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Practical USE of 3D TEE: Intraop Limitations

OR Considerations
Low frame rate (3D color) -> multi-beat gated acquisition

Electrocautery and other ECG artifact
Irregular rhythms

Poor 2D imaging = poor(er) 3D imaging
(Exception: alternative imaging planes for 
shadowing/artifacts)
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Presentation Notes
Sometimes 3D imaging just isn’t good enough quality…..but this is more and more rare with technology advances



Practical USE of 3D TEE: Communication

Optimize understanding for all OR team members
Use standard orientations (e.g. MV “surgeon’s view”)
Limit cropping of reference objects (*adjacent valves)

[Recall, cropping post-acquisition doesn’t improve frame rate]

If cropping is necessary/unavoidable:
Also save/display orthogonal 2D or pre-crop image
Add labels or arrows






High-Yield Scenarios: Mitral Valve Repair

Rapid assessment and display of leaflet pathology
Mitral valve model

Quantitative evaluation of SAM risk or repair failure
Intuitive display of paravalvular leak
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https://www.ncbi.nlm.nih.gov/pubmed/23706343AbstractBACKGROUND: Three-dimensional (3D) transesophageal echocardiography (TEE) has been claimed to provide more information than two-dimensional (2D) TEE in the localization of mitral valve prolapse (MVP). However, most studies have been performed by experts in echocardiography, without accounting for differences in training or expertise. This multicenter study was designed to assess the differences between experts and inexperienced echocardiographers in localizing MVP and ruptured chordae tendineae using 2D and real-time 3D TEE.METHODS: Thirty-six observers from 10 institutions in Germany and Switzerland interpreted 2D and 3D transesophageal echocardiographic images from six patients selected to represent a large spectrum of MVP diversity. Surgical findings served as a reference. Individual performance in the prediction of pathology was scored. Differences between 15 experts and 21 beginners in TEE were assessed, and the benefits conferred by 3D TEE were compared.RESULTS: Both study groups scored significantly higher when interpreting 3D transesophageal echocardiographic images (P ≤ .001). The experts were superior in 2D MVP localization (14.8%; P ≤ .001), a difference that diminished with 3D TEE (1.4%; P = .41). The benefit of access to 3D information for MVP localization was greater for inexperienced echocardiographers compared with experts (P < .001).CONCLUSIONS: The reported diagnostic advantage of 3D TEE over 2D TEE in MVP assessment for expert echocardiographers can be transferred to inexperienced echocardiographers. Inexperienced echocardiographers benefit from the technology to a greater extent than their expert colleagues.
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Alfieri, Eur J CT Surg, 2015
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https://doi.org/10.1093/ejcts/ezv230



(Wijdh-den Hamer et al., 2016)
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doi: 10.1016/j.jtcvs.2016.06.040https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4991641/AbstractObjectivesRepair for ischemic mitral regurgitation with undersized annuloplasty is characterized by high recurrence rates. We sought to determine the value of pre-repair 3-dimensional echocardiography over 2-dimensional echocardiography in predicting recurrence at 6 months.MethodsIntraoperative transesophageal 2-dimensional echocardiography and 3-dimensional echocardiography were performed in 50 patients undergoing undersized annuloplasty for ischemic mitral regurgitation. Two-dimensional echocardiography annular diameter and tethering parameters were measured in the apical 2- and 4-chamber views. A customized protocol was used to assess 3-dimensional annular geometry and regional leaflet tethering. Recurrence (grade ≥2) was assessed with 2-dimensional transthoracic echocardiography at 6 months.ResultsPreoperative 2- and 3-dimensional annular geometry were similar in all patients with ischemic mitral regurgitation. Preoperative 2- and 3-dimensional leaflet tethering were significantly higher in patients with recurrence (n = 13) when compared with patients without recurrence (n = 37). Multivariate logistic regression revealed preoperative 2-dimensional echocardiography posterior tethering angle as an independent predictor of recurrence with an optimal cutoff value of 32.0° (area under the curve, 0.81; 95% confidence interval, 0.68–0.95; P = .002) and preoperative 3-dimensional echocardiography P3 tethering angle as an independent predictor of recurrence with an optimal cutoff value of 29.9° (area under the curve, 0.92; 95% confidence interval, 0.84–1.00; P < .001). The predictive value of the 3-dimensional geometric multivariate model can be augmented by adding basal aneurysm/dyskinesis (area under the curve, 0.94; 95% confidence interval, 0.87–1.00; P < .001).ConclusionsPreoperative 3-dimensional echocardiography P3 tethering angle is a stronger predictor of ischemic mitral regurgitation recurrence after annuloplasty than preoperative 2-dimensional echocardiography posterior tethering angle, which is highly influenced by viewing plane. In patients with a preoperative P3 tethering angle of 29.9° or larger (especially when combined with basal aneurysm/dyskinesis), chordal-sparing valve replacement should be strongly considered.



