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Infective endocarditis (IE) is a condition that predominantly affects native or prosthetic heart valves, which is currently on the rise due to the increase 
in invasive cardiology procedures, such as the utilization of cardiac implantable electronic devices and transcatheter interventions. The recom-
mended imaging tests for diagnosis are 2D transthoracic echocardiography (2D TTE) and 2D transoesophageal echocardiography (2D TOE). 
However, these modalities present limitations in detecting vegetations and estimating their dimensions. These disadvantages can be overcome 
by 3D transoesophageal echocardiography (3D TOE), particularly with the multiplanar reconstruction tool, which allows for the visualization of 
infinite valve planes, thus optimizing the detection of lesions and precise measurements. Furthermore, the volume rendering provides insight 
into the anatomical relationships between lesions, which is particularly useful for surgical planning. In this review, we aim to discuss the role of 
this recent imaging modality in the diagnosis, prognosis, and therapeutic of IE. Finally, we present a collection of images that illustrate the use of 
3D TOE tools.

* Corresponding author.  E-mail: eliale123@hotmail.com
© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and 
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information please contact 
journals.permissions@oup.com.

European Heart Journal - Imaging Methods and Practice (2024) 2, qyae085 
https://doi.org/10.1093/ehjimp/qyae085

REVIEW

https://orcid.org/0000-0002-7538-2125
https://orcid.org/0009-0001-6541-7486
https://orcid.org/0000-0002-7497-3898
https://orcid.org/0000-0001-7908-5200
https://orcid.org/0000-0002-3846-0868
https://orcid.org/0000-0002-1061-3893
https://orcid.org/0000-0002-3670-0776
https://orcid.org/0000-0002-7055-2308
https://orcid.org/0009-0002-2798-8277
https://orcid.org/0000-0001-9132-0445
https://orcid.org/0000-0001-7605-2008
https://orcid.org/0000-0002-4136-5802
mailto:eliale123@hotmail.com
https://creativecommons.org/licenses/by-nc/4.0/


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Graphical Abstract

Lesions in IE.
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Introduction
Infective endocarditis (IE) is a rare condition classically affecting cardiac 
valves, currently extending to the infection of intracardiac devices.1–4

The annual incidence of this condition can reach 10 cases per 100 000 
individuals, while in developed countries, the mortality rate is approxi-
mately 30% despite advances in its treatment.5 In the contemporaneous 
era, we are experiencing an epidemiological transition, which is primarily 
attributable to more invasive healthcare attention, such as the utilization 
of cardiac implantable electronic devices and transcatheter interventions. 
These factors account for 25–30% of cases, as evidenced by recent co-
hort studies.3,4,6,7

From a pathological perspective, microorganisms colonize the 
valvular endocardial surface, resulting in the formation of vegetations 
(platelet aggregates, fibrin, inflammatory cells, and microorganisms). 
Simultaneously, and to varying degrees, a process of tissue destruction 
occurs leading to perforation, abscess formation, pseudoaneurysm, 
aneurysm, fistulas, and even suture dehiscence in the case of pros-
theses (Graphical Abstract).8 These findings are typically detected 
through 2D transthoracic echocardiography (2D TTE) and/or 2D 
transoesophageal echocardiography (2D TOE), both of which consti-
tute the cornerstone in the diagnosis of IE.9,10 However, there are 
limitations to these techniques that can lead to delays in the detection 
of lesions, which can be detrimental in a devastating disease such as 
this one.9

In this regard, 3D transoesophageal echocardiography (3D TOE) and 
especially the multiplanar reconstruction (MPR) tool allow us to 
improve the identification, morphostructural characterization, and 
measurement of endocarditis lesions than can be visualized in unlimited 
planes. On the other hand, volume rendering allows us to obtain 

highly realistic images of IE lesions, which helps us to typify them and 
understand their spatial relationship within the heart. Therefore, this 
complete information is crucial for diagnosis, prognosis, and surgical 
planning (Table 1).11–15

The aim of this document is to describe the role of 3D TOE and its 
tools in different types of endocarditis lesions, for which a systematic 
literature search using electronic databases was performed. This paper 
presents the offline processing of a case collection.

