
Transcatheter Therapies for Mitral and 
Tricuspid Regurgitation

Evolving Approaches Under Investigation

Josep Rodés-Cabau, MD
Quebec Heart & Lung Institute, Laval University

Quebec City, QC, Canada



Transcatheter Mitral Repair

CARDIOBAND System
(Edwards Lifesciences)

ARTO System
(MVRx)

CARILLON Mitral Contour System HARPOON System
(Cardiac Dimensions) (Harpoon Medical)



CARRILLON System (TITAN Trials)

Houde
London Valve 2016



ARTO System (MAVERICK Trial)

Worthley et al.
TCT 2017



CARDIOBAND SYSTEM (CE-MARK TRIAL)

Thourani V
TCT 2017



HARPOON System (TRACER Trial)

Gammie et al
JACC 2017



-Assymetrical saddle-shaped mitral annulus, irregular
mitral leaflets

-Complex structure (including chordae, papillary
muscles)

-No calcified structure in most cases

-Interaction with the LVOT

-Valve position and dimension

Transcatheter Mitral Valve Replacement
Challenges of the Mitral Valve Anatomy



TMVR devices

Tiara
Neovasc Inc.

Tendyne
Abbott Vascular

CardiAQ
Edwards Lifesciences

Fortis
Edwards Lifesciences

Intrepid
Medtronic

HighLife
HighLife SAS

TMVR Devices Under Clinical Evaluation

Caisson
Caisson Interventional

NCSI NaviGate
NaviGate Cardiac 

Structures Inc.

MValve
MValve Technologies

Boston Scientific



TMVR Devices Under Pre-Clinical Evaluation

Cardiovalve
Valtech HQ

Cephea
Cephea Valve Technologies

AccuFit
Sino Medical Science 

Technology Inc.

Direct Flow Medical
Direct Flow Medical Inc.

Saturn
HT Consultant



Valve shapeValve type Frame

TMVR Technologies Under Clinical Evaluation

Nitinol
Self-expandable

CardiAQ-
Edwards

Nitinol
Self-expandable

Neovasc
Tiara

Tendyne

Intrepid 
TMVR

Fortisa

Caisson

Nitinol, double frame, 
Self-expandable

Nitinol, double stent, 
self-expandable

Nitinol
Self-expandable

Two components 
(anchor and valve)

Nitinol, self-expandable 

Leaflets

HighLife
TMVR

Two components 
(ring and valve)

Nitinol, self-expandable

Tri-leaflet
Bovine pericardium

Tri-leaflet
Bovine pericardium

Tri-leaflet
Porcine pericardium

Tri-leaflet
Bovine pericardium

Tri-leaflet
Bovine pericardium

Tri-leaflet
Porcine pericardium

Tri-leaflet
Bovine pericardium

Intra-annular

Supra-annular

Intra-annular

Intra-annular

Intra-annular

Supra-annular

-

Valve position

D-Shaped

Circular

D-Shaped (Outer stent)
Circular (Inner frame)

Circular

Circular

D-shaped 

Circular

MValve system Dock system to be used with 
commercially available valves

- --

NCSI 
NaviGate
Mitral

Nitinol, self-expandable, 
xenogeneicpericardium

Tri-leaflet -Circular

Anchoring 
mechanism

Fibrous trigone capture 
with native leaflet 

engagement

Mitral annulus capture 
with native leaflet 

engagement

Apical tether

Radial force and 
subannular cleats 

Native leaflet 
engagement

External anchor
Mitral annulus capture 

with engagement at 
sub-annular fibrous 

groove 
External anchor

Valve-in-subannular
mitral ring

External anchor
Mitral annulus 

capture 
Annular winglets



Regueiro A, Granada, J, Dagenais F, Rodés-CabauJ. JACC 2017



Valve type Delivery 
system size

TMVR Technologies Under Clinical Evaluation

32 Fr 

CardiAQ-
Edwards

33 Fr

Neovasc
Tiara

Tendyne

Intrepid 
TMVR

Fortisa

Caisson

32 Fr

35 Fr

42 Fr

31 Fr

Recapture

HighLife TMVR NA

No

No

Fully recapturable 
system after complete 

deployment

No

No

Fully recapturable 
and retrievable

No

35mm and 40 mm

30 mm

NA (Multiple 
configurations)

27 mm with 3 outer 
stent sizes (43, 46, 

and 50 mm) 

29 mm

35mm – 40 mm

31 mm

Valve size(s)

MValve system 32 Fr Fully retrievable NA

NCSI NaviGate
Mitral

30 Fr NA 30/36; 30/40; 
33/44

Two anterior and one 
posterior anchoring 

structures

Supra-annular position
Intra-annular sealing  skirt

Tappered Outflow

Single inner valve size
Multiple outer frame 

sizes

Dual stent design
Outer provide fixation and 

isolates the inner stent

-

SAM Management feature
One delivery catheter for each 

system (anchor and valve)

NA

Additional features

Universal dock 
system

NA

Access

Transapical

Transapical
Transeptal

Transapical

Transapical

Transapical

Transeptal

Transapical
(Transfemoral artery 
for loop placement)

