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Is it low flow, low gradient  
aortic stenosis,  

or are my measurements wrong?
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Summary
• Anatomy 

• Etiology 

• Machine settings 

• Routine echo protocol 

• Measurements 

• Calculations 

• What is low gradient AS and how do we confirm it?  



Anatomy
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Aortic stenosis (AS)
• Prevalence is increasing 

• Significantly contributes to cardiovascular morbidity and mortality world-wide 

• In high income countries AS is typically due to calcification of the AV resulting in a narrowed 
oriface and elevated pressure gradient 

• Rheumatic heart disease and infective endocarditis being the most common 
world wide 

• Incidence increases with age 

• Echocardiography is crucial for diagnosis as it is the primary non-invasive imaging modality 

• To minimise misdiagnosis it is vital to follow a strict protocol 

• However 5-10% of patients with severe AS do not meet normal defining criteria



Aortic stenosis (AS)
Prolonged subclinical phase (aortic sclerosis)  

• Calcium build up, but no significant gradient (AV Vmax <2.5m/s) 

As the disease progresses 

• the valve narrows  

• left ventricular pressure rises  

• LVH 

Leading to the classic triad of AS symptoms - heart failure, syncope and angina



American Society of 
Echo Guidelines 

2017

British Society of 
Echocardiography 

Practical Guidelines 2021



Echo measurements in AS

British Society of 
Echocardiography Practical 

Guidelines 2021



Machine settings

Canciello et al Pitfalls and tips in the assessment of aortic stenosis by transthoracic echocardiography, Diagnostics, 2023.



PLAX 

• LV dimensions and LV mass 

• AV appearance (calcification, 
mobility, closure (eccentric?) 

• LVOT diameter 

• Colour - turbulence and AR 

• Aortic measurements 

Standard TTE images for the assessment of AS 



LVOT diameter
• PLAX zoom of AV - Aim for the image that transects 

the RCC hinges point and interleaflet triangle 
posteriorly  

• Adjust gains to optimise blood tissue interface 

• Mid-systole 

• Inner-inner edge  

• 2-5mm below the annulus at the site where 
the PW Doppler sample will be for the LVOT 
VTI measurement to avoid pre-valvular 
acceleration 

• Recommendations suggest off axis imaging to 
avoid ectopic calcification



73% of patients had a hour glass shaped LVOT 
Difference of >5% between LVOTd at the annulus and 10mm below the annulus 

Resulting in >10% error in SV and AVA



LVOT diameter

LVOTd measured at annulus, 2mm, 
5mm and 10mm

Prevalence of low flow

Measuring 5 and 10 mm below the annulus resulted in significant 
underestimation of SV and AVA by up to 15.9%

Prevalence of Severe AS



Predicted LVOT diameter

Journal of the American Society of Echocardiography October 2017

LVOTd should be within 2mm of predicted LVOTd 

- In obese patients the predicted LVOTd may be overestimated 



Standard TTE images for the assessment of AS 
M-Mode 

• High temporal resolution 

• Eccentric closure of AV - suggestive of bicuspid AV 

• Systolic leaflet seperation 

of >15mm excludes  

Severe AS 

• If <15mm then it could vary from 

mild-severe AS

Canciello et al Pitfalls and tips in the assessment of aortic stenosis by transthoracic echocardiography, Diagnostics, 2023.



Standard TTE images for the assessment of AS 
PSAX 

• Appearance of AV - calcification, mobility, number of cusps 

• Colour for AR



Apical imaging (4ch, 5ch, 2ch 
and 3Ch) 

• LVEF 

• GLS 

• Appearance of AV - 
calcification and mobility 

• Colour - AR and turbulence

Standard TTE images for the assessment of AS 



Apical 

• PW Doppler 

• CW Doppler

Standard TTE images for the assessment of AS 



Ring, L., Shah, B.N., Bhattacharyya, S. et al. Echocardiographic assessment of aortic stenosis: a 
practical guideline from the British Society of Echocardiography. Echo Res Pract 8, G19–G59 (2021). 
https://doi.org/10.1530/ERP-20-0035

Haemodynamics in AS



LVOT Velocity 
• PW Doppler, sample volume 3-5mm 

• Apical 

• Sample volume just on left side of valve and moved slowly towards 
the apex to obtain laminar flow and AV closing click 

• Adjust baseline and scale to maximise size of velocity curve 

• Sweep speed 50-100mm/s 

• Low wall filter settings 

• Smooth velocity curve with well defined peak and narrow velocity 
range at peak velocity 

• Trace modal velocity for VTI and record Vmax from peak

Standard TTE images for the assessment of AS 



LVOT PW Doppler 

Ring, L., Shah, B.N., Bhattacharyya, S. et al. Echocardiographic assessment of aortic stenosis: a 
practical guideline from the British Society of Echocardiography. Echo Res Pract 8, G19–G59 (2021). 
https://doi.org/10.1530/ERP-20-0035



AS Jet Velocity 
• CW Doppler from multiple acoustic windows 

• Decrease gain, increase wall filter 

• Adjust baseline and scale to maximise size of velocity curve 

• Sweep speed 50-100mm/s 

• When measuring  

• avoid noise and fine linear signals 

• VTI traced from outer edge of dense signal - also gives mean PG 

AV V max is the strongest predictor of clinical outcome 

**Flow dependant

Standard TTE images for the assessment of AS 

Canciello et al Pitfalls and tips in the assessment of aortic stenosis by transthoracic echocardiography, Diagnostics, 2023.



