
 Advances in Valve Therapies 

 

Minimally Invasive 
Valve Repair  

Robotic Valve Repair  Open Surgical  
Valve Repair  

Transcatheter  

repair 
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Value is New Imperative 

Effect on outcomes 

   - Individual Patient 

   - Population 



Valvular disease is common 

• High prevalence of left sided valvular disease in older patient populations 
• Mitral regurgitation is the most common type of heart valve disease in the 

U.S.1,2- 

•  Current  Prevalence of significant MR in US  is 1.7% but expected  to Rise  
as  population ages 

• Left Untreated –Severe MR is  associated  with poor  outcomes: 
                LV failure,Pulmonary HPT, AF,Stroke,Death 
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1. Heart Disease and Stroke Statistics 2010 Update: A Report From the American Heart Association. Circulation. 2010;121:e46-e215. 

2. Nkomo VT et al. Lancet. 2006; 368:1005-1011. 
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The Dr Mike and Dr Randy Show 

 Primary Vs Secondary MR 

       Advanced Imaging for diagnosis,directing     

 and assessing Treatments 

Defining High Risks-Fraility etc 

  Medical vs SurgicalTreatment in 1 vs 2 MR 

 Surgical- Transcatheter Treatment:  

     Primary MR-including high risk 

     Secondary MR 

 The FUTURE  

 

 

 

 

     THE FUTURE 

 



ACC Mitral Regurgitation  

Needs Assessment 

 and Gap Analysis 

 
December 11, 2013 

 



• Purpose:  Gain insight into current clinical practices, gaps in care and 

emerging best practices in mitral regurgitation diagnosis and management  
 

• Objective:  Conduct comprehensive analysis of educational and quality 

improvement needs 
 

• ACC multi-faceted needs assessment “Understanding Practice-Based 

Approaches in the Management of Mitral Regurgitation” with three distinct 

research components: 

• Part I:  Literature Review and Gap Analysis  

• Part II:  Expert Interviews   

• Part III:  Surveys   
 

• Summation: day-long meeting of ACC Experts Advisory Panel to review 

assessment data findings with these objectives 

• Provide additional insight into gaps and emerging best practices 

• Determine and prioritize most relevant and significant findings  

• Offer recommendations for educational programming and quality 

improvement interventions 
 

 

Project Overview 

3 



Key Findings 

Confidence in Auscultation (all respondents) 

• Majority of physicians no more than moderately confident in ability to detect 

asymptomatic patient with clinically significant MR by auscultation. 

• Cardiologists, in aggregate, more confident in their auscultative skills (mean 

rating 6.9) than either primary care physicians (mean rating 5.8) or 

cardiothoracic surgeons (mean rating 4.8). 

 

Perceived Utility of Auscultation versus Echocardiography (all respondents) 

• Most primary care physicians and cardiologists perceived auscultation and 

physical exam as moderately useful in evaluation of possible MR. 

• However, they considered  standard echocardiogram to be of greater utility.  

• More than 10% of physicians perceive auscultation as having limited utility.  

• May be barrier to good auscultation and promote over-reliance on imaging. 



MR 
Management 

Patients not  getting 
identified and 

referred early enough 

Uncertainty when and  
how to match patients 

to right procedure 

Clinicians lack 
awareness of practice 

guidelines 

MR repair quality 
varies highly among 

surgeons 

Educational programs 
haven’t included primary 

care physicians and  
general medical 

community 

Quality of imaging  
highly variable 

Most Pressing Issues in Management of MR 

Q. Given your understanding of evolving best practices, emerging treatment options, and current 

quality gaps, what are the most pressing issues in the detection, evaluation, and management of 

MR that the college should target? 36 



Key Findings 
Echocardiography Components Assessed and Reported, cont. 

•Quantitative Assessment:  

– Physicians responses in each survey indicate quantitative 

assessment inconsistently performed in 

echocardiography evaluation of patients with MR.  

