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… the grave prognosis that appears to 

accompany the onset of certain symptoms

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

• Symptomatic patients 
with severe AS

Aortic Stenosis

class I

…if it is likely that the symptoms

are cardiac in origin 



Indications for AVR

• Symptomatic patients 
with severe AS

• Asymptomatic patients 
with severe AS

Aortic Stenosis

class I

… are asymptomatic patients with 

severe AS really asymptomatic? 

?



• Symptoms

• Hypotension

class I

class IIa

How are symptoms determined? 

• Everyone has symptoms on stress test

• Are the symptoms cardiac in origin?

• What level of exercise?

How is hypotension defined?

• Less than 20 mmHg increase (?)

Aortic Stenosis

Indications for AVR

Exercise test results:



• Symptoms

• Hypotension

class I

class IIa

What is the outcome of      

asymptomatic patients with AS ?

…when they are really asymptomatic?

Aortic Stenosis

Exercise test results:

Indications for AVR
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Average hospital mortality:   8.8%

• Low volume centers: 13.0%

• High volume centers:  6.0%

Medicare data
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Average hospital mortality:   8.8%
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Medicare data
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Average hospital mortality:   8.8%

• Low volume centers: 13.0%
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Medicare data
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Average hospital mortality:   8.8%

• Low volume centers: 13.0%

• High volume centers:  6.0%

Medicare data
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96 events:

90 surgical indication

6 cardiac deaths [1 SCD]

79 patients underwent AVR

6 deaths in 3 mo postopx

What is the risk of death while

waiting for symptoms to trigger AVR?

0
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Medicare data

0

20

40

60

80

100

0 1 2 3 4 5

S
u
rv

iv
a
l 
(%

)

100

80

60

40

20

0
1 2 3 4 5

Time (years)

Conservative (n=291)

AVR (n=291)

85%

74%

Natural History of Severe Asymptomatic AS

Taniguchi et al. J Am Coll Cardiol 2015;66:2827-2838

31% of patients who developed 

symptoms did not have AVR 

17 deaths

0



Vmax:    4.6 m/s

Severe AS:

>4.0 m/s

>40 mmHg

<1.0 sq cm

Mean Δ: 52 mmHg

AVA:      0.7 sq cm



Aortic Stenosis

Wait until he develops 

symptoms in 5-6 years and 

then recommend TAVR?

*

84 year old man with severe AS

• Watchful waiting?

• More data (more testing)?

• Aortic valve replacement?

• Enroll him in a clinical trial?

*



Ann Surg 158:936, 1963

“Primary atherosclerosis of the valve

may sometimes occur without

previous rheumatic valvulitis.”



1.12 million individuals in Ontario

Age >65 

Median follow-up 13 years

20,995 developed aortic stenosis



Yan et al, J Am Coll Cardiol 2017;69:1523-1532

0.50 1.00 2.00

Hazard Ratio (95% CI)

Adjusted HR (95% CI)    P value

Hypertension

Diabetes

Dyslipidemia

1.71 (1.66-1.76)

1.49 (1.44-1.54)

1.17 (1.14-1.21)

<0.001

<0.001

<0.001



Imaging



Imaging

Mild AS

Moderate AS Severe AS

Severe ASNormal

18F-NaF

18F-FDG



Jenkins et al, J Am Coll Cardiol 015;66:1200-1201
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Lp-PLA2 Oxidized LDL





Thanasoulis et al, N Engl J Med 2013;368:503-512

rs10455872



Capoulade et al, J Am Coll Cardiol 2015;66:1236-1246
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Lp(a)

Lp-PLA2

Ox FA

LysoPC

Macrophages

Valve interstitial cell

Endothelium

Mineralization

NFκβ

BMP

Courtesy, Dr. Philippe Pibarot
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Asymptomatic AS with Normal EF





Normal

myocardium

Extracellular

expansion

Replacement

fibrosis
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Baseline

Follow-up



Vmax:     3.2 m/s
Mean Δ:  32 mmHg

AVA:        0.8 sq cm

Low gradient AS



from Pibarot and Dumesnill, J Am Coll Cardiol 2012:60:1845-1853

Diastole

Systole

Dobutamine: 

Echocardiography

or

Catheterization

Difficult patient management 

… but physiology understandable 

Low Flow

Low Gradient

LV Dysfunction



from Pibarot and Dumesnill, J Am Coll Cardiol 2012:60:1845-1853

Diastole

Systole

Low Flow

Low Gradient

Normal LV Function

• Treat hypertension

• Cardiac catheterization





Severe AS



Severe AS

Not severe AS









Strange et al. J Am Coll Cardiol 2019;74:1851-1863 

N = 241,301

Mean age 62

Median f/u 3.3 years



from Pibarot and Dumesnill, J Am Coll Cardiol 2012:60:1845-1853

Diastole

Systole

Low Flow

Low Gradient

Normal LV Function

• Treat hypertension

• Cardiac catheterization

• Valve calcification

• Advanced imaging

• Clinical skillset

This scenario can be under-diagnosed

… and over-diagnosed 





Castano et al. Eur Heart J 2017;38:2879-2887 



Castano et al. Eur Heart J 2017;38:2879-2887 

Women Men

ATTR-CA
22%

No ATTR-CA

78%

No ATTR-CA

96%

ATTR-CA
4%

Patients with ATTR-amyloidosis: 