2D TTE/2D TOE in IE
2D TTE and 2D TOE are the most commonly used and determinant 
imaging modalities in the diagnosis of IE. 2D TTE is the first-line mo-
dality for detecting IE lesions, assessing valvular structural and func-
tional damage, and determining biventricular size and function.9,16,17

However, 2D TTE has difficulties in detecting small vegetations, 
perivalvular complications, and lesions in prosthetic valves or im-
planted cardiac devices and in providing sufficient morphostructural 
characterization.9,11,16,17 For these reasons, 2D TOE should be per-
formed after 2D TTE in all scenarios of suspected or diagnosed IE, ex-
cept in cases where the clinical suspicion is low.11

Several studies have reported the diagnostic superiority of 2D 
TOE over 2D TTE in the detection of native valve endocarditis 
(sensitivity, 90–100% vs. 55–90%; specificity, >90% vs. 90%).5,16–18

These differences are explained by suboptimal acoustic windows in 
the transthoracic approach (due to obesity, chronic lung pathology, 
or other thoracic defects), the higher temporal-spatial resolution of 
2D TOE [allowing detection of small masses (up to 1 mm) in motion], 
and the proximity of the oesophageal transducer to the heart.16,19–21
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A similar scenario occurs in prosthetic valve endocarditis, where 2D 
TTE showed low sensitivity (36–69%), whereas 2D TOE demonstrated 
sensitivity and specificity > 85%.19,22

Despite the high diagnostic performance of 2D TOE in the study of 
IE, it has certain disadvantages, such as a restricted acquisition to some 
planes of a volumetric structure, limited data acquisition when proced-
ure speed is required, and usually underestimated vegetation sizes, 
which in combination could affect lesion detection and embolic risk 
prediction.23–25 This performance is even lower when the operator 
is not an expert echocardiographer, as demonstrated in a recent study 
that found cardiologists or novices obtained vegetation measurements 
with greater variance than experienced operators.26 Additionally, pla-
nar images do not facilitate surgical planning as volumetric images do. 
All these drawbacks are overcome by 3D TOE,11,12,15,27,28 which be-
comes a complementary and highly useful test for the diagnosis and sur-
gical planning of IE.

Finally, it is important to mention that 3D transthoracic echocardiog-
raphy can better characterize endocarditis lesions than 2D transthor-
acic approach in good acoustic windows. However, it does not 
increase the detection of this disease in comparison with 2D TTE 
and has a lower image quality than 2D TOE.2,14

Introduction to 3D TOE
3D TOE is a recent modality of transoesophageal ultrasound that in-
volves volumetric acquisition and analysis of a cardiac structure of inter-
est. The entire volume can be acquired in one cardiac cycle or in 
multiple cycles (multiple sub-volumes that add up to one volume), de-
pending on the desired spatial and/or temporal resolution. The in-
creased ability to discriminate small structures requires the use of a 
higher number of cycles, which requires a fixed heart rate and con-
trolled breathing.11,12

Offline processing or data analysis is as important as data acquisition, 
and it provides two main final products: 

(A) Volume rendering: 3D views with high realism of a structure of 
interest, providing information about its anatomical relationships. 
Techniques such as transillumination and transparency enhance the 
sense of three dimensionality.11,12

(B) Unlimited planar images: derived from a MPR of the acquired volume, 
these are valuable for detecting and characterizing the morphostruc-
tural features of specific structures.11,12,15,23 In addition, tracing the 
area of the vena contracta helps to assess the severity of valvular 
regurgitation.11,12

An important aspect regarding the matrix array transducer (3D) is its 
ability to provide two simultaneous planes in real time, which allows the 
acquisition of unconventional 2D images, shortens the procedure time, 
and is of paramount importance in structural interventions.11

The primary application of 3D TOE in the field of IE results in the 
following: 

