

on the corresponding 2D images; the MPR mode makes it possible to “navigate” in the entire acquired 

3D volume and to measure the thickest part of the plaque, as well as, to analyze the plaque 

morphology looking in particular for ulcerations or mobile debris (Figure 6). The optimized cross-

sectional planes of the heart that provides the 3D is one of the important advantage of this technology 

over the 2D, it allows accurate measurements of chamber dimensions as well as improved evaluation 

of the morphology of different structures. [12]. The analysis of the degree of calcification of the 

plaques also shows a good agreement between the 2D and 3D analyzed in MPR.  
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All AAP ulcerations and mobile debris seen in 2D were identified from 3D images. Similarly, a 

study reported the ability of 3D TEE for the identification of these morphological AAP 

characteristics.[19]In that study, the 3D TEE was dedicated to morphological assessment of large 

plaques without any quantitative evaluation from 3D. In another work, a good agreement between 

quantitative 2D and 3D evaluation of AAP has been shown. However, the evaluation of AAP 

calcification as well as the morphological analysis of AAP from 3D were not investigated. [13] 

A 3D acquisition offers a much greater volume of data than that acquired with 2D acquisition. 

In this work, we have systematically acquired 2D and 3D images separately. Given the good 

agreement between the information extracted from the two modes, our findings support that a 3D TEE 

exploration protocol of descending aortic atheroma appear to be as efficient as the standard protocol. 

In the new approach, the 2D is used for guiding 3D volume acquisitions; however, the technically 

difficult and time consuming on-line 2D multiplane imaging is avoided.  

From a morphological perspective, most of the AAPs were classified as type I. While the three 

types of plaques in 3D acquisitions had different 2D characteristics, there was significant “overlap” of 

the 2D appearance between the plaque categories. It is not therefore possible to predict reliably the 

3D morphology from the 2D characteristics. The clinical meaning of this new morphological AAP 

approach remains to be evaluated.  

Type III AAP were associated with an empty band under the plaque giving the impression of a 

“floating” plaque. In 2D acquisitions, this type of plaque is most often calcified. Thus, the space below 

the plaque could correspond to a posterior acoustic shadowing.  

 

Potential applications of 3D TEE 

The management of the increased workload of the echocardiography laboratories is a current 

important issue. [20]As descending aortic atheroma is the most common extracardiac finding during 

TEE, [11] the implementation of the new 3D protocol in routine appear to be a promising interest of 3D 

AAP approach. It might be helpful to reduce the examination duration. In addition to the optimization of 

the laboratory efficiency, this could also improve the patient comfort. 

3D TEE might also be used to check carefully off-line by MPR mode the entire plaque volume 

and make sure that the measure of thickness is done at the right place (maximal thickness) with the 
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right method (perpendicularly to the aortic wall). That could be very helpful to verify the appropriate 

classification of the AAP with a 2D thickness close to the 4mm validated cut-off value. [9] 

The standardization of on-line acquisition protocol and MPR post-processing that allow 3D 

TEE make this technology a promising tool for clinical research. MRI and CT could also be used for 

the assessment of AAP. However, MRI is expensive and cannot be performed at the bedside, while 

CT exposes patients to radiation and contrast injection. 

 

Limitations 

The review time for 3D acquisitions is an obstacle to the use of this technique. However, improved 

post-processing software should reduce the analysis time in the future.  

In this study, the quantitative approach to AAP volume was not possible. Improved post-

processing software should soon allow for this to be evaluated. Recently, a study reported a 

quantitative approach for AAP volume, which correlated well with 2D measurements. However, in this 

work the volume was not measured; rather, it was estimated by multiplying the surface area by plaque 

thickness, which no doubt explains the correlation with 2D acquisitions.[13] Using a pre-commercial 

new software another group have reported very recently the feasibility of semiautomated volume 

quantification of AAP from 3D TEE images. [21]In this latter work the correlation between maximum 

AAP thickness and volume was only moderate. Further studies are warranted to investigate the 

clinical impact of this very promising new quantitative approach of AAP.  

The study of AAP in aortic arch involved in neurovascular disease was not carried out in this 

study. In fact, we decided as a first step to evaluate 3D TEE approach of AAP in descending thoracic 

aorta. Our very encouraging results need to be confirmed in aortic arch which is technically more 

complex to study by ultrasound. 

Finally, in this feasibility study we excluded the subjects without aortic atheroma in 2D. It 

would be interesting in next studies to assess if 3D TEE could detect AAPs that are not detected in 

2D. 
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Conclusion 

3D TEE is a feasible method for the analysis of AAP of the descending thoracic aorta. In addition to 

conventional characterization, 3D TEE offers a promising approach to the disease as much 

morphologically as quantitatively. The clinical impact of 3D TEE approach of AAP should be 

investigated in larger studies.  
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FIGURE LEGENDS 
Figure 1. Study flow chart. 

