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Objectives

Evolution of TAVR and Aortic Stenosis management over the last decade

Review the need of  ACC/AHA guidelines

Review factor responsible for lifetime management of patients with TAVR

Review the bioprosthetic valve dysfunction definitions 



Evolution of TAVR and Aortic Stenosis 
management over the last decade

Kaul et al JACC 2020



@purviparwani
Bavaria EACTS 2021

»2016-2017 TAVR and surgical AVR Volumes
»Fewer TAVRs than Surgeries

TAVR > Isolated SAVR

TAVR > All SAVR



ACC/AHA recommendations for AS management

Otto et al Circulation 2020



ACC/AHA recommendations for AS management

Otto et al Circulation 2020

Post-procedure TTE

With symptoms TTE

SAVR TTE at 5,10 yrs., then annually

TAVR annually



FOCUS ON VALVE PERFORMANCE 
CENTRAL PARADIGMS OF BIOPROSTHETIC VALVE SELECTION 

Physiologic 
valve 

orientation

Valve Performance

Optimize 1st 
Implant with a 

plan for the 
future 

Heart Team

Structural Cardiologists
Heart Surgeon

Primary Provider
Patient Values and Preferences

Initial Bioprosthetic Valve Choice

Otto JACC 2021 243; 50: e72-e227

Patient
Lifetime

Management
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Patients with severe VHD should be evaluated 
by a Multidisciplinary Heart Valve Team (MDT) 
when intervention is considered 

Consultation with or referral to a Primary or 
Comprehensive Heart Valve Center is 
reasonable when treatment options are being 
discussed for 1) asymptomatic patients with 
severe VHD, 2) patients who may benefit from 
valve repair versus valve replacement, or 3) 
patients with multiple comorbidities for whom 
valve intervention is considered



Physiologic 
valve 

orientation

Optimize 1st 
Implant with a 

plan for the 
future

FOCUS ON VALVE PERFORMANCE 
CENTRAL PARADIGMS OF BIOPROSTHETIC VALVE SELECTION 

LIFETIME 
MANAGEMENT

Valve Performance
How well does the 
THV perform – how 
long does it last?

What about in 
younger (< 75 years) 
lower risk patients



@purviparwani

» Clinical Impact of Bioprosthetic Valve Performance 
»354 Surgical Explants in 12,569 Patients after Surgical AVR

Johnston DR, et al. Ann Thorac Surg 2015: 99(4): 1239-1247.

Higher residual gradients à increased risk for explant



LIFETIME MANAGEMENT OF AORTIC STENOSIS PATIENT 
LIFE EXPECTANCY WITH VALVE PERFORMANCE

65 70 75 80
Patient age (years)

Median survival:     8-10 years

Median survival:     ~10 years

Median survival:     12-13 years

85

75 yrs old

LOW RISK

80 yrs old

70 yrs old

Data from Martinsson, A., et al. JACC 2021;78(22):2147–57

Median survival:     15-16 years65 yrs old

*
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• Transcatheter aortic valve implantation (TAVR) is an established treatment for 
severe aortic stenosis (AS) in patients of all risk levels. 

• Younger, low risk patients with increasingly long expected survivals are being 
offered TAVR.

• The lifetime management of these patients requires an understanding of 
bioprosthetic valve durability and failure.

• The VARC-3 and EAPCI consensus documents define four modes of 
bioprosthetic valve dysfunction: Structural valve deterioration (SVD), non-
structural valve dysfunction, thrombosis, and endocarditis.1,2

VALVE PERFORMANCE AND DURABILITY 
BACKGROUND

1. VARC-3 Writing Committee, et al. European Heart Journal 42.19 (2021): 1825-1857 
2. Capodanno D., et al. European Heart Journal 38.45 (2017): 3382-3390 

LIFETIME MANAGEMENT15



Types of Bioprosthetic Valve Dysfunction

1. Wear and tear
2. Leaflet disruption
3. Flail Leaflet
4. Leaflet Thrombosis and 

calcification
5. Strut fracture of 

deformation

Thrombosis/EndocarditisStructural Valve Deterioration Non-Structural Valve 
Deterioration

1. PVL 
2. PPM 

Thrombosis 
= Subclinical 
= Clinical 

Endocarditis 

Généreux et al. VARC 3 JACC 2021 



Prosthesis Patient Mismatch

Prosthesis Patient Mismatch

Généreux et al. VARC 3 JACC 2021 

PPM -> Prosthesis with normal function but too small for patient’s BSA
High residual gradient post AVR, small indexed EOA     



Bioprosthetic valve dysfunction

Stages of Deterioration

Généreux et al. VARC 3 JACC 2021 



Valve performance 
starts the day of the 
procedure 
and continues 
for a lifetime.

