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UPSTREAM Conceptual Framework
• Aortic stenosis is a continuous disease process (both congenital bicuspid and 

senile calcific degenerative forms) punctuated by various clinical events (e.g. AF, 
cardiac symptoms) and structural changes (e.g. LVH, PAH, RH failure).

• Earlier management, both diagnosis and treatment, leads to optimal clinical 
outcomes.

• Delaying progression of calcific AS before the onset of symptoms or need for AVR 
should be an aspirational goal.

• Clinical research efforts should shift from late-stage reactive AVR to early-stage 
pre-emptive AVR and other complementary therapy approaches.

• The availability of less-invasive low-risk transcatheter technologies combined 
with more durable heart valves (a work in progress) coupled to enhanced (easily 
accessible) early diagnosis will transform AS patient management paradigms in 
the future!



Traditional Thinking – Aortic Stenosis

Ross and Braunwald, Circulation 1968;38:V-61

… the grave prognosis that appears to 

accompany the onset of certain symptoms
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Traditional Thinking – Aortic Stenosis

Ross and Braunwald, Circulation 1968;38:V-61

Fundamental fallacies: 1. there are no important reversible and 
irreversible structural changes during the so-called latent period 
which negatively 
impact subsequent
clinical outcomes 



Traditional Thinking – Aortic Stenosis

Ross and Braunwald, Circulation 1968;38:V-61

Fundamental fallacies: 2. the onset of symptoms is discrete, 
easily identifiable (even in the elderly), and is inexorably linked 
to aortic stenosis
severity



UPSTREAM Thinking – Aortic Stenosis

Ross and Braunwald, Circulation 1968;38:V-61
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Stage 4
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Increased LV Mass Index
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Moderate-Severe MR

Atrial Fibrillation

PAS ≥60mmhg
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Moderate-Severe

RV dysfunction

Patients hierarchically classified based on the presence of at least one variable 
in the highest stage (independent, not additive) 

Staging Classification in Severe AS (n=1,661 pts) 

Généreux et al. Eur Heart J 2017 Jul 21



Stage 1

LV damage
Stage 2

LA/Mitral damage
Stage 3

PA/Tricuspid damage
Stage 4

RV damage

Stage 0

No damage
Increased LV Mass Index

>115 g/m2 Male 

>95  g/m2 Female

E/e’ >14

EF <50%

Indexed left atrial volume 

>34mL/m2

Moderate-Severe MR

Atrial Fibrillation

PAS ≥60mmhg

Moderate-Severe TR

Moderate-Severe

RV dysfunction

Patients hierarchically classified based on the presence of at least one variable 
in the highest stage (independent, not additive) 

Généreux et al. Eur Heart J 2017 Jul 21

Staging Classification in Severe AS (n=1,661 pts) 

N=47

(2.8%)
N=212

(12.8%)

N=413

(24.9%)
N=844

(50.8%)

N=145

(8.7%)



Time in months

One-year Mortality after AVR

Staging Classification in Severe AS (n=1,661 pts) 

Généreux et al. Eur Heart J 2017 Jul 21



Amanullah MR et al. JACC Imaging 2021

• 1245 patients with moderate AS followed in a longitudinal database

• Patients grouped according to index echocardiograms into 5 categories of severity 

of cardiac damage 

• Significant higher mortality rates with increasing extent of extra-aortic valvular cardiac 

abnormalities (log-rank p < 0.001) 
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Amanullah MR et al. JACC Imaging 2021



Amanullah MR et al. JACC Imaging 2021

5-yr Mortality 5-yr Mortality, Stroke or Rehosp

Staging Classification in Moderate AS (n=1,245 pts) 



Aortic Valve Therapies: The Future?
UPSTREAM AS Treatment

Valve Pathology Cardiac Consequences

Treatment Dogma: 
AVA <1cm2 or PV ≥4m/s = AVR

Two parallel processes with ‘variable’ linkage



Aortic Valve Therapies: The Future?
UPSTREAM AS Treatment

At what AS severity do adverse events occur?

Adverse Events

• Mortality 

• Valve-related 

symptoms 

• Cardiac damage

There is wide 

patient  variability 

in AS afterload 

“tolerance” and the 

expression of 

adverse events! 



VHD Guidelines - Timing of Intervention for AS

Otto, Nishimura, Bonow et al. J Am Coll Cardiol. 2021 Feb, 77 (4) e25–e197

COR     LOE          RECOMMENDATIONS

5 Class 1
recommendations

All severe AS and 
3/5 with symptoms
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Underdiagnosis and Undertreatment Issues

Nkomo 2006, Iivanainen 1996, Aronow 1991, Bach 2007, Freed 2010, 
Iung 2007, Pellikka 2005, Brown 2008, Thourani 2015

2015 Severe Symptomatic AS Patients in the U.S.



Underdiagnosis and Undertreatment Issues

2015 Severe Symptomatic AS Patients in the U.S.

Nkomo 2006, Iivanainen 1996, Aronow 1991, Bach 2007, Freed 2010, 
Iung 2007, Pellikka 2005, Brown 2008, Thourani 2015



Underdiagnosis and Undertreatment Issues

2015 Severe Symptomatic AS Patients in the U.S.

Nkomo 2006, Iivanainen 1996, Aronow 1991, Bach 2007, Freed 2010, 
Iung 2007, Pellikka 2005, Brown 2008, Thourani 2015



Severe Symptomatic AS Undertreatment
OPTUM database (80 million people)

4%1% 7%

22%

2011

19%
21%

2012 2013

11%

21%

2014

14%

19%

80%

2015

20%

17%

2016

74% 72% 68% 67% 63%

AVR treatment rate 1 year after diagnosis for 

cohort of patients with diagnosed ssAS (%)1

TAVR SAVRUntreated

Matthew Brennan, J., et al. "Racial differences in the use of aortic valve replacement for treatment of symptomatic 
severe aortic valve stenosis in the transcatheter aortic valve replacement era." Journal of the American Heart 
Association 9.16 (2020): e015879.

20%14%11%7%4%1%

of diagnosed 
symptomatic severe 
Aortic Stenosis (ssAS) 
patients went 
untreated in 2016

Over 
60% 

Treatment rates of 
ssAS have risen 

As TAVR volume 
has grown



Underdiagnosis and Undertreatment Issues

Nathan AS et al. JAMA Cardiol 2021
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Valvular Heart Disease Therapies: The Future?
Growth and Access to Care

Global mod-severe AS/MR incidence >150 million in 2040

Access to care CRISIS: under-diagnosis and under-treatment; Example: in the U.S., 

< 30% pts with severe symp AS receive AVR (surgery or TAVR) within 1yr of diagnosis! 



In the test group, the AI-ECG labelled 3833 (3.7%) 
patients as positive with the area under the curve 
(AUC) of 0.85. The sensitivity, specificity, and accuracy 
were 78%, 74%, and 74%, respectively.

Future Screening Tools for Valvular Heart Disease 
Artificial Intelligence/Machine Learning

European Heart Journal 2021



Columbia test set model performance: 
AU-ROC for AS was 0.865 (95% CI 0.850-0.878), 
AR 0.794 (0.760-0.826), MR 0.838 (0.822-0.853)
and AS/AR/MR 0.834 (0.822-0.846)   

JACC and TVT 2021

An artificial intelligence model for the detection of aortic 

stenosis, aortic regurgitation, and mitral regurgitation from 

electrocardiograms

Elias P, Poterucha TJ et al; Submitted to JACC 2021

Future Screening Tools for Valvular Heart Disease 
Artificial Intelligence/Machine Learning



Conclusions:
Machine learning can integrate ECHO 

measurements to augment the classification of 

disease severity in most patients with AS, with 

major potential to optimize the timing of AVR.

(JACC Imaging 2021)

Sengupta PP et al; JACC Imaging 2021

Future Screening Tools for Valvular Heart Disease 
Artificial Intelligence/Machine Learning
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The RECOVERY Surgical AVR Trial

• 145 asymptomatic patients w very severe AS 
randomized to early surgery or conservative care

• 1ry endpoint (operative and FU death) was 1% vs. 
15% in early surgery vs. conservative care 
(P=0.003)

Kang DH et al, NEJM 2020



• 157 asymptomatic patients (ETT confirmed) w  
severe AS, randomized to early surgery or 
conservative care at 9 centers from 7 EU 
countries; median FU 32 months

• Early surgery operative mortality 1.4%
• 1ry endpoint (MACE = death, MI, stroke and HF 

rehosp) was lower with early surgery vs. 
conservative care (HR 0.46, 95% CI 0.23-0.90; 
p=0.02)

Banovic, M, AHA 2021 and Circulation 2021

The AVATAR Surgical AVR Trial

Aortic Valve Replacement versus 
Conservative Treatment In Asymptomatic 
Severe Aortic Stenosis: The AVATAR Trial



Natural History of Untreated Mod AS 
National Echo Database

Reasons…

• Misclassification issues?

• Echocardiography challenges

• Rapid progression to severe AS

• Already too much cardiac damage

• Intervention too late (missed 

opportunities) with limitations of active 

surveillance strategy

Strange G et al. JACC 2019; 74:1851–63



Pre-emptive (earlier) TAVR
EARLY TAVR and UNLOAD Trials

Expanding TAVR Clinical Indications to 
‘Earlier’ Treatment Scenarios

Enrollment completed:
December 2021;

900 patients



Upstream Mod AS Treatment
“At Risk” Predictors



• Cardiac symptoms (esp. heart failure NYHA 3 or 4)

• Low ejection fraction (< 60% LVEF)

• Atrial fibrillation (persistent or recent paroxysmal)

• Low stroke volume (SVI < 35 cc/m2)

• Severe diastolic dysfunction (by echo criteria)

• Rapid AS progression (increase PV > 0.3 m/sec/year)

• Elevated cardiac biomarkers (BNP)

• Elevated AV calcium score by CT

Upstream Mod AS Treatment
“At Risk” Predictors



Otto, Nishimura, Bonow et al. J Am Coll Cardiol. 2021 Feb, 77 (4) e25–e197

Get with the Guidelines (Moderate AS)

Grading Moderate AS

J Am Soc Echo 2017;30:372-92.



VHD Mod AS Guidelines- Timing and Follow-Up

Otto, Nishimura, Bonow et al. J Am Coll Cardiol. 2021 Feb, 77 (4) e25–e197

Timing of Intervention Recommendations

Follow-Up Recommendations



Upstream Mod AS Treatment: The Future?
The PROGRESS Trial

Study PIs: Philippe Genereux, Raj Makkar and Jeroen Bax; Study Chairman: Martin B. Leon



The PROGRESS Trial (750 pts) Inclusion Criteria (1)
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The PROGRESS Trial (750 pts)

Upstream Mod AS Treatment: The Future?
The PROGRESS Trial

Inclusion Criteria (2)

Study PIs: Philippe Genereux, Raj Makkar and Jeroen Bax; Study Chairman: Martin B. Leon



AS Severity Grading and Cardiac Staging
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Philippe Généreux & Morristown Med. Ctr. Team

First PROGRESS Patient Enrolled
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Pathophysiology of Aortic Stenosis

KH Zheng, E Tzolos, MR Dweck. Cardiol Clin 38 (2020) 1-12 

As of today, there are NO known proven 
medical therapies to slow or prevent the 

progression of CAVD.



Future Perspectives on Medical Rx for CAVD

KH Zheng, E Tzolos, MR Dweck. Cardiol Clin 38 (2020) 1-12 



The “Statin Era” of 
Medical Rx for CAVD

• AS is a degenerative process 
resulting from “wear and tear”, 
predominantly of the valve 
leaflets.

• AS shares many similarities with 
atherosclerosis (risk factors, 
mechanisms).

• Thus, AS is a potentially modifiable 
atherosclerotic disease.

• Hope for pharmacotherapy in AS: 
STATINS!



Failure of Statin Rx to Treat CAVD

SALTIRE (2005)
N = 155 pts 

Cowell et al, NEJM, 
352:2389-97,2005

SEAS (2008)
N = 1,873 pts 

ASTRONOMER (2010)
N = 269 pts 

Rossebo et al, NEJM, 
359:1343-56, 2008

Peak aortic jet velocity

Chan et al, Circulation
121:306-314, 2010

Peak gradient (mmHg)



• Several promising targets have been 
identified and several RCTs are planned or 
ongoing

• The « one drug fits all » concept will not be
effective for all AS patients

• Need to tailor therapy according to age, sex, 
AoV Phenotype, and AS severity

Adapted from Pibarot

Modern Thinking – Medical Rx for CAVD



Bisphosphonates
RANK Ab, Vit K

ARBs
Antifibrotic therapy

Lp(a) lowering
PCSK9i

Old age
TAV/ BAV

Mild/Moderate AS

Young/ old age
TAV/ BAV
Women

Young age
BAV

Mild/moderate AS

Adapted from Pibarot

Modern Thinking – Medical Rx for CAVD



Brian R. Lindman, MD, MSc and W. David Merryman, PhD
Circulation 2021; 143:1455-57

Medical Therapies for CAVD
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Brian R. Lindman, MD, MSc and JoAnn Lindenfeld, MD; JAMA Cardiology 2021

• After TAVR, up to 50% of patients are dead, have residual heart failure (HF) 
symptoms or poor QoL at 1 year 

• HF is the most common admitting diagnosis during the first year after TAVR with 
rates only slightly lower in the year after TAVR compared to the year before

• Residual risk from HF is primarily due to cardiac remodeling and irreversible injury

• Before the onset of symptoms and before AS is “severe”, chronic pressure overload 
from years of AS leads to a series of molecular and tissue-level myocardial alterations 
(e.g., fibrosis, apoptosis, inflammation, microvascular dysfunction, etc.) that presage 
global/macroscopic changes in cardiac structure and function

Medical Therapies for CAVD



Aortic Stenosis Progression

Maladaptive remodeling 

(hypertrophy, fibrosis)

Worsening function

(systolic, diastolic)

Regression and recovery after AVR

(often partial or incomplete)

Asymptomatic

Better
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Myocardial Health 

Impacts Post-AVR

Clinical Outcomes

Hypertrophy

Fibrosis

Increased mortality, residual heart failure, poor QoL

Symptom-based trigger for AVR 

(too late)Symptomatic

High residual risk
(early death, heart failure, 

poor quality of life)

Adjunctive medical 

therapy to protect the 

heart during progressive 

AS and augment its 

recovery after AVR

RAAS inhibition?
Entresto?

SGLT2i?

Medical Therapies for CAVD



• Aortic stenosis is a disease of both the valve and the myocardium.

• Currently, there are no medical therapies that have been proven to slow down or 
halt disease progression in aortic stenosis.

• Novel insights in the valve and myocardial pathophysiology of aortic stenosis 
progression have identified numerous molecular targets related to oxidized lipids, 
calcification, and fibrosis, although only a few have thusfar been translated to 
clinical trials.

• A multi-drug approach to precisely target disease stage and patient phenotype is 
the most realistic and promising.

• The clinical trial process must be rejuvenated including the use of non-invasive 
imaging modalities such as CT calcium scoring, 18F-NaF PET, and MRI to assist in 
risk stratification and as surrogate clinical endpoints.

Medical Therapies for CAVD
Key Points
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(Martin B. Leon)


