Transcatheter Mitral Valve Implantation in patients with MAC
Lessons from Registries and 3D printing
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Mitral Annular Calcification
• Chronic Degenerative process involving calcification of the
fibrous base of the mitral valve.
• Surgical mitral valve replacement carries high mortality risk.
• Technical Difficulties include the inability to fully decalcify the
annulus, to place sutures or sitting the valve properly.

D.Ramzy et al, J Am Coll Cardiol. 2018 May 1;71(17):1854-1856

Surgical Mitral Valve Replacement Results

• Higher risk of adverse outcomes.
• Fewer patients with severe MAC being offered surgery.
• The vast majority are simply deemed inoperable and left untreated.
• Significant unmet need for treatment of this patient population.

D.Ramzy et al, J Am Coll Cardiol. 2018 May 1;71(17):1854-1856

Dedicated transcatheter mitral valve devices for MAC
•
•
•
•

No dedicated devices exist for treatment of MAC.
Investigational studies for these devices currently exclude MAC.
Special consideration include challenges in anchoring devices in MAC.
Specifically designed devices will need to be developed for treatment of MAC.

M. Eleid et al, Mayo Clinic, JACC Cardiovasc Imaging. 2016 Nov;9(11):1318-1337
M. Eleid , A. Cabalka, JACC Cardiovasc Interv. 2016 Jun 13;9(11):1161-74

Described their 1st experience and
focused on feasibility and early
outcomes.

Evaluated the clinical results
and function of mitral
prosthesis at 1 year.
M. Guerrero, D. Dvir, M. Bapat, Am Coll Cardiol. 2018 May 1;71(17):1841-1853
M. Guerrero, D. Dvir, M. Bapat,, JACC Cardiovasc Interv. 2016 Jul 11;9(13):1361-71

Results From the First Multicenter Global Registry
Clinical Outcomes and Procedural Results
2018 (1Year Outcomes)

These results show no differences compared
with their earlier report.

2016 (30 Days Outcomes)

M. Guerrero et al, J Am Coll Cardiol. 2018 May 1;71(17):1841-1853
M. Guerrero et al, JACC Cardiovasc Interv. 2016 Jul 11;9(13):1361-71

1 Year Analysis of Outcomes of TMVR in patients with severe MAC
Clinical Outcomes
53.7%

Baseline STS score 15%.
STS score much higher than in the Partner I trial.
Most patients who survived the 30 day post procedural period
remained alive at 1 year.
Efforts should be made to improve patient selection
to achieve better outcomes.

M. Guerrero et al, J Am Coll Cardiol. 2018 May 1;71(17):1841-1853

1 Year Outcomes of Transcatheter Mitral Valve Replacement in patients with severe MAC
Procedural Results – Not insignificant Complications

Despite the additional 2 years of experience it seems to be no reduction in complication rates.
M. Guerrero et al, J Am Coll Cardiol. 2018 May 1;71(17):1841-1853

30 Days versus 1 Year Outcomes versus first report of the MAC Registry
Comparing the Procedural results
30 Days

1 Year

This finding is critical as LVOTO is a primary determinant of survival.
Since reporting all causes was not mandatory it is possible that selecting reporting
occurred to make the data look better.

M. Guerrero et al, J Am Coll Cardiol. 2018 May 1;71(17):1841-1853

1 Year Outcomes of Transcatheter Mitral Valve Replacement in patients with severe MAC
Predictors of 1-Year Mortality

Pre operative determination of LVOTO must improve, as LVOTO at the time
of implantation results in 85% mortality rate which is unacceptably high.

Strong independent predictors of 30 day and 1
year mortality.
Current technology has limitations that are directly translated into procedural mortality.
It is imperative to drive further innovation to valve technology to improve procedural failure and to develop better imaging
assessments to accurately predict LVOT obstruction.

M. Guerrero et al, J Am Coll Cardiol. 2018 May 1;71(17):1841-1853

1 Year Outcomes of Transcatheter Mitral Valve Replacement in patients with
severe MAC
Patient Characteristics

Despite normal hearts mortality rate
is high.

Procedural failure and LVOTO were major
determinants of mortality.

Either the procedural risk or another
factor contributed to mortality.

We must have better procedural success
if we are to expand TMVR to patients
with low EF as mortality in this patients
would be higher.
We don’t have data on RV Function
which is an important factor on
mortality.
M. Guerrero et al, J Am Coll Cardiol. 2018 May 1;71(17):1841-1853

Challenge with Transcatheter Mitral Valve Replacement in patients
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This study was relatively small (harder to elucidate true statistical differences), many centers with 1-2
cases were included which artificially increased the negative outcomes seen in the second half.
M. Guerrero et al, J Am Coll Cardiol. 2018 May 1;71(17):1841-1853

Experience/inexperience with transcatheter
technologies

• Would better outcomes have occurred if these studies were first
limited to centers with operators experienced in transcatheter aortic
valve replacement?

