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Minimally invasive mitral valve surgery (MIMVS) is associated with a 

lower incidence of post-operative bleeding, pain and shorter lengths of 

hospital stay compared to sternotomy whilst having equivalent outcomes. 

As such, there is a drive towards increasing provision of MIMVS in the 

UK. MIMVS is associated with an adverse learning curve, representing a 

key barrier to expanding service provision especially given the challenges 

facing modern surgical training1. Simulation training has been shown to 

enhance surgical skills. 

This British and Irish Society of Minimally Invasive Surgery (BISMICS) 

supported work aimed to design, manufacture and validate the fidelity of 

a 3D printed MIMVS training platform for integration into a future UK 
training programme1.

An expert panel of 4 MIMVS surgeons provided an outline of an ideal 

simulator. Key requirements included anatomical and haptic accuracy, 

portability, and modularity (Figure 1). 

A 3D-printed thoracic model with an integrated silicone-based heart valve 

assembly was derived using a CT and Cardiac MRI dataset respectively 

(Figure 2). Protype fidelity validation using a Likert questionnaire was 

undertaken by 9 MIMVS experts who performed various aspects of 

MIMVS on the simulator at the BISMICS conference 2021. The experts 

both evaluated the simulator and performed key aspects of MIMVS with 

appropriate consumables and long shafted surgical tools available. 

Table 1 outlines the results of expert evaluation of the simulator’s 

realism. In terms of training experience, all of the experts agreed that 

the simulator was at least equivalent to the cadaver, with 22% deeming 

the simulator the superior training experience overall. 

All experts deemed the simulator beneficial to MIMVS training (56% 

‘extremely beneficial’) and improvement in trainee surgical skills. Similar 

responses were obtained from a cohort of surgical fellows in 

attendance. 

We successfully designed, developed, and manufactured a 3D-printed 

MIMVS simulator for use in a future UK training programme. The 3D-

printable apparatus, including various mitral valve pathologies, allows 

simulation of mitral valve repair on patient-specific anatomy. 

This has significant implications for  training at all levels of MIMVS 

expertise, from basic skills such as suturing to pre-operative planning for 

complex operations. An expert panel of surgeons validated the structural 

and functional fidelity of the platform in the preliminary stage of 

validation prior to integration into a prospective training program.  

Figure 2: CARMOSIM  ADVANCED Surgery Trainer
Seen cranio-caudally in the axial plane  
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Expert Evaluation n=9 Realistic Lifelike

Surface Anatomy 0(0%) 9(100%)
Overall Cardiac Anatomy 7(78%) 2(22%)

Mitral Anatomy 6 (67%) 3(33%)

Endoscopic Views 5 (56%) 4(44%)
Establishing port access 7(78%) 1(11%)

Operating long shafted instruments 6 (67%) 3 (33%)

Mitral Suturing 6 (67%) 3 (33%)
Mitral Resection 4 (44%) 5(56%)

4. Conclusions

Figure 1: Interchangeable mitral valve apparatus designed for simulator, (functional 

mitral regurgitation, left; cleft case, middle; degenerative prolapse, right). 

 

Table 1: Expert consensus on realism of simulator 
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