• Volumetric images from different perspectives of IE lesions, allowing the 
typing of the lesions and demonstrating their spatial relationships within 
the heart11,17,29,30

• Unlimited 2D image acquisition, maximizing vegetation detection, length 
assessment, and precise lesion characterization16,17,23,24

Lesions of endocarditis
Vegetations
Vegetations are typical and common lesions of IE, and their dimensions 
determine the indication for surgery to reduce embolic risk.9 They con-
sist of heterogeneous echogenic formations with a filiform, sessile, or 
clustered morphology that are usually attached to the valves and 
show independent movement.16,24,31 In the mitral valve, they tend to 
adhere to the atrial side of the leaflets with movement towards the 
left atrium during systole, whereas in the aortic valve, they adhere to 
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Table 1 Ultrasound modalities in IE

Advantages Disadvantages Indications

2D TTE • Accessible

• Non-invasive

• Provides functional and haemodynamic 
data

• Acoustic window

• Lower spatial resolution 

compared with 2D TOE

• First-line test in diagnosis

3D TTE • Non-invasive

• Improved characterization of lesions

• Acoustic window

• Lower spatial resolution 
compared with 3D TOE

• Not accessible in all centres

• Does not improve detection of 
endocarditis

• Typification of endocarditis lesions in 2D TOE 

contraindication

2D TOE • Better definition of cardiac structures

• Higher sensitivity and specificity for small 
vegetations

• Semi-invasive • Test that should continue to 2D TTE, except in 

cases of low clinical suspicion

3D TOE • Improved detection of vegetations and 

characterization of lesions
• Enhanced precision in measuring 

maximum vegetation length

• Increased detection of perivalvular 
pathology

• Surgery planification

• Not accessible in all centres

• Semi-invasive

• Non-conclusive diagnosis with 2D TOE

• Determine dimensions accurately
• Suspicion of perivalvular lesions or complex 

pathologies
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the ventricular side of the leaflets protruding into the outflow tract dur-
ing diastole.32

The technical superiority of 3D TOE over 2D TOE allows for better 
vegetation detection, accurate morphospatial characterization (num-
ber, location, morphology, consistency, mobility, and relationship to 
the valve structure), and more precise measurement of their maximum 
lengths. This information is crucial in the diagnostic process, prognostic 
evaluation, and treatment decision-making.13,23,24,25,33,34 Similarly, a 
better ability to detect vegetations in prosthetic valves has been de-
monstrated with this modality.13,35–37

The dimensions of the vegetations have a direct impact on the predic-
tion of embolization, so that patients with vegetations > 10 mm and an 
embolic event or valve dysfunction should be recommended for urgent 
surgery.9,23,25,32,38 It is worth mentioning that patients with vegetations  
> 30 mm have a high risk of neurological events.9 When comparing 2D 

and 3D images, one study identified the best cut-off point at 17 mm for 
maximum length using 3D TOE and ≥15 mm for 2D TOE, demonstrat-
ing better diagnostic accuracy with the former (78% vs. 65%, respective-
ly).24 Therefore, the application of dimensions derived from 3D images in 
current management guidelines could lead to surgery in a greater pro-
portion of patients. Regarding tricuspid vegetations, they are better char-
acterized by 3D TOE than by 2D,39–41 and a maximum length of 
>16.4 mm strongly predicts septic pulmonary embolism.42

It is worth noting that this superior diagnostic performance is 
achieved using the MPR tool of the 3D software, which analyses planar 
images. In contrast, the sensitivity of 3D TOE is lower than 2D when 
using volume rendering images (94% vs. 63%),17 which is explained by 
the lower spatial resolution of the 3D image compared with 2D. 
Therefore, measuring structures in volume rendering images is not re-
commended (Figures 1–3; Videos 1 and 2).

