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Abstract

Three-dimensional trans-thoracic echo (3DE)-derived heart models have not previously been 

utilized to guide catheter ablation. In this case report, we describe creation of a 3DE model from 

TTE, import of the model into CARTO3, and successful use of the model as a guide during 

mapping and ablation of a right lateral accessory pathway. We believe this technique represents a 

valuable alternative to integration of CT or MRI-derived anatomic data, and that it has potential to 

improve definition of the AV valve annuli during catheter ablation of accessory pathways.
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Introduction:

Anatomic data from CT and MRI can be imported into electroanatomic mapping (EAM) 

systems to guide catheter ablation. In the pediatric population, however, CT and MRI data 

are not practical to guide routine catheter ablation due to the radiation exposure of CT and 

the potential need for sedation in young patients undergoing MRI. In contrast, transthoracic 

echocardiography (TTE) is often a standard component of pre-procedural evaluation and has 

negligible risk; three-dimensional imaging can be acquired as part of routine TTE with 

minimal added time or cost. Three-dimensional TTE (3DE)-derived heart models are 

emerging as a powerful imaging tool for the planning of both surgical and transcatheter 

interventions.1–2 We therefore sought to evaluate whether 3DE models could feasibly be 
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imported using the CARTO Merge module, in a manner analogous to importing CT or MRI 

anatomical data.

To our knowledge, there are presently no published data in the pediatric or adult literature on 

the feasibility of integration of 3DE models with EAM systems. In this case report, we 

describe successful integration of a 3DE-derived heart model into the CARTO3 

environment, and demonstrate preliminary utility for guiding mapping and ablation in a 

young person with Wolff-Parkinson-White syndrome (WPW).

Case:

A 21 year old female with WPW and SVT presented for EP study and catheter ablation. Pre-

procedural TTE demonstrated normal intracardiac anatomy. TTE data were imported into 

custom modeling software within 3D Slicer (www.slicer.org), which has been previously 

described.3–5 Using an end-diastolic frame, atrial and ventricular structures were segmented, 

resulting in a heart model focused on the atrioventricular (AV) valve annuli and adjacent 

structures (Figure 1). Segmentation was accomplished using assisted and semi-automatic 

tools available within 3D Slicer. The segmentation surface was smoothed and exported as 

a .vtk format surface mesh. At the start of the procedure, this 3DE model was imported into 

CARTO3. A shell of the right atrium was constructed via the fast anatomic mapping (FAM) 

technique, and the Inferior Vena Cava-Right Atrial junction, Superior Vena Cava-Right 

Atrial junction, Coronary Sinus os, His bundle, and a few tricuspid annular points were 

tagged. Using these anatomic points, the 3DE model was registered (aligned) to the EAM, 

using the CARTO Merge module.

EP testing demonstrated two accessory pathways (AP), one with a left-sided and one with a 

right-sided activation pattern. The left-sided AP was addressed first, via trans-septal 

approach. During mapping of the mitral annulus, the 3DE model was subtracted from view, 

but points acquired during mapping were subsequently used to further refine registration of 

the 3DE model with the EAM. A left lateral AP was successfully eliminated with 

radiofrequency energy (RF). The tricuspid annulus was then mapped, and activation 

localized to a right lateral position. At this point, the 3DE model was brought into view to 

facilitate identification of annular positions along the free wall. An initial RF lesion 

eliminated AP conduction in 3.5 seconds, but AP conduction recurred immediately 

following the lesion. Guided by the 3DE model, as well as electrogram signals, a more 

ventricular site was targeted in the same plane as this first lesion; RF application at this site 

eliminated AP conduction in 1.4 seconds (Figure 2). At 1 year follow-up, there has been no 

recurrence of pre-excitation or SVT.

Discussion:

In this report, we describe a novel technique for the import of 3DE-derived heart models into 

an EAM system to guide catheter ablation. We believe this technique may be of significant 

benefit, particularly within the pediatric population and potentially within congenital heart 

disease (CHD) patients.
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While EAM systems have improved the efficacy and safety of catheter ablation,6 limitations 

in the fidelity of these maps exist, in part owing to the anatomic complexities of the surfaces 

being reconstructed. Surface complexity is most pronounced at the junction between 

chambers, namely the AV valves.7 Additional complexity stems from individual variations in 

anatomy, which are magnified by the heterogeneity of anatomy seen in the CHD population. 

