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Aortic stenosis

In western populations : the most frequent valvular heart disease
 25% of people aged over 65 have AoV thickening
 3% aged over 75 have severe stenosis

Around 16% of pts with sclerosis  progress to stenosis within 7 yrs

Severe AS remains asymptomatic for many years
Once spontaneous symptoms develop, mortality rises sharply
and the median survival is : 4,5 yrs with exertional chest pain

2,6 yrs with exertional dizziness
1 yr with overt heart failure



 Rate of progression varies but 
- average reduction in AVA is 0,12cm2 each year
- average increase in  AV Vmax is 0,32m/sec each year
- average increase in  AV PG is 7mmHg each year

 The mortality is not linear and is around 10% in the first 6 months 
after the start of symptoms

 Exercise test  is increasingly used to reveal occult symptoms 
in younger pts at low surgical risk

Aortic stenosis



 The nature of AS has evolved, pts older – with comorbidities and harder to assess

 Need to assess ventricle-AoV-aortic coupling rather than the AoV alone

 Need to assess the effect of exercise

 Take account of biomarkers of cardiac function, notably BNP

 Trend towards multi-modality imaging
with Echocardiography providing flow data, 
while MDCT gives more accurate anatomical data
(CMR is not in routine clinical use yet /can provide both anatomical and 
hemodynamic measurements and full 3-D information)                                                                              



Echocardiography remains 
the mainstay of assessment

The grading of the stenosis and 
the decision for surgery may often be influenced 

by the rest of the heart,  

particularly the LV and the Aorta!



Echocardiographic Criteria for the definition of  severe AS

Aortic 
Sclerosis

Mild Moderate Severe

Aortic jet velocity
(m/s)

≤ 2.5 m/s 2.6 -2.9 3.0 - 4 > 4

Mean gradient (mm
Hg)

<20b

<30a
20 – 40b 

30 -50a
> 40

AVA (cm²) > 1.5 1.0 - 1.5 < 1.0

Indexed AVA
(cm²/m²)

> 0.85 0.60 – 0.85 < 0.6

Velocity ratio > 0.50 0.25 – 0.50 < 0.25
(a.ESC – b. AHA/ACC)



Normal EF,

normal flow

Severe AS



3-D TEE



Special attention
in grading severity of AS

In cases of….. 

 AR (mixed AoV disease)
 anemia



Inconsistencies in AS assessment 
by current guidelines: is it common?



Echocardiographic severity grading
in aortic stenosis: 

only lessons towards patient
individualisation…

Michelena HI, Pibarot P,Enriquez-Sarano M
. Heart January 2014 Vol 100 No 1

Editorial



LGSAS

 1)Low gradient, low EF AS

 2) Paradoxical low-flow, low-gradient 
severe AS, despite preserved EF



LGSAS
 Pressure overload causes 

LV remodelling, then hypertrophy and ultimately cavity dilatation develops

 There is a wide variation in LV geometry and function 
in relation to wall stress

 This is an important relationship. 
It means that a low LVEF need not imply a “poor” LV.
The LV with a low EF is using its energy to overcome the resistance of the AoV
rather than to eject a normal volume of blood at normal flow rates.
The EF is expected to return towards normal after AVR.

 This condition was first described in 1980 by Carabello et al and
has been termed “low flow, low-gradient AS”.
A more appropriate term might be LGSAS



EAE/ASE Guidelines 
for the diagnosis of LGSAS



LGSAS

 1)Low gradient, low EF AS

 2) Paradoxical low-flow, low-gradient 
severe AS, despite preserved EF



1)Low gradient, low EF AS
 Low gradient, low EF AS represents about 5-10% of all cases of severe AS

and is the most challenging subgroup of pts to manage

 This term is applied to pts with
an AVmean PG <30 (40)mmHg, AVA<1cm2 and LVEF < 35(40)%

 The essential difficulty for clinicians is to distinguish 
true severe low flow AS, responsible for EF, 
from pseudo-severe AS comprising mild-to-moderate AS 
associated with another cause of LV dysfunction.