Figure 1 Vegetations. (A) TOE at mid-oesophageal level acquired at 131°, volume rendering with transillumination. View in face of the closed mitral 
valve, showing three ovoid vegetations (red arrows) (Video 1). (B) MPR of the previous image, locating vegetations in A1, A2, and P3 (white arrows), with 
the central one being the longest at 6 mm in length. (C ) TOE at mid-oesophageal level acquired at 134°, volume rendering with transillumination. 
Surgeon’s view of the mitral valve shows sessile vegetations along the intercommissural line (red arrows). (D) MPR of the previous case, showing mod-
erate thickening of medial scallops (bottom left quadrant), with the presence of vegetation at the A2 level (white arrow). (E) TOE at mid-oesophageal 
level acquired at 121°, volume rendering of mitral bioprosthetic valve. Medial section of the prosthesis shows filamentous vegetation longitudinally tra-
versing the prosthesis (white arrow). (F ) MPR of the previous volume, displaying maximum lengths in different views (white arrows). LA, left atrium; LV, 
left ventricle.
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Device-related endocarditis
Pacemaker, resynchronization device, or cardioverter-defibrillator 
leads are associated with IE in less than 1% of cases.16 2D TTE has 
low sensitivity and specificity for the detection of lead vegetations; 
therefore, transoesophageal approach is recommended, which allows 
for more detailed characterization of valvular involvement.43 Benign 
thrombi on the leads should not be confused with vegetations44; we be-
lieve that the absence of suggestive images of vegetations and the clin-
ical context are useful to differentiate them. 3D tools such as 
simultaneous biplanar images allow us to visualize the course of the 
leads in two planes, including their passage through the tricuspid valve, 
which in our opinion better detects the presence of vegetations. Finally, 
large acquired volumes allow panoramic views of longer segments of 
pacing leads, increasing the probability of visualizing vegetations on 
the leads.16

Perivalvular abscess
Perivalvular abscesses were found at autopsy in 37% of patients with IE 
and are more common in prosthetic aortic valves with extension to the 
mitroaortic fibrous tissue.31,45 In mitral involvement, they are often lo-
cated in the posterior or lateral aspect of the annulus.31 This condition 
leads to complications such as electrical disturbances, fistulization, peri-
cardial disease, and myocardial ischaemia,46 which significantly worsen 
the prognosis, especially in the presence of native or prosthetic valve 
dysfunction.47

The sensitivity and specificity for the diagnosis of perivalvular ab-
scess have been estimated at 28 and 98% for 2D TTE and 87 and 
95% for 2D TOE, respectively.45 In a recent study, the MPR tool de-
monstrated 100% sensitivity in detecting all lesions in 15 perivalvular 
abscess patients undergoing surgery, while the 2D approach detected 
only one case, demonstrating better 3D performance.48 Regarding 

Figure 2 Vegetations. (A) TOE at mid-oesophageal level acquired at 134°, volume rendering. Long-axis view of the native aortic valve shows three 
filamentous vegetations (white arrows). (B) MPR of the previous image, locating vegetations on three leaflets, with the non-coronary cusp-dependent 
one being the largest at 14 mm (bottom right quadrant). (C ). Colour Doppler MPR of the same case, determining the area of major regurgitation jet at 
0.4 cm2 in the short-axis view (top right quadrant). (D) TOE at mid-oesophageal level acquired at 120°, volume rendering. Section and superior view of 
the native aortic valve shows multiple vegetations (white arrows) distorting the valve. (E) MPR of the previous image locates vegetations on all three 
leaflets and identifies the largest vegetation of 28 mm embedded in the left coronary cusp. (F ) TOE at mid-oesophageal level acquired at 45°, MPR of the 
native aortic valve, showing a small ovoid vegetation of 6 mm maximum diameter on the right coronary cusp. LA, left atrium; LV, left ventricle.
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Figure 3 Vegetations. (A) TOE at mid-oesophageal level acquired at 74°, simultaneous biplane imaging. Pulmonary valve affected by two filamentous 
vegetations (white arrows), the largest being 14 mm in length. (B) Volume rendering of the pulmonary valve from the previous case, showing filament-
ous vegetations with enhanced realism. (C ) TOE at mid-oesophageal level acquired at 88°, simultaneous biplane imaging. Right atrial focus. In the first 
view, a vegetation is seen near the inferior vena cava ostium and part of the central venous catheter trajectory (white arrow). In the second image, a 
pedunculated vegetation of 13 mm in diameter is visible (Video 2). (D) Volume rendering with transillumination of the same patient, showing vegetation 
with digitiform morphology (red arrow). (E) TOE at mid-oesophageal level acquired at 35°, simultaneous biplane imaging. Pulmonary artery trunk focus. 
Multiple clustered vegetations are shown in the pulmonary artery trunk (long white arrows). Additionally, numerous vegetations are implanted at the 
level of the pulmonary valve (short white arrows). (F ) TOE at mid-oesophageal level acquired at 93°, simultaneous biplane imaging. Interatrial septum 
focus. A vegetation with a broad base, inserted at the fossa ovalis on the right atrial aspect, is evident (white arrows). The central venous catheter was 
removed in the previous days. LA, left atrium; RA, right atrium; RV, right ventricle; RVOT, right ventricular outflow tract.