– Nearly 10% of respondents on Clinical Cardiology and 

Subspecialist surveys reported that EROA, regurgitant 

volume, and regurgitant fraction were “Never” reported 
– Suggests significant barriers to accessing infrastructure and skills needed for quantitative 

assessment 

– Compared to imaging cardiologists, small set of Clinical Cardiologists who read high volume of 

echocardiograms notably less likely to include vena contracta or EROA measurements in their 

assessments.  

 

•Longitudinal strain--an emerging echocardiogram parameter that may facilitate earlier detection of left 

ventricular dysfunction.  

– More than 50% of respondents indicate this parameter “Never” assessed or reported 

– Suggests expertise and infrastructure (processes, technique, technology) needed to assess and 

interpret longitudinal strain not yet widely available. 

 



 

Knowledge of Severe MR Criteria (Cardiologists and CT surgeons 
only) 

More than 20% of respondents could not identify 
important echo criteria of severe degenerative 
MR 

• Only 30% recognized and increase in LVES diameter as  Class I 
indication  

• More than 20% DID NOT RECOGNIZE that resting 
RVSP>50mmhg was guideline  based criterion for intervention  

ECHO Interpretation (Cardiologists and CT surgeons only) 

When asked to interpret 2 echocardiography video clips to ascertain 
etiology of patient’s MR, 

    more than 14% respondents did not correctly identify 
cardiomyopathy with functional MR and 

    more than 30% did not appropriately interpret 
posterior leaflet prolapse.  

 
 



• 72 year old male 

• Chronic A-Fib 

• Congestive Heart Failure with normal 
coronaries 

• Echo Read as Anterior Leaflet Prolpase 

 

 

Case  



Case  



Case  



Case  



Annual Volume of  MR Valve Repairs 

Performed by Local Surgeons 



Release of Surgical Volume Statistics 



American Heart Journal Feb 2016 



Mitral Valve  Disease-Basic Question 

Primary Valve Problem – The valve 
makes the heart sick 

 

 

Secondary Valve Problem-The 
heart  makes the valve sick 



Indications for Surgery for Mitral Regurgitation 



Primary MR and Secondary MR 

        Primary MR   Secondary MR 

 Disease MR is  the Disease 
Result of ABN of MV Complex 
•Leaflet 
•Chordae 

MR is consequence of: 
   Abnormal LV contractility 
       LV Remodeling 
Reduced Closing  forces 
Increased MV tethering 
 MV apparatus is “Normal” 

Therapy MV Repair > MV Replace  
Trans Catheter- 
 Prohibitive risk 

Treat the Heart Failure: 
           (Meds, CRT) 
Surgery??: CABG + MV Replace. 

                  CABG + MV Repair 
Transcatheter 

Outcome Excellent MV Repair Restores: 
•Lv Fx & Size; 
•QOL; 
•Longevity 

??????? 



Primary MR 
Who sees the patients? 

• Primary Care Provider 

• Clinical Cardiologist 

• Echocardiologist 

• Surgeons 

 

 

 

• AND now the Interventionalist 



Secondary MR 
Who sees the patients? 

 

• Cardiologist 

• Echocardiologist 

• Electrophysiologist 

• Heart Failure Physician 

•  Surgeons 

• Soon  -the Interventionalist 



Diagnostic Imaging Assessment of  

MR-Clinically Available 

Echo -Doppler 

         TTE-Rest  and  Exercise 

         TEE-2D-3D 

CT 

MRI 



Mitral Regurgitation – Echo  is 

Your Friend 

Diagnose the cause-Etiology-of MR 

       Primary MR 

       Secondary MR 

Quantitate the severity of MR 

Determine impact of MR on: 

• LV –size and function 

• LA  

• RV & Pulmonary Pressure 

• TV 

 Stress Echo 

Aid in planning intervention 

Assess outcome of Intervention 



Primary Valve Problem – The valve makes the heart sick 

Secondary Valve Problem-The heart  makes the valve sick 



Mitral Regurgitation 

Primary, Secondary or something in 

between? 

