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Current Management of AS 

• Who Should Still Get SAVR  

Where Are We Going? 

• TAVR 

• SAVR 

• Management of AS 

Outline 
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SAVR 

TAVR 

How Did We Get Here? 
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Timeline in the Evolution of TAVR  
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2004-Deal With The Devil? 
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History of STS/ACC TVT Registry- circa 2011 
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400,000 TAVR Procedures 

Virtually Every Case in the US 



Centers Performing TAVR in US 
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~1,050 SAVR Sites 

>3X Increase 



Annual TAVR Procedure Volume in US 
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85% of all iso AVR is TAVR 

30% More Patients with AS Treated 



TAVR vs. SAVR in US 
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TAVR  
Procedure Risk 
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TAVR Mortality 

5.7% 5.2% 
4.1% 

2.9% 

2% 
1.7% 1.5% 1.3% 1.1% 1.1% 

1.2% 

7.5% 7% 
6% 

4.4% 
3.2% 2.8% 2.6% 2.2% 2.3% 2.1% 

26.4% 

21.8% 21.6% 

18.2% 

15.3% 
13.1% 

12% 
11.8% 11.2% 

0%

5%

10%

15%

20%

25%

30%

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022Q1

In Hospital

30 Day

1 yr

Source:  STS/ACC TVT Registry Database 

SAVR 30 Day Mortality -1.54-3.50 



TAVR Mortality  
Low Risk  
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TAVR Valve in Valve 
Valve in SAVR/ Valve in TAVR  

35 98 151 191 267 310 339 422 372 

1136 

2093 

2913 

3587 

4445 4516 4678 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

2014 2015 2016 2017 2018 2019 2020 2021

Valve in TAVR Valve in SAVR



Patient Treatment Decision-making 

 
Redo SAVR  

 
TAVR 

Valve/Root Complexity 

Younger Age 

Small SAVR 
Older Age 

Comorbidities 



ACC/AHA Guidelines for Treatment of AS 



Clinical Decision Making in Aortic Stenosis 

Patient Age 

Tissue vs. Mechanical 

Mechanical/ Ross 
Procedure 

Tissue 

TAVR SAVR 

<50 50-70 >70 

>80 <65 65-80 <65 

SHARED DECISION 

SHARED DECISION 



• Patient preference 

• Younger 

• Not frail with co-morbidities- long life expectancy 

• High Risk for TAVR- valve/aortic root anatomy/pathology 

• Bicuspid AS 

• Aortopathy 

• Previous TAVR/SAVR with Structural Valve Deterioration- especially with small valve 

• Concomitant Diseases 

Patients With AS to Consider SAVR vs. TAVR 
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Coronary Artery Disease- especially SYNTAX> 33 

Mitral Regurgitation- especially primary MR 

Tricuspid Regurgitation 

Ascending Aortic Aneurysm 

Atrial Fibrillation – if candidate for Maze Procedure 

Concomitant Conditions With AS That Mitigate 

Toward SAVR in Patients 65-80 Years  
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Current Questions/Issues 

Bicuspid Aortic Valve 

Lifetime Management 

• Durability 

• Procedure Sequence 



TAVI in Bicuspid AS 

Bicuspid  

Valve 

With 

Bulky 

Eccentric 

Calcification 



Bicuspid Aortic Valve 

Unfavorable Features of BAV Anatomy for TAVR 

Anulus more elliptical 

Asymmetric calcium distribution 

Bulky calcification extending into LVOT 

Lower coronary heights 

Ascending aortic dilation 



Non-calcified Raphe Calcified Raphe 
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No Raphe  

n = 61 (5.5%) 

n = 64 (5.7%) 

n = 271 (24.3%) 

n = 201 (18.0%) 

n = 225 (20.2%) 

n = 293 (26.3%) 

Yoon S, Makkar R EuroPCR 2019 

Bicuspid Aortic Stenosis 

• BAV not included in any of the approval trials 

• TAVR is approved in BAV 

• Some BAV patients with low risk features do fine with TAVR 

• Some patients with high risk features should be treated with SAVR 

• Not clear where the TAVR/SAVR boundary 



Options For Decision-making Evidence in Bicuspid Aortic Stenosis 

Continue Current Practice 

RCT of TAVR vs. SAVR 

Pragmatic Trial with CT Phenotyping of the AS with Long--term Follow-up 
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What is the Durability of TAVI Valves Compared to SAVR?  

30 

Better ? 

Same ? 

Worse ? 

Durability of ViV  (TAV in SAV or TAV in TAV) is not likely to be the same as the index procedure 
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The vertical lines

show the age (for men) at which the 

valve durability equals life 

expectancy (US Statistics 2014). 

Valve durability to life expectancy ratio (for men) 
is 1:
▶ at age 62 for a valve durable for 20 years

▶ at age 69 for a valve durable for 15 years
▶ at age 77 for a valve durable for 10 years

▶ at age 87 for a valve durable for 5 years.

