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Start / Father of Transcatheter Valve Therapy 

Percutaneous Valve Technologies (PVT)

Aortic Heart Valve

Bovine pericardium / Stainless steel stent

23-24mm max 

diameter

FIM: April 16, 2002

Conclusions: Nonsurgical 

implantation of a 

prosthetic heart valve can 

be safely and 

successfully achieved 

with immediate & midterm 

results

Andersen Stent-Valve

(1989)

Alain Cribier



Current Status of Transcatheter Heart Valve Therapy 

Aortic Valve

Medtronic CoreValve; #2

Mitral Valve

Edwards Sapien XT; #4
Tricuspid Valve

Edwards Perimount Magna; #3

Pulmonic Valve

Medtronic Melody Valve; #1

TEER

    #2



Stages of Progression of Valvular Heart Disease (VHD)

Nishimura et al., Circulation 2014;129:2440

Stage Definition Description

A At risk Patients with risk of development of VHD

B Progressive
Patients with progressive VHD (mild-moderate severity and 

asymptomatic)

C
Asymptomatic 

severe

Asymptomatic patients who have the criteria for severe VHD: 

C1:  Asymptomatic patients with severe VHD in whom the 

left or

right ventricle remains compensated

C2:  Asymptomatic patients with severe VHD, with 

decompensation of the left or right ventricle

D Symptomatic severe Patients who have developed symptoms as a result of VHD



Annual Volumes of TAVR and SAVR in USA

Carroll et al., J Am Coll Cardiol 2020;76:2492

95,000+

2022

Evolut           Sapien



8 major RCT established the efficacy of 

TAVR (being non-inferior to SAVR for 

death/stroke) in various STS risk severe 

AS pts and lower LOS;

many of them showed superior & safer 

outcomes vs SAVR (except Partner 1A had 2x 

stroke with TAVR vs SAVR).

                     …hence

--TAVR has now become the dominant, safe 

and preferred default strategy in 

management of severe AS 

(? Which pt should get SAVR appropriately) 



Balance of Factors Determining Strength of Valve 

Preference vs. Expected Remaining Years of Life



Reasons for selection of the study/publication 

Revolutionary / significant observation

Widespread acceptance

Change in clinical practice
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Concomitant Left Atrial Appendage 
Occlusion and Transcatheter Aortic 

Valve Replacement Among Patients with 
Atrial Fibrillation

WATCH-TAVR Trial



WATCH-TAVR Study: Mortality, Stroke and  

Bleeding After TAVR in AF Pts (Occurs in 40-50% AS pts)

MORTALITY BLEEDINGSTROKE

DOACWARFARIN

Tanawuttiwat et al, JAHA 2022;11:e023561



Kapadia et al., Circulation Oct 28, 2023 Epub ahead of print

WATCH TAVR Study Design

Primary endpoint 

Patients undergoing commercial TF-TAVR

N=349

TAVR + Medical Therapy

N=172

TAVR + LAAO

N=177

Follow up 45 days, 6, 12, 24 months

Composite of the first occurrence of 

all-cause mortality, stroke (ischemic or hemorrhagic), or bleeding 

(life-threatening and major) events within 2 years post 

randomization

1:1



Kapadia et al., Circulation Oct 28, 2023 Epub ahead of print

WATCH-TAVR Study: Medical Therapy

TAVR + Medical TherapyTAVR + LAAO

At the discretion of 

treating physician

6 weeks – 6 months

DAPT

First 6 weeks after the 

procedure 

Warfarin + Antiplatelet

At the discretion of 

treating physician



Kapadia et al., Circulation Oct 28, 2023 Epub ahead of print

WATCH TAVR Study: Primary Outcome

Death, Stroke, Major Bleeding

Mortality



Kapadia et al., Circulation Oct 28, 2023 Epub ahead of print

WATCH TAVR Study: 

All Strokes                 Major Bleeding



Kapadia et al., Circulation Oct 28, 2023 Epub ahead of print

WATCH TAVR Study: Thrombosis

Venous Arterial
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The JenaValve Trilogy™ Heart 
Valve System in High Surgical 

Risk Patients with Symptomatic, 
Severe Aortic Regurgitation:

 The ALIGN AR Trial



Jenavalve Trilogy TAVI System

Tamm A, EuroPCR 2022

• The Trilogy TAVI System features unique locators that align the THV

with the native cusps of the valve and ensures anatomically correct

alignment

• The locators “clip” onto the native leaflets, enabling anchoring in pure

AR patients with non-calcified valves.

Jenavalve Trilogy Valve Jenavalve Trilogy valve after 

implantation with perfect position 

and no paravalvular regurgitation

Prosthesis with locators spread 

during implantation, seating 

locators in the sinuses



ALIGN AR Trial: Trilogy THV in AR Anatomy

Positioning/Anchoring

• Locators “clip” onto native 

leaflets forming a natural

seal and stable securement

Deployment

• Large open cells provide

access to low coronaries

• Flared sealing ring conforms

to annulus

Alignment

• Aligns THV with native 

cusps



ALIGN AR Study Design

Thourani V and Torsten V, TCT 2023

Multicenter, Non-blinded, Single Arm Evaluation of Patients with

Symptomatic ≥3+ Aortic Regurgitation at High Risk for SAVR

Trilogy THV Implantation

Clinical Evaluation, Echocardiography, Functional and QoL Assessment at 

30 Days, 6 Months, 1 Year and Annually up to 5 Years

30 Day Primary Safety 

Endpoint

1 Year Primary Efficacy 

Endpoint

Comparison with Prespecified 

Performance Goal



Thourani V and Torsten V, TCT 2023

ALIGN AR Trial: Primary Safety Endpoint

 at 30 Days (n=170)
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Thourani V and Torsten V, TCT 2023

