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Difference between AoV and MV

Aortic Valve Mitral Valve



Annulus
• Indirect annuloplasty

– Coronary sinus approach
– Asymmetrical approach

• Direct annuloplasty
• Mechanical cinching
• Energy mediated cinching
• Hybrid

Transcatheter Mitral Valve Devices
Mechanism of Action

Chordal implants
• Transapical
• Transapical-Transseptal

Leaflets
• Edge-to-Edge
• Leaflet ablation
• Space occupier

MV replacement
• Right mini-thoracotomy
• Transapical
• Transseptal

Left Ventricle
• LV (and MA) remodeling

Otto N Engl J Med 2001:345:740-746



• Edge-to-Edge
• Leaflet ablation
• Space occupier



Device: 
Mitraclip / (Mitraflex) / (Mobius)

Status:
Randomized trials

Principle:
Based on the surgical Alfieri technique which brings the anterior and posterior 
leaflets together with a suture, creating a "double orifice" MV. 
This re-establishes leaflet coaptation, thereby reducing MR.

Limitations:
• Surgical Alfieri typically used with annuloplasty, 

because suboptimal results without annuloplasty
• Possibility of causing iatrogenic MS

Edge-to-Edge (leaflet plication)





Next generation



Circulation: cardiovasc Intervention 2018 Jun



N=1036
Statistics: COX regression, propensity scoring 
and matching



Randomized Controlled Trials on 
MitraClip in secondary MR

Death from any cause or 
unplanned hospitalization for heart failure



COAPT vs. MITRA-FR: 12-Month Death or HF Hosp

Stone GW et al. NEJM. 2018 Sept 23.

COAPT
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Key differences between both trials: 
why is the outcome so different

GW Stone, presentation at TCT 2018



Grayburn et al. JACC Cardiovasc Imaging. 2018.

• Patients enrolled in the COAPT trial had approximately 30% higher 
EROA with LV volumes approximately 30% smaller

• “We hypothesize that the ratio of EROA to LVEDV is likely to be 
useful in individual clinical decision-making, 

that is, patients with proportionate MR might be highly likely to   
respond to optimization of medical therapy, 

whereas those with disproportionate MR would be most likely to 
benefit from additional transcatheter repair”

MITRA FR
COAPT

´Heterogenous group´



• Edge-to-Edge
• Leaflet ablation
• Space occupier



Leaflet ablation
Device: 
Thermocool catheter

Status:
Animal models

Principle:
Radiofrequency energy is delivered retrograde from the LV to the leaflet(s)  
to cause scarring and fibrosis and functional (reduced leaflet motion) 
alterations

Limitations:
• Only for DMR
• RF ablation not precise
• Leaflet perforation
• Damage to the adjacent cardiac structures 

Williams JL et al. J Interv Cardiol. Dec 2008;21(6):547-54.



Space Occupier

Device:  Percu-Pro

Status: Phase 1 trial

Principle:
• Device acting like a "buoy" is positioned across the MV orifice to provide a 

surface against which the leaflets can coapt, reducing MR
• Transseptal implantation, positioned across MV and anchored at the apex

Limitations:
Thrombus formation on the device
Residual MR
Restricted inflow by the spacer

Courtesy to Dr.Svensson
Department of Thoracic and Cardiovascular Surgery
Cleveland Clinic, USA



Annulus
• Indirect annuloplasty

– Coronary sinus approach
– Asymmetrical approach

• Direct annuloplasty
• Mechanical cinching
• Energy mediated cinching
• Hybrid

Transcatheter Mitral Valve Devices
Mechanism of Action

Chordal implants
• Transapical
• Transapical-Transseptal

Leaflets
• Edge-to-Edge
• Leaflet ablation
• Space occupier

MV replacement
• Right mini-thoracotomy
• Transapical
• Transseptal

Left Ventricle
• LV (and MA) remodeling

Otto N Engl J Med 2001:345:740-746



• Indirect annuloplasty
§ Coronary sinus approach
§ Asymmetrical approach

• Direct annuloplasty
§ Mechanical cinching
§ Energy mediated cinching
§ Hybrid



Device: 
Carillon / (Monarc/Viking) / (Viacor)

• Status:
Enrollment in multicentre, randomized clinical trial
(REDUCE FMR Trial)

Indirect annuloplasty –
Coronary sinus approach



Indirect annuloplasty  
Coronary sinus approach

Coronary 
Sinus

Great 
cardiac Vein

Principle: 
• Implantation of devices within the CS with the aim of "pushing" the posterior 

annulus anteriorly, thereby reducing the septal-lateral (anterior-posterior) 
dimension of the mitral annulus

• This has been demonstrated in surgical data to improve leaflet coaptation and 
decrease MR

Timek TA et al. J Thorac Cardiovasc Surg. May 2002;123(5):881-8.