Evaluates safety and feasibility of Transcatheter Mitral Valve Implantation.
We anticipate that this trial will help provide insights to further improve technical success, patient selection and the overall
clinical outcomes of this patient population.

Self Expandable Aortic Retrievable Devices for Transcatheter Mitral
Valve Implantation in patients with MAC

The experience is limited to a few case reports - none of these valves are built for TMVR.
Important Disadvantage - the transapical route is the only delivery option at this time.

3D digital and printed models feasible in planning and guiding
complex procedure (TMVR) in patients with severe MAC

El. Sabbagh, M.Eleid, C. Rihal, Catheter Cardiovasc Inter. 2018 Jan 23.

3D printing – Novel Imaging Technology
Computationally design model of the SAPIEN Prosthesis

Assessed visually for
any incremental value
over 3D digital models.

3D Software
import

The digital valve was positioned 40% toward the atrium and 60% toward the ventricle.
Checked for prosthesis size matching, paravalvular gaps, LVOT obstruction.
Results of 3D printing were then compared to post procedural imaging to see how closely
the achieved results mirrored the 3D modeled results.

E. Sabbagk et al, Catheter Cardiovasc Interv. 2018 Jan 23
M.Vukicevick, J Am Coll Cardiol Img. February 2017

Assessment of adequacy of valve anchoring, risk of underexpansion and
LVOT obstruction

Valve anchoring – measuring the circumferential extend of MAC, reported as a percentage of the mitral annulus, as well as the location of the calcification.
Valve anchoring - measuring the surface area of the virtual valve in direct contact with the digital mitral annular calcification.
Risk of underexpansion - measuring the volume of calcium overlap.
LVOTO - visual assessment of the 3D digital LVOT model in systole with the digital valve inserted.

E. Sabbagk et al, Catheter Cardiovasc Interv. 2018 Jan 23.

3D digital models with the Digital Valve Inserted (Sapien prosthesis)
Neo-LVOT area Calculation

% LVOTO = (native LVOT area
(systole)- NeoLVOT area) / Native
LVOT area
( > 50% high risk of
significant LVOT obstruction)

The threshold values of predicted
Neo-LVOT area at which clinical
LVOTO is seen are not clear and
need to be validated with further
studies.

E. Sabbagk et al, Catheter Cardiovasc Interv. 2018 Jan 23.

3D digital images simulated high risk of LVOT obstruction

58%
Tamponade after TMVR- 3D digital simulation
detected significant extraanular calcification
extending to the myocardium.

86%
E. Sabbagk et al, Catheter Cardiovasc Interv. 2018 Jan 23.

Paravalvular leak assessment
3D models simulated the location of PVL

Visual inspection of any gaps between the virtual Sapien
valve, mitral annulus and mitral leaflets.

3D models were similar to the findings on post procedural
imaging.
E. Sabbagk et al, Catheter Cardiovasc Interv. 2018 Jan 23.

3D printed models for Transcatheter Mitral Valve Implantation in
patients with MAC

3D models were made from static images and printed models did not take into account the cardiac tissue
properties. Because of that, it did not track dynamic changes that occur after TMVR such as tissue deformation,
device tilting, and underexpansion. This could lead to under or overestimation of measurements.
E. Sabbagk et al, Catheter Cardiovasc Interv. 2018 Jan 23.

Advancement of 3D printing technologies
Multi material 3D printed model of the mitral valve
The mitral valve apparatus with all functional elements may
be fabricated utilizing a range of flexible materials with
different stiffness values.

“The idea is that patient selection could be much safer and
much more confident if you can actually practice the exact
procedure in a model that has the ability to distend and
deform the way the heart would.”
Stephan Little

S.Little et al, Structural Heart The Journal of the Heart Team, 2017
M.Vukicevick, Annals of Biomedical Engineering, Vol. 45, No. 2, February 2017

The role of 3D Printing in Transcatheter Mitral Valve Implantation
Who Pays?

"There’s also the potential of cost savings by avoiding subsequent fixes by using 3D printing for as little as $100 to $200 to optimize results for the initial intervention.
When you think about the total cost for the procedure, even just one TMVR valve is
about $30,000 and for now the need of a second valve due to migration or valvular
regurgitation would be another $30,000 to $40,000 just based on the valve cost plus
the extra procedure cost. If you can decrease the chance of using the second valve, it
is cost-effective.”

Stephan Little

Thank you