Secondary MR 

Mixed? 



Case  

 79 yo male 

 “Ischemic MR” with multivessel CAD 

 TEE 

What  Classification is  this? 



Case 



Case  



Case  



Case  



Case  
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Defining Risks-Fraility etc 
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     THE FUTURE 

 









Volumetric PISA and ERO 



Composite 



‘Quantitate MR’ – Don’t Eyeball It! 

44 



Severe Primary MR  
2014 AHA/ACC Guidelines 

• Central jet MR > 40% of LA 

• Holosystolic eccentric MR jet 

• Vena contracta > 0.7 cm 

• Regurgitant Volume > 60 ml 

• Regurgitant Fraction > 50% 

• ERO > 0.40 cm2 

 



Key Findings 
Echocardiography Components Assessed and Reported, cont. 

•Quantitative Assessment:  

– Physicians responses in each survey indicate quantitative 

assessment inconsistently performed in 

echocardiography evaluation of patients with MR.  

– Nearly 10% of respondents on Clinical Cardiology and 

Subspecialist surveys reported that EROA, regurgitant 

volume, and regurgitant fraction were “Never” reported 
– Suggests significant barriers to accessing infrastructure and skills needed for quantitative 

assessment 

– Compared to imaging cardiologists, small set of Clinical Cardiologists who read high volume of 

echocardiograms notably less likely to include vena contracta or EROA measurements in their 

assessments.  

 

•Longitudinal strain--an emerging echocardiogram parameter that may facilitate earlier detection of left 

ventricular dysfunction.  

– More than 50% of respondents indicate this parameter “Never” assessed or reported 

– Suggests expertise and infrastructure (processes, technique, technology) needed to assess and 

interpret longitudinal strain not yet widely available. 

 



• 60 year old man 

• Chronic severe MR 

• Degenerative mitral valve 

• Normal LV EF 55-60% 

• Increasing dyspnea 



2-D TEE and Real-Time Volume TEE 



Meyer P, et al. Circulation. 2010;121:252-258 

Real-Time Volume Color Doppler TEE 
Automated 3-D PISA EROA 



Real-Time Volume Color Doppler TEE 
Automated Regurgitant Volume 

3-D PISA RV = 142.45 ml 

MV SV = 166.96 ml  
Ao SV = 42.76 ml 

RV = 124.2 ml 

MV SV = 158.16 ml  
Ao SV = 40.77 ml 
RV = 117.39 ml 



105 mm2 

105 mm2 

Automated Modeling of MV Anatomy 
3-D Anatomic ERO 

3-D PISA EROA = 0.87 cm2 



Surgical Anatomy 
Post- Repair 



2-D TEE 
Post- Repair MR 



Real-Time Volume Color Doppler TEE 
Automated Regurgitant Volume 

MV SV = 36.76 ml  
Ao SV = 32. 1 ml 



 



Severe Secondary MR – 
2014 AHA/ACC Guidelines 

• ERO > 0.20 cm2 

– PISA by 2D-TEE underestimates true ERO –  

       crescentic shape 

• Regurgitant Volume > 30 ml 

• Regurgitant Fraction > 50% 

 



                                        Ischemic 

 

 

Quantitation of MR severity in   

 2o MR is challenging 

 

-Because of low flow 

state 

 

-Regurgitant orifice is 

crescent-shaped along 

line of coaptation 

 

-Results in 

underestimation of EROA 

& vena contracta width 

 

-Regurgitant orifice 

changes shape 





Underestimation of EROA  in 2nd MR 



Variabilty of 2
nd

 MR with Medical RX 







     Regurgitant Volume by MRI 



Diagnostic Imaging Assessment of  

MR-Clinically Available 

Echo -Doppler 

         TTE-Rest  and  Exercise 

         TEE-2D-3D 

CT 

MRI 



MYXOMATOUS P1/P2 WITH DEEP CLEFT BETWEEM P2 AND P3 
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ASSESSMENT OF MITRAL INSUFFICIENCY BY DIRECT THRU PLAINE IMAGING 

