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«CLASSICAL» 

 LOW-FLOW 

LOW-GRADIENT 
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SV=42 mL 

MG=25 mmHg 

 



2012 ESC/EACTS Guidelines on Management 

of VHD: Indications for AVR in AS 

Vahanian et al. 

 EHJ 2012 



 SV ≥ 20 % 

Contractile (Flow) Reserve 

AVR (IIa) 
 
 

ΔP≥40  
AVA≤1.0 

True-Severe AS 

Dobutamine-Stress Echo   

No Contractile (Flow) Reserve 

 SV < 20 % 

AVR (IIb) 

Pseudo-Severe AS  

Conservative 

ΔP<40  
AVA >1.0 

LVEF<50% 
AVA≤1.0 & ΔP<40 

CI<3.0  SVI<35   



Case #1 

Resting Echo Dobutamine Stress Echo 



Case #1 

SV= 53 ml 

LVEF=40% 

Peak ∆P= 49 mmHg 

Mean ∆P= 29 mmHg 

AVA= 0.77 cm2 

Resting Echo 

Dobutamine Stress Echo 

SV= 73 ml 

LVEF=50% 

Peak ∆P= 92 mmHg 

Mean ∆P= 52 mmHg 

AVA= 0.75 cm2 



Case #1: 

 
 

Contractile/flow reserve: Yes 

 

 Stenosis severity: True-severe 



Case #2 
SV= 34 ml 

LVEF=15% 

Peak ∆P= 18 mmHg 

Mean ∆P= 12 mmHg 

AVA= 0.85 cm2 

SV= 46 ml 

LVEF=25% 

Peak ∆P= 21 mmHg 

Mean ∆P= 13 mmHg 

AVA= 1.2 cm2 

Resting Echo 

Dobutamine Stress Echo 



Case Study #2: 

 
 

Contractile/flow reserve: Yes 

 

 Stenosis severity: Pseudo-severe 



Outcome of Pseudo-Severe AS  
Under Conservative Treatment 

Fougères et al.  

Eur Heart J. 2012 

 
Pseudo  Severe AS: 
ΔP<40 & AVA ≥1.2  
at DSE 
 
29 % had PSAS 
 

 



Stroke Volume (cc) 

Ejection Fraction 

Mean Gradient  (mm Hg) 

AVA (cm2) 
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Rest Dobutamine 

 

 

Case : Low-Flow, Low-Gradient, Aortic 

Stenosis 



Case : 

 
 

Contractile/flow reserve: Yes 

 

 Stenosis severity: ? 



 

Blais et al, Circulation 2006;113:711-721 
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Calculation of the Projected AVA 

Blais et al, Circulation 2006;113:711-721        Clavel et al. JASE; 23:380-6, 2010 

 

Simplified method: 

VC=∆AVA/ ∆Q 

Simplified method: 

VC=0.15/ 70=0.0021 

AVAprojected = 0.70 + 0.0021  (250 - 130) = 0.96 cm2  



 

Projected AVA (cm2)                      0.96 

 

 
 

 

 

 

 

Case Study: Low-Flow, Low-Gradient, 

Aortic Stenosis 

Stroke Volume (cc) 
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Rest Dobutamine 
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Age ≥70 years

Gender (female)

DASI ≤20

Peak DSE 

LVEF ≤35%

Simplified

AVAproj ≤1.2 cm2

HR: 1.5 [0.6-3.9], p= 0.4

HR: 1.3 [0.5-3.5], p= 0.6

HR: 1.6 [1.1-2.4], p= 0.02

HR: 1.7 [1.1-2.5], p= 0.01

HR: 2.7 [1.6-5.2], p<0.0001

0 1 2 3 4 5 6

Age ≥70 years

Gender (female)

DASI ≤20

Peak DSE 

LVEF ≤35%

Simplified

AVAproj ≤1.2 cm2

HR: 1.5 [0.6-3.9], p= 0.4

HR: 1.3 [0.5-3.5], p= 0.6

HR: 1.6 [1.1-2.4], p= 0.02

HR: 1.7 [1.1-2.5], p= 0.01

HR: 2.7 [1.6-5.2], p<0.0001

Predictors of Mortality in Patients with 
 Low-EF, Low-Flow, Low-Gradient AS  

Treated Medically – TOPAS Study 

Clavel et al.  

Circulation 2008 

JASE 2010 

What is moderate AS for a good ventricle may be severe 

for a depressed ventricle 



Case #3  
 

 76 y.o. woman 

 Risk factors:  

 Obese, Hyperchol. 

 Hypertension, COPD 

 3-vessel CAD 

 CABG  3: Aug 95 

 MI: Jan 96 

 CHF:  LVEDD:64 mm,     LVEF: 25%,     BNP: 832 pg/ml 

 Aortic stenosis, mild mitral regurgitation 

 Current medication: ASA, ARBs, Statin, Digoxin, Brochodil. 

 



LVEF=25% SV= 51 ml 

AVA= 0.8 cm2 

∆P= 46 / 27 mmHg 

LVEF=30% SV= 57 ml 

AVA= 0.8 cm2 

∆P= 52 / 30 mmHg 

Dobutamine Stress Echo Resting Echo 



Case #3: 

 
 

Contractile/flow reserve: No 

 

 Stenosis severity: Indeterminate 
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Group I, Valve Replacement *  

Group II, Valve Replacement §  

Group I, Medical Treatment 

Group II, Medical Treatment 

0 

0 

50 100 

25 

50 

75 

100 

P
a
ti

en
t 

S
u

rv
iv

a
l 

(%
) 

* p= 0.001 vs medical 

§  p= 0.07 vs medical 

Risk Stratification using Contractile Reserve 

Monin et al, Circulation 2003;108:319-324 

Group I = contractile reserve 
∆SV≥20% under DSE 

Group II = no contractile reserve 

126 Patients 



Preoperative Contractile Reserve 
vs. Postoperative Ejection Fraction 

Quere et al, Circulation 2006;113:1738-1734 

 Group I 

  (CR+) 

 

     6% 

     

 

  97±7% 

 Group II 

    (CR-) 

 

    33% 

 

 

   90±5% 

 

Operative 

Mortality 

 

2-year 

Survival 

66 Patients who underwent AVR 



 

Total Population Matched Patients 

Tribouilloy et al. JACC, 53;1865-1873, 2009 



Case #3: 

 
 

Contractile/flow reserve: No 

 

 Stenosis severity: Indeterminate 
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Performance of  MSCT Calcium score > 1651 AU  

to correctly differentiate severe from non-severe AS 

Cueff et al. Heart 

97:721-6, 2011 

Case study #3 
Score: 2010 
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Mayo-Québec-Bichat Collaboration: 
   Accuracy of AVC to identify severe AS   

       

Gender Threshold AUC 
Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

Women 1274 AU 0.91 89 86 93 79 

Men 2065 AU 0.90 89 80 88 82 
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Clavel et al. JACC 2013 

 

Case #3: 

2010 AU
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Gender Threshold AUC 
Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

Women 292 AU/cm2 0.93 92 81 87 86 

Men 476 AU/cm2 0.92 90 80 88 82 

Mayo-Québec-Bichat Collaboration:  
    Accuracy of AVC density to identify severe AS 
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Case #3: 

 528 AU/cm2 

 
 

Clavel et al. JACC 2013 

 





LVEF≤40% 
AVA≤1.0 
ΔP<40   

No Contractile (Flow) Reserve 

 SV < 20 % 

AS Severity: 
Indeterminate 

Yes 

SAVR (High Op. Risk) 
TAVR? BAV+TAVR? 

 

True-Severe AS 

Dobutamine-Stress Echo  

MSCT: AoV Ca Score 
>1200♀  >2000♂ 



Case #3:  
No Contractile Reserve 

High BNP (832 pg/ml) 

Logistic Euroscore: 60% 

1-  Medical  

2-  SAVR 

3-  TAVR 

4-  BAV…TAVR 

 



Outcome of Low-Flow, Low-Gradient AS 
Following TAVR  

The Québec-Vancouver Experience 

LeVen F et al. 

JACC 2013 



Treatment Comparison in 
Low-EF, Low-Flow, Low-Gradient (both cohorts) 
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Number At Risk 
A-TAVR 
A-Surgery 
B-TAVR 
B-Std Rx 

Log Rank P= 0.001 

42.9% 

37.1% 

47.1% 

80.0% 

LF, LEF and LG - A-TAVR 
LF, LEF and LG - A-Surgery 
LF, LEF and LG - B-TAVR 
LF, LEF and LG - B-Std Rx 

Herrmann et al Circulation 2013 



Recovery of LVEF in Patients with Low-LVEF, 
Low-Flow, Low-Gradient AS: TAVR versus SAVR 

Clavel Circulation, 

122:1928-36., 2010 
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No Contractile (Flow) Reserve 

 SV < 20 % 

AS Severity: 
Indeterminate 

Yes 

SAVR (High Op. Risk) 
TAVR? BAV+TAVR? 

 

True-Severe AS 

 SV ≥ 20 % 

Contractile (Flow) Reserve 

SAVR  CABG 
TAVR  PCI 

 
 

ΔP≥30-40 
AVA≤1.0-1.2 
AVAProj ≤ 1.0-1.2 

True-Severe AS 

No 

Pseudo-Severe AS  

ΔP<30-40 
AVA>1.0-1.2 
AVAProj>1.0-1.2 

Dobutamine-Stress Echo  

MSCT: AoV Ca Score 
>1200♀  >2000♂ 

HF Therapy 

LVEF<50% 
AVA≤1.0 & ΔP<40 

CI<3.0  SVI<35   



Hachicha Z et al., Circulation, 2007 

Dumesnil et al. Eur Heart J, 2009 

Pibarot & Dumesnil JACC,  in press, 2012 

 

↑Age 
  Women 
  Hypertension 
  MetS – Diabetes 
 
     

“Paradoxical” Low-Flow,  
Low-Gradient AS with  

Preserved LVEF 



2012 ESC/EACTS Guidelines on Management 

of VHD: Indications for AVR in AS 

Vahanian et al. 

 EHJ 2012 

“The newly recognized entity of paradoxical low-flow, low-

gradient AS with normal EF requires special attention because 

of the limited amount of data on the natural history and 

outcome after surgery” 



The eyes do not see what  

the mind does not know! 

The eyes do not see what  

the guidelines does not show! 



And once the mind finally knows…  

the eyes see it everywhere! 

And once the guidelines finally shows…  

the eyes see it everywhere! 