CARILLON Mitral Contour System

23

Device Deployment



Relation coronary sinus – MV annulus

Courtesy to Dr.Lederman
National Institutes of Health
Bethesda, MD, USA



Relation coronary sinus - circumflex artery

Courtesy to Dr.Kapadia, Cleveland Clinic, USA
Choure AJ et al. JACC 2006



mitral loop cerclage catheter system (Tau-PNU Medical Co, Ltd, Pusan, Korea)





Coronary Sinus-Based
Approach to Mitral
Regurgitation
Steven L. Goldberg, MDa,b,*,
Christoph Hammerstingl, MD

A double blind randomized trial is currently ongoing comparing the Carillon device
against
optimal medical therapy Interv Cardiol Clin 2016



Direct Annuloplasty - Mechanical
Mitralign Device

Mimics surgical suture annuloplasty of Paneth and Burr 

1. Implantation 2. Removal of 
sheat

3. Removal of sheat

Aybek et al., JTCS. 2006; 
Burr LH, Paneth M, et al. JTCVS 1977:73:589

Wire crossing to LA by RF
Bident catheter and second

wire delivery

Plication and lock at  
P1 and P3 

Anchors are placed on the
posterior MA and

connected with a suture







Direct Annuloplasty - Mechanical
GDS Accucinch

Sub-valvular placement of anchors and a cinching cable along the posterior 
LV wall via a retrograde trans-femoral approach

Anterior 

MV leaflet

Posterior 

MV leaflet

Cinching cable
Anchors

P1

P3

14F Delivery 
catheter



Direct Annuloplasty – Mechanical
Valtech Cardioband

• Fully percutaneous  
procedure based on         
surgical principles

• Off-pump adjustment 
of leaflet coaptation

• Innovative multi-
functional catheter 
system

• Based on technology
that is tested 

surgicaly   
in current clinical 
studyCourtesy to Dr.Maisano

San Raffaele Hospital
Milan, Italy

1 2

3 4









Annulus
• Indirect annuloplasty

– Coronary sinus approach
– Asymmetrical approach

• Direct annuloplasty
• Mechanical cinching
• Energy mediated cinching
• Hybrid

Transcatheter Mitral Valve Devices
Mechanism of Action

Chordal implants
• Transapical
• Transapical-Transseptal

Leaflets
• Edge-to-Edge
• Leaflet ablation
• Space occupier

MV replacement
• Right mini-thoracotomy
• Transapical
• Transseptal

Left Ventricle
• LV (and MA) remodeling

Otto N Engl J Med 2001:345:740-746



• Transapical (Neochord/Valtech Vchordal/Mitralflex)
• Transapical-Transseptal (Babic)



Device:  Neochord / Valtech Vchordal / (Babic-device) / (Mitraflex) 

Status: Pre-clinical development /FIM

Principle:
• Synthetic chords or sutures are implanted either from a transapical or 

transseptal approach and anchored onto the LV myocardium at one end, with 
the leaflet at the other.

• The length of the chord is then adjusted to achieve optimal leaflet coaptation 
and reduce MR.

Limitations:
• Mainly for DMR
• Residual leaflet prolapse / Leaflet restriction
• Residual MR
• Device thrombus formation

Chordal Implantation



Annulus
• Indirect annuloplasty

– Coronary sinus approach
– Asymmetrical approach

• Direct annuloplasty
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METHODS
Patients. All patients undergoing a transfemoral or
transapical TAVI in our centre from June 2007 to
December 2013, were prospect ive ly enrol led.

n
Procedure. Transthoracic echocardiography was routinely
performed before TAVI. The LVEF was assessed using the
biplane Simpson method. An impaired LVEF was defined
as <50%.

n
Follow-up. All-cause mortality was registered at 2 years.

Prognostic Value Of Impaired Left Ventricular Function In Patients Undergoing 
Transapical Versus Transfemoral TAVI

VJ Nijenhuis, MD1; MJ Swaans, MD1; R.H. Heijmen, MD2; T.L. de Kroon, MD2; J van der Heijden, MD, PhD1; B.J.W.M. Rensing, MD, PhD1; J.M. ten Berg, MD, 
PhD1.