 The two main questions are:
-How severe is AS?
-Which pts can benefit from surgery?

Heart.2008;94(12):1526



Our patient

TTE – PLAX 



Mixed  AoV disease!



TTE – SAX



TTE
4-ch view



Doppler measurements

• DVI= 0,17
(LVOT Vmax/AoV Vmax)

• Calculation of AVA
by CE=0,50cm2 



Supra-sternal 
view





DSE
 A low dose starting at 2.5 or 5 μg/kg/min 

with an incremental increase in the infusion
every 3–5 min 
to a maximum dose of 10–20 μg/kg/min

 The infusion should be stopped as soon as
 Positive result is obtained 
 Arrhythmias
 Hemodynamic instability 



Dobutamine 
starts at 5μg/kg/min and 
increases to a peak of 20 μg/kg/min
at 3-min intervals 



Presence of Contractile Reserve is defined as:
- increase in peak velocity of > 0.6m/sec
- increase in stroke volume of >20%
- increase in MPG > 10mmHg,           with Dobutamine



The most recent guidelines indicate that:

 True AS is characterised by
- <0,2cm2 in AVA, while still <1cm2

- with an increase in MPG to >40mmHg

 Conversely, pseudo-AS has 
- a marked increase in valve area
- but only minor changes in gradients



DSE
DSE at 
10μg/kg/min

DSE at 
20μg/kg/min



In absence of contractile reserve

 Absence of contractile reserve does not help differentiate between true AS or 
pseudo-AS 
because there is no change in forward stroke volume

 Other imaging modalities like multislice CT (calcium score>1,651), 
cine MRI (AVA by CE using phase velocity),
PET (smaller resting myocardial flow reserve in pts with true stenosis), 
fluoroscopy

 Quere et al showed that in those pts who had no contractile reserve
on pre-operative DE, but survived the peri-operative period, 

90% had an improvement in their functional class and 
65% showed a post-operative increase in LVEF by at least 10%.

 Absence of contractile reserve should not preclude AVR, even though 
it clearly portends a higher operative mortality.



One of the limitations of DE 
is the different transvalvular flow rates achieved in different pts



The additional value of a New Index 

derived from Dobutamine Echocardiography

the projected effective AVA
at a normal transvalvular flow rate of 250ml/s, 

has been proposed to distinguish 
pts with true severe low-gradient, low EF AS 
from pts with pseudo-severe disease



For each pt, 

EOA is plotted against transvalvular flow (Q) 
at each  dobutamine stage, 

and the EOA at a standardised  of flow rate of 250mL/sec
is projected from the equation of the regression line 

fitted to the EOA versus Q plot



Low gradient, low EF AS
Which pts can benefit from surgery?

 Perioperative mortality ranges from 8-21% 
in recent publications

 Without CR there is a high operative mortality of 30%

 With CR there is an operative mortality of only 5-8%

 Among pts who survive AVR, an improvement in functional status 
is usually seen and the EF increases by at least 10% 
in more than 80% of cases.



LGSAS

 1)Low gradient, low EF AS

 2) Paradoxical low-flow, low-gradient 
severe AS, despite preserved EF









SV=50ml
SVi=28ml/m2

AVA(by CE)=0,8cm2
DVI= (LVOTVmax/AVVMAX)=0,7/3.3 =0.21





2) Paradoxical low-flow, low-gradient severe AS
despite preserved EF
Severe AS on the basis of AVA (<1cm2, indexed AVA<0,6cm2/m2)

who paradoxically have a low transvalvular flow rate (SVi<35ml/m2)
despite the presence of a preserved LVEF >50%

In fact these pts often have a higher global hemodynamic load and 
a more pronounced impairment of intrinsic myocardial function, 
consistent with a more advanced stage of the disease

