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Pathophysiology

• Multipronged approaches at basic science level



Analysis of genetic variants ass’d with 
lipid levels~ 190K pts in UK Biobank 



Acquired somatic mutations in the most commonly mutated 
clonal hematopoiesis of indeterminate potential (CHIP) -
driver genes occur frequently in patients with severe AS, and 
confer a profound increase in mortality following successful 
TAVI.



Eur Heart J, Volume 41, Issue 8, 21 February 2020, Pages 933–939, https://doi.org/10.1093/eurheartj/ehz591

Take home figure Overall survival of patients with DNMT3A- or 
TET2-CHIP-driver mutations

https://doi.org/10.1093/eurheartj/ehz591




AS Severity
Mild Moderate Severe

Mean Gradient
mmHg

<20 20-39 ≥40

AVA
cm2

1.5 – 2.0 1-1.5 ≤1.0

Peak gradient
mmHg

<36 36-63 ≥64

Normal aortic valve area = 3-4 cm2



Mismatch between Gradient and AVA (AVAi) 
estimates of AS Severity are common

• Low “Flow” Low Gradient
– Reduced EF
– Preserved EF (Paradoxical)

• Low Gradient Normal “Flow”

• Flow captured by stroke volume
– Cut-off 35 cc/m2



Learn a new language or 2 or 3……









Treatment

The decade of TAVR 





TAVR Has Now Passed Isolated and 
All SAVRs in the US Market

Carroll J, et all. JACC 2020



TAVR: Median Age 
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When to treat

Asymptomatic severe AS?, Symptomatic 
moderate AS?



RECOVERY trial: randomized prospective 
n= 145 with very severe AS
SAVR vs medical management
Severe asymptomatic AS (no stress test)

AVA  ≤0.75 cm2 peak velocity 
≥4.5mps, mean ≥50mmHg

Intention to treat





Severe AS No Symptoms:
Ongoing Randomized Trials

• EARLY-TAVR trial TAVR or medical 
management (stress testing)

• EVOLVED trial (fibrosis, TAVR or 
SAVR)

• AVATAR trial (Serbia SAVR)
• ESTIMATE trial (SAVR)



Commercial AVR (TAVR or SAVR), 
Clinical Trial (P3), etc.

Symptomatic
Positive stress test

Screening
Not eligible if <65, has Class 1 indication for AVR, bicuspid valve, not suitable for TF access or STS > 10

Asymptomatic Severe, Calcific AS 

Asymptomatic N~900
Negative stress test OR confirmation via med history*

TF- TAVR Clinical Surveillance

Registry

Primary Endpoint (superiority): 
2-year composite of all-cause death, all stroke, and 

unplanned cardiovascular hospitalization

Clinical and Echo Follow-up: 
30 days (TAVR only), 1, 2, 3 and 5 years Telephone Follow-up: 

1, 2, 3 and 5 years

Randomization 1:1
Stratified by ability to perform stress test

Principal Investigator: Philippe Généreux, MD,
Chair: Martin B. Leon, MD

NCT03042104

Enrollment Completed





At What Severity of Aortic Stenosis do 
Adverse Cardiac Events Occur?

Adverse Events
-Mortality 
-Valve-related symptoms 
-Cardiac damage

Aortic Valve Area (AVA 
cm2)

1.0 2.01.50.5

Patient 
variability in AS 

load 
“Tolerability” 
and adverse 

events 
expression 

Why Targeting Moderate AS Patient for Treatment?



Study Design

1:1 
Randomization

(750 patients)

Follow-up
Annually Through 10 years

Moderate aortic stenosis with symptoms or 
cardiac damage/dysfunction

Anatomy appropriate for transfemoral TAVR 

vs.