ALIGN AR Trial: Primary Safety and Efficacy 

Endpoint

30 Days (n=170)
Composite of 30-day mortality, stroke, major bleeding, 

major vasc compl, AKI ≥2 or dialysis, valve intervention, 

PPM, ≥moderate PVR

1 Year (n=151)
All-cause mortality



Thourani V and Torsten V, TCT 2023

ALIGN AR Trial: Paravalvular Regurgitation
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REVASC-TAVI Registry



REVASC-TAVI Trial: Study Design

Costa G, EuroPCR 2022

Patients with available data about baseline CAD and PCI performed (n=2025)

Patients undergoing TAVI with significant, stable CAD at baseline (n=2402)

Complete revascularization
(n=1310)

Incomplete revascularization
(n=715)

No follow-up data available (n=231)       

675 pairs of patients compared

through 1:1 PS matching

No data about the completeness of myocardial 

revascularization (n=146)       



REVASC-TAVI Registry: Procedural In-Hospital 

Outcomes After IPTW Analysis

Rheude et al., EuroIntervention 2023 July 19, Epub ahead of print
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Outcomes of Pts Undergoing TAVI and PCI for Stable CAD 

From the International, Multicenter REVASC-TAVI Registry 

Rheude et al., EuroIntervention 2023 July 19, Epub ahead of print



COMPLETE TAVR Study Design
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A RANDOMIZED CLINICAL TRIAL

JOSEP RODÉS-CABAU, MD, PHD; HENRIQUE RIBEIRO, MD, PHD; SIAMAK MOHAMMADI, MD; VICENÇ SERRA, MD; 

TALAL AL-ATASSI, MD; ANDRES INIGUEZ, MD; VICTORIA VILALTA, MD, PHD; LUIS NOMBELA-FRANCO, MD, PHD; 

JOSE IGNACIO SAEZ DE IBARRA, MD; VINCENT AUFFRET, MD, PHD; JESSICA FORCILLO, MD; LENARD CONRADI, 

MD; MARINA URENA, MD, PHD; CESAR MORIS, MD, PHD; ANTONIO MUÑOZ-GARCIA, MD, PHD; JEAN-MICHEL 

PARADIS, MD; ERIC DUMONT, MD; DIMITRI KALAVROUZIOTIS, MD; PABLO MARIA POMERANTZEFF, MD, PHD; VITOR 

EMER EGYPTO ROSA, MD, PHD; MARIANA PEZZUTE LOPES, MD; CARLOS SUREDA, MD; VICTOR ALFONSO 

JIMENEZ DIAZ, MD; CARLOS GIULIANI, MD; MARISA AVVEDIMENTO, MD; EMILIE PELLETIER-BEAUMONT, MSC; 

PHILIPPE PIBAROT, PHD ON BEHALF OF THE VIVA TRIAL

INVESTIGATORSHTTPS://WWW.AHAJOURNALS.ORG/DOI/10.1161/CIRCULATIONAHA.123.067326)



VIVA Trial Study Population Flowchart

Rodés-Cabau J, TCT 2023

Patients eligible after CT 

evaluation and randomized to 

either TAVR or SAVR

(n=156) CTA (23 mm annulus)

TAVR group

Patients randomized to 

TAVR procedure

(n=79)

Patients included in the  

TAVR group

(n=77)

Patients with 

echocardiographic 

measurements (Core Lab)

(n=76)

SAVR group

Patients randomized to 

SAVR procedure

(n=77)

Patients included in the  

SAVR group

(n=74)

Patients with 

echocardiographic 

measurements (Core Lab)

(n=72)

3 patients excluded 

(1 patient was deemed not eligible 

after second CT evaluation; 2 

patients withdraw the consent 

before intervention)

2 patients did not undergo 

echocardiographic evaluation (1 

patient died before the 

echocardiographic follow-up; 1 patient 

without images to provide to the 

corelab) 

2 patients excluded 

(1 patient with intended use of a 

THV not approved for the study; 1 

patient had a severe MR requiring 

surgical intervention)

1 patient did not undergo 

echocardiographic evaluation 

(died before the 

echocardiographic follow-up)



VIVA Trial: Valve Performance at 60 Days

Rodés-Cabau J, TCT 2023

TAVR

n=76

SAVR

N=72

Difference TAVR-SAVR

(95%CI)
P value

LVEF, % 61±6 61±8 0.30 (-2.27 to 2.87) 0.82

Mean aortic gradient, mmHg 11±5 11±5 0.31 (-1.29 to 1.91) 0.70

Mean gradient >20 mmHg 4 (5.3%) 7 (9.7%) -4.46 (-13.85 to 3.93) 0.30

Maximal aortic gradient, mmHg 22±9 21±9 0.66 (-2.24 to 3.56) 0.65

Effective orifice area, cm2 1.63±0.40 1.65±0.45 -0.02 (-0.16 to 0.12) 0.79

Effective orifice area indexed, 

cm2/m2 0.99±0.28 0.98±0.27 0.01 (-0.08 to 0.11) 0.76

Velocity ratio 0.50±0.11 0.50±0.11 0.00 (-0.03 to 0.04) 0.81

Severe PPM or moderate-severe 

AR (Primary Outcome)
4/72 (5.6%) 7/68 (10.3%) -4.74 (-13.69 to 4.21) 0.30

Aortic regurgitation* - 0.48

None-trace 62/75 (82.7%) 59/68 (86.8%)