Represents 25% of the total AS population
(30%of all pts who undergo echocardiographic assessment of AS severity) 

Highly challenging subset of pts in terms of diagnosis and 
clinical decision making, esp if they are symptomatic

Poorer prognosis
Curr Cardiol Rep(2010) 12:108-115





New approaches in LGSAS
 Degenerative AS cannot be viewed as an isolated disease

strictly limited to the valve

 Rather it is often part of a continum, which includes 
increased rigidity of the aortic wall due to atherosclerosis and 
alterations of LV function secondary to CAD and HTN

 Recent studies suggest that reduced systemic arterial compliance and/or 
LV dysfunction are frequently associated with AS, 
rendering the evaluation of its severity and the choice of appropriate therapy 
much more complicated

 The new approaches to quantify AS severity take into account 
the inter-relation between the different variables that may be responsible for 
symptom appearance or poorer prognosis in these pts



New approaches in LGSAS
 The chronic exposure to a high level of afterload 

(due to the combination of severe AS and reduced arterial compliance) 
eventually exceeds the limit of LV compensatory mechanisms and leads 
to an intrisic impairment of myocardial function and 
a decrease in cardiac output.

 This results in pseudo-normalization of transvalvular gradients and 
peripheral BP

 This situation is highly insidious because AS and HTN may appear less 
severe on the basis of gradient and BP, 
whereas these pts are at a more advanced stage of their disease.

 They need a more comprehensive evaluation of AS severity going beyond 
the classical measurements to include indices that are less flow-dependent



Low flow- Low gradient severe AS
 Higher prevalence in women, older age, higher degree of LV concentric 

remodelling, higher degree of myocardial fibrosis, impaired LV filling, smaller 
end-diastolic volume, and reduced mid-wall and longitudinal shortening.
The LV systolic function is in fact reduced

 AS pts with metabolic syndrome or type 2 diabetes might be at higher risk to 
develop a paradoxical low-flow pattern

 This entity shares many pathophysiologic and clinical similarities with normal 
LVEF heart failure. Both entities are characterised by a restrictive physiology , in 
which the LV pump function and thus the stroke volume, are markedly reduced 
despite preserved LVEF

Curr Cardiol Rep(2010) 12:108-115



LGSAS
Combining 

 Clinical data
 Systemic Arterial Hemodynamics
 Doppler Echocardiographic Data





Comprehensive Doppler-Echocardiographic examination of AS



Various Hemodynamic Metrics used for assessment of AS
and their cutoff values for severe AS



Α)Quantifying Valvular Obstruction



Indexing ΑVA by BSA



Pressure Recovery and Energy Loss coefficient

 The guidelines make no distinction between cathetirization and echo measurements.

 However, as blood flow velocity decelerates between the valve and 
the ascending aorta, part of the kinetic energy is reconverted to 
static energy due to pressure recovery phenomenon.

 The extend of PR is determined by the ratio between EOA and 
the area of the Asc Ao, 
a situation that can be clinically important in pts with smaller aortas (d<30mm)

 In these pts it becomes appropriate to account for PR  and 
calculate the energy loss coefficient

 The severity of AS is frequently overestimated 
if correction for pressure recovery is not performed



For accurate assessment of AS severity,
pressure recovery adjustment of AVA must be routinely performed



Estimation of pressure recovery at the sinotubular junction is suggested



Energy Loss Index (ELI)

ELI<0,55cm2/m2 suggested for severe AS



Straight aorta with centrally entering stenotic jet (left) and the angled aortas (right) designed 
to study jets with 15°, 30°, and 45° eccentricity.

Niederberger J et al. Circulation 1996;94:1934-1940

Copyright © American Heart Association



Valvular Resistance (RES)
(flow correction)

RES>280 suggested for severe AS



Β)Quantifying Vascular Load



Systemic Arterial Compliance

A value of less than 0.6mL/mmHg-1/m-2 is considered consistent 
with decreased SAC



Systemic Vascular Resistance

A value of more than 2000 dyne/s/cm-2 is suggested for severeAS



C) Quantifying Global LV Afterload



 This pseudo-normalization phenomenon observed for the gradient also 
applies to BP, which is often whithin normal range 
despite the presence of increased arterial rigidity.