• Greater wall thickness

• Greater LV mass

• Lower stroke volume index

• Greater diastolic dysfunction

• Lower ejection fraction

• More abnormal global 

longitudinal strain





Barreto-Filho et al, JAMA 2013;210:2078-2085

Aortic Valve Replacement
Hospital Mortality

Medicare 1999-2011
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Aortic Valve Replacement
Hospital Mortality

Medicare 1999-2011
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Key Knowledge Gaps

1. The symptomatic patient

2. The asymptomatic patient

3. Mechanisms of inflammation and 

calcification ?

4. Role of biomarkers?

5. Valve area / gradient / flow ?

6. Ventricular-vascular coupling ?

7. Evolution of TAVR to lower-risk 

patients ?  

Cardiac symptoms ?

Truly asymptomatic ?





Aortic Valve Replacement
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www.acc.org

www.americanheart.org

www.esc.org

Prohibitive surgical risk

High surgical risk

Low surgical risk

Intermediate surgical risk

Evolution of TAVR



Mean age: 73 years

Mean STS score: 1.9

Low degree of comorbidities

Mean age: 74 years

Mean STS score: 1.9

Low degree of comorbidities



Low Risk TAVR Trials 

PARTNER 3                Evolute
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TAVR      SAVR        TAVR      SAVR

Age (years)                        73.3        73.6           74.1        73.6

STS score                            1.9          1.9            1.9           1.9

Prior MI                                5.7%       5.8%         6.6%        4.9%

PAD                                      6.9%       7.3%         7.5%        8.3%

Diabetes                             31.2%     30.2%       31.4%      30.3%

AVA (cm2)                            0.8          0.8             0.8           0.8

Mean gradient (mmHg)     49.4        48.3           47.0         46.6

LVEF (%)                             65.7        66.2           61.7         61.9

Composite (1 year)              8.5        15.1             2.9           4.6

Mortality (1 year)                 1.0          2.5             2.4           3.0                 

Stroke (30 days)                  0.6          2.4             3.4           3.4

Atrial fibrillation (30 d)        5.0         39.5             9.8        38.3

New pacemaker (30 d)        6.6          4.1            17.4          6.1

Low Risk TAVR Trials 



Mack et al. N Engl J Med 2019;380;1695-1705



• Durability of transcatheter valves

• Subclinical leaflet thrombosis

Low Risk TAVR Trials: Missing Pieces 



• No HALT

• Normal leaflet 

motion

• HALT

• Normal leaflet 

motion

• HALT

• Reduced leaflet 

motion

• Normal gradient

• HALT

• Reduced leaflet 

motion

• Elevated gradient
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• Durability of transcatheter valves

• Subclinical leaflet thrombosis

• Patients with:

Low Risk TAVR Trials: Missing Pieces 

• Bicuspid aortic valves

• Extensive CAD

• Aortic aneurysms

• Associated MR / TR

• Younger patients 

• Asymptomatic patients
Pacemaker rates?

Durability?    



Prohibitive surgical risk

High surgical risk

Low surgical risk

Intermediate surgical risk

Asymptomatic

?
Evolution of TAVR

Mortality

Mortality

Mortality

Stroke

Mortality

Stroke

CV hosp
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TAVR 2019

• TAVR has been truly transformative

• Surgical AVR has been the standard with proven 

durability and safety for most patients

• TAVR provides treatment options for patients 

who previously had no options other than a 

predictably very poor short term outcome

• TAVR is an alternative to SAVR in patients at 

high and intermediate surgical risk 

• The threshold for TAVR is declining in clinical 

trials, registries and clinical practice

• Multidisciplinary heart team is

• All patients want this

• Determining when to withhold TAVR is difficult

essential

Is TAVR now the standard?

… and now low risk



Aortic stenosis is a simple mechanical fault 

which, if severe enough, imposes a heavy 

burden on the left ventricle and sooner or 

later overcomes it. 

Wood P, Am J Cardiol 1958;1:553-571

…it’s not simple any more









• 1323 subjects in Framingham Offspring Study

• Enrolled between 1971 and 1975

• Mean age at enrollment 34 ± 9 years

• MDCT imaging between 2002 and 2005

• Median 26.9 year follow-up
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p<0.001 p<0.001

1 2 3

Age and Sex Adjusted Multivariable Adjustment

4 5

Hazard Ratio [95% CI] for AS Hazard Ratio [95% CI] for AS

1 2 3 4 5

Kamstrup et al. J Am Coll Cardiol 2014;53:470-477
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