Mild 13/75 (17.3%) 9/68 (13.2%)

Moderate/Severe 0/75 (0%) 0/68 (0%)

PPM (severe) VARC-2** 4/72 (5.6%) 7/68 (10.3%) -4.74 (-13.69 to 4.21) 0.30

PPM (severe) VARC-3** 3/72 (4.2%) 5/68 (7.4%) -3.19 (-10.29 to 4.55) 0.49



VIVA Trial: Valve Hemodynamics Over Time

Rodés-Cabau J, TCT 2023
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VIVA Trial: Follow-Up Outcomes
(median: 2 [1-4] years)

Rodés-Cabau J, TCT 2023
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Swiss TAVI Registry: Procedural Characteristics 

and Complications in the Matched Population

Okuno et al., J Am Coll Cardiol Intv 2023;16:429



Swiss TAVI Registry: 5-Yr Clinical Outcomes Between 

Self-Expanding THVs vs Balloon-Expandable THVs in Pts with 

Small Annuli

Okuno et al., J Am Coll Cardiol Intv 2023;16:429



SMART Trial: Trial Design

Subjects with severe native aortic valve stenosis with a small annulus 

(≤430 mm2 by MDCT)

Randomization

1:1 Stratified by Site and Sex

Medtronic

Evolut PRO/PRO+/FX

Edwards

SAPIEN 3/SAPIEN 3 Ultra

Approximately 700 randomized subjects 

at approximately 90 sites in Canada, 

EMEA and the U.S.

30-Day and annual follow-ups through 5 years for all subjects

Primary Endpoints: - Mortality, disabling stroke or HF rehospitalization at 12 months (non-inferiority)

                                   - Bioprosthetic valve dysfunction (BVD) at 12 months (superiority)
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Therapeutic Algorithm for Bioprosthetic Aortic 

Valve Dysfunction

Tarantini et al., J Am Coll Cardiol Intv 2022;15:1777

SVD Non- SVD Thrombosis Endocarditis

Any major concerns 

(i.e. coronary flow or 

access impairment, 

residual PPM, etc.)?

Severe PVL

Treatable by 

redo-TAVR?

Severe PPM

*BVF 

feasible?

Redo-TAVR

feasible

Redo-TAVR Not indicated or harmful;  

Hence SAVR++ (if possible)

No NoYesNoYes

BVD

Yes



TAV-in-TAV vs TAVR Explant-CMS

Percy et al., J Am Coll Cardiol Intv 2021;14:1717

Contemporary Repeat TAVR Outcomes in the United States

Repeat TAVR can be performed with acceptable 30-day mortality and may 

be considered as a potential option in appropriate patients





Redo-TAVR Study Profile

Makkar et al., Lancet 2023;402:1529



Redo-TAVR Study: 1-Year  Outcomes in Propensity 

Score-Matched Pts Who Underwent Redo-TAVR 

or Native TAVR

Makkar et al., Lancet 2023;402:1529
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Redo-TAVR Study: Echo and Functional Outcomes in 

Propensity Score-Matched Pts Who Underwent Redo-TAVR or 

Native TAVR

Makkar et al., Lancet 2023;402:1529

*Redo-TAVR vs 

Native TAVR 

statistically 

significant, p<0.05





Redo of SAVR After Prior TAVR or SAVR: Consort Diagram

Hawkins et al., J Am Coll Cardiol Intv 2023;16:942

STS PUF Cohort

(n=48,220)

Complete Cohort (n=31,106)
• TAVR-SAVR (n=1,126)

• SAVR-TAVR-SAVR (n=674)

• SAVR-SAVR (n=29,306)

PROM Cohort (n=15,657)
• TAVR-SAVR (n=544)

• SAVR-TAVR-SAVR (n=318)

• SAVR-SAVR (n=14,826)

Sequential exclusions

1. Endovasc procedure (n=22)

2. Emergent TAVR explant (n=206)

3. Unplanned AVR (n=140)

4. Explanted mechanical AV (n=9,669)

5. Prior AVR (n=75)

6. Prior homograft (n=1,732)

7. Prior autograft (n=56)

8. Unknown explanted aortic prosthesis (n=1,511)

9. Prior VAD/heart transplant (n=29)

10. Other prior root replacement (n=3,062)

11. Primary aortic disease (n=423)

12. Primary other disease: tumor, trauma, HOCM, 

supravalvular stenosis (n=211)

Missing risk score

(n=15,449)

Concomitant Op (n=18,370)

SAVR-TAVR-SAVR (n=674)

Isolated AVR (n=12,062)

TAVR-SAVR 

(n=531)

TAVR-SAVR 

(n=433)

SAVR-SAVR 

(n=11,531)

SAVR-SAVR 

(n=433)

PS 

Match



Redo of SAVR After Prior TAVR or SAVR: 

Short-Term Outcomes for All Pts with Prior SAVR

 and/or Prior TAVR

Hawkins et al., J Am Coll Cardiol Intv 2023;16:942

TAVR-SAVR

(n=1,126)

SAVR-TAVR-SAVR

(n=674)