1 St Antonius Hospital, Dept. of Cardiology, Nieuwegein, the Netherlands; 2 St Antonius Hospital, Dept. of Cardiothoracic  Surgery, Nieuwegein, the Netherlands.

INTRODUCTION

Table 1. Baseline and echocardiographic characteristics. Data 
is shown as mean ± SD or N (%). AF = atrial fibrillation, COPD 
= chronic obstructive pulmonary disease, GFR = glomerular 
filtration rate, LVEF = left ventricular ejection fraction, PAD = 
peripheral artery disease.

RESULTS (2)

An impaired left ventricular ejection fraction (LVEF)
severely affects prognosis and peri-operative risk in
patients undergoing surgical aortic valve replacement.
Also in patients undergoing transcatheter aortic valve
implantation (TAVI), an impaired LVEF seems to affect
prognosis, although contradictory findings exist. We
analyzed the effects of an impaired LVEF on prognosis in
patients undergoing transfemoral versus transapical TAVI.

d d

RESULTS (3)

Figure 1. Kaplan–Meier survival analysis. A. Survival in transfemoral 
treated patients according to left ventricular ejection fraction (LVEF) 
(p<0.32). B. Survival in transapical treated patients according to LVEF 
(p<0.01).

LVEF 
<50%

LVEF≥5
0% P

Transfemor
al N=97 N=166

Age (years)
79.6 ±

8.0
82.8 
± 6.8 <0.01

Female 
gender 37 (38)

116 
(70) <0.01

LVEF (%)
35.5 ±

9.6
64.7 
± 9.0 <0.01

GFR
54.3 ±

23.0

57.8 
±

21.2 0.21
PAD 12 (12) 11 (7) 0.11
COPD 29 (30) 29 (18) 0.02
AF 37 (38) 62 (37) 0.90
Diabetes 25 (26) 30 (18) 0.14
Transapical N=81 N=144

Age (years)
79.5 ±

5.6
80.4 
± 7.0 0.31

Female 
gender 29 (36) 93 (65) <0.01

LVEF (%)
37.9 ±

9.9
65.4 
± 9.2 <0.01

GFR
61.6 ±

18.9

62.4 
±

26.1 0.73
PAD 42 (52) 68 (47) 0.51

RESULTS (1)

In total, 488 patients were included of whom 263 (54%)
underwent transfemoral (age 81.6± 7.5 years, 153 (58%)
female, STS score 6.0 ± 3.7%) and 225 (46%) transapical
TAVI (age 80.1 ± 6.5 years, 122 (54%) female, STS score
6.2 ± 3.5%). An impaired LVEF was present in 178 (37%)
patients. Baseline parameters are shown in table 1.

d
Uni- and multivariate Cox regression analysis showed that
an impaired LVEF was associated with all-cause mortality
at 2 years (HR 1.49, 95% CI 1.05 to 2.11, p=0.03). After 30
days, an impaired LVEF does not play a role in
transfemoral patients (HR 1.34, 95% CI 0.75 to 2.37,
p=0.32) whereas it continues to affect survival in
transapical patients (HR 1.67, 95% CI 1.07 to 2.60, p=0.02).
Survival curves are provided in figure 1A and B.

CONTACT

For further information please contact Vincent J Nijenhuis, 
v.nijenhuis@antoniusziekenhuis.nl or scan the QR-code.

DECLERATION OF INTEREST

None to declare.

CONCLUSIONS

An impaired LVEF before TAVI seems to play no significant
role in transfemoral patients whereas it continues to
affect survival in transapical patients at 2 years. The LVEF
may be considered in deciding the most appropriate

approach for TAVI. ;

A.

B.

TCT2014
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CardiAQ™ TMVI System
• MULTIPLE ACCESS ROUTES

• TF – Trans-Femoral vein, trans-septal,     
antegrade approach

• TA – Trans-Apical, retrograde approach

• POSITIONING & CONTROL
• Multi-stage controlled deployment
• Intra/Supra annular placement
• Self-positioning within native valve 

annulus

• ANCHORING
• Unique frame designed for annular 

attachment without radial force
• Preserves chords and uses native leaflets
• Load distribution between chords and 

annulus



CardiAQ TMVI Procedure Overview

For illustration only - the devices depicted are not an accurate reflection of the CardiAQ TMVI technology







TENDYNE (Abbott)

Early safety and feasibilty trial  USA/Canada     Zurich/Nieuwegein
N=40 (+6 compasioned use)



TENDYNE (Abbott)



TENDYNE (Abbott)

Cephea 2020
TS TMVR







Thank you for your 
attention!