Pedof

• From all imaging windows 
including suprasternal, 
supraclavicular and right 
parasternal 

• Take your time and have 
patience 

• Close your eyes and listen



CW Doppler Waveform - Shape

Ring, L., Shah, B.N., Bhattacharyya, S. et al. Echocardiographic assessment of aortic stenosis: a 
practical guideline from the British Society of Echocardiography. Echo Res Pract 8, G19–G59 (2021). 
https://doi.org/10.1530/ERP-20-0035



Suprasternal Notch 

• Colour - turbulence, coarctation 

• Aortic pathology 

• CW Doppler

Standard TTE images for the assessment of AS 



Right parasternal view 

•Colour - turbulence 

•Aortic pathology 

•CW Doppler

Standard TTE images for the assessment of AS 



Baumgartner et al. Recommendations on the Echocardiographic Assessment of Aortic Valve Stenosis/ A 
Focused Update from the European Association of Cardiovascular Imaging and the American Society of 

Echocardiography JASE 30(4) 2017.pdf

Haemodynamics in AS
We have our LVOTd, LVOT VTI  

and AV VTI, now we  
can calculate the AVA 

SVLVOT = SVAV

*Measurement error 
**assumes LVOT area is circular



Summary of measurements/calculations

Baumgartner et al. Recommendations on the Echocardiographic Assessment of Aortic Valve Stenosis/ A Focused Update from the European Association of 
Cardiovascular Imaging and the American Society of Echocardiography JASE 30(4) 2017.pdf



Criteria for aortic stenosis

BSE 
Guidelines 

2021



BSE 2021

Low-gradient AS



Ring, L., Shah, B.N., Bhattacharyya, S. et al. Echocardiographic 
assessment of aortic stenosis: a practical guideline from the 
British Society of Echocardiography. Echo Res Pract 8, G19–G59 
(2021). https://doi.org/10.1530/ERP-20-0035



Low-gradient AS with LVEF > 50%

BSE 2021

Paradoxical low-flow  
Low-gradient AS



Criteria which increase the likelihood of severe AS in those with 
normal EF, AVA <1.0cm/m2 and mean PG <40mmHg

Baumgartner et al. Recommendations on the Echocardiographic Assessment of Aortic Valve Stenosis/ A 
Focused Update from the European Association of Cardiovascular Imaging and the American Society of 

Echocardiography JASE 30(4) 2017.pdf



Silva I, Salaun E, Côté N, 
Pibarot P. Confirmation of aortic 
stenosis severity in case of 
discordance between aortic 
valve area and gradient. Case 
Reports. 2022 Feb 2;4(3):170-7.



Low Flow, Low-gradient AS (LVEF < 50%)
• AVA can be more reliable as less flow dependant  

• Difficult to differentiate moderate and severe AS as the valve 
opens less due to reduced SV 

• Dobutamine stress echo (DSE) 

• CT calcium score if DSE indeterminant 

• MDT approach to resolve challenging cases



• DSE typically causes a 20% increase in SV 
(known as contractile reserve) 

• Pseudo-severe AS - AVA increases at peak 
stress >1.2cm2, mean PG remains <40mmHg  

• True severe AS - mean gradient increases to 
>35-40mmHg, AVA remains <1cm2 

• These patients have improved survival 
with AVR

Dobutamine SE -  
good contractile reserve

BSE 2021



• In ~1/3 patients the SV doesn’t increase 
by 20% 

• Have high peri-procedural mortality and 
poor long term outcome with medical 
therapy 

• AVR may improve LV function and 
outcome

Dobutamine SE -  
No contractile reserve

BSE 2021



Projected flow area 
(EOA-Proj)

If AVA and meanPG remain the same 

• Use data from DSE to predict what the AVA would 
be at normal transvalvular flow rates 

• Q = mean transvalvular flow rate 

• Increasing flow rate will lead to changes in mean 
PG and AVA 

• Requires flow rate on DSE to increase by >15%

BSE 2021



Pressure Recovery 
• Increase in pressure downstream of the AV resulting in lower transvalvular 

pressure gradients 

• If not corrected for may lead to underestimation of AVA 

• Accentuated in those with small aortas (<30mm) or AVA 0.8-1.2cm2 

(AAA is the cross sectional area of the proximal ascending aorta)



Complimentary cardiac CT 

• Growing interest in defining AS severity if discordant echo 
measurements 

• BSE advises caution in the use of CT ca score in setting of low-
gradient AS with impaired LVEF



Conclusion
Check 

machine 
settings 

Check 
measurements  

-LVOT 
Diameter 
-LVOT VTI 
-AV Vmax 

• 5-10% of patients with severe AS do not meet normal defining criteria  
-> Low flow, low gradient AS

Canciello et al Pitfalls and tips in the assessment of aortic stenosis by transthoracic echocardiography, Diagnostics, 2023.



Thank you 