» 1 Kornyeva A, et al. Front Cardiovasc Med. 2023;10:1175246.
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Valve 
performance

Lifetime 
management

Optimize 
today with 
a plan for 
the future

Physiologic 
valve 

orientation

Early performance markers inform late outcomes.

Patients 
without 

severe PPM 
have higher 

survival 
versus those 

with ≥ 
moderate 

PPM1

Therapy awareness  |  November 2023

0–30 
days

Low gradients/large EOA
Freedom from:
• Markers of BVD
– PVL
– Patient prosthesis mismatch

30 days–
1 year

Freedom from:
• PVL
• Thrombosis
• Endocarditis

1–5 
years

Freedom from:
• SVD

5 years Freedom from:
• BVD/Bioprosthetic valve failure (BVF)
• Valve reinterventions

Early performance markers inform late outcomes.
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Timothy Byrne, DO, FACC

Evolut Design, Valve Performance 
& Evolut Low Risk 
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Disclosers

1. Medtronic Proctor Fees and Honoraria 
2. Abbott Proctor Fees and Honoraria 
3. ABIOMED/Johnson and Johnson Proctor Fees and 

Honoraria 



Evolut Valve Design 
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The evolution of Evolut™

CoreValve™ 
2014

First 
self-expanding 

TAVR valve

Evolut™ R 
2015

Recapturability, 
lower profile, and 

more consistent radial 
force across annulus 

range

Evolut™ PRO 
2017

PVL performance

Evolut™ PRO+ 
2019

Lower delivery 
profile and large valve 

PVL performance

Delivery system 
re-engineered for greater 
precision and control

Radiopaque markers 
provide a reference for 
deployment depth and 
commissure location

Ease of use

Evolut™ FX 
2022

Why Medtronic TAVR   |   July 2023



EVOLUT FRAME DESIGN – BUILT ON A PROVEN DESIGN  
VALVE PERFORMANCE STARTS WITH DESIGN 

INTERVENTIONAL PIPELINE24



With its supra-annular, self-expanding valve frame, 
Evolut™ TAVR is built on the original CoreValve™ 
platform, which has consistently shown strong EOAs and 
low gradients over time.

Less restriction leads to low gradients 
(mean systolic gradient).

Large EOAs have been correlated to less patient-prosthesis 
mismatch (PPM).

Less PPM and low gradients after aortic valve replacement 
have been linked to:
• Better survival1,2
• Less heart failure rehospitalization2,3

• Better valve durability4,5

1 Playford D, et al. J Am Soc Echocardiogr. 2020;33:1077–1086.e1.
2 Herrmann HC, et al. J Am Coll Cardiol. 2018;72:2701–2711.
3 Anand V, et al. Am J Cardiol. 2020;125:941–947.

4 O’Hair D. Presented at American College of Cardiology 70th Annual 

Scientific Session & Expo. May 2021.
5 Søndergaard L, et al. J Am Coll Cardiol. 2019;73:546–553.

Supra-annular design benefits

25 Therapy awareness  |  November 2023
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CLINICAL IMPACT OF VALVE 
PERFORMANCE
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Clinical Impact of Valve Performance 
Objectives

• To outline the differences in structural valve performance between surgical 
and transcatheter therapy, and the impact of SVD on clinical outcomes

• To discuss the impact of severe PPM on clinical outcomes after TAVR

• To discuss the early subclinical impact of leaflet thrombosis and SVD and its 
associations with stroke. 

• To discuss the NOTION RCT and review the 10-year data. 

• To highlight there is continued clinical focus on valve performance 

27
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STRUCTURAL VALVE DETERIORATION 
POOLED RCT COREVALVE/EVOLUT TAVR V. SURGERY

O’Hair, et al. JAMA Cardiol 2023;8(2):111-119

Sustained Reduction in Gradients to 5 years

OBJECTIVE: To evaluate the 5-year incidence, clinical 
outcomes, and predictors of hemodynamic SVD in 
patients undergoing self-expanding TAVI or surgery.

DESIGN: Post hoc analysis pooled data from the 
CoreValve US High Risk Pivotal (n = 615) and SURTAVI 
(n = 1484) randomized clinical trials (RCTs); it was 
supplemented by the CoreValve Extreme Risk Pivotal trial 
(n = 485) and CoreValve Continued
Access Study (n = 2178). 