Systolic 



MITRAL INFLOW 

MITRAL INSUFFICIENCY 

AORTIC FORWARD FLOW 

MITRAL INSUFFICIENCY QUANTIFICATION 
 
INDIRECT ASSESSMENT = LV STROKE VOLUME-AO 
FLOW-> VALIDATED TECHNIQUE 
 
DIRECT ASSESSMENT- MITRAL PHASE CONTRAST- 
MITRAL INFLOW ASSESSMENT ONLY 

LVSV = 110 ML 
AO FORWARD 
FLOW = 59 ML 
RV =51 ML, RF 
=RF 46% 



Diagnostic Imaging Assessment of  

MR-Clinically Available 

Echo -Doppler 

         TTE-Rest  and  Exercise 

         TEE-2D-3D 

CT 

MRI 











Mitral Annulus-LVOT 
Orientation of the mitral annulus and LVOT 

GLS -35.12% 

CL 3.39⁰ 

GLS -35.12% 

Velocity 

Vortex 









Pre procedure 

Periprocedure 

Post Procedure 
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Case 

• 46 yo WF with ESRD on PD,  

• CAD s/p NSTEMI with PCI x 2 to RCA  7/2013, 

•  HTN who presented with DOE and loud systolic 

mumur 

• TTE  

• Subsequent TEE 

 



Transthoracic Echo 







Valve in MAC 



Recommendations for Chronic Primary MR  

Nishimura, RA et al. 2014 AHA/ACC Valvular Heart Disease Guideline 







MITRAL VALVE  DISEASE  

 



Mitral 

Regurgitation 

Primary 
(Degenerative) 

 

Secondary 
(Functional) 
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Degenerative Leaflet  Repair 

Edge to Edge 
MitraClip 

 

Artificial Chords 
Neochord 
Harpoon 

 



Transcatheter Mitral Valve Repair 
MitraClip System 



Recommendations for Chronic Primary MR  

Nishimura, RA et al. 2014 AHA/ACC Valvular Heart Disease Guideline 



Commercial MitraClip Implant 
Worldwide Experience 

 

– Treating Centers: 463 

– Patients1: 25,508 

– Implant Rate1: 96%  

– Etiology2 

• Functional MR  65% 

• Degenerative MR 22% 

• Mixed  13% 

FMR 65% 

DMR 22% 

Mixed 
13% 

Data as of 01/31/2015.  Source: Abbott Vascular. 

Etiology2 



Transapical Off-Pump Artificial Chord Implantation  

Harpoon Neochord 



Combination of  

Techniques 



Mitral 

Regurgitation 

Primary 
(Degenerative) 

 

Secondary 
(Functional) 



Secondary MR 
Disease of the Left Ventricle NOT the Mitral Valve 

 

Normal LV 
Dilated LV tethering one or both leaflets 
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Why Do We Care About Secondary MR? 

It is Associated with Advanced CHF ! 



Frequency of MR in a CHF population=90% 

Heart failure clinic, EF≤35%, Class III-IV  

0-Trace

Mild

Mild-Mod

Moderate

Severe

Mod-Sev

 

Patel JB- J Cardiac Failure 10:285, 2004 

Retrospective 

1996-2001  

Echo reports 

Quantitative MR 

N = 558 

Moderate 

21.9 

Mild-Mod 

11.8 

Mild 

31.9 

Mod-Sev 

12.5 0-Trace 

10.4 

Severe 

4.3 



Volume overload Annular-Ventricular  
dilatation 

    FMR 

A Vicious Cycle 



Chronic Severe Secondary Mitral 

Regurgitation: Intervention 
Recommendations COR LOE 

MV surgery is reasonable for patients with chronic 

severe secondary MR (stages C and D) who are 

undergoing CABG or AVR 

IIa C 

MV surgery may be considered for severely 

symptomatic patients (NYHA class III-IV) with 

chronic severe secondary MR (stage D)  

