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Valve sclerosis 

 Aortic valve sclerosis (AVS) & Mitral annlus 
calcification (MAC) 

 AVS related to thickening of the aortic cusps 
without obstruction to left ventricular outflow 

 MAC is a chronic degenerative non-inflammatory 
process characterized by calcification of the 
surrounding fibrous support of the mitral valve 

 Clinical precursors of atherosclerosis are also risk 
factors for MAC and AV sclerosis 

 2 conditions often exist concurrently 

 Right side valve sclerosis ??? 
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AV sclerosis 

 Thickening of the 
aortic cusps without 
obstruction 

    : AV Vmax ≤2.5m/s 

 

 25%-30% :65 years of 
age 

 Up to 40% : 75 years 
of age 



AV sclerosis 

Mild Moderate Severe 



AV sclerosis 

EVENT  
Normal  

(N=3919) 
Aortic Sclerosis  

(N=1610) 
Aortic  stenosis  

(N=92) 
P VALUE  

Death from  
any cause  

583 (14.9)  353 (21.9)*  38 (41.3)*  <0.001  

Death from  
cardiovascular  

causes  
238 (6.1)  162 (10.1)*  18 (19.6)*  <0.001  

Myocardial  
infarction†  

217 (6.0)  123 (8.6)‡  9 (11.3)‡  <0.001  

Angina†  358 (11.0)  160 (13.0)  17 (24.3)*  0.001 

Congestive  
heart failure†  

337 (8.9)  192 (12.6)*  21 (24.7)*  <0.001  

Stroke†  238 (6.3)  122 (8.0)§  10 (11.6)§  0.003 

*P<0.001 for the comparison with the group with normal aortic valves. 
†The rates were calculated for subjects at risk for new events. 
‡P<0.01 for the comparison with the group with normal aortic valves. 
§P=0.02 for the comparison with the group with normal aortic valves. 

Otto et al .NEJM 1999 



AV sclerosis 

VARIABLE  
TOTAL NO.  

OF SUBJECTS 
RATE/1000  
PERSON-YR 

RELATIVE RISK  
(95% CI) 

CAD (-) 

Death from any cause    1.42 (1.19.1.70)  

Normal aortic valves                          2958 19   

Aortic sclerosis                           1115 37   

Death from cardiovascular causes    1.66 (1.23.2.23)  

Normal aortic valves                              2958 6   

Aortic sclerosis                               1115 14   

CAD(+) 

Death from any cause    1.16 (0.94-1.43) 

Normal aortic valves                                 961                              45   

Aortic sclerosis                                                                                                     495                61   

Death from cardiovascular causes    1.25 (0.94.1.65) 

Normal aortic valves                                  961                 25   

Aortic sclerosis                                  495                                35   

Otto et al .NEJM 1999 



AV sclerosis 
Progression 

            2004 
AV V max = 1.9 m/s 

           2008 
AV V max = 2.3 m/s 

            2011 
AV V max = 3.4 m/s 

65 YO Male 

■ May progress to moderate or greater AS in 
up to 6% of patients over a mean follow-
up period of 7 years 

                   J Am Coll Cardiol. 2004;43(2):169-175 



Aortic Valve sclerosis 

Lesion formation 

Progressive calcification 

Age 
Gender 
Dyslipidemia 
Diabetes/MetS 
Hypertension 
Smoking 
Height  

Oxidative stress 
Nos uncoupling 
Wnt, Runx2, Msx2 
Osteoblast regulation 
Osteochondrogenesis 
Calcium homeostasis 
Epitaxial calcium 
deposition 

Sclerosis Stenosis 

Genetics/Valve Morphology/Shear Stress 

Myofibroblast 
differentiation 



Important cellular pathway 

Circulation. 2004;110:1180-1182 



Factors associated with calcific AS progression 
 Gene 
 Age 
 Aortic valve area  
 Aortic valve calcification  
 C-reactive protein 
 Coronary artery disease 
 Calcium: Elevated serum values  
 Diabetes mellitus 
 Dyslipidemia 
 Hypertension 
 Left ventricular mass index 
 Left ventricular outflow tract velocity 
 Mitral annular calcification 
 Obesity 
 Renal failure and elevated serum creatinine 
 Sex (male)  
 Smoking 
 Valve structure 





Genetics  

SNP Phenotype Chr. 
Minor 
Allele 

MAF 
OR  
(95% CI) 

P Value 
Nearest 
Gene 

rs10455872 
AV 
calcification 

6 G 0.07 
2.05  
(1.63–2.57) 

9.0×10−10 LPA 

rs17659543 MAC 2 T 0.16 
1.66  
(1.39–1.98) 

1.5×10−8 IL1F9 

rs13415097 MAC 2 C 0.16 
1.66  
(1.39–1.98) 

1.8×10−8 IL1F9 

N Engl J Med 2013;368:503-12. 