Video 2 TOE 118°, triplanar view. Filiform vegetation inserted near 
the mouth of the inferior vena cava.

Video 1 TOE 131°, volume rendering with transillumination. View 
in face of the mitral valve, showing three ovoid vegetations.
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Figure 4 Abscess and fistula. (A) TOE at mid-oesophageal level acquired at 92°, volume rendering with transillumination. Mitral valve with a large central 
image compromising the lateral and medial leaflets, corresponding to a mitral abscess. (B) TOE at mid-oesophageal level acquired at 105°, MPR of the mitral 
valve showing an abscess of the mitral annulus adjacent to P1–P2 (white arrows) (Video 3). (C) TOE at mid-oesophageal level acquired at 100°, volume 
rendering. Tricuspid valve focus, showing large abscesses in the septal and anterior leaflets, fused in systole (white arrow). (D) TOE at mid-oesophageal level 
acquired at 45°, volume rendering. Aortic prosthesis focus, revealing a giant abscess arising from the aortic position (red star) and extending with vegeta-
tions to the right cavities and left atrium (white arrows). (E) TOE at mid-oesophageal level acquired at 47°, 2D with colour Doppler, image from the same 
study. Biological aortic prosthesis focus, showing a fistulous tract (red arrow) from the aortic pseudoaneurysm abscess (red star) to the right atrium 
(Video 4). (F) TOE at mid-oesophageal level acquired at 47°, volume rendering, continuation of the previous image. Aortic pseudoaneurysm abscess 
(red star) communicating with the right atrium via a fistula (red arrow) (Video 5). LA, left atrium; RA, right atrium; LV, left ventricle; RV, right ventricle.

Video 3 TOE 105°, MPR of the mitral valve showing an abscess of 
the mitral annulus adjacent to P1–P2.

Video 4 TOE 47°, 2D with colour Doppler. Biological aortic pros-
thesis focus, showing a fistulous tract from the aortic pseudoaneurysm 
abscess to the right atrium.
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cardiac computed tomography (CT), one study found better diag-
nostic performance than 2D TOE in the detection of perivalvular ab-
scesses, which was attributed to the possibility of complete planar 
exploration.20

3D TOE is useful when conventional tools have equivocal findings 
because it provides a comprehensive characterization of the abscess 
(location and size) and details its true extent, which are sometimes 
missed on routine 2D views.16,49,50 It is worth noting that this add-
itional information is also valuable for surgical planning30,51 (Figure 4; 
Video 3).