SAVR-SAVR

(n=29,306)
P value

Operative mortality 17% 12% 9% <0.001

Major morbidity 37% 31% 28% <0.001

Stroke 5% 3% 3% <0.001

Acute renal failure 12% 11% 7% <0.001

New Dialysis 10% 9% 5.7% <0.001

Reoperation 9% 9% 8% 0.083

Prolonged ventilation 32% 28% 24% <0.001

Transfusion 88% 88% 82% <0.001

Hours intubated 13 (5-42) 12 (5-37) 10 (5-23) <0.001

ICU LOS, h 95 (48-169) 77 (45-159) 69 (39-125) <0.001

Preoperative LOS, d 3 (0-8) 2 (0-8) 0 (0-5) <0.001

Postoperative LOS, d 9 (7-15) 9 (6-14) 8 (6-12) <0.001

Discharge to home 51% 63% 73% <0.001

Readmission 17% 15% 12% <0.001







EXPLANTORREDO-TAVR Registry: Study 

Population

Tang et al., J Am Coll Cardiol Intv 2023;16:927

533 Patients from 29 Sites undergoing TAVR 

Reintervention for THV failure 

during separate admissions as initial TAVR

5/2009 – 2/2022

Primary Cohort for Analysis

(N=396)

Redo-TAVR

(n=215)
TAVR Explant

(n=181)

Median Follow-up:

13.6 months (IQR: 2.4-35.9)

Median Follow-up:

6.7 months (IQR: 1.3-15.9)

157 TAVR-Explant

Performed for Endocarditis



Summary of the EXPLANTORREDO-TAVR International Registry

Tang et al., J Am Coll Cardiol Intv 2023;16:927
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The COAPT Trial Design Through 5 Years

Stone et al., N Engl J Med Mar 5, 2023 Epub ahead of print



The COAPT Trial: Event Curves for Hosp for HF

 and Death from Any Cause

Stone et al., N Engl J Med Mar 5, 2023 Epub ahead of print

• Pts with HF and mod-to-severe or severe MR who had been randomly assigned to undergo 

TEER + GDMT (device group) or to receive GDMT alone (control group)



Stone et al., N Engl J Med Mar 5, 2023 Epub ahead of print
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EXPAND Study: MitraClip Implant Evolution

Kar et al., J Am Coll Cardiol Intv 2023;16:589

First 

Generation

Second

Generation

Third

Generation

From 1st gen to 2nd gen valve gripper, increased 

gripper drop angle from 85° to 120°, 2nd gen 

more efficient leaflet capture on first attempt 

3rd gen NTR to XTR, identical size-wise to NT 

with improved delivery system, increasing 

precision and predictability during steering. 

XTR has longer arms for easy grip and better 

reach.



EXPAND Study: Change in MR from Baseline 

Through 1-Year Follow-Up

Kar et al., J Am Coll Cardiol Intv 2023;16:589



EXPAND Study: Procedural Outcomes

Kar et al., J Am Coll Cardiol Intv 2023;16:589



Safety and Efficacy of Transcatheter 
Edge-to- Edge Repair in 

Degenerative Mitral Regurgitation

An Analysis from the STS/ACC TVT Registry



Mitral TEER for Degenerative MR: Study Population

Makkar R, ACC 2023

The STS/ACC TVT registry is a national database of all consecutive patients 
undergoing commercial transcatheter mitral-valve repair in the United States.

Clinical Exclusion Criteria

• Ischemic cardiomyopathy N=7098 (17%)

• Prior TMV intervention N=236 (0.6%)

• Prior SMV intervention N=333 (0.8%)

• Cardiogenic shock N=329 (0.8%)

• Prior inotropes N=601 (1%)

• MV support N=76 (0.2%)

• Active endocarditis N=5 (0.01%)

Anatomic/Echo Exclusion Criteria

• Missing N=415 (1%)

• Moderate or less degenerative MR 

N=2395 (6%)

• No degenerative etiology N=21,113 

(50%)

• Mitral leaflet calcification N=7415 (18%)

• Leaflet tethering posterior N=1779 (4%)

TEER with the MitraClip device performed in the US 

from January 1, 2014 – June 30, 2022

N=60,883

Non-emergent TEER for moderate-severe or severe 

MR due to “pure” degenerative pathology

N=19,088



Makkar R, ACC 2023

Mitral TEER for Degenerative MR: 30-Day 

Outcomes (N=19,088)
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Makkar R, ACC 2023

Mitral TEER for Degenerative MR: Primary 

Endpoint

MR Success (MR ≤2+ and Mean Mitral Gradient <10 mmHg)
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0

20

40

60

80

100

Post-procedure Discharge 30-day

%

N=16,497 N=10,768N=15,450



Makkar R, ACC 2023

Mitral TEER for Degenerative MR: 1 Year 

Mortality                        HFH 

26.7%

14.0%

Adjusted hazard ratio*

0.49 (95% CI 0.42 –

0.56) P<0.001



Makkar R, ACC 2023

Mitral TEER for Degenerative MR: 
Mild MR vs Mod MR vs Unsuccessful Procedure

Death at 1 Year

Adjusted HR* 0.73 (0.66 – 0.82)

p < 0.001

26.7%

18.0%

12.3%

Unsuccessful

 procedure

Mod MR/ 

gradient <10 mmHg

Mild MR/

gradient <10 mmHg 



Assessing the Impact of TEER MVr on Surgical 

Valve Repair Volume and Outcomes

Lowenstern et al., J Am Coll Cardiol 2023;81:521

• Volume and outcomes of surgical MVr compared before vs after the first TEER MVr performed at 

each institution using STS Adult Cardiac Surgery Database 

• Introduction of TEER did not significantly affect MVr volume

• There was an associated downtrend in higher-risk MVr cases, accompanied by improved 30-day 

and 5-year mortality



PASCAL IID Registry Outcomes at 6 Months

Hausleiter et al., J Am Coll Cardiol 2023;81:431



CLASP IID Trial: Patient Disposition and Flow

Lim et al., J Am Coll Cardiol Intv 2022 Sept 8 Epub ahead of print

Enrolled

N=180

PASCAL System

N=117

N=116

Visit completed: 98.3% (114/116)

