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Hemodynamic 

 Mean gradient 
 
 Peak transaortic velocity 

 
 Aortic valve area 



Outcome 

OTTO Circulation 1997 



Severe AS 

Sclerosis Mild AS Moderate 
AS 

Severe AS 

Peak velocity, m/sec < 2.5 2.5 - 3 3 - 4 > 4 

Mean gradient, mm Hg Normal < 25 25 – 40  
(ou 50) 

40 (US) 
50 (Europe) 

AVA, cm² Normal  ≥ 1.5 1 – 1.5 < 1 cm² 
< 0.6 cm²/m² 





Courtesy of R Rosenhek 



Severe AS 

Sclerosis Mild 
AS 

Moderate 
AS 

Severe AS Very 
Severe AS 

Peak velocity, 
m/sec 

< 2.5 2.5 - 3 3 - 4 > 4 > 5.5 

Mean gradient, 
mm Hg 

Normal < 25 25 – 40  
(ou 50) 

40 (US) 
50 (Europe) 

AVA, cm² Normal  ≥ 1.5 1 – 1.5 < 1 cm² 
< 0.6 cm²/m² 



Aortic Valve Calcification 

Leading process to Aortic Stenosis 



Hemodynamic consequences  

Otto CM. N Engl J Med 2008;359:1395-1398. 



You know what? 
Echo is tough … 



The severity of aortic valve calcification is usually graded 
from the parasternal short-axis view 

Echocardiographic Evaluation of Aortic 
Valve Calcification 





What is the degree of aortic valve 
calcification for each of the 4 patients? 



MG 22 mm Hg MG 22 mm Hg MG 50 mm Hg MG 35 mm Hg 



Echocardiographic Evaluation of Aortic 
Valve Calcification 

 None 
 Mild: isolated spots 
 Moderate: Multiples 

spots  
 Severe : Large and 

diffuse calcifications 
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Echocardiographic Evaluation of Aortic 
Valve Calcification 

1. Subjective 
 

2. Qualitative 
 

3. Gain settings 
 

4. Quality of images 





CALCIUM SCORING 



Aortic Valve Calcification (AVC) 

Aortic valve calcification (AVC) Coronary artery calcification (AVC) 

CT is ideally suited to objectively  
and quantitatively assessed calcifications 



CT Scanner – Measurements of 
Calcifications 

 Automated 
operator-
independent 
image-processing 
software 

 Calcification are 
defined as 4 
adjacent pixels 
with density 130 
Hounsfield units 

 Radiologist affect 
the selected area 
to the coronary 
arteries, the aortic 
valve…. 
 



The Agatston Score 

 For each region of interest, score = density score * area 
 Total score: sum of score of each region of interest in all slices   

Hn X Factor 

130-199 1 

200-299 2 

300-399 3 

> 400 4 

Peak density score 

Area 1 = 15 mm² 
Peak CT = 350 Hn 

Area 1 = 30 mm² 
Peak CT = 500 Hn 

Region 1. Score = 15 * 3 = 45 
Region 2. Score = 30 * 4 = 120 
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r=0.96, p <0.0001 

Anatomic validation for AVC 

30 valves specimen 
 

Quantification AVC 
EBCT (Agatston score) 

Tissue digestion 

Messika-Zeitoun Circulation 2004 



Severe AVC. Score = 2000 

RA 

RV 

LA 

LV 

Examples of degree of AVC  

Mild AVC. Score = 200 AU 

LA 

LV 

RV 

RA 

Moderate AVC. score = 800 

Mitra
l 
Valve 

RV 

RA 

LA 

LV 



Why do I need another imaging modality? 

1.  Diagnosis of AS severity 
 

2.  Prognosis of AS 



Why do I need another imaging modality? 

1.  Diagnosis of AS severity 
 

2.  Prognosis of AS 



When do I need another imaging modality? 