DEFINITION:  SVD was defined as (1) an increase in 
mean gradient of 10mmHg or greater from discharge or 
at 30 days to last echocardiography with a final mean 
gradient of 20mmHg or greater or (2) new-onset 
moderate or severe intraprosthetic aortic regurgitation 
or an increase of 1 grade or more.

28

Legend: 
SAVR
TAVR 
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SVD Correlates with 5 Year MortalitySVD: All TAVI v SAVR 

STRUCTURAL VALVE DETERIORATION 
RANDOMIZED CLINICAL EVIDENCE:  COREVALVE/EVOLUT TAVR V. SURGERY

O’Hair, et al. JAMA Cardiol 2023;8(2):111-119

Small Annulus ≤ 23 mm

29
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OVERALL BIOPROSTHETIC VALVE PERFORMANCE
EVIDENCE FROM RCT COREVALVE/EVOLUT TAVR V SURGERY

Five Year Bioprosthetic Valve Dysfunction (BVD) 
Five Year BVD Annulus ≤ 23 mm

Five Year BVD Annulus > 23 mm
• 2099 Patients Enrolled in High Risk and 

SURTAVI RCTs

• Valve performance measured by absence of 
bioprosthetic valve dysfunction

• CV/EV TAVR significantly better than surgery 
starting at 30 days and continuing to 5 years

30

Yakubov S, et al. Five-Year Incidence of Bioprosthetic Valve Dysfunction in Patients Randomized to Surgery or TAVR: Insights From the CoreValve US 
Pivotal and SURTAVI Trials. Presented at CRT; February 2023. 
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• Long-term data are limited in “all comer” lower risk patients. In the NOTION 10-year with an average age of ~79, 37% of 
TAVI patients survived 10 years – the rates of valve degeneration, as assessed by various measures of severe structural 
valve deterioration (SVD) and severe bioprosthetic valve dysfunction (BVD), were significantly lower in the patients 
treated with the 1st generation CoreValve compared with surgery1

• 10-Year Data with 1st Generation COREVALVE vs Surgery  

1de Backer et al The Notion Trial London Valves 2023, London, with permission. 

NOTION “ALL COMERS” TRIAL | 10 YEAR RESULTS

31



32

Subclinical Leaflet Thrombosis After TAVR

Bogyi, M. et al. Subclinical Leaflet Thrombosis After Transcatheter Aortic Valve Replacement: A Meta-Analysis. JACC. 2021;14(24):2643-2656.

and Association with Stroke Rate
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Impact of Severe Prothesis patient mismatch after TAVR
• 62,125 patient enrolled in TVT Registry between 2014-2017
• PPM predictors:  Small (≤23-mm diameter) valve prosthesis, valve-in-valve procedure, larger BSA, 

female sex, younger patients

33

1
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• Upcoming Clinical Trials
New Data from Low-Risk patients & SMART Randomized Trial

Valve Performance ACC2024

Evolut Evidence Primer |  October 202334
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Clinical Impact of Valve Performance 
Take Home Messages

• The development of bioprosthetic valve dysfunction and SVD have both 
been associated with higher rates of all cause mortality, cardiovascular 
mortality, and re-hospitalization

• Better bioprosthetic valve performance of CoreValve compared with surgery 
at 5 years

• Significantly lower structural valve degeneration at 10 years with CoreValve 
compared with surgery in NOTION RCT 

• Severe PPM is associated with higher 1- year mortality and leads to 12% 
increase in HF hospitalization – More clinical evidence with SMART Trial 

• Subclinical Leaflet Thrombosis associated with stroke if untreated.  Evolut  
design has shown lower incidence of SLT.  

35
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Results of the Evolut Low Risk 
Randomized Clinical Trial

36



37

Evolut Low Risk 4 Year Data 
Objec@ves

• To describe the patients who were enrolled in the Evolut Low Risk Study

• To describe key differences between PARTNER-3 and Evolut Low-Risk Trial 
design. 