Intracardiac fistulas
Intracardiac fistulas result from perforation of an abscess or pseudoa-
neurysm associated with native or prosthetic valve endocarditis. The 
pressure gradient between the communicating chambers produces 
turbulence on colour Doppler, a useful indirect sign for diagnosis16

(Figure 4E; Video 4). The volume rendering of 3D TOE provides realistic 
images that clarify the complex fistulous tract seen on 2D TOE 
(Figure 4F; Video 5). Finally, this information is useful for surgical 
planning.52,53

Figure 5 Pseudoaneurysm. (A) TOE at mid-oesophageal level acquired at 78°, volume rendering. Biological aortic prosthesis with evidence of pseu-
doaneurysm of the mitroaortic fibrosa (white arrow) communicating with the left ventricular outflow tract. Additionally, multiple vegetations are visible 
inside it (thin white arrows). (B) MPR of the previous case, showing the pseudoaneurysm in short and long axes, and thickening of the containing wall, 
corresponding to an abscess (white star). (C ). Volume rendering with colour Doppler of the same patient. Non-simultaneous biplanar images show flow 
passage from the aorta to the cavity (white arrow, left image) and from the cavity to the left ventricular outflow tract (white arrow, right image). 
(D) TOE at mid-oesophageal level acquired at 141°, volume rendering. Biological aortic prosthesis focus, showing pseudoaneurysm of the mitroaortic 
fibrosa (white arrow) connected to the left ventricular outflow tract. It is important to note the thickening of the leaflets. (E) TOE at mid-oesophageal 
level acquired at 50°, volume rendering. Biological aortic prosthesis focus, showing pseudoaneurysm of the mitroaortic fibrosa with thickened lining, and 
additionally, multiple vegetations are appreciated in the prosthetic arterial aspect. (F ) TOE at mid-oesophageal level acquired at 45°, volume rendering. 
Biological aortic prosthesis focus, showing pseudoaneurysm of the mitroaortic fibrosa communicating with the left ventricular outflow tract (long white 
arrow), and small vegetations are also visible inside it (small white arrows). Note the presence of a mechanical mitral prosthesis. LA, left atrium; LVOT, 
left ventricular outflow tract.

Video 5 TOE 45°, volume rendering. Aortic pseudoaneurysm ab-
scess communicating with the right atrium via a fistula.
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Pseudoaneurysm of the mitral-aortic 
intervalvular fibrosis
A pseudoaneurysm is an anechogenic perivalvular cavity in communica-
tion with the bloodstream that expands during systole and collapses 
during diastole.54 It is typically the natural progression of an aortic 
root abscess and can be complicated by rupture into the left atrium, 
aorta, left ventricle, and pericardial space, which can lead to cardiac 
tamponade.16

As with the other complications mentioned above, TOE is a better 
tool for evaluating pseudoaneurysms than TTE.16,55 With regard to 
3D TOE, it better detects pseudoaneurysms and accurately describes 

their relationship to the origin of the proximal coronary arter-
ies.47,56–60 In addition, this tool accurately localizes the lesion and deter-
mines the site of rupture,11,12,30 making it a very useful technique for 
surgical planning (Figure 5).

Leaflet perforation
This is a destructive lesion of the valve leaflets causing acute regurgita-
tion. This complication is suspected in the presence of an eccentric re-
gurgitant jet away from the coaptation line or in the presence of 
multiple regurgitant jets without apparent cause.61 It is more common 
in the mitral valve than in the aortic valve, and in one-third of cases, 

