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DISCLOSURES

• MNY is a Site Investigator of the CLASPII-TR, 
ENCIRCLE, HI-PEITHO, PROGRESS clinical trial 
studies.

• In the past 48 months, MNY has served on an 
advisory board for Boston Scientific and 
Medtronic, and speaker for Edwards 
Lifesciences.
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The Mitral Valve is Complex

• MR may be caused by problems with:

Mitral valve leaflets

Chordae tendinae

Papillary muscles

Annulus

Left Ventricle

Left Atrium



Mitral Valve Regurgitation

Mitral regurgitation 
categorized as “primary” or 
“secondary” MR

Problem with the door 
(leaflets) vs. the frame 
(ventricle)



Categories of MR
*Primary MR: Valve leaflets are the problem

*Usually caused by prolapse or flail
*Myxomatous degeneration or fibroelastic

deficiency



Categories of MR
*Secondary (functional) MR: Ventricle is the 

problem
*Underlying cardiomyopathy

*Annular dilatation; chordal tethering





Volume Overload (in chronic MR)

LV Volume Overload

LV Dilates (Eccentric LVH)

Progressive remodeling leads to increased wall 
stress, systolic dysfunction, and heart failure 

Both primary and secondary MR increase risk 
of adverse outcomes and mortality



Severe MR Due to Flail
Natural History
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Courtesy of R. Nishimura (Mayo Clinic); Ling: NEJM 1996



Treatment for Severe Primary MR

*Surgical repair can be curative
*Surgical repair can often be very low risk 



Treatment for Severe Primary MR

• Surgical repair indicated when:
– Symptoms are present
or
– LV is dilated (LVESD ≥ 40 mm) or LV EF < 60%

Class 1 Indications:

And is reasonable even before any of the 
above (2a)



Surgical MV Repair

Verma: NEJM 2009

These techniques are difficult to replicate 
with a catheter



But in Higher-Risk Patients…

Surgical 
Benefit

Surgical 
Risk



EVEREST II (Landmark Clinical Trial)

 279 older patients with symptomatic 3-4+ MR

 Randomized 2:1 to TEER vs. conventional mitral valve 
surgery (repair or replacement)

 Primary composite endpoint = freedom from death, 
repeat surgery, 3-4+ MR at 12 months

 Primary safety endpoint = composite of MAE within 
30 days 



 TEER has 
superior 
safety profile

 Comparable 
overall 
survival at 4 
years

 TEER less 
effective than 
surgery at 
reducing MR

Feldman T et al.  NEJM 2011.





Bonow RO et al.  JACC 2020.



Mullens W, Martens P.  Circulation 2019.

Secondary “Functional” Mitral Regurgitation 



COAPT (Landmark Clinical Trial)

 614 patients with symptomatic moderate-to-severe secondary 
MR; LVEF 20-50%

 Randomized 1:1 to TEER + OMT vs. OMT alone

 Primary effectiveness endpoint = composite of all HF 
hospitalizations within 24 months

 Primary safety endpoint = freedom from device-related 
complications at 12 months







Bonow RO et al.  JACC 2020.



Case: 75 year old male with dyspnea on exertion

Past Medical History:
• CAD s/p PCI LAD
• Severe mitral valve 

regurgitation
• Pulmonary hypertension
• Atrial fibrillation/flutter on A/C
• Type II DM with Stage III CKD
• OSA
• Diverticulitis s/p colectomy 

and colostomy



Transcatheter 
Edge-to-Edge 

Repair







Transcatheter Mitral Valve Therapy in the US
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Mitral Disease not amenable to TEER

 Mitral annular calcification

 Mixed mitral valve disease (MR + MS)

 Failed surgical bioprosthetic mitral valve ring

 Failed surgical bioprosthetic mitral valve



 91 patients in non-randomized open label study 2015-2018
 Safety and feasibility of TAVR in the Mitral Position  



Transcatheter Mitral Valve-In-Valve 



Transcatheter Mitral Valve-in-Ring



Transcatheter Mitral Valve-in-MAC



Case: 90 year old male with h/o MVR 
(31 Carpentier Edwards) 2005, HTN, PTSD

Primary symptoms of shortness of breath, 
orthopnea, and PND

TTE:  LVEF 60%, mean MV gradient 17 
mmHg at 64 bpm.  3-4+ MR



TEE:  Two leaflets 
non-mobile, MVA 
0.94, mean gradient 
19 mmHg at 81 bpm, 
3+ anterior MR



1. Transseptal 
puncture

2. Atrial 
septostomy

3. TMVR





Investigational TMVR Devices

Gheorghe et al.  Devices for MV-Replacement and Complications.