Transapical

Transapical, 
transatrial or 
transfemoral



TMVR 
Preprocedural CT

Regueiro et al. 
JACC 2017



Leipsic J. TCT 2017





Procedure I – Leaflet Capture



Procedure III – Valve Release



Procedural Result



CardiAQ – TF
Quebec Heart & Lung Institute 






CardiAQ – TF
Quebec Heart & Lung Institute 






CardiAQ – TF
Quebec Heart & Lung Institute 






TMVR – Initial Global Clinical Experience

Regueiro A, Granada J, Dagenais F, Rodés-Cabau J. JACC 2017



INTREPID Valve (Pilot Study)

Bapat V
JACC 2017



Caisson Valve – Initial Experience

Courtesy of Drs. Kipperman and Brown III
Morristown Medical Center



CAISSON Valve (Early Clinical Experience)

Williams M
TCT 2017



TENDYNE Valve (Feasibility Trial)
1 Year Results

Muller D
TCT 2017



Late (2-Year) Outcomes Post-TMVR

Regueiro A et al. JACC Intv 2017

FORTIS valve
N=13

Mortality: 54%
No late thrombosis

No late valve dysfunction



TMVR – Clinical Perspective
• Patient selection

– Secondary MR with low LVEF
– High rate of screen failure (anatomical issues, limited valve size 

availability)

• Procedural outcomes
– High (close to 90%) device success rate, low rate of LVOT obstruction
– High peri-procedural / 30-day mortality (transapical approach, very

low LVEF, high co-morbidity burden)

• Valve performance
– High rate of optimal valve performance (very few cases of moderate-

severe MR, low transvalvular gradient)
– Valve thrombosis

• Late outcomes
– Promising (preliminary) hemodynamic and valve performance data 

at 6- to 24-month follow-up



Screen failures Successful
procedure

No residual
leaks

Periprocedural
safety

TMVR +++ ++ +++ -

Mitral repair + ++ - ++

Transcatheter Mitral 
Replacement vs. Repair



Transcatheter Therapies for 
Tricuspid Regurgitation

Rodés-Cabau et al. JACC 2016



Figulla HR TCT 2017

Caval Valve Implantation 
(Initial Experience)



N=64
Successful Mitraclip implantation: 97%

Number of mitraclips ≥2: ~50%
In-hospital mortality: 5% Nickening et al. Circulation 2017



MitraClip Device for TR

Nickening et al. Circulation 2017



Kodali et al. TCT 2017

FORMA Device (Early Feasibility)



Severe TR Postcardiac Surgery

83 year-old patient, female sex
Medical history

Hypertension, dyslipidemia
COPD
Prior CABG and mitral valve surgery
Atrial fibrillation
LogEuroscore: 16.9

Severe TR, NYHA class III



Pre

6-Month Follow-Up



FORMA Compassionate Clinical Use
30-Day & 1-Year Follow Up

Clinical Outcomes 
30 Day
(n = 18)

1 Year 
(n=15)

Death 0 (0) 0 (0)

Rehospitalization for HF 0 (0) 1 (7)

Life threatening/Major bleeding 2 (11) 2 (13)

Major vascular complications 0 (0) 0 (0) 

Acute kidney injury ≥ 2 0 (0) 1 (7)

Device thrombosis 0 (0) 1 (7)*

Pulmonary embolism 0 (0) 0 (0)

Stroke 0 (0) 0 (0)

New pacemaker 0 (0) 0 (0)*Occurred in a patient with non-therapeutic INR levels, resolved with resumption of adequate anticoagulation

Values are mean ± SD or n (%)

Rodés-Cabau, TVT 207



Edwards FORMA Tricuspid Repair FIH
1 Year Efficacy Outcomes

N = 14*

NYHA Class



Edwards FORMA Tricuspid Repair FIH
31% Vena Contracta Reduction

• Large proportion of patients treated with “torrential” TR
• Improvements resulted in most patients achieving lower severity or moderate TR at 30 days



Hahn R. TCT 2017

TRIALIGN System (SCOUT Trial)



Nickening et al. TCT 2017

CARDIOBAND System (TRI-REPAIR Trial)



Navia J. TCT 2017

Transcatheter Tricuspid Valve 
Replacement. The NAVIGATE Valve



NaviagateValve Release: Complete Deployment

Courtesy of Drs Kodali, Hahn, Bapat
Columbia University Medical Center









Final Result

• Trivial central and trivial 
paravalvular regurgitation

• Peak/mean transtricuspid 
gradient = 1.5 and 0.3 mmHg












Transcatheter Therapies for TR
Feasibility/Safety

• Successful device implanation 90% (85-100%)

• 30-day mortality ~4% (0-17%)

• Major periprocedural <10%
complications

• Cardiac tamponade 3% (0-9%)
Rodés-CabauJ. TVT 2017



Transcatheter Therapies for TR
Preliminary Efficacy (30-Day Evaluation)

• TR reduction >90%
• Moderate TR ~60%

(post-intervention)
• NYHA I-II 80% (63-100%)
• 6MWT ∆ 50 meters (44-57)
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