IIb B 

MV repair may be considered for patients with 

chronic moderate secondary MR (stage B) who are 

undergoing other cardiac surgery 

IIb C 

Repair or Replacement not stipulated 
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Conservative Management

Isolated MV Surgery

Treatment of Patients with 3-4+ FMR, LVEF≥20%, no CABG 
from 2000-2010 (n=1,538*) 

Left Ventricular Ejection Fraction (LVEF) 

Duke 
Database 



Surgical Options to Correct Secondary MR 

After GDMT and Resynchronization When Appropriate 



Secondary  MR 
 Undersized Annuloplasty 

• Disease of the left ventricle NOT 
of the mitral valve 

• MR caused by apical lateral 
distraction of the papillary 
muscles tethering the leaflets 

• Annular dilation is secondary and 
occurs greatest in the septal-
lateral (anterior-posterior) 
dimension 

• Surgical repair based on over 
correction of the annular dilation 



Secondary MR Before and After Mitral Valve 
Annuloplasty 



November 18, 
2013, at NEJM.org. 

251 Patients Randomized 
Primary endpoint- LVESVI at One Year  



N=251 



Recurrent MR at 1 year 

32.6 

2.3 
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Moderate or Severe Recurrent MR 

p < 0.001 



November 18, 
2013, at NEJM.org. 



LVESVI with Recurrent MR 
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Mean LVESVI for Patients Undergoing Repair 

Baseline

12 Months

p < 0.001 

CTSN SMR Trial 



•  J Thorac Cardiovasc Surg 2015;149:752-61) 



Magne et al. Circulation 2007; 115: 782-91 

PLA >45Degrees 



Predictors of Recurrence 

Tenting Area  Tenting Height Anterior and Posterior Leaflet Angles 
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Braun J, et al., Leiden  Ann Thorac Surg 2008;85:430 –437 



Braun J, et al., Leiden  Ann Thorac Surg 2008;85:430 –437 



 
Repair vs. Replacement for Secondary MR: 

Replacement Always? 
 

Not always, but when recurrence is predictable… 

• Severe tethering   

 -PLA, ALA, Tenting Height, Tenting Area  

• Severely depressed LV function 

 -EF<0.35 

• Severely dilated LV 

 -LVEDD >65 

• Inferobasal aneurysm, dyskinesis 



Why is the Benefit of MR Reduction So 
Hard to Find? 

1- MR Recurrence (≥ 20%) and operative mortality (1.5-

15%) counterbalance a benefit. 

2- The benefit is limited to specific patient subgroups that 

have not been pre-defined in the current data sets 

(etiology, duration of MR, LVEF, functional class etc)-like 

treating all anemia with Vit B12 and saying it doesn’t work! 

3- No randomized trials with appropriate controls and core-

lab assessment of MR. 

4- Maybe there is no benefit. 

 (MR is a surrogate marker not causally related to 

outcome) 



Advanced HF 

Medical Therapy/ Resynchronization 

Surgical Intervention 

Transplantation 

LVAD 
Bridge To 

 Recovery 

Destination Therapy 



Advanced HF 

Medical Therapy/ Resynchronization 

Surgical Intervention 

Transplantation 

LVAD 
Bridge To 

 Recovery 

Destination Therapy 

Transcatheter Mitral and Tricuspid Intervention 



Transcatheter Mitral Valve Repair 
MitraClip System 



MitraClip for Secondary MR 



Commercial MitraClip Implant 
Worldwide Experience 

 

– Treating Centers: 463 

– Patients1: 25,508 

– Implant Rate1: 96%  

– Etiology2 

• Functional MR  65% 
• Degenerative MR 22% 

• Mixed  13% 

FMR 65% 

DMR 22% 

Mixed 
13% 

Data as of 01/31/2015.  Source: Abbott Vascular. 