Gheorghe et al.  Devices for MV-Replacement and Complications.



ENCIRCLE TRIAL





Sapien M3 Valve



Case: Elderly female with prior sternotomy, 
ischemic CM, and severe functional MR

 NYHA Class IV symptomatology with DOE, orthopnea, and BLE
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Tricuspid Valve Regurgitation

49

 Primary or secondary pathology
 Often secondary to left heart pathologies 

that can lead to RV pressure/volume changes 
over time

 Annular dilatation is asymmetric and progressive

 Tricuspid valve disease is not always treated 
concomitantly with left heart surgery

 Operation for severe functional tricuspid 
regurgitation carries higher conferred risk

Vismara et al.  JACC Interventions 2016.



Tricuspid valve edge-to-edge repair
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• “Bicuspidalization” of the tricuspid valve (Kay procedure) studied as a potential 
transcatheter option for FTR

Braun et al.  EuroIntervention 2017.
Vismara et al.  JACC Interventions 2016.





Early observational data (Mitraclip in TV)

52

 Mean age 76.6 +/- 10 years; 93% 
NYHA III-IV; prevalent 
cardiovascular comorbidities

 97% procedural success

 TR not completely eliminated and 
often reduced by one grade 

 Improvement in NYHA class

 Discharge 6 MWT improved 
compared to baseline

Nickenig et al.  Circulation 2017.
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Braun et al.  EuroIntervention 2017.

• Mean TR grade decreased from 3.4+/-0.6 to 1.8+/-1.0 (p<0.001).

• Improvements in NYHA Class, 6MWT, and QOL (measured by MLHFQ score). 

Early observational data (Mitraclip in TV)



Early Challenges of Tricuspid TEER

Complex anatomy of the tricuspid valve with three 
leaflets that precludes the “double orifice” strategy 
utilized for MR

TEE visualization of the tricuspid valve leaflet 
insertion is challenging compared to TEER

Outcome data limited to small studies/case series 

Clinical trials ongoing
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Edwards LifeSciences.  CLASPII TR Pivotal Protocol.



First-in-human trials

Fam NP et al.  JACC Interventions 2019.







“My energy has returned. I am 
quilting! My daughter was shocked 
when she walked in and saw me 
mopping and readying to wax my 
kitchen floor.  I hadn’t done that in 
years!”



Case: 81 year old female with severe TR, atrial 
fibrillation, type II DM, HTN, h/o colon cancer

 Primary symptoms of shortness of breath and fatigue

 TTE:  LVEF 55%, RV mildly dilated with normal systolic 
function, RVSP ~41 mmHg, severe (4+/4+) TR.

 TEE:  Severe (4+/4+) functional TR due to 
malcoaptation due to tricuspid annular dilatation. 



Severe Tricuspid Valve Regurgitation – NYHA Class IV



Transcatheter 
TV Repair



Discharged POD#1

1 month follow-up:
NYHA Class I
TTE with mild residual TR



Investigational Tricuspid Valve Devices 

Chung C et al.  JCTVS 2020.
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Multidisciplinary Heart Team

2018 American College of Cardiology Foundation



Raphael CE et al.  Circ Cardiovasc Interv 2017.



Multidisciplinary Heart Team

2018 American College of Cardiology Foundation.
Lee C, Young MN. JSCAI. Manuscript in press.



Cardiac Imaging

Electrophysiology

Structural Heart Team at Dartmouth

Interventional Cardiology
Cardiac Surgery

Cardiac Anesthesia

Advanced
Heart Failure

SHD APP Service

Stroke Neurology

Randy McDonald, RN



Interdisciplinary Care Teams

TAVR Team Meeting (every Thursday 7:00 AM)

Mitral-Tricuspid (MTV) Meeting (Thursdays 7:30AM)



TAKE HOME POINTS

 Percutaneous Therapies for Mitral/Tricuspid Disease
Growing evidence base supporting the safety and efficacy of 

TEER 

 There are numerous emerging mitral and tricuspid valve 
devices (e.g. annuloplasty, valve replacement) under 
development and investigation.

 The Multidisciplinary Heart Team is the centerpiece in 
delivering high-value, patient-centered care for SHD.