Primary Endpoint
All-Cause Mortality, Stroke, and Unplanned Cardiovascular 

Hospitalization at 2 Years

Clinical 
Surveillance

TAVR
(SAPIEN 3 
Platform)

Study Design

Global PI: Philippe Genereux, MD
National PI: Raj Makkar MD, Jeroen Bax, MD
Chairman: Martin Leon, MD Enrollment Started Nov 

2021



Aortic Stenosis Spectrum: 
Future TAVR Indications

Mild 

AS

Moderate AS

Symptoms -

Moderate AS

Symptoms +

Severe AS

Symptoms -

Severe AS 

Symptoms +

TAVR vs. SAVR

Trials

~2023
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Introduced primary and secondary 
(functional) MR 



Primary MR is a disease of 
the valve

Secondary MR is a disease 
of the ventricle (or the 

atrium)



• Primary and secondary mitral regurgitation are 
fundamentally different diseases
– Pathophysiology
– Prognosis
– Approaches to Management



Primary

• Degenerative (mitral prolapse/flail)
• Rheumatic
• Mitral annular calcification
• Endocarditis etc.



Adams EHJ 2010

Spectrum of degenerative MR



Fibroelastic Deficiency






Barlow’s






Secondary (Functional) MR

• Left ventricular dysfunction and/or remodeling 
(ventriculogenic)
– Ischemic
– Non-ischemic 

• Atrial functional MR (atriogenic) e.g. chronic atrial 
fibrillation



Mechanisms of Secondary 
Mitral Regurgitation 

Decreased 
closing force

MR

Increased
tethering

Bulging

Papillary 
muscle 
traction

Annular dilatation



Ventriculogenic FMR
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Mitral Regurgitation 200

The Carpentier pathophysiologic classification 
based on leaflet motion





Anatomic Nomenclature 100



Surgical View



Important because of implications for 
repair



Classification based on severity

• Echocardiography is the work horse
– Expanding understanding of core measures

• Expanding role for cardiac MRI



Use an Integrated Approach
2017 ASE Guidelines



Same broad approaches for primary and 
secondary MR 





(J Am Coll Cardiol 2015;65:1078–88)



MR Rvol: Comparison of Echo and MRI



MRI and Echo: Is there a reference 
standard?



MR Regurgitant Vol. and Post Surgical LV 
Remodeling



CMR vs. ASE Algorithm

Uretsky S et al, JACC Img In  press

N=152





Coanda and Flail is not always 
associated with severe MR by CMR

Uretsky … Gillam JACC 2021



Devices



Only Mitra-Clip FDA approved



Stephan Windecker et al. J Am Coll Cardiol Intv 2020; 13:2358-2360.

2020 American College of Cardiology Foundation



2 Pivotal trials

Mitra-FR
COAPT



Inclusion
Criteria

• Symptomatic despite Optimal Treatment 
(NYHA ≥II).

• At least one hospitalization for HF within 
12 months preceding randomization

• Severe Secondary MR different cut-offs
• Reduced EF 
• Not eligible for surgery “Heart Team”



Despite similar trial design

Completely different results









Why different results?

• Procedural outcomes
• Medical management
• Patient selection



In Mitra-FR , bigger ventricles with less 
MR



Thank you to Paul Grayburn 
and Milton Packer 





As for TEER for FMR….



Lifesaving 
therapy!!!

Results will 
be more like 
Mitra-FR



Time and more real world experience will 
tell



“….our proposed framework  to distinguish patients with 
proportionate and disproportionate MR is intended primarily to be 
applied to groups of patients. In clinical practice, echocardiographic 
assessments of EROA and LVEDV are fraught with considerable inter-
observer variability….”

Paul Grayburn, MD



Imaging

• Refinement of echocardiographic tools
– Recognition of importance of 3D

• Complementary technologies
– CT: calcium scoring, leaflet thrombosis and degeneration
– MRI 

• AI increasingly valuable tool 



Other advances

• Tricuspid valve no longer forgotten
• Prosthetic leaflet degeneration/ thrombosis
• Deep dives into predictors of clinical outcomes post 

TAVR
• Anticoagulation in mechanical valves





Summary
• A momentous decade for valvular heart disease

– Fruitful collaboration between medicine and industry, 
surgery and cardiology, clinical and basic science

• While TAVR has emerged as disruptive technology, 
important developments in the mitral and tricuspid 
space have also occurred 

• Look for important developments to follow 
• ASE tools will continue to be essential



Thank you
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