Medical Treatment for  
AS Progression Delay 

Rosenhek et al. Circulation. 2004;110:1291-1295 

211 patients 
Peak velocity >2.5m/s  



Nonrandomized Retrospective Studies 

 



Prospective Studies on Lipid Lowering in AS 



New Aspects From the SEAS Study  

 Randomized, double blind, placebo controlled, multicenter 

 173 centers: Norway, Sweden, Denmark, Finland, Germany, UK, 
Ireland 

 4-Week placebo/diet run-in 

 1873 patients (Minimum follow-up: 4 years) with asymptomatic  

    mild to moderate AS (peak V: 2.5 -4m/s) 

 

 

Rossebø AB et al.N Engl J Med. 2008;359(13):1343-56 
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New Aspects From the SEAS Study  

Rossebø AB et al.N Engl J Med. 2008;359(13):1343-56 



ASTRONOMER study 

Circulation. 2010;121:306-314 



Calcific Aortic Stenosis 

Fibroblast Myofibroblast Osteoblast 



AV sclerosis 
Progression 

  
Statin (+)  
(N=309) 

Statin (-)  
(N=737) 

P VALUE  

AV sclerosis   0.04±0.09  0.07±0.10m/s/year  0.01  

Mild AS  0.09±0.15  0.15±0.15m/s/year  0.001  

Moderate AS  0.21±0.18  0.22±0.15  0.70  

Am J Cardiol 2008;102:738 –742 



Method of  
Early Detection 
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Pohle et al. Circulation 2001 

AV sclerosis 

r=0.42 



Assessment of Valvular  
Calcification and Inflammation 

18F-NaF 

18F-FDG 

Dweck et al. Circulation. 2012;125:76-86 



Assessment of Valvular  
Calcification and Inflammation 

Dweck et al. Circulation. 2012;125:76-86 



Dweck et al. Circ Cardiovasc Imaging. 2014;7:371-378 

Progression of calcium score 



Imaging for early detection 

CT : calcium scoring 

PET imaging 
18F-NaF – Osteoblastic 

                 activity 

18F-FDG – Inflammation 
 



New Biomarker 

Osteoprotegrin 



Osteoprotegrin (OPG) 

J Am Coll Cardiol 2006;47:1850–7 

246 patients with type 2 DM 



Osteoprotegrin (OPG) 

J Am Coll Cardiol 2006;47:1850–7 



Osteoprotegrin (OPG) 
Aortic stenosis 

 

Am J Cardiol 2013;112:1433e1438 



New Therapeutic Target  



Genetics  

SNP Phenotype Chr. 
Minor 
Allele 

MAF 
OR  
(95% CI) 

P Value 
Nearest 
Gene 

rs10455872 
AV 
calcification 

6 G 0.07 
2.05  
(1.63–2.57) 

9.0×10−10 LPA 

rs17659543 MAC 2 T 0.16 
1.66  
(1.39–1.98) 

1.5×10−8 IL1F9 

rs13415097 MAC 2 C 0.16 
1.66  
(1.39–1.98) 

1.8×10−8 IL1F9 

N Engl J Med 2013;368:503-12. 



Lipoprotein(a) 

 

J Am Coll Cardiol 2014;63:470–7 



J Am Coll Cardiol 2014;63:470–7 



 



Calcification Inflammation 
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New Therapeutic 
Target for  

the Calcification 

Would Be Enough ??? 



62/F  
4YA HTN on MX 

10MA AVR 
PreOP CAG: mild CAD 

 



Portable echocardiography 



Echocardiography before OP 



Echocardiography before OP 

 



Cardiac MRI before OP 



Azevedo CF et al. J Am Coll Cardiol 2010 



Azevedo CF et al. J Am Coll Cardiol 2010 



Fibrosis and prognosis 

Azevedo CF et al. J Am Coll Cardiol 2010 



Functional capacity recovery after AVR 

Circulation. 2009;120:577-584 



Calcific aortic stenosis  

 

 

 

A Disease of the Valve 
and the Myocardium 



Summary 

 Aortic valve sclerosis 

 Clinical precursors of degenerative AS 

 Related with cardiovascular mortality and 
morbidity 

 

 Calcific aortic stenosis 

 Precursor 

 Pathologic cellular mechanism 

 Early detection & intervention 

 New therapeutic target : calcification 

 A disease of the valve and the myocardium 

 

 

 

 



Dream Therapeutic Target 