Figure 6 Perforations. (A) TOE at mid-oesophageal level acquired at 105°, volume rendering with transillumination. Oblique atrial view of the mitral 
valve. A perforated aneurysm is observed in the posterior mitral leaflet (Video 6). (B) MPR of the same case, showing the perforated aneurysm located in 
P2 in multiple views. (C ) TOE at mid-oesophageal level acquired at 45°, volume rendering. Native aortic valve with multiple small vegetations (small 
white arrows) and two perforations in the non-coronary and right leaflets (red arrows). Note the presence of a subaortic membrane (large white ar-
row). (D) MPR with colour Doppler of the previous study, showing multiple perforations (small white arrows) causing severe aortic insufficiency. 
Regurgitant jet with restricted trajectory due to subaortic membrane (large white arrow). (E) TOE at mid-oesophageal level acquired at 143°, simul-
taneous biplanar image. Biological aortic prosthesis with evidence of multiple fenestrations in its leaflets (white arrows). (F ) Biplanar image with colour 
Doppler of the previous image, highlighting multiple non-eccentric regurgitant jets (white arrows) almost completely occupying the left ventricular out-
flow tract (Video 7). LA, left atrium; LV, left ventricle.
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the perforation is due to a mitral aneurysm.16,62,63 TOE is the preferred 
technique over TTE due to its higher sensitivity and specificity (95% vs. 
45% and 98% vs. 95%, respectively).64 However, sometimes the pres-
ence of a perforation cannot be detected. In a large retrospective series 
of cases of valvular perforation, 3D TOE was able to identify four cases 
of valvular perforation that were not detected by 2D TOE.65 The su-
periority of 3D TOE has been attributed to the visualization of anatom-
ical views facing the leaflets, allowing for precise characterization of the 
shape and location of valvular perforations, which are relevant data for 
preoperative planning66,67 (Figure 6; Videos 6 and 7).

Aneurysms
Valvular aneurysms secondary to IE are a serious and rare complica-
tion, mainly affecting the left valves.16 It is defined as a sac-like bulge in 
the valvular tissue resulting from weakened valvular tissue due to the 
inflammatory process. In the case of mitral valve involvement, it is 
usually associated with aortic insufficiency due to endocarditis.54,68

They are often complicated by perforations.30 The first diagnostic 
tool is TTE, but it has a low sensitivity (42%), so it has to be comple-
mented with TOE. Volume rendering provides maximum image real-
ism and the possibility of better anatomical characterization69,70

(Figures 7A–D; Video 8).

Suture dehiscence
Suture dehiscence is characterized by separation of the prosthetic 
valve from the native annulus due to rupture of the suture. 
Echocardiographically, it is seen as a space between the native annu-
lus and the suture ring and, in more severe cases, may be seen as a 
rocking motion.71

The aortic valve is more commonly affected due to the presence of 
less rigid collagenous annular tissue and the absence of a true annulus. 
Dehiscence most commonly affects the non-coronary sinus.71 3D TOE 
studies localize mitral valve defects more frequently in the posterior 
and lateral aspects of the mitral annulus. In terms of severity, when 
the extent of dehiscence exceeds 40% of the prosthetic annulus, pros-
thesis rocking can cause severe regurgitation and congestive heart fail-
ure49 (Figure 7E and F; Video 9).

Non-bacterial thrombotic endocarditis 
(Libman–Sacks)
Non-bacterial thrombotic endocarditis, also known as Libman–Sacks 
endocarditis, thrombotic or verrucous endocarditis, is a rare form of 
non-infectious endocarditis that is often unrecognized or misdiag-
nosed.72 Typical vegetations may appear as hyperechoic verrucous no-
dules of reduced size (<1 cm) with broad base, usually on the left valves, 
preferably the posterior mitral leaflet. Alternatively, they may manifest 
as diffuse valvular thickening73,74; both forms are reversible with im-
munosuppressive treatment. A recent study comparing 2D TOE and 
3D TOE in this scenario showed that the 3D approach detected a high-
er number of vegetations, provided a better characterization of the ve-
getations, showed a higher frequency of commissural fusion of affected 
leaflets or cusps, and, most importantly, detected more vegetations in 
patients with cerebrovascular disease of cardioembolic origin than 
2D TOE.75 An additional advantage of this test is the ability to better 
visualize the ventricular aspect of the mitral valve.76

Endocarditis associated with congenital 
heart disease
Endothelial damage due to turbulent flow and the use of intracardiac 
foreign material in CHD are the main mechanisms leading to IE. In add-
ition, right-sided IE is more common due to greater frictional stress in 
the right-sided cavities. On the other hand, the presence of complex or 
multiple defects implies a higher risk of IE than single defects.3,9 A 
Japanese cohort of patients with complex congenital heart disease 
(CHD) who underwent corrective surgery reported low detection 
of vegetations and abscesses by TTE, suggesting that 2D TOE should 
be performed in patients with suspected IE associated with CHD.77

3D TOE has an undeniable usefulness in the detection of IE asso-
ciated with CHD in both simple defects and complex anomalies.78

Obviously, it is of greater relevance in the second scenario, which re-
quires a more detailed evaluation with unlimited planes (MPR) and 
realistic views from different angles (volume rendering) of the com-
plicated anatomy (Table 2).