N=110

Visit completed: 94.5% (104/110)

N=62

Visit completed: 100% (62/62)

N=59

Visit completed: 94.9% (56/59)

MitraClip System

N=63

Death: 1

Death: 5

Withdrew: 1

Death: 1

Death: 3

30 days

6 months



39.3

60.7

CLASP IID Trial: Procedural Outcomes

Lim et al., J Am Coll Cardiol Intv 2022 Sept 8 Epub ahead of print

PASCAL (N=117) MitraClip (N=63) p value

Successful implant rate 99.1% 100.0% 1.000

Procedure time (min) 88.0 [68.5, 122.0] 79.0 [58.0,106.0] 0.023

Device Time (min) 60.0 [38.0, 96.0] 41.0 [26.0, 67.0] <0.001

Mean number of devices 1.5± 0.6 1.6 ± 0.7 0.215

Total length of stay for the index procedure (days) 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 0.505

67.2

24.1

8.6

PASCAL

PASCAL Ace

PASCAL and 

PASCAL Ace

MitraClip NT, NTR 

or XTR

MitralClip NT, NTW, 

XT or XTW (G4)

Device Type

Endpoint PASCAL (n=117) MitraClip (n=63) Difference 95% CI

Safety 3.4% 4.8% - 1.3% + 5.1%

Effectiveness 96.5% 96.8% -0.3% -6.2%



REPAIR MR Trial Overview

Patient Population:

• Subject is symptomatic (NYHA 

Class II/III/IV) or asymptomatic 

(LVEF ≤60%, Pulmonary Artery 

Systolic Pressure >50 mmHg, or 

LVESD >40 mm)

• Subject is at least 75 years of 

age, OR if younger than 75 years, 

then has:

o STS-PROM Score ≥2%, OR

o Presence of other 

comorbidities which may 

introduce a potential surgical 

specific impediment.

Severe Primary Mitral Regurgitation

 (Grade III/IV per ASE Criteria)

Cardiac surgeon of the site Heart Team 

concurs that the subject’s mitral valve is 

conducive to Mitral Valve Repair Surgery

Subject meets all inclusion/exclusion 

criteria and Eligibility Committee confirms 

that MR can be reduced to ≤ Mild with 

MitraClip or Mitral Valve Repair Surgery

Randomization (1:1)

(n=500)

Transcatheter Repair – MitraClip

(Device)

Surgical Mitral Valve Repair

(Control)

YES

YES

Exclude 

Subject

Exclude 

Subject

No

No



MitraClip / TriClip Procedures at MSH 
2018 to 2022 

In-Hospital Death: N =  3                            2                            2                           1                            2 

N

TriClip              4                            3                            5                           5                           6    

2nd in volume in NYC

102

2023



MitraClip TEER Clinical Parameters
Site Specific Metrics – Averages Over the Past 6 Months

MSH vs National Data- TVT Registry

Average MR Reduction

2.9
MSH

2.7
Nation

Average MR Post 

Procedure

1.1
MSH

1.3
Nation

Average Gradient Post Procedure

2.6
MSH

3.3
Nation

Average Device Time

25 mins
MSH

55 mins
Nation

30-day/1-Yr Mortality

0/5%
MSH

2.9/16.6%
Nation



1.  

2.  

3.  

4.  TMVR Updated: INTREPID EFS 1Yr, MITRAL 5Yr  

5.  M-TEER Expanded: COAPT 5Yr, Expand TEER, TVT Registry, CLASP II 

6.  TAV or SAV Degeneration: ViV TAVR, TAV-in-TAV, TAVR Explant

7.  TAVR vs SAVR in Small Annulus AS: VIVA, SWISS TAVI, SMART

8.  PCI Timings with TAVR in AS: Revasc TAVR, Complete TAVR

9.  TAVR in Pure Aortic Regurgitation: ALIGN AR 

10. LAAO for Afib during TAVR: WATCH TAVR

Top 10 Advances in Transcatheter Valve Therapy 2022



1-Year Outcomes Following Transfemoral 

Transseptal Transcatheter Mitral Valve 

Replacement: Intrepid TMVR Early Feasibility 

Study Results (U.S. Multicenter))

Firas Zahr, MD1; Howard K. Song, MD PhD1; Scott Chadderdon, 

MD1; Hemal Gada, MD2; Mubashir Mumtaz, MD2; Timothy Byrne, 

MD3; Merick Kirshner, MD3; Samin Sharma, MD4; Susheel Kodali, 

MD5; Isaac George, MD5; John Heiser, MD6; William Merhi, DO6; 

Leora Yarboro, MD7; Paul Sorajja, MD8; Vinayak Bapat, MD8; Tanvir 

Bajwa, MD9; Eric Weiss, MD9; Jeremy J. Thaden, MD10; Elizabeth 

Gearhart11; Scott Lim, MD7; Michael Reardon, MD12; David Adams, 

MD4; Michael Mack, MD13; Martin B. Leon, MD5



1-Year Outcomes from the Intrepid Transcatheter 

Mitral Valve Replacement Early Feasibility Study

Zahr, Byrne, Sharma et al.

