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Severity of Aortic Stenosis 

MILD MODERATE SEVERE 

MEAN 

GRADIENT 
<25mmHg 25-40mmHg >40mmHg 

ESTIMATED 

VALVE AREA 
>1.5cm2 1.0-1.5cm2 <1.0cm2 

ECHO 

DOPPLER JET 

VELOCITY 

<3.0m/sec 3.0-4.0m/sec >4.0m/sec 



 Estimated valve area (EOA) is a function derived 

from measurement of gradient and flow 

 

 Low gradient in severe aortic stenosis can result 

from low flow / cardiac output 

 

 Dobutamine stress test (echo or catheterization) 

plays a central role in decision making for 

intervention and prognosis 



ΔP <40mmHg 

EOA <1cm2 

EF >50% EF <40% 

Dobutamine Stress Echo / Cath 

SV >20% SV <20% 

Flow Reserve 

ΔP >35-40mmHg 

EOA <1-1.2cm2 

True Severe AS 

Low Gradient Low 

EF with Reserve 

ΔP >35-40mmHg 

EOA <1-1.2cm2 

Adapted from Pibarot, P. JACC 2012;60:1845-53 



Low Flow Low Gradient AS with Cardiac Reserve 

 Definition 
 Grad <40mmHg + EOA <1cm2 + SV <35ml/m2 (usu EF <40%) 

 DSE – SV improved >20%; EOA <1-1.2cm2; Assoc mean PG elevation  

 Associated with high incidence of CAD 

 Associated with high operative mortality compared to 

high gradient severe AS  

 Aortic valve replacement significantly improves survival 

compared to medical therapy 

 



Group I – Flow reserve 
 

Group II – No Flow reverse 

P<0.01 

 136 patient with low gradient 

severe AS 

 92 with flow reserve (Group I) 

 44 no flow reserve (Group II) 

 

 

Amongst Group I 

 AVR associated with 

significantly improved survival 

 

 Operative mortalty – 5% 

 Predictors of operative mortality 

– Mean PG <20mmHG  

 Predictors of long term mortality 

– Prosthesis-patient mismatch 



Low Flow Low Gradient AS with Cardiac Reserve 

 Definition 
 Grad <40mmHg + EOA <1cm2 + SV <35ml/m2 (usu EF <40%) 

 DSE – SV improved >20%; EOA <1-1.2cm2; Assoc mean PG elevation  

 Associated with high incidence of CAD 

 Associated with high operative mortality compared to 

high gradient severe AS  

 Aortic valve replacement significantly improves survival 

compared to medical therapy 

 Should be considered for AVR 

 ?Role of TAVR given high operative risk 

 ?Role of BAV as bridge to improve LV function 

 







ΔP <40mmHg 

EOA <1cm2 

EF >50% EF <40% 

Dobutamine Stress Echo / Cath 

SV >20% SV <20% 

Flow Reserve 

ΔP >35-40mmHg 

EOA <1-1.2cm2 

True Severe AS 

Low Gradient Low 

EF with Reserve 

ΔP <35-40mmHg 

EOA >1-1.2cm2 

Pseudo-Severe AS 

Adapted from Pibarot, P. JACC 2012;60:1845-53 



Pseudo-Severe Aortic Stenosis 

 Definition 
 Grad <40mmHg + EOA <1cm2 + SV <35ml/m2 (usu EF <40%) 

 DSE – EOA >1-1.2cm2; Disproportionate low mean PG elevation 

 Feature of cardiomyopathy with moderate aortic 

stenosis 

 Secondary to myopathic ventricle to generate sufficient 

force to open aortic valve 

 Treatment mainly targeting cardiomyopathy 

 Controversy regarding benefit of AVR 

 

 

 



Fougeres, E., Eur Heart J. 

2012;33:2426-33  

• 107 patients with low 

gradient severe AS who 

were Rx medically 

 

• Pseudosevere AS had 

best outcome, and 

matches a propensity-

adjusted control group 

of severe LV 

dysfunction without 

valve disease 



ΔP <40mmHg 

EOA <1cm2 

EF >50% EF <40% 

Dobutamine Stress Echo / Cath 

SV >20% SV <20% 

Flow Reserve No Flow Reserve 

ΔP >35-40mmHg 

EOA <1-1.2cm2 

True Severe AS 

Low Gradient Low 

EF with Reserve 

ΔP >35-40mmHg 

EOA <1-1.2cm2 

Pseudo-Severe AS 

MSCT Ca Score 

>1200(F); >2000(M) 

No 

True Severe AS 

Low Gradient Low 

EF with Reserve 

Yes 

Adapted from Pibarot, P. JACC 2012;60:1845-53 



Low Flow Low Gradient AS with No Flow Reserve 

 Accounts for 30-40% low flow low gradient AS 
 

 Typically associated with multivessel CAD 
 

 Poor prognosis without aortic valve replacement 
 

 High operative risk for SAVR– 20-33% 
 

 However in survivors of SAVR – outcome superior to 

medical therapy 



Group I – Flow reserve 
 

Group II – No Flow reserve 

P=0.07 

 136 patient with low gradient 

severe AS Rx SAVR 

 92 with flow reserve (Group I) 

 44 no flow reserve (Group II) 

 

 

Amongst Group II 

 AVR associated with trend to 

improved survival 

 

 Operative mortalty – 32% 



Tribouilloy, C., J Am Coll Cardiol. 2009;53:1865-73 

81 patients with Low Gradient Low EF 

Severe AS without Flow Reserve 

 