Etiology2 



~420 patients enrolled at up to 75 US sites 

Randomize 1:1 

Clinical and TTE follow-up:   

1, 6, 12, 18, 24, 36, 48, 60 months  

Control group 

Standard of care 
N=210 

Not appropriate for mitral valve surgery (local heart team) 

Specific anatomical criteria 

MitraClip 

N=210 

Significant FMR (≥3+ by core lab) 

COAPT: Trial design 

PIs: Michael Mack and Gregg W. Stone 

Sponsor: Abbott Vascular 

December, 2015 
Randomized 

320 Patients at 
84 Sites 
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COAPT Trial 
Summary 

• First trial of correction of MR in secondary MR 
randomized vs. medical therapy 

• Trial enrollment will complete in March 2016 

• Results will be available late 2017 

• These results will significantly “inform the 
field” and impact both surgery and 
transcatheter valve repair and replacement 



• Surgical band delivered via 
transfemoral venous access 
 

• Implanted on the supra-
annular position, similar to 
the surgical treatment 
 

• Controlled adjustment of the 
posterior annulus for optimal 
hemodynamic results 

Cardioband Delivery System 

Cardioband Valtech 
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Transcatheter Mitral Annuloplasty 
Posterior Band Deployed Trigone to Trigone 

Cardioband 

 delivery system 

Cardioband 

 implant 



Mitra Spacer 

Mitra-Spacer™ 

14Fr Delivery Catheter Anchor 



Mitra Spacer 



Transcatheter Mitral Valve Replacement-TMVR 

Medtronic Mitral Valve Project 
• Preserves native mitral apparatus 

 
• Self expanding Nitinol scaffold 

 
• Bovine pericardium 

 
• Trileaflet 

 
• Large, flexible inlet conforms to 

anatomy 
 

• Support arms capture and cover 
native leaflets,  preventing LVOT 
 



TMVR 
Approved For Early Feasibility Trials in U.S. 

(When <30 Cases Performed OUS) 

CardiaQ Tendyne 

Neovasc Tiara 
Edwards Fortis 



Tendyne Transcatheter Mitral Valve 

Tendyne Device 

• Inner circular and outer D-Shaped 
Self-Expanding Nitinol Frame 

• Porcine Pericardial Tri-Leaflet Valve 

• Large EOA 

• Tether to Left Ventricular Apex 

• Numerous Valve Sizes   

 

• Tendyne Procedure 

• Trans-apical 

• Fully Repositionable and Retrievable 

• No Rapid Pacing or CPB Required 





Tendyne Transcatheter Mitral Valve 



Tendyne  
Baseline            Post-valve  
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Tendyne 
Transcatheter 
Mitral Valve  
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Transcatheter Mitral Valve Replacement-TMVR 
>$2.5 Billion spent in last 3 months 
 for 6 companies with a combined 

 total of ~50 cases ! 
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TMVR 



• 1. What is the role of advanced imaging modalities for MR? When are they 
incorporated?  

• 2. What is the optimal therapy for patients with symptomatic severe primary MR? 
What about for symptomatic severe secondary MR? Ischemic MR? When is valve 
replacement preferred over repair in patients referred for surgery?  

• 3. When is transcatheter mitral valve repair appropriate (extreme risk patient, 
degenerative, functional)? Do you consider a transcatheter mitral repair attempt 
before sending patients to surgery? What factors are key in determining if your 
patient is a reasonable transcatheter mitral repair candidate?  

• 4. Where do you envision transcatheter mitral valve replacement (TMVR) will fit 
into the management of patients with severe MR? Is it likely to better suit patients 
with primary or secondary MR? Should the adoption of TMVR technologies depend 
on efficacy in improving survival or is reduction in heart failure hospitalizations 
sufficient?  

• 5. What is the appropriate frequency and methods that should be used in following 
patients with MR initially, during active medical treatment, and post-surgery/post-
intervention?  

Discussion Questions 