Bagur R,	et	al.	Heart. 2017;103:1756-1759

Life Expectancy and Valve DurabilityLife Expectancy Versus Durability in Low Risk Patients 

Bagur et al. Heart 2017 



Choose your Sequence… 

Key Factors: Anatomy and Patient Preference 



If 3 Interventions- Which First (and Second) ? 

The younger the patient, the higher chance of 3 interventions 

Each intervention adding additional unknown issues 

Higher cumulative risk of stroke, mortality, need for anticoagulation 

 

 
TAVR 

TAVR in 
TAVR 

SAVR 

(TAVR 
Explant) 

TAVR 
SAVR 
(TAVR 

Explant) 

TAVR in 
SAVR 

SAVR 
TAVR in 
SAVR 

TAVR in 
TAVR in 
SAVR 

X 



Future Directions TAVR 



Next Generation 

Evolut Fx SAPIEN X4 



Other New Valves 

Abbott Navitor JenaValve 
Acurate neo2 



Younger Patients/Durability/ Lifelong 
Management 

Bicuspid Valves 

Aortic Regurgitation 

Rheumatic Heart Disease 

Concomitant  Coronary Disease 

 

 

What Populations Next? 
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Concomitant Valve Disease 

Earlier Diagnosis/Disease 
Prevelance 

Asymptomatic AS 

Moderate AS 

Medical Therapy to Slow 
Progression of AS 



Future Directions SAVR 



Future Aortic Valve Surgery 

39 

Ross 

Procedure Bio Bentall 

TAVR Explant  

SAVR Robotic AVR 
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30-day Mortality-13.1% 



Robotic AVR 

42 Courtesy  

Vinay Badhwar 











Aortic Regurgitation 

47 



Jena Valve- Aortic Regurgitation 

1. Setting 2. Seating 3. Sealing 

Locator Technology = Designed for Secure Fixation and Sealing 

Commissure to Commissure Alignment Sets Depth Avoiding “Low” Placement Clips Onto Native Leaflets 



Deployment 
• Rotate Deployer to Deploy 

and Release Valve 

3 

JenaValve Positioning & Deployment 

2 1 



TAVR in Rheumatic AS 

50 
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JACC April 2021 



Concomittant Coronary and Valve Disease 

52 



AS+CAD 

• Make treatment decision based on CAD 

• If CABG, then SAVR+CABG 

• If PCI, then Staged PCI+TAVR 

AS+MR/TR 

• If Primary MR  

• SAVR+MV Repair or staged TAVR+ TEER 

• If secondary MR 

• TAVR or SAVR 

• If moderate or severe TR 

• Planned simultaneous or staged TV procedure 

AS with CAD or MR/TR 

53 



Management of AS- New Directions and Questions 

54 

• Should Asymptomatic Aortic Stenosis be Treated ? 

• Early TAVR Trial 

• Management of Moderate AS 

• Progress AS Trial 

• Prevalence of Valvular Heart Disease 

• PREVUE Trial 

• Can We Diagnose AS Earlier? 

• AS Screening with AI EKG Interpretation 

• Can Medical Therapy Slow AS Progression? 

 



• Earlier Diagnosis/Disease Prevalence 

55 



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 



Underdiagnosis and Undertreatment Issues 

Nathan AS et al. JAMA Cardiol 2021 



ECG Diagnosis of AS 

60 



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 



Asymptomatic and Moderate AS 
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Should We Wait Until Symptoms? 
Is That Too Late ? 

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



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 





Medical Therapy to Slow the Progression of AS 
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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) 



Pathophysiology of Aortic Stenosis 

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



74 

JACC 2021 
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Aortic Stenosis Progression 

Maladaptive remodeling 

(hypertrophy, fibrosis) 
 

Worsening function 

(systolic, diastolic) 

Regression and recovery after AVR 

(often partial or incomplete) 

Asymptomatic 

Better 

Worse 
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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? 

Brian R. Lindman, MD, MSc and JoAnn Lindenfeld, MD; JAMA Cardiology 2021 



Lp (a) 

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



 

• 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) 



Modern Thinking – Medical Rx for CAVD 

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 



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 

Candidates For Medical Rx 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 the 

progression in aortic stenosis. 

Numerous possible targets related to oxidized lipids, calcification, and fibrosis,  

A multi-drug approach to precisely target disease stage and patient phenotype is 

the most realistic and promising. 

Clinical trials should be started  using non-invasive imaging modalities such as CT 

calcium scoring, 18F-NaF PET, and MRI to assist in risk stratification and as 

surrogate clinical endpoints . 

 

 

Summary of Medical Therapy for CAVD 

Courtesy Martin Leon 



The TAVR train has long ago left the station 



TAVR 

Final Thoughts 

•To be able to experience the transformation of the treatment of a disease over 

less than two decades is truly remarkable 

•¾ patients with AS will be treated by TAVR (same as PCI/CABG for CAD) 

•TAVR seems like “the answer” for everything right now; but there will be 

disappointments and TAVR will not meet all expectations 

•As transformative as TAVR is, the creation of the “heart team” is arguably even 

bigger 



Hvala Vam 
 