Catheter ablation of APs in children relies on precise and stable catheter contact with the AV 

valve annuli. Improved anatomic definition of the valve borders using 3DE data may 

therefore enhance procedural efficacy.

3DE-derived valve geometry may be especially beneficial in ablation of APs on the lateral 

border of the tricuspid annulus, as demonstrated by the present case. It is notoriously 

challenging to define the lateral border of the tricuspid annulus, due to its larger 

circumference, and to absence of a right-sided annular venous structure (in contrast to the 

smaller mitral annulus, which is approximated by the coronary sinus).8 These difficulties 

contribute in part to the observed lower acute success and higher recurrence rates in ablation 

of right lateral APs, as compared to left-sided APs.9 One reported strategy for delineation of 

the right lateral annulus involves placement of a microelectrode catheter in the right 

coronary artery; however, this technique carries the risks attendant to arterial access and 

coronary instrumentation.8,10 In the presented case, we employed a non-invasive technique 

to create a roadmap of the tricuspid annulus. The 3DE-defined border of the tricuspid valve 

guided placement of a more ventricular lesion, facilitating ablation success. 3DE defined 

valve anatomy may also have particular relevance to specific CHD substrates, such as 

Ebstein’s anomaly.

Modules such as CARTO Merge were developed to address limitations in the anatomic 

accuracy of EAM, and incorporation of CT and MRI data during catheter ablation has been 

well described.11–14 In young patients, use of an alternative 3D imaging modality such as 

TTE is desirable, in order to reduce unnecessary radiation exposure, avoid sedation, and 

minimize cost. TTE is often obtained during the pre-procedural evaluation of young patients 

undergoing catheter ablation, and 3DE can be incorporated into these studies with negligible 

risk and minimal added time or cost.

Although this technique worked well in the present case, there are some limitations, which 

may affect broad application of the technology to other cases. Quality of the 3DE model 

relies on good trans-thoracic echocardiographic windows, which may be suboptimal in 

larger patients or post-operative patients. This patient had normal anatomy, so the relevance 

of 3DE models in CHD ablation remains unclear, although prior reports demonstrate that 

this technique accurately reconstructs congenitally abnormal valves.15 Finally, we 

acknowledge that the present case was unique in that there was a left-sided pathway, in 

addition to the right-sided pathway. The mitral annular points allowed for additional 

refinement of model registration; this fine-tuning would not be possible in the typical case, 

though may not be necessary for accurate registration.

Integration of TTE-derived 3DE models to guide ablation has not been previously described 

in the literature. Intracardiac echo (ICE)-derived 3D data has been used,16 though requires 

use of an 8.5 Fr vascular sheath, which may not be appropriate depending on the size of the 
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patient. This case report is the first to describe the feasibility and methodology of this novel 

strategy. Further study is needed to determine the accuracy of anatomic registration with 

3DE models, the impact of these models on ablation outcomes, and the relevance to CHD. 

We believe this technique represents a low cost, easily accessible tool with potential to 

significantly improve safety and efficacy of catheter ablation, particularly in children.
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Figure 1: Generation of 3DE Model in 3D Slicer from TTE Data.
A. Three-dimensional echo-derived volume rendering of AV valves, viewed from the 

ventricle; B. Two-dimensional 4-chamber view with the segmentation of the atrial and 

ventricular structures shown in green; C. Visualization of the 3DE heart model focused on 

the AV valve annuli and adjacent structures with intersection of 2D cutting planes; D. Final 

3DE heart model created in 3D Slicer, viewed from the ventricle.
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Figure 2: 3DE Model within CARTO3.
A. The 3DE model (green) has been aligned with the FAM-derived shell (grey). The 

tricuspid valve annulus has been manually drawn in white, based on registered annular 

electrograms. In panel A, AP and lateral views are shown, with overlying left-sided 

activation map (color scale). B. In panel B, RAO and LAO views are shown, with overlying 

right-sided activation map. Ablation sites are marked in blue. The more ventricular lesion on 
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the lateral tricuspid valve (arrowhead) was the site of definitive pathway elimination. This 

site can be seen to align well with the 3DE defined valve border.
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