  Poor echocardiographic windows 
 
  Discrepancies between symptoms and 

echocardiographic measurements 
 
  Discordant grading AVA / MPG 
Low EF 
Normal EF 
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Cueff  Heart  2011 

Relationship between AVC and 
Hemodynamic Severity 
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AVA : AUC=0.86 AVAi : AUC=0.9 

MPG: AUC=0.92 MPV : AUC=0.9 

700 AU 

1651 AU 

2000 AU 

2000 AU 

1651 AU 

2000 AU 

1651 AU 

2000 AU 

1651 AU 

700 AU 

700 AU 

700 AU 



Thresholds 
Calcium Score Sensitivity, % Specificity, % PPV, % NPV, % 

500 100 31 46 100 

700 98 49 49 98 

1000 94 65 55 94 

1200 91 65 59 92 

1651 82 80 70 88 

2000 62 86 72 79 

3000 57 91 74 72 



Severe AS 

Sclerosis Mild 
AS 

Moderate 
AS 

Severe AS Very 
Severe AS 

Peak velocity, 
m/sec 

< 2.5 2.5 - 3 3 - 4 > 4 > 5.5 

Mean gradient, 
mm Hg 

Normal < 25 25 – 40  
(ou 50) 

40 (US) 
50 (Europe) 

AVA, cm² Normal  ≥ 1.5 1 – 1.5 < 1 cm² 
< 0.6 cm²/m² 

Calcium score, 
AU 

1650 







Severe AS 

Sclerosis Mild 
AS 

Moderate 
AS 

Severe AS Very 
Severe AS 

Peak velocity, 
m/sec 

< 2.5 2.5 - 3 3 - 4 > 4 > 5.5 

Mean gradient, 
mm Hg 

Normal < 25 25 – 40  
(ou 50) 

40 (US) 
50 (Europe) 

AVA, cm² Normal  ≥ 1.5 1 – 1.5 < 1 cm² 
< 0.6 cm²/m² 

Calcium score, 
AU 

Male 2000 
Female 1250 



When do I need another imaging modality? 

  Poor echocardiographic windows 
 
  Discrepancies between symptoms and 

echocardiographic measurements 
 
  Discordant grading AVA / MPG 
Low EF 
Normal EF 



Low gradient / Low EF  

PUSH 



Low 
Flow 

Low 
Flow 

High Flow High Flow 

True Severe AS Pseudo Severe AS 

∆P 

AVA 

Surgery /TAVI Medical therapy 

Dobutamine Echocardiography 



Contractile reserve 
Final AVA < 1 cm2  

AVA increase < 0.3 cm2 

Dobutamine 
up to 20 μg/kg/min 

Contractile reserve 
Final AVA > 1 cm2  

AVA increase ≥ 0.3 cm2 

No contractile reserve 
(SV increase < 20%) 

 

Severe AS Pseudo-severe AS Non conclusive test 

Monin Circulation 2003; 108: 319-324 

Low Gradient – Low Output 
Low EF 

 
Non 

conclusive 

 
Not always easy  



47 patients with Low EF 

EF ≤ 40% 

47 patients 

MG > 40 mmHg 

AVA < 1 cm² 

Severe AS 

24 patients 

MG ≤ 40 mmHg 

AVA < 1 cm² 

Low gradient / Low 
Output 

20 patients 

Severe AS 

 14 patients  

Non Conclusive AS 

2 patient 

 Pseudo Severe AS 

4 patients 

MG ≤ 40mmHg 

AVA ≥ 1 cm² 

Non Severe  AS 

5 patients 

Cueff Heart 2011 



When do I need another imaging modality? 

  Poor echocardiographic windows 
 
  Discrepancies between symptoms and 

echocardiographic measurements 
 
  Discordant grading AVA / MPG 
Low EF 
Normal EF 



Discordant grading – Normal EF 

Sclerosis Mild AS Moderate 
AS 

Severe AS 

Peak velocity, m/sec < 2.5 2.5 - 3 < 4 > 4 

Mean gradient, mm Hg Normal < 25 < 40  40 (US) 
50 (Europe) 

AVA, cm² Normal  ≥ 1.5 1 – 1.5 < 1 





Outcome of Patients with PLF 

20
30
40
50
60
70

Percentage of Patients  
Treated Surgically 

512 Patients with  
LVEF ≥ 50% 

NF: Normal Flow: SVI>35 (65%) 
PLF: Paradoxical Low Flow: SVI≤35  

47 % 

65 % 

NF     PLF 
Follow-up (years) 

P < 0.001 

Surgical 

Surgical 

Medical 

Medical 





Severe AS ? 

 
High flow High gradient 

G > 40 mm Hg 
Flow ≥ 35 ml/m² 

  

 
Low flow low gradient 

G < 40 mm Hg 
Flow < 35 ml/m² 

 
High flow low gradient 

G < 40 mm Hg 
Flow ≥ 35 ml/m² 

 
 

 
Low flow High gradient 

G > 40 mm Hg 
Flow < 35 ml/m² 

 
 







Patients with at 
least moderate AS 

and normal EF 
N=646 

Concordant 
grading (AVA and 

Mean gradient) 
N=460 

Moderate AS 
N=174 

Severe AS 
N=286 

Discordant 
grading 
N=186 

AVA < 1 cm² and 
MG > 40 mm Hg 

N=14 

AVA < 1 cm² and 
MG < 40 mm Hg 

N=172 
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Patients with at 
least moderate AS 

and normal EF 
N=646 

Concordant 
grading (AVA and 

Mean gradient) 
N=460 

Moderate AS 
N=174 

Severe AS 
N=286 

Discordant 
grading 
N=186 

AVA > 1 cm² and 
MG > 40 mm Hg 

N=14 

AVA < 1 cm² and 
MG < 40 mm Hg 

N=172 

Low flow N=25 
Normal flow N=147 

Low flow 5% 





Irrespective of the flow +++ 

Half of patients with paradoxical low 
gradient AS have severe AS based on 

measurement of Aortic valve 
calcification 



Normal 

Ejection Fraction 

Reduced 

Severe AS 

Dobutamine 
and Calcium scoring 

Pseudo-severe AS 

Gradient > 40 mm Hg 
Peak velocity > 4 m/sec 

AVA < 1cm²  

Gradient < 40 mm Hg 
Peak velocity < 4 m/sec 

AVA > 1cm²  

Moderate AS 

Gradient < 40 mm Hg 
Peak velocity < 4 m/sec 

AVA < 1cm²  

Normal SV 

Low SV 

Severe AS 

Pseudo-severe AS 

Gradient > 40 mm Hg 
Peak velocity > 4 m/sec 

AVA > 1cm²  

Look for 
 Small body surface area 
 Errors measurements 
 Hypertension 





Why do I need another imaging modality? 

1.  Diagnosis of AS severity 
 

2.  Prognosis of AS 



Determinants of the Progression of Aortic 
Valve Calcification 

 Epidemiology of Coronary Artery Calcification 
Study 

 Ongoing population-based study part of the 
Rochester Family Heart study. 

 Baseline extensive evaluation of cardiovascular 
risk factors and EBCT. 

Olmsted County, MN 



Prevalence of Aortic Valve 
Calcifications 

 Score : 54±173 (0 to 1944) 
 Baseline characteristics 

 262 participants  
 68±5 years 
 Male: 43% 
 Body mass index: 29±5 kg/m2  
 History of smoking: 124 (47%)  
 Hypertension: 179 (68%)  
 Diabetes under medical therapy: 25 (10%) 
 History of CAD: 25 (10%)  
 Total cholesterol: 210±34 mg/dL  
 LDL-cholesterol: 122±29 mg/dL  

 

27% 



N=55 

C
VA

 N
O

 
YE

S N=15 
N=70 

N=19 
N=192 

N=173 
Baseline Follow-up 

Acquisition of 
de novo de 

AVC 

Progression of Aortic Valve 
Calcification  



GROUPE HOSPITALIER BICHAT – CLAUDE BERNARD 39±53 
53±58 

513±610 
331±481 
340±93 
120±31 
205±35 
109±40 

17 
77 

18±28 
138±20 
30±6 
53 

70±5 

Established 
AVC 

(n=70) 

9±8 
78±87 

966±1214 
668±940 
351±65 
141±31 
235±39 
103±27 

16 
58 

13±17 
140±22 
28±5 
37 

67±4 

Acquisition 
of AVC 
(n=19) 