(A) Intrepid transfemoral bioprosthesis. The Intrepid bioprosthesis, available in 42- and 48-mm valve sizes, is composed of an inner 

Nitinol stent, an outer Nitinol fixation ring, and a woven polyester skirt attached at the top of the fixation ring that flares outward to form 

an atrial brim. Reproduced with permission from Medtronic. (B) Intrepid delivery system. Reproduced with permission from Medtronic. (C) 

Survival free of all-cause mortality. (D) Key clinical outcomes. (E) Mitral regurgitation over time. Echocardiographic data are on implanted 

patients only and core laboratory adjudicated. (F) New York Heart Association classification over time. 



(U.S.)



MITRAL Trial: Patient Flow

Guerrero et al., J Am Coll Cardiol Intv 2023;16:2211



MITRAL Trial: 5-Year Outcomes of Mitral 

Valve-in-Valve, Valve-in-Ring, and Valve-in-MAC

Guerrero et al., J Am Coll Cardiol Intv 2023;16:2211





CHOICE-MI Registry: Study Flowchart

Ludwig et al., EuroIntervention 2023 May 19, Epub ahead of print

CHOICE-MI Registry

Patients with symptomatic MR undergoing TMVR screening

TMVR screening

N=970

Excluded

Patients undergoing TMVR

N=400

TA-TMVR

 N=367
TF-TMVR 

N=33

AltaValve

CardiaAQ

FORTIS

Highlife

Twelve Intrepid

Tendyne

Tiara

TMVR screening failure

N=570

CardiaAQ

Cardiovalve

Cephea

EVOQUE

HighLife

SAPIEN M3



Real-World Outcomes After TMVR – Results from 

the CHOICE-MI Registry 

Ludwig et al., EuroIntervention 2023 May 19, Epub ahead of print

• Clinical and echo outcomes of 400 patients undergoing TMVR with 11 different devices

• Treatment with TMVR was associated with predictable and durable resolution of MR and functional 

improvement in the majority of patients
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3.  TTVR Emerging: TRILUMINATE 1Yr, bRIGHT Pass, TRANSCEND 

4.  TMVR Updated: INTREPID EFS 1Yr, MITRAL 5Yr  

5.  M-TEER Expanded: COAPT 5Yr, Expand TEER, TVT Registry, CLASP II 

6.  TAV or SAV Degeneration: ViV TAVR, TAV-in-TAV, TAVR Explant

7.  TAVR vs SAVR in Small Annulus AS: VIVA, SWISS TAVI, SMART

8.  PCI Timings with TAVR in AS: Revasc TAVR, Complete TAVR

9.  TAVR in Pure Aortic Regurgitation: ALIGN AR 

10. LAAO for Afib during TAVR: WATCH TAVR

Top 10 Advances in Transcatheter Valve Therapy 2022



Transcatheter Tricuspid Landscape

Coaptation Devices Suture Annuloplasty

Ring Annuloplasty

Transcatheter Tricuspid Valve Replacement

Heterotopic Caval Valve Implant





TriClip™ G4 Delivery System



TRILUMINATE Trial: Enrollment and Treatment Pathway

Sorajja et al., N Engl J Med Mar 4, 2023 Epub ahead of print

Subject Selection
Symptomatic, severe TR and at intermediate or 

greater risk for TV surgery

Subject meets inclusion/exclusion criteria?

Echo Core Lab
TR Severity Confirmed?

Eligibility Committees
Confirmed OMT and valve anatomy clippable

Ability to reduce TR by Moderate or less?

Ability to reduce TR by 1 grade?

YES

YES

YES

YES

NO

Screen Failure

NO

NO

NO

Single Arm
YES

Randomize

1:1

TriClip Device

(N=175)

Medical Therapy

(N=175)

Completed 12

Month F/U

Completed 12

Month F/U

YES



TRILUMINATE Trial: Reduction in TR Severity

Sorajja et al., N Engl J Med Mar 4, 2023 Epub ahead of print
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TRILUMINATE Trial: Primary Endpoint

Sorajja et al., N Engl J Med Mar 4, 2023 Epub ahead of print

11348

2884

1948

6516

7643

2644 2871

2128

0
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12000

Total Death or TF surg HF hosp KCCQ change ≥15 pts

Device Wins Control Wins

Finkelstein-Schoenfeld Analysis

N

Win ratio, 1.48

(1.06-2.13), p=0.02

p=0.41

p<0.0001

p=0.75

TriClip™ therapy demonstrated superiority to 

medical therapy driven by improvement in KCCQ



TRILUMINATE Trial: Individual Component 

Analysis

Sorajja et al., N Engl J Med Mar 4, 2023 Epub ahead of print

1st Component: 

Mortality or TV Surgery
p=0.75

2nd Component:

Heart Failure Hospitalization
p=0.41
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TRILUMINATE Trial: Quality of Life Improvement

Sorajja et al., N Engl J Med Mar 4, 2023 Epub ahead of print
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bRIGHT PAS Study: TTVR Safe and Effective in 

Real-World Population

Lurz et al., J Am Coll Cardiol 2023;82:281





CLASP TR Study: The PASCAL Transcatheter Valve 

Repair System with Echo and Clinical Outcomes

Kodali et al., J Am Coll Cardiol 2023;81:1766



TRISCEND: EVOQUE Tricuspid Valve Replacement 

System

Kodali S, TCT 2021

Unique valve design engages leaflets, chords, 

and annulus to achieve secure placement

Anchors compatible with pre-existing leads and respect the native anatomy

Conforming frame designed to achieve optimal retention force 

Multiple sizes offer treatment for a broad range of tricuspid pathologies and anatomies 

(44, 48, 52 mm)

