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Aortic stenosis

Echocardiography has become the standard means for evaluation 
f ti t i (AS) it C di th t i ti i lof aortic stenosis (AS) severity. Cardiac catheterization is no longer 

recommended except in rare cases when echocardiography is non-
diagnostic or discrepant with clinical datadiagnostic or discrepant with clinical data.

The primary haemodynamic parameters recommended for
clinical evaluation of AS severity are:

• Peak transvalvular  velocity

• Mean transvalvular gradient

• Valve area by continuity equation.
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Table 1 Recommendations for data recording and measurement for AS quantitation
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Table 2 Measures of AS severity obtained by Doppler echocardiography (Part 1)
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Table 2 Measures of AS severity obtained by Doppler echocardiography (Part 2)

Recommendation for clinical application: (1) appropriate in all patients with AS (yellow); (2) 
reasonable when additional information is needed in selected patients (green); and (3) not 
recommended for clinical use (blue).
VR V l it ti TVI ti l it i t l LVOT LV tfl t t AS j t TTE d TEE t th i dVR, Velocity ratio; TVI, time-velocity integral; LVOT, LV outflow tract; AS jet; TTE and TEE, transthoracic and 
transesophageal echocardiography; SWL, stroke work loss; P, mean transvalvular systolic pressure gradient; SBP, 
systolic blood pressure; Pdistal, pressure at the ascending aorta; Pvc, pressure at the vena contracta; AVA, continuity-
equation-derived aortic valve area; v, velocity of AS jet; AA, size of the ascending aorta; ELI, energy-loss coefficient; 
BSA bod s rface area; AVR aortic al e resistance; Q mean s stolic trans al lar flo rate; AVAproj projectedBSA, body-surface area; AVR, aortic valve resistance; Q , mean systolic transvalvular flow-rate; AVAproj, projected 
aortic valve area; AVArest, AVA at rest; VC, valve compliance derived as the slope of regression line fitted to the AVA 
versus Q plot; Qrest, flow at rest; DSE, dobutamine stress echocardiography; N, number of instantaneous 
measurements.



Figure 2 Continuous-wave Doppler 
of severe aortic stenosis jet showing 

f i l imeasurement of maximum velocity 
and tracing of the velocity curve to 
calculate mean pressure gradient
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Figure 3 An example of 
moderate aortic stenosis 
(left) and dynamic 
outflow obstruction in 
hypertrophic 
cardiomyopathy (right). 
Note the different shapes 
of the velocity curves and 
the later maximum 

l i i h d ivelocity with dynamic 
obstruction
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Figure 4 Schematic diagram of continuity equation
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Figure 5 Left ventricular outflow tract diameter is measured in the parasternal 
long-axis view in mid-systole from the white–black interface of the septal 
endocardium to the anterior mitral leaflet parallel to the aortic valve plane andendocardium to the anterior mitral leaflet, parallel to the aortic valve plane and 
within 0.5–1.0 cm of the valve orifice
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Figure 6 Left ventricular outflow tract (LVOT) velocity is measured from the apical approach either in an apical 
long-axis view or an anteriorly angulated four-chamber view (as shown here). Using pulsed-Doppler, the sample 
volume (SV), with a length (or gate) of 3–5 mm, is positioned on the LV side of the aortic valve, just proximal to the 
region of flow acceleration into the jet An optimal signal shows a smooth velocity curve with a narrow velocity rangeregion of flow acceleration into the jet. An optimal signal shows a smooth velocity curve with a narrow velocity range 
at each time point. Maximum velocity is measured as shown. The VTI is measured by tracing the modal velocity 
(middle of the dense signal) for use in the continuity equation or calculation of stroke volume
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Table 4 Resolution of apparent 
discrepancies in measures of
AS severity

European Journal of Echocardiography 2009;10:1-25



Mitral stenosis

Echocardiography plays a major role in decision making forEchocardiography plays a major role in decision-making for
MS, allowing for confirmation of diagnosis, quantitation
of stenosis severity and its consequences, and analysis ofof stenosis severity and its consequences, and analysis of
valve anatomy.



Indