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Upstream Management of Aortic Stenosis

?



Upstream Management of CAD

• Pathophysiology

• Risk Factor Modification (i.e. lipids, smoking etc)

• Detection (CAC, CCTA, stress testing, Invasive angio)

• Criterion for Treatment (symptoms, anatomy, FFR)

• Treatment Options (Medical, PCI, CABG)

• Effectiveness and Durability of Treatment Options



Upstream Management of Aortic Stenosis

• Pathophysiology

• Risk Factors



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

Incidence of AS according to Age



Incidence of AS according to Age (6% above age 75)

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



Pathophysiology of Aortic Stenosis

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

HTN, HL, DM, atherosclerosis, smoking, CKD are 
risk factors



Statin Trials to Treat CAVD

JD Hutcheson, E Aikawa and WD Merryman. Nat. Rev. Cardiol. 11, 218–231 (2014)



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)



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 (e.g. statins and ACEI) to slow or 

prevent the progression of AS.



Thanassoulis G et al. NEJM 2013; 368: 503-12



rs10455872

Association between LP(a) and aortic valve calcium

Thanassoulis G et al. NEJM 2013; 368: 503-12

Lp (a) Reigns Supreme in GWAS!



• About 20% of the general population (65 Million people 
in North America) have elevated Lp(a)

• Lp(a) circulating levels are determined genetically and 
currently available drugs (Niacin) only achieve modest 
reduction in Lp(a)

• Phase I and II trials report that oligonucleotide antisense 
directed to Apo(a), reduces Lp(a) levels by >80% with 
minimal side effects

Tsimikas et al. Lancet 2015

Lp (a) Reigns Supreme!



Modern Thinking – Medical Rx for AS

Lipid Deposition

Lipid Retention

Lipid Oxidation

Inflammation

Renin-Angiotensin System

Valve fibrosis

Myocyte Apoptosis

Myocardial fibrosis

LV hypertrophy

Calcification

Osteoblasts

RunX2, BMP

RANK/OPG

Matrix Gla Prot

Ectonucleotidases

Fetuin A

AORTIC 

STENOSIS

OSTEOBLASTIC 

DISEASE
ATHERO

SCLEROSIS

HYPERTENSION

ACE Inhibitors

ARBs

Lp(a) lowering
PCSK9i
(statins)

Bisphosphonates

RANK Antibodies

Adapted from… Dweck et al. JACC 2012



Future Perspectives on Medical Rx for CAVD

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



Incomplete Understanding of Pathogenesis

• Are there octogenarian with pristine aortic valves?

• Are risk factor modifications occur early enough in trials?

• Should we be studying aortic stenosis progression or 
prevention?

• Are all tricuspid valves born equal?

• LV reserve/response to aortic stenosis variations



Upstream Management of Aortic Stenosis

• Pathophysiology

• Risk Factors

• Detection



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



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



Upstream Management of Aortic Stenosis

• Pathophysiology

• Risk Factor Modification

• Detection

– Is there a CAC score equivalent for early aortic stenosis?

• Score of 1648 is associated with severe AS



Upstream Management of Aortic Stenosis

• Pathophysiology

• Risk Factor Modification

• Detection

• Criteria for Treatment



Traditional Thinking – Aortic Stenosis

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



Traditional Thinking – Aortic Stenosis

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



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



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) 

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) ; Severe AS: AVA 1.0 cm2; mean gradient 40 mmHg

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) 



Stage 1

LV damage
Stage 2

LA/Mitral damage
Stage 3

PA/Tricuspid damage
Stage 4

RV damage

Stage 0

No damage

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

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) ; Moderate AS: AVA 1.2 cm2; mean gradient 24.4mmHg

N=163

(13.1%)
N=334

(26.8%)

N=132

(10.6%)
N=530

(42.6%)

N=86

(6.4%)

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



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



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

Expanding TAVR Clinical Indications to 
‘Earlier’ Treatment Scenarios



• 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



Upstream Mod AS Treatment: The Future?
The PROGRESS Trial

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



AS Severity Grading and Cardiac Staging

Grade or 

Stage

Stage 0

None

Stage 1

LV

Stage 2

LA-mitral

Stage 3

PA-tricuspid

Stage 4

RV

Grade 0
Vmax <2m/s

Grade 1
Vmax 2-2.9m/s

Grade 2
Vmax 3-3.9m/s

Grade 3 
Vmax ≥.4m/s



AS Severity Grading and Cardiac Staging

Grade or 

Stage

Stage 0

None

Stage 1

LV

Stage 2

LA-mitral

Stage 3

PA-tricuspid

Stage 4

RV

Grade 0
Vmax <2m/s

Grade 1
Vmax 2-2.9m/s

Grade 2
Vmax 3-3.9m/s

Grade 3 
Vmax ≥.4m/s AVR AVR AVR AVR



AS Severity Grading and Cardiac Staging

Grade or 

Stage

Stage 0

None

Stage 1

LV

Stage 2

LA-mitral

Stage 3

PA-tricuspid

Stage 4

RV

Grade 0
Vmax <2m/s

Grade 1
Vmax 2-2.9m/s

Grade 2
Vmax 3-3.9m/s

PROGRESS PROGRESS PROGRESS PROGRESS PROGRESS

Grade 3 
Vmax ≥.4m/s

EARLY 

TAVR



AS Severity Grading and Cardiac Staging

Grade or 

Stage

Stage 0

None

Stage 1

LV

Stage 2

LA-mitral

Stage 3

PA-tricuspid

Stage 4

RV

Grade 0
Vmax <2m/s

Grade 1
Vmax 2-2.9m/s

Grade 2
Vmax 3-3.9m/s

PROGRESS PROGRESS PROGRESS PROGRESS PROGRESS

Grade 3 
Vmax ≥.4m/s

EARLY 

TAVR
AVR AVR AVR AVR

?Multi-drug ‘precision’ medical Rx
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