28F transfemoral delivery system compatible with all valve sizes

The 28-F EVOQUE Tricuspid Delivery System





EVOQUE System: Comparison of TR Severity and NYHA 

Functional Class at Baseline, 30 Days and 1 Year

Webb et al., J Am Coll Cardiol Intv 2022;15:481

TR Severity NYHA Functional Class

Sustained TR reduction observed with  TR grade ≤2+ in 

96% and ≤1+ in 87% at 1 year

Functional class improvements occurred mostly within 

the first month postprocedure; no significant 

differences in NYHA class between 30-day and 1-year 

F/U



EVOQUE System: 1-Year Transfemoral TTVR for 

Severe TR

Webb et al., J Am Coll Cardiol Intv 2022;15:481

• EVOQUE TTVR system found to be safe and effective

• Low mortality and HF rehospitalization observed in fragile-high-risk population

• TR significantly reduced with 96% of subjects achieving TR grade of <2+

• Associated with sustained functional improvement with proportion of pts classified as NYHA functional class I/II from 11% 

at baseline to 70% at 1 year



TRISCEND II Pivotal Trial
Edwards EVOQUE Transcatheter Tricuspid Valve Replacement: Pivotal Clinical 

Investigation of Safety and Clinical Efficacy Using a Novel Device (NCT04482062)

Summary Multicenter, randomized controlled pivotal clinical trial to 

evaluate the safety and effectiveness of the EVOQUE System 

with optimal medical therapy (OMT) compared to OMT alone in 

the treatment of patients with at least severe tricuspid 

regurgitation (TR). Patients will be followed at discharge, 30 

days, 3 months, 6 months and annually through 5 years.

Primary Outcome • TR Grade reduction and composite endpoint including: KCCQ 

improvement, NYHA functional class improvement, and 6MWD 

improvement

• Rate of Major Adverse Events (MAE) 

• Composite endpoint including all-cause mortality, RVAD 

implantation or heart transplant, tricuspid valve intervention, 

HF hospitalizations, KCCQ improvement, NYHA functional 

class improvement, and 6MWD improvement

Secondary Outcome Composite endpoint including reduction in TR grade, change in 

QoL from baseline, death and HF hospitalization, all-cause 

hospitalization, all-cause mortality, and change in right 

ventricular end diastolic volume index



1.  

2.  Mid-longterm TAVR vs SAVR: NOTION, PARTNER-3, EVOLUT LR 

3.  TTVR Emerging: TRILUMINATE 1Yr, bRIGHT Pass, TRANSCEND 

4.  TMVR Updated: INTREPID EFS 1Yr, MITRAL 5Yr  

5.  M-TEER Expanded: COAPT 5Yr, Expand TEER, TVT Registry, CLASP II 

6.  TAV or SAV Degeneration: ViV TAVR, TAV-in-TAV, TAVR Explant

7.  TAVR vs SAVR in Small Annulus AS: VIVA, SWISS TAVI, SMART

8.  PCI Timings with TAVR in AS: Revasc TAVR, Complete TAVR

9.  TAVR in Pure Aortic Regurgitation: ALIGN AR 

10. LAAO for Afib during TAVR: WATCH TAVR

Top 10 Advances in Transcatheter Valve Therapy 2022



The NOTION Trial (Denmark)

Ten-Year Follow-Up After Transcatheter 

or Surgical Aortic Valve Implantation in 

Severe Aortic Valve Stenosis



NOTION Trial: All-Cause Mortality at 10 Years

Jorgensen T, EuroPCR 2023



NOTION Trial: Bioprosthetic Valve Failure 

at 10 Years

Jorgensen T, EuroPCR 2023

TAVR

(n=130)

SAVR

(n=120)
p-value

Bioprosthetic valve failure 10.8 15.1 0.32

Valve-related death 5.0 3.7 0.60

Severe structural valve 

deterioration
3.1 11.0 0.014

Aortic valve re-intervention 4.3 2.2 0.33



PARTNER 3 Trial: Patient Disposition to 5 

Years

Mack et al., N Engl J Med 2023;389:1949



PARTNER 3 Trial: Primary Endpoint and Its 

Components

Mack et al., N Engl J Med 2023;389:1949



PARTNER 3 Trial: Key Clinical Endpoints

Mack et al., N Engl J Med 2023;389:1949
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PARTNER 3 Trial: Echo Outcomes, Bioprosthetic-Valve 

Failure, and QoL Outcomes

Mack et al., N Engl J Med 2023;389:1949





TAVR N=730 724 715 704 691

SAVR N=684 652 634 624 610

Evolut Low Risk Trial: 4-Year Results
Study Design

Reardon M, TCT 2023

Evaluable statusa at 4Y
94.7% TAVR

89.2% Surgery

Patients with Severe AS
Low risk death (<3%) from surgery

Anatomy suitable for both TAVR and SAVR

Start                1             2              3           4           5           6           7           8    9           10         

Years of Follow-Up

1:1 Randomization
May 2016 to May 2019

1414 Patients

Screening Committee
Confirmed eligibility

Clinical Events Committee

Echo Core Laboratory

aEvaluable status was calculated as the number of patients expected after withdrawal and loss to follow-up, and included death as known status for each 

time point.