Video 7 TOE at mid-oesophageal level acquired at 147°, simultan-
eous biplanar image. Biological aortic prosthesis with evidence of mul-
tiple fenestrations in its leaflets. Colour Doppler highlighting multiple 
non-eccentric regurgitant jets almost completely occupying the left 
ventricular outflow tract.

Video 6 TOE 105°, volume rendering with transillumination. 
Oblique atrial view of the mitral valve. A perforated aneurysm is ob-
served in the posterior mitral leaflet.
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Figure 7 Aneurysm and dehiscence. (A) TOE at mid-oesophageal level acquired at 30°, volume rendering with transillumination. Mitral valve in a face 
view showing an aneurysm involving A1–2, along with two small medial vegetations (white arrows). (B) MPR of the previous study showing the profile of 
the aneurysm in multiple views, as well as its location between the boundary of A1–2. Also, vegetations are localized in A2 (white arrow) (Video 8). 
(C ) Volume rendering of the same case. Longitudinal section of the mitral aneurysm. (D) MPR with colour Doppler of the same patient, displaying 
the integrity of this cavity in multiple planar views. (E) TOE at mid-oesophageal level acquired at 59°, volume rendering. Biological mitral prosthesis 
in a face view, showing suture dehiscence at the postero-medial level (white arrow) (Video 9). (F ) Volume rendering of the previous case, highlighting 
a central regurgitant jet (small white arrow) and a larger postero-medial eccentric jet exceeding 25% of the annular circumference (large arrow). LA, left 
atrium; LV, left ventricle.

Video 8 TOE 30°. MPR of mitral aneurysm in multiple views, as well 
as its location between the boundary of A1–2.

Video 9 TOE 59°, volume rendering. Biological mitral prosthesis in 
a face view, showing suture dehiscence at the postero-medial level.
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3D TOE limitations
Obtaining images with high spatiotemporal resolution is necessary for 
better performance of the test; however, this requires technical aspects 
during the acquisition. Cardiac cycles of equal duration representing 
sub-volumes and immobilization of the operator–probe–patient unit 
are necessary for this purpose.11,12,15

In addition, artifacts in the 2D image are reflected in the 3D images.15

Therefore, suboptimally acquired images or those with metal induced 
artefacts (acoustic shadows and reverberation) may reduce the sensi-
tivity of the test. A multimodal approach is essential in these situations 
or in the presence of complex pathologies caused by endocarditis. CT is 
useful in detecting periprosthetic or perivalvular complications, while 
positron emission tomography (PET/CT) has a high diagnostic yield in 
detecting prosthetic valve endocarditis.9

Finally, the main drawback of this modality is the cost of the equip-
ment, which does not favour the widespread and sustainable develop-
ment of this useful diagnostic modality.

Conclusions
IE is a devastating heart disease that is increasing in incidence with increas-
ing healthcare interventions. International guidelines recommend imaging 
studies such as 2D TTE and 2D TOE for the detection of IE lesions. 
However, technical limitations may delay diagnosis. The 3D TOE 
emerges as a complementary test with greater accuracy than 2D TOE. 
It highlights the crucial role of the MPR tool, which maximizes the detec-
tion of vegetations and the precision of their dimensions and additionally 
correctly characterizes endocarditis lesions. Likewise, the volume ren-
dering tool provides realistic images useful for morphospatial character-
ization, which is essential in complex lesions such as periannular 
complications in patients with prosthetic valves. In conclusion, 3D TOE 
in IE is the ultrasound test with the best diagnostic performance, has a 
greater impact on prognosis, and ultimately facilitates surgical planning.
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