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Pre-Procedural 2D TEE
83 yo, Female, Severe MR, MS, Severe MAC, Sigmoid septum, TMVR for MS/MR 



Pre-Procedural CT
Severe MAC, Sigmoid septum, High risk of post-TMVR LVOT obstruction



Case Planning Workflow for TMVR
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Pre-Procedural 3D TEE
• Real-Time 3D Color Flow Doppler and Automated Modeling of the MV , LVOT and Aortic Root



Computational Modeling of TMVR - Echo
• Valve model overlaid to the heart model

• Limitations:
- Visual assessment
- No physical interaction between 

the valve and the heart



Computational Modeling of TMVR - Echo
Systolic phase: LVOT assessment
Limitations:

Incomplete / less detailed LV LA boundaries
Image fusion with 3D TTE
Prone to registration error

Calcium is not well visualized



3D CT Modeling of the MV/LVOT
• 3D segmentation and modeling of the soft tissue and calcification in the heart



Computational Modeling of TMVR - CT

Sapien
29mm

• Valve model overlaid to the heart model

• Limitations:
- Visual assessment
- No physical interaction between 

the valve and the heart



Computational Modeling of TMVR - CT/Echo

• MAC  and Non MAC MR



Computational Modeling of TMVR - CT
• Neo-LVOT Assessment

- Deployment depth and angle are hypothetical



3D Printing for TMVR Planning
• Assess how the prosthetic valve fits the native MV annulus

- Deformations of prosthetic valve, the native soft tissues and MAC
- Assess the risk of PVL
- Select the optimal valve type / size

• Assess Neo-LVOT
- Deployment depth and angle are tested in vitro



3D Printing for TMVR – Current State

Workflow
• Imaging: 3D CT 

• 3D modeling: MV annulus and vicinity

• Printing materials: rigid plastic

• Printing technique: Fused Deposition 
Modeling

TMVR Planning
• Better visualization of pathology

• Benchtop simulation

• Neo-LVOT assessment on a physical 
model

Wang, D. D. et al. Predicting LVOT obstruction after TMVR. JACC Cardiovasc. Imaging 
http://dx.doi.org/ 10.1016/j.jcmg.2016.01.017 (2016).
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Challenges in 3D Printing for TMVR



Meta-materials
• Embedding tunable reinforcement 

fibers

• Strain-stiffening nonlinear property

• Controllable anisotropy 

• Wang K., Zhao Y., Chang Y., et al. Controlling the mechanical behavior of dual-material 3D printed meta-materials for patient-specific tissue-mimicking 
phantoms. Mater Des 2016;90:704–12.

• Wang K., Wu C., Qian Z., et al. Dual-material 3D printed metamaterials with tunable mechanical properties for patient-specific tissue-mimicking phantoms. 
Additive Manufacturing 2016;12:31–7.

‘Smart” 3D Printing 



‘Smart” 3D Printing for Planning



Computational Flow Modeling

• LVOT (flow) obstruction
- Depth and angle
- Neo-LVOT
- Intra-ventricular Flow 



• 3D flow imaging provides a tool for a better understanding of the complex 
interactions between the blood flow, the native aortic root, and the TAVR valve.

Flow in Smart 3D Printed Models 



3D Printing for SHD - Prerequisites
• High quality imaging
• Preferably a modern fast ≥64MDCT CT scanner 

• Designated imaging protocols for MV 3DP

• A 3D image processing and modeling specialist / lab
• Preferably with a clinical background

• Good communication with the clinical team

• A 3D printing lab
• Preferably a multi-material PolyJet printer using both rigid and flexible materials 

• Printer price: $100,000 – 300,000

• Maintenance: NOT cheap

• Lower options: FDM / Binder Jetting printers using rigid material

• Printer price: $500-50,000

• Outsourcing is a good option

Hospital 

Hospital, or 
academic collaborator 

Hospital, or 
academic collaborator, or
outsourcing 



3D Printing for SHD - Challenges

• Limitations in printing technique
• Limited printing resolution
• PolyJet: up to 16-100 micron

• 3D printed touching surfaces are not separable
• Co-apted leaflets are fused

• Difficult to reproduce certain pathologies

• Lengthy turnaround time
• Hours to days

• Cost 
• Printing cost $100-1000 per item 
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Artificial Intelligence in Interventional SHD Planning
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Artificial Intelligence in Interventional SHD Planning