Evolut Low Risk Trial: 4-Year Results
Primary Endpoint: All-Cause Mortality and Disabling Stroke

Reardon M, TCT 2023

26% Relative Reduction in Hazard for Death or Disabling Stroke (p = 0.05) 

with Evolut TAVR vs SAVR and the Curves Continue to Separate Over Time



Evolut Low Risk Trial: 4-Year Results
All-Cause Mortality and Disabling Stroke

Reardon M, TCT 2023

Observed Differences in the Primary Endpoint Driven by Death

All-Cause Mortality Disabling Stroke



Evolut Low Risk Trial: 4-Year Results
Secondary Endpoints 

Reardon M, TCT 2023
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Evolut Low Risk Trial: 4-Year Results
Comparative Hemodynamics

Reardon M, TCT 2023

Significantly Better Hemodynamics with Evolut TAVR vs SAVR
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7.  TAVR vs SAVR in Small Annulus AS: VIVA, SWISS TAVI, SMART

8.  PCI Timings with TAVR in AS: Revasc TAVR, Complete TAVR

9.  TAVR in Pure Aortic Regurgitation: ALIGN AR 

10. LAAO for Afib during TAVR: WATCH TAVR

Top 10 Advances in Transcatheter Valve Therapy 2022





Management of Patients with Severe 

Aortic Stenosis

Coisne et al., J Am Coll Cardiol 2023;82:721



Mode of Intervention When Aortic Valve Replacement

 Is Indicated for Aortic Stenosis

Coisne et al., J Am Coll Cardiol 2023;82:721

Age 65 years Age 80 years

Age

Age 75 years

SAVR

AND STS-Prom / EuroScore <4 (I-B)

TAVR

STS-Prom / EuroScore <8 OR non SAVR candidates (I-A)

SAVR

AND life expectancy >20 y (I-A)

SAVR or TAVR

after shared-decision making

TAVR

OR life expectancy <10 years AND 

femoral access (I-A)



Aortic Valve Interventions Per Age Group & Years
National Vizient Clinical Database; N=279,066 pts undergoing alone TAVR 

or SAVR from 10/2015 to 12/2021 in >300 US centers

Sharma T et al., J Am Coll Cardiol 2022;80:2054



Selected Recommendations on Management of AR

Coisne et al., J Am Coll Cardiol 2023;82:721



Management of Patients With Severe Primary MR

Coisne et al., J Am Coll Cardiol 2023;82:721



Management of Patients With Severe Secondary MR

Coisne et al., J Am Coll Cardiol 2023;82:721



Management of Patients With Severe Primary TR

Coisne et al., J Am Coll Cardiol 2023;82:721



Management of Patients With Severe Secondary TR

Coisne et al., J Am Coll Cardiol 2023;82:721



Comparison Between Guidelines in the 

Management of Valvular Heart Disease

Coisne et al., J Am Coll Cardiol 2023;82:721



1.  ACC/ESC Guidelines for VHD: Concordance & Discordance

2.  Mid-longterm TAVR vs SAVR: NOTION, PARTNER-3, EVOLUT LR 

3.  TTVR Emerging: TRILUMINATE 1Yr, bRIGHT Pass, TRANSCEND 

4.  TMVR Updated: INTREPID EFS 1Yr, MITRAL 5Yr  

5.  M-TEER Expanded: Expand TEER, MITRA-Pro, TVT Registry 

6.  TAV or SAV Degeneration: ViV TAVR, TAV-in-TAV, TAVR Explant

7.  TAVR vs SAVR in Small Annulus AS: VIVA, SWISS TAVI, SMART

8.  PCI Timings with TAVR in AS: Revasc TAVR, Complete TAVR

9.  TAVR in Pure Aortic Regurgitation: ALIGN AR 

10. LAAO for Afib during TAVR: WATCH TAVR

Top 10 Advances in Transcatheter Valve Therapy 2022



Growing Structural Transcatheter Heart Interventions

TAVR Procedures at MSH: 2018 to 2022

Major complication: N =  8                               10                                14                               15                        9                        

N

Length of Stay in Days: 4.1                                  3.1                                    3.2                                  3.4      3.5

O/E Mortality Ratio:      0.75                                 0.85                                  0.81                                 0.48       0.58

Only center in NYC with 500+ TAVRs in 2022



Excellent TAVR Outcomes 2022

%

MSH Data (2022 R4Q3)

TVT Registry Data (2022 R4Q2) 

N=513 (62% SAPIEN-3, 38% Evolut-R/Fx CoreValve, 0.2% ACURATE)

89.7% Conscious Sedation;10.3% GA. 38.6% Sentinel
92.6% Perc Femoral; 7.2% Cutdown Femoral; 0.2% Transcarotid. 6.2% ViV (N=32; 27 TAV-in-SAV, 5 TAV-in-TAV)

(2022 R4Q1)

100% TF TAVR at MSH in 2022 (except 1)

LOS (days)
3.5  3.9





Final result → BETTER Interventional Outcomes/ Improved SURVIVAL

TAVR in pure AR, PCI post TAVR, TTVR-Evoque: 

M-TEER Expanded data, Triclip: 

5-10Yrs TAVR vs SAVR durability in severe AS: 

TAVR vs SAVR in small annulus, TAV-in-TAV:

Central Illustration
Trials/Studies leading to change in Transcatheter valve Interventional Therapy

Top 10 Advances in Transcatheter Valve Therapy 2023

LAAO with TAVR, TMVR in MAC. PCI with TAVR:
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“Thousands of candles can be 

lighted from a single candle, 

and the life of the candle will 

not be shortened. Happiness 

and knowledge never 

decreases by being shared.”

                                           - Buddha



The Year in Valvular Heart Disease: Ten Papers

 That Could Become Game Changers

Published on behalf of European Society of Cardiology



Changing Landscape of Interventional Cardiology
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Contemporary Outcomes of Repeat TAVR in the

 US Medicare Database

Percy et al., J Am Coll Cardiol Intv 2021;14:1717
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