Paravalvular Leakage in Transcatheter Mitral Valve Replacement: Bringing Simulation Theory one step closer to Reality
Jonathan R. Weir-McCall, PhDa,b, Marusa Kotnik, MBChBb

a University of Cambridge School of Clinical Medicine, Cambridge, UK.
b Royal Papworth Hospital, Cambridge, UK.

Corresponding Author:
Jonathan Weir-McCall
Department of Radiology
Level 5
Cambridge Biomedical Campus
Cambridge
CB2 0QQ
jw2079@cam.ac.uk

Word Count: 1103 (without references); 1462 (with references)

Disclosures:  The authors have no relevant disclosures.  The views expressed here are those of the authors. 


Abstract:
Transcatheter mitral valve replacement (TMVR) has emerged as a promising technique for the treatment of these patients with severe mitral valve disease and high or prohibitive surgical risk. Early experience with TMVR has shown a high rate of technical success and promising reductions in the severity of mitral regurgitation sustained out to 1 year post procedure. Despite this, procedural complications remain high, with the most common and significant of these being valve embolisation, left ventricualr outflow tract (LVOT) obstruction and paravalvular leakage (PVL). It is this currently unanswered question that Morris et al. start to address in this issue of the  Journal. They use the same annular segmentation and valve simulation as already proposed to predict LVOT obstruction, but use it to focus instead on examining the residual gap left between the base of the simulated transcatheter valve and the mitral leaflets or surgical prosthesis.
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““The reasonable man adapts himself to the world: the unreasonable one persists in trying to adapt the world to himself. Therefore all progress depends on the unreasonable man.” 
― George Bernard Shaw

Mitral regurgitation is the most common valvular pathology in the developed world, and is increasing in prevalence due to an aging population 1,2.  Currently surgical repair offers the best treatment option for those with severe mitral regurgitation. However almost half of those with severe symptomatic mitral regurgitation who may benefit from surgery are not suitable 3. Transcatheter mitral valve replacement (TMVR) has emerged as a promising technique for the treatment of these patients with severe mitral valve disease and high or prohibitive surgical risk. Early experience with TMVR has shown a high rate of technical success and promising reductions in the severity of mitral regurgitation sustained out to 1 year post procedure 4. Despite this, procedural complications remain high, with the most common and significant of these being valve embolisation, left ventricualr outflow tract (LVOT) obstruction and paravalvular leakage (PVL) 5. 
These complications are a consequence of the inherently more complex structure of the mitral valve apparatus. The saddle shaped annulus and non-circular orifice combined with the subvalvular apparatus and distorting effects of mitral annular calcification all provide significant challenges to a stable position and adequate sealing around the leaflets for transcatheter valves 6. Cardiac computed tomography (CT) is a powerful tool in the assessment of this challenging anatomy due to its high spatial resolution, volumetric acquisition and sensitivity for the presence of calcification 7. The utility of CT in predicting procedural risk in TMVR has recently been explored by Yoon et al. who demonstrated that the risk of post-procedural left ventricular outflow tract obstruction could be accurately predicted using a simulated valve within the 3D CT dataset 8.  Similarly, Guerrero et al. used CT quantification of mitral annular calcification to predict the risk of valve embolization in TMVR valves being inserted into valves with severe mitral annular calcification 9.   Interestingly this latter paper did not find the severity of the mitral annular calcification to predict risk of PVL. As a result, while we have promising preliminary data on predicting the risk of LVOT obstruction and valve embolization, quantifying the risk of PVL remains unanswered.  This is an important knowledge gap as the presence of residual moderate or severe PVL is an independent predictor of increased mortality following TMVR 5.
It is this currently unanswered question that Morris et al. start to address in this issue of the  Journal 10. They use the same annular segmentation and valve simulation as already proposed to predict LVOT obstruction8,11, but use it to focus instead on examining the residual gap left between the base of the simulated transcatheter valve and the mitral leaflets or surgical prosthesis. They find that the location of postprocedural PVL on transthoracic echocardiography matched the location of these gaps surrounding the simulated valve on CT, providing excellent confirmation of proof of concept that these gaps between the implanted prothesis and the mitral annulus are the source of potential PVL.  This sustained gap between the base of the simulated valve and the mitral annulus/prosthesis predicted the occurrence of moderate to severe PVL with 67% sensitivity and 96% specificity. A further useful insight from the current study is that there was less oversizing of the transcatheter valve - which was also a predictor of PVL - suggesting a potential avenue to ameliorate any predicted risk of PVL.
Perhaps most importantly to the practicing cardiac imager, these results were achieved with a relatively  straightforward technique whch can be undertaken on most commercially available TMVR software packages, such as those already routinely used for predicting LVOT obstruction8,11.  This is in comparison to other proposed techniques utilizing either 3D printing, or computational fluid dynamics, which require either dedicated hardware, or highly specialised research software 12,13.
These promising preliminary results must however be viewed within the not-insignificant limitations of the current study design. The study cohort included TMVR in failed bioprosthetic valves, annuloplasty rings and severe mitral annular calcification procedures. These three cohorts have different characteristics in regards of mitral annular anatomy, technical feasibility and outcome with very different procedural risk profiles5.   Mitral valve in valves formed the largest group within the current study.  The well-defined circular anchor that the failed surgical bioprosthetic valve provides confrms well to the circular shape of the transcatheter heart valve, as a result of whch this group is at incredibly low risk of PVL. Indeed, this complication only occurred in 1/31 procedures in the current study. Valve in ring and valve in MAC procedures in comparison have a substantially greater risk of PVL but made up only 47% of the study cohort5.  These issues were compounded by the relatively small size of the study cohort. Studies focussing on these two disease entities are needed before routine utilisation of this technique can truly be advocated for.  The authors also used the final device size and degree of oversizing used intra-procedurally to simulate their valves to calculate the risk of PVL. As a result, the accuracy will likely be inflated compared with prospective application of the technique as oversizing is frequently a dynamic response to residual PVL, rather than pre-planned. Indeed, 50% of the cohort required device oversizing – the impetuous of which was not reported in the current study. 
Despite these limitations, Morris et al. are to be commended for providing some much-needed insight into PVL in TMVR. Placed in the context of the previous studies into LVOT obstruction and risk of device migration, we now have the framework of a comprehensive approach to procedural risk stratification on CT. Predicting procedural risk of TMVR will improve discussion with the patient as to risk-benefit ratio of the procedure, and may in future also allow modification of techniques to circumvent this risk.  While all need prospective validation in external cohorts, now that techniques have been proposed and thresholds defined, these can all be studied concurrently, and refined as necessary going forward. This will be especially important in defining disease-specific thresholds, rather than a one size fits all approach. How these differ in mitral specific devices rather than the aortic devices used in the mitral valve studies to date will also need explored and thresholds defined/refined. 
As these proposed cut off values for LVOTO, MAC and evidence of sustained valve-annular gap are refined and validated, they will provide a powerful clinical tool alongside the already routinely used sizing of the mitral annulus for guiding device selection. As clinical familiarity with the technique grows and the number of procedures increase, CT will undoubtably play a central role in securing TMVR as a safe and effective alternative to surgical intervention.
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