Wijdh-den Hamer, J Thorac CV Surg, 2016

Coaptation length, annular diameter,
tethering height, tethering area,

posterior/anterior leaflet or tethering angles
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Two more pages of this……



Tenting Volume

Leaflet Angles

Tenting Height

Aorto-Mitral Angle

Mitral Valve Model: SAM risk, repair failure

Leaflet Lengths
















High-yield scenarios: LVAD Evaluation

Outflow cannula position
RV function assessment
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Could have improved frame rate by cropping out RV, but wouldn’t have been nearly as intuitive what we were looking at.






High-yield scenarios: LVOT Obstruction

HOCM: septal anatomy for surgical planning
SAM: contribution to obstruction?

Post-surgical changes and SAM assessment
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doi: 10.1016/j.echo.2017.11.016https://www.ncbi.nlm.nih.gov/pubmed/29502589


















High-yield scenarios

Valve leaflets: perforations, clefts, tears, mal-coaptation, etc.
Tricuspid valve leaflet identification

Valve stenosis: planimetry of functional orifice
Annular dimensions





High-yield scenarios

LV: EF quantification and wall motion
EF – no geometric assumptions or foreshortening, 
improved reproducibility

Wall motion – simultaneous display all segments
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EF assessment most useful with good image qualityContrary view – (small study):Left ventricular volume and ejection fraction assessment with transoesophageal echocardiography: 2D vs 3D imaging B. Cowie, R. Kluger, M. Kalpokas BJA: British Journal of Anaesthesia, Volume 110, Issue 2, February 2013, Pages 201–206, https://doi.org/10.1093/bja/aes350AbstractBackgroundDevelopments in transducer technology have enabled the use of three-dimensional transoesophageal echocardiography (3D TOE) in the operating theatre. Transthoracic echocardiography (TTE) 3D left ventricular (LV) volumes and ejection fraction (EF) agree better with magnetic resonance imaging (MRI) measurements, with less intra- and inter-observer variability compared with 2D. This has not been validated with 3D TOE. The aim of this study was to assess the bias, limits of agreement, and reproducibility of 3D TOE and 2D TOE LV volumes and EF in cardiac surgical patients.MethodsSixty-three patients having cardiac surgery with TOE were evaluated. LV volumes and EF were calculated using modified Simpson's method on 2D mid-oesophageal four- and two-chamber views, xPlane, and from a 3D full-volume data set. Intra- and inter-observer variability were assessed in a subset of 17 patients.ResultsReal-time 3D TOE volume and EF assessment was possible in 59 of the 63 patients. Median end-diastolic volumes (EDVs) as measured by 2D, xPlane, and 3D techniques were 98.5, 94, and 97 ml. Median ESVs were 38.5, 40 and 35.6 ml. Median EFs were 58, 54 and 62.2%. There were no significant pairwise differences between these measurements. The limits of agreement for all comparisons were wide, and there were no statistically significant differences between the three methods in intra- or inter-observer variability.ConclusionThe intraoperative use of 3D TOE to estimate LV volumes and EF has small bias compared with 2D assessments, wide limits of agreement, and no clear advantages compared with standard 2D TOE imaging in terms of LV volume and EF assessment.Lang ESE guidelines for 3D, 2012: The reproducibility of LV volume and function measurementsby 3D echocardiography has been assessed in multiplestudies.31,35,50,51Most of these studies were part of larger studiesin which series of patients were analyzed twice by one observerand by a second observer. Less variation is reported than with2D echocardiography. The best reproducibility was obtained instudies that selected patients on the basis of good imagequality.
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Also useful when transgastric views can’t be obtained (or conversely if poor ME views with shadowing)











High-yield scenarios

Congenital: visualization of ASD or VSD location/anatomy
(Reminder to avoid cropping reference objects)

Coronary ostia
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Also useful in identifying ostia in TAVR
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3D color with cropping to plane in 3DQ that shows coronary flow might also have been useful here






The right mode for the question…

(Choice of mode becomes intuitive with practice)

Structure 3D Mode Color Flow
Valve leaflets Zoom or cropped full volume (multi-beat) Multi-beat

Paravalvular leak Multi-beat
Live w/small sample volume

EF and Wall Motion Full volume (multi-beat for quant)

LVOT Zoom or cropped full volume (multi-beat)

Real-time interventions or 
dynamic situations

Live Live w/ small sample volume



Summary and Parting Thoughts

3D should facilitate communication, not be a barrier
Good 2D -> Good 3D imaging

3D can overcome SOME 2D limitations
Intraoperatively, no 3D modality is useful without prior practice

Mitral leaflet pathology/SAM prediction Paravalvular leak VAD cannula position

LVOT obstruction Tricuspid leaflet ID Annular/LVOT diameters

Valve orifice planimetry EF quantification Segmental function display

Visualizing IAS Coronary ostia
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