0±1 
29±47 

328±637 
223±503 
318±75 
121±27 
209±33 
98±24 

6 
66 

12±19 
132±17 
28±5 
40 

67±5 

No AVC at 
follow-up 
(n=173) 

AVC annualized progression rate 
CAC annualized progression rate 
Follow-up CAC score 
Baseline CAC score  
Fibrinogene, mg/dL 
LDL-C, mg/dL 
Total cholesterol, mg/dL 
Glucose, mg/L 

Diabetes under medical therapy, % 
History of hypertension, % 
Pack year 
Systolic blood pressure, mmHg 
Body mass index, kg/m2 
Male gender, % 
Age, years 
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LDL-cholesterol was the only  
independent determinant  

of acquisition of aortic  
calcification and aortic score  

of progression of aortic  
calcification in participants  

with established calcifications 

Predictors of aortic progression 
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P=0.01 

Progression of Aortic Valve Calcification in Aortic Stenosis 
- Impact of Severity. The COFRASA - GENERAC Study 
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Progression of Aortic Valve Calcification in Aortic Stenosis 
- Impact of Severity. The COFRASA - GENERAC Study 
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Prognostic value of AVC 
Echocardiographic assessment 
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Prognostic value of AVC 
CT assessment 

AVC < 500 AU 

AVC ≥ 500 AU 

P=0.0002 

0 

20 

40 

60 

80 

100 

0 1 2 3 4 5 

Ev
en

t f
re

e 
su

rv
iv

al
 (%

) 

Years 
Messika-Zeitoun Circulation 2004 

AVC and hemodynamic severity provide  
complementary prognostic information 









Non severe AS Severe AS 



AVC and Hemodynamic Severity are 
Not Equivalent 

Messika-Zeitoun Circulation 2004 
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www.escardio.org/guidelines 

Class   Level   

AVR is indicated in asymptomatic patients with severe AS and systolic LV dysfunction  
(LVEF < 50%) not due to another cause.  I  C  

AVR is indicated in asymptomatic patients with severe AS and abnormal exercise test showing 
symptoms on exercise clearly related to AS.  I C 
AVR should be considered in asymptomatic patients with severe AS and abnormal excercise test 
showing fall in blood pressure below baseline IIa C 

AVR should be considered in asymptomatic patients, with normal EF and 
none of the above mentioned exercise test abnormalities, if the surgical risk 
is low, and one or more of the following findings is present : 

• very severe AS defined by a peak transvalvular velocity > 5.5 m/s, 
• severe valve calcification and a rate of peak of transvalvular velocity 

progression ≥ 0.3 m/s per year.  

IIa  C  

AVR may be considered in asymptomatic patients with severe AS, normal EF 
and none of the above mentioned exercise test abnormalities, if surgical 
risk is low, and one or more of the following findings is present : 

• markedly elevated natriuretic peptide levels confirmed by repeated 
measurements without other explanations, 

• increase of mean pressure gradient with exercise by > 20 mmHg, 
• excessive LV hypertrophy in the absence of hypertension.  

IIb C 

Indications for aortic valve replacement 
in  asymptomatic aortic stenosis 

 European Heart Journal 2012 - doi:10.1093/eurheartj/ehs109 & 
 European Journal of Cardio-Thoracic Surgery 2012 - 

doi:10.1093/ejcts/ezs455). 

Threshold? 

http://www.escardio.org/guidelines


Take Home Messages 

1.  Aortic valve calcification 
can be objectively and 
quantitatively assessed 
using CT 
 



Conclusion 

2. Degree of aortic valve calcification is 
highly correlated to AS hemodynamic 
severity and calcium scoring can be 
considered as an additional method to 
assess AS severity in difficult subset of 
patients  
  Poor echogenicity 
  Discordance between echo and symptoms 
  Low gradient – low ejection fraction 
  Discording grading and normal EF 



Conclusion 

3. Aortic valve calcification 
progressively increased 
Progression is independent of CV risk-factors 
Aortic valve calcification (and AS hemodynamic 

severity) increase faster with baseline AS 
severity and baseline calcium load 

 
4. Aortic valve calcification provide 

important prognostic information but 
thresholds need to be further defined 





Thank you 
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