• To review the 4-year primary endpoint of all-cause mortality or disabling 
stroke, and its components in patients treated with Evolut or surgery

• To compare the hemodynamic results and valve performance in patients 
treated with Evolut TAV or surgery, including the occurrence of paravalvular 
regurgitation

• To discuss the clinical implications of the Evolut Low Risk Trial

37
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EVOLUT LOW RISK TRIAL | 4-YEAR RESULTS

Reardon et al TCT 2023 LBCT October 24, 2023 San Francisco, CA38

Demographic
Evolut TAVR

(N = 730)
SAVR

(N = 684)
Age, years 74.1 ± 5.8 73.7 ± 5.9

< 70 years, % 21.4 24.0
Female, % 36.4 34.1
STS-PROM 2.0 ± 0.7 1.9 ± 0.7

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 4-YEAR DATA   
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Difference between PARTNER 3 and Evolut Low Risk Trials

~34% of Patients Excluded 
from Trial

~15% of Patients Excluded 
from Trial

PARTNER 3 EVOLUT LOW RISK
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Reardon et al TCT 2023 LBCT October 24, 2023 San Francisco, CA

• Primary Endpoint: All-Cause Mortality or Disabling Stroke

40 UC202407811 EN

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 4-YEAR DATA   



41

PRIMARY ENDPOINT: ALL-CAUSE MORTALITY, DISABLING STROKE, OR AV REHOSPITALIZATION

Reardon et al TCT 2023 LBCT October 24, 2023 San Francisco, CA41

EVOLUT LOW RISK 4-YEAR DATA   
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COMPARATIVE HEMODYNAMICS

Reardon et al TCT 2023 LBCT October 24, 2023 San Francisco, CA42

EVOLUT LOW RISK 4-YEAR DATA   



PARTNER-3 
PRIMARY ENDPOINTS 



PARTNER 3 TRIAL  
VALVE HEMODYNAMICS 
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• Significantly Less Mean Gradient ≥ 20 mmHg and Severe PPM With Evolut TAVR vs Surgery

• BIOPROSTHETIC VALVE PERFORMANCE AT 4 YEARS

aNon-cumulative data based on the 4-year (MG, PVR) or 30-day (PPM) echo, reported as proportion % (n), and compared by chi-
square test. bCumulative rates reported as Kaplan-Meier estimates % (n) and compared by log-rank test.
MG = mean gradient; PPM = patient-prosthesis mismatch; PVR = paravalvular regurgitation

Reardon et al TCT 2023 LBCT October 24, 2023 San Francisco, CA45

EVOLUT LOW RISK 4-YEAR DATA   
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The Evolut Low Risk Trial has several important considerations

• Patients enrolled in the Evolut Low Risk study were on the higher end of the spectrum of “low 
risk” patients owing to the minimal number of exclusions by the national Screening 
Committee

• Patients enrolled in Evolut LR had an average age of 74 years – and approximately 23% of 
patients were under 70 years of age – comparative outcomes in much younger patients will 
require additional study

• The surgical operator proficiency and surgical valve selection and sizing were “best in class” 
surgery – but annular enlargement was performed in < 5% of patients. The effect of larger 
surgical valve sizing with annular enlargement will require additional study

• This report provides an analysis of hard clinical endpoints 4 years after AVR. Patients will be 
followed for 10 years to determine whether there is additional divergence of the clinical 
outcome curves

CONSIDERATIONS

46

EVOLUT LOW RISK 4-YEAR DATA   
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• TAVR patients in the Evolut Low Risk trial continue to show durable outcomes for 
the primary endpoint and significantly better hemodynamics than SAVR through 4 
years

• 26% relative reduction in hazard for death or disabling stroke (p = 0.05) with Evolut 
TAVR compared to SAVR at 4 years and the curves continue to diverge over time

• Significantly lower mean gradients and higher EOAs with Evolut TAVR vs SAVR at 
all follow-up timepoints

• Indicators of valve performance, including high gradients at 4 years, severe PPM, 
and endocarditis overall favored TAVR, with similarly low thrombosis rates in both 
groups

SUMMARY

47

EVOLUT LOW RISK 4-YEAR DATA   



Thank you!!!



Take Home Message:  
• TAVR landscape has changed in recent years since low-risk approval to have more focus on valve 

performance and durability.  

• The lifetime management of these patients requires an understanding of bioprosthetic valve durability and 
failure.

• The development of bioprosthetic valve dysfunction and SVD have both been associated with higher rates 
of all cause mortality, cardiovascular mortality, and re-hospitalization

• There is evidence of better bioprosthetic valve performance with CoreValve/Evolut compared with 
surgery at 5 years.

• In Evolut Low Risk RCT - Indicators of valve performance, including high gradients at 4 years, severe PPM, 
and endocarditis overall favored TAVR, with similarly low thrombosis rates in both groups.

• Important to track valve performance with yearly ECHO to evaluate gradients and EOA’s.
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Panel 
Discussion



Thank you!
Please help us continuously 
improve our programs!

Complete the Survey via 
QR code or Link in CHAT 



52 Why Medtronic TAVR   |   July 2023