• Operative Mortality 22% 

• Predictors of operative mortality 

• Mean PG <20mmHg 

• CAD 

• Significant improvement in survival 

compared to medical Rx 



Low Flow Low Gradient AS with No Flow Reserve 

 Accounts for 30-40% low flow low gradient AS 
 

 Typically associated with multivessel CAD 
 

 Poor prognosis without aortic valve replacement 
 

 High operative risk for SAVR– 20-33% 
 

 However in survivors of SAVR – outcome superior to 

medical therapy 

 Consider high risk AVR 

 ?Role of TAVR 

 ?Role of bridging BAV 





ΔP <40mmHg 

EOA <1cm2 

EF >50% EF <40% 

Dobutamine Stress Echo / Cath 

SV >20% SV <20% 

Flow Reserve No Flow Reserve 

ΔP >35-40mmHg 

EOA <1-1.2cm2 

True Severe AS 

Low Gradient Low 

EF with Reserve 

ΔP >35-40mmHg 

EOA <1-1.2cm2 

Pseudo-Severe AS 

MSCT Ca Score 

>1200(F); >2000(M) 

True Severe AS 

Low Gradient  

Normal EF 

No 

True Severe AS 

Low Gradient Low 

EF with Reserve 

Yes 

Adapted from Pibarot, P. JACC 2012;60:1845-53 

Confirm 

Severe 

AS 



Low Gradient Normal EF Severe Aortic Stenosis 

 AKA “Paradoxical low flow low gradient severe AS” 

 Due to reduced intrinsic systolic function (ie. SV low) despite 

nornal EF – ie. Restrictive physiology 

 Pathology associated with 

 Pronounced LV concentric remodelling / hypertrophy 

 Myocardial fibrosis 

 Associated with – older age, female, systemic hypertension 

 Worse prognosis than normal flow severe AS 

 

 





Low Gradient Normal EF Severe Aortic Stenosis 

 AKA “Paradoxical low flow low gradient severe AS” 

 Due to reduced intrinsic systolic function (ie. SV low) despite 

nornal EF – ie. Restrictive physiology 

 Pathology associated with 

 Pronounced LV concentric remodelling / hypertrophy 

 Myocardial fibrosis 

 Associated with – older age, female, systemic hypertension 

 Worse prognosis than normal flow severe AS 

 Need to assess severity of AS carefully 

 Index to body size 

 Alternate hemodynamics – eg. Valvulo-arterial impedence 

 Corroborating imaging – eg. MSCT 

 Survival improves with AVR 

 

 



Ozkan, A., Circulation. 2013;128:622-31 





TAVR ON LOW GRADIENT AS 





Study N Population LVEF Mean 

Gradient 

Logistic 

EuroScore 

1mth 

Mortality 

1 Year 

Mortality 

Le Ven. 90 SV<35ml/min/m2,  

EF <50%%,  

Mean PG <40mmHg 

32% 27 31.8% 12% 

O’Sullivan 60 Mean PG<40mmHg; 

EF<40% 
29% 25.5 38.0% 6.6% 24.5% 

Ehlmidi 38 SV<35ml/min/m2, EF<50%, 

Mean PG <40mmHg 
30.3 30.8% 7.8% 36.8% 

TAVR in Low Gradient Low EF Severe AS 

Le Ven, F., J Am Coll Cardiol. 2013;62:782-8 

O'Sullivan, C. J., Eur Heart J. 2013;34:3437-50 

Elhmidi, Y., Catheter Cardiovasc Interv. 2014;84:283-90 



Study N Population LVEF Mean 

Gradient 

Logistic 

EuroScore 

1mth 

Mortality 

1 Year 

Mortality 

Le Ven. 86 SV<35ml/min/m2,  

EF >50%,  

Mean PG <40mmHg 

60% 31 18.4% 9% 

O’Sullivan 85 Mean PG<40mmHg; 

EF>50% 
60% 31 19.7% 6.1% 20.5% 

Biner 38 EF<50%,  

Mean PG <40mmHg 
60% 32 29% 3.3% 2 year 

43% 

TAVR in Low Gradient Normal EF Severe AS 

Le Ven, F., J Am Coll Cardiol. 2013;62:782-8 

O'Sullivan, C. J., Eur Heart J. 2013;34:3437-50 

Biner, S., Am J Cardiol. 2014;113:348-54 





PARTNER 

Outcomes in Low Gradient Low EF 
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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, H. C., Circulation. 2013;127:2316-26 



PARTNER 

Outcomes in Low Gradient Normal  EF 

Herrmann, H. C., Circulation. 2013;127:2316-26 



60% 
14% 

15% 

11% 

NEF-HG

NEF-LG

LEF-HG

LEF-LG

NEF-HG – EF>50%, Grad >40mmHg 

 

NEF-LG – EF>50%, Grad <40mmHg 

 

LEF-HG – EF<50%, Grad >40mmHg 

 

LEF-LG – EF<50%, Grad <40mmHg 





TAVR improves LV function in Low gradient AS 

Kamperidis, J Am Soc Echocardiogr. 2014;27:817-25  

Global Longitudinal Straing 





Improvement in LV impacts on survival 



Conclusion / Final Comments 

 Low gradient severe AS is a challenging subset of AS for 

both diagnosis and treatment 

 Associated with worse outcomes than normal 

gradient/flow severe AS 

 Aortic valve replacement improves survival 

 But at the cost of high operative risk (5-35%) 

 TAVR is an attractive option in face of high operative risk 

 Improves survival 

 Improves EF 

 ?Role of BAV – as bridge and potential selection role  