 These pts have a markedly higher level of global LV hemodynamic load 
as reflected by a higher valvuloarterial impendance (Zva)

 One of the main advantages  of  Zva is to allow the clinician to unmask 
the pseudo-normalization of gradient and BP and thereby to better identify 
the pts with paradoxical low-flow AS.

Valvuloarterial impendance (Zva)

Curr Cardiol Rep(2010) 12:108-115



LV Geometry
 LVIDd, IVSd, LVPWd / LVIDs, IVSs, LVPWs

 LV mass

 RWT



LV Diastolic Function
Πέρα από τους συμβατικούς δείκτες
και τη σταδιοποίηση της διαστολικής δυσλειτουργίας :





LV Systolic Function

•LVEF (Simpson bi-plane method)
•LV stroke volume
•MWFS

•LV cardiac output

•LV SW



Indices more sensitive to detect alterations 
of intrinsic myocardial systolic function

Longitudinal shortening, velocity, strain
Myocardial deformation
(TDI / 2-D strain / speckle tracking echocardiography / 3-D)





Curr Cardiol Rep(2010) 12:108-115

Proposition of Algorithm for DD
in pts with AS and preserved LVEF



Pitfalls and DD Measurements errors
Small body size

Inconsistency in guidelines criteria

1. Potential cause of discordance of AVA versus gradient in pts with normal EF (indexed 
AVA, SV and AVA by independent methods, typical features of paradoxical low-flow 

AS)

2. Rule out the presence of pseudo-severe stenosis (exercise stress test, low dose DSE 
should be used with caution)

3. Plasma natriuretic peptides

4. Multislice CT (flow independent method) – Valve calcium score >1500-1600Agatston 

units would support the presence of true severe stenosis and the indication of AVR



Quantifying Severity
in the presence of low LV output

TRUE-SEVERE or  PSEUDO-SEVERE AS?

 TOPAS study

 BNP>550pg/mL – poor outcome
(with or without contractile reserve)

 It cannot be excluded that valvular obstruction relief,
even if moderate by current guidelines criteria, 
may have beneficial effects on the outcome of some 
low-flow, low-gradient AS pts with pseudo-severe stenosis





Risk Stratification of pts with AS



Recently (2012) 
Lancelloti et al have shown that

prognosis is better
with normal flow, low gradient AS with preserved EF

than with low flow, low gradient AS with preserved EF
or high-gradient AS.

Such pts are common and most likely
represent moderate rather than severe AS



Time for surgery? 





Algorithm for classification of pts with suspected LGSAS



Early surgery vs conventional treatment in 
asymptomatic very severe AS



Recommendations  for the use of TAVI  



Contra-indications for TAVI



To conclude….
“in pts with suspected LGSAS……….”

“perform a more comprehensive evaluation
of AS severity 
going beyond the classical measurements
to include indices that are less flow-dependent”



Take home messages

In pts with suspected LGSAS 
 Focus not only on the VALVE (AoV)
(Appearance of the valve, Number of cusps,Pattern of thickening, Mobility)

 Focus also on the LEFT VENTRICLE (LV)
 Focus also on the AORTA (Ao)
 Measure BP at the time of examination 

LGSAS is relatively frequent (up to 35% of cases)
and such pts have a poorer prognosis if treated medically rather than surgically 

Assessment of LGSAS and further management needs echocardiologists 
well  trained and experienced!







Gorlin Equation (cath lab)



Projected AVA



Exercise Stress Echocardiography





Proposition of Algorithm for DD
in pts with AS and preserved LVEF

Curr Cardiol Rep(2010) 12:108-115



LV Stroke Work Loss (SWL)
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