AAP, aortic atherosclerotic plaque; MPR, multiplanar reconstruction mode; TEE, Transesophageal 

echocardiography; TTE, transthoracic echocardiography 

 

Figure 2. Three morphological types of plaques found by 3D TEE (arrows): 

Type I: Intimal thickening, regular contours, and smooth surface. 

Type II: Intimal thickening, irregular contours, and bumpy surface. 

Type III: Strongly marked irregular contours with tortuous surface and empty band under the plaque. 

 

Figure 3. MPR allowing the analysis of degree of calcification and the thickness measurement of an aortic 

atherosclerotic plaque (arrows) from a 3D image.  

(A) Long- and (B) short-axis reconstructions; note the hyperechogenic image with a posterior cone shadow 

(calcified plaque); (C) short-axis reconstruction with thickness measurement; and (D) original 3D 

morphology. 

 

Figure 4. 2D Thickness values in the three morphological 3D types of plaques. There was an overlap among 

the groups and the 3D morphology could not be predicted from 2D data. The box defines the interquartile 

range, the median value is indicated by the bar, and the whiskers indicate the minimal and maximal 

thickness.  

 

Figure 5. Bland-Altman analysis demonstrated a good agreement between plaque thickness derived from 

2D TEE and 3D MPR.  

MPR, multiplanar reconstruction mode; SD, standard deviation; TEE, Transesophageal echocardiography 

 

Figure 6. Two short axis reconstruction plans of the aorta extracted with MPR mode from a 3D acquisition of 

a voluminous aortic plaque. (A) The red line cutting plane shows the maximum thickness of the plaque and 

an ulceration (arrow); (B) at the green line cutting plane the plaque appear to be thinner and the ulceration is 

not displayed.  
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TABLES 
Table 1 Baseline characteristics of the study population (n = 82) 

Characteristic n (%) or median (interquartile range) 

Age, years 62.3 (55.2–75.1) 

Gender, women 33 (40.2) 

Body mass index, kg/m² 25.4 (22.4–28.0) 

Hypertension  38/77 (49.4) 

Smoking (current or past) 34/77 (44.2) 

Diabetes 20/77 (26.0) 

Hypercholesterolemia 32/77 (41.6) 

Atrial fibrillation 25 (30.5) 

Serum creatinine*, µmol/L  77 (66–98) 

Prior myocardial infarction 10/77 (13.0) 

Prior stroke 9/77 (11.7) 

Left ventricular ejection fraction**, % 65 (60–70) 

Left atrial area**, cm² 21 (19–28) 

Transesophageal echocardiography indication 

Stroke 53 (64.6) 

Atrial fibrillation 8 (9.8) 

Valvulopathy 7 (8.5) 

Endocarditis 6 (7.3) 

Others 8 (9.8) 

*n=74; **from transthoracic echocardiography  
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Table 2 Two-dimensional (2D) characteristics of the three-dimensional (3D) morphological types of 

atherosclerotic plaques in the descending aorta (n = 189) 

Variable  From 3D P value 

Type I 

(n = 77) 

Type II 

(n = 63) 

Type III 

(n = 49) 

 Plaque thickness, mm 1.0 (0.8–1.1) 2.3 (2.0–3.0) 2.7 (2.1–3.6) .0001 

From 2D Plaque calcification     

Not calcified (0) 72 (93.5) 17 (27.0) 3 (6.1)  

Slightly calcified (+) 5 (6.5) 39 (61.9) 21 (42.9) < .0001 

Very calcified (++) 0 (0) 7 (11.1) 25 (51.0)  

Results are expressed as median (IQR) or n (%) as appropriate 
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Table 3. Agreement analysis between 2D and 2D data extracted from 3D images by multiplanar 

reconstruction mode (MPR) 

  

Thickness 

 

< 1 mm 

From 3D 

1–3.9 mm 

 

≥ 4 mm 

 

n 

 < 1 mm 36 (97.3) 1 (2.7) 0 (0) 37 

From 2D 1–3.9 mm 23 (17.6) 104 (79.4) 4 (3.0) 131 

 ≥ 4 mm 0 (0) 3 (14.3) 18 (85.7) 21 

  

Calcification 

 

Not calcified 

From 3D 

Slightly calcified 

 

Very calcified 

 

 Not calcified 81 (88.0) 11 (12.0) 0 (0) 92 

From 2D Slightly calcified 3 (4.6) 47 (72.3) 15 (23.0) 65 

 Very calcified 0 (0) 4 (12.5) 28 (87.5) 32 

Results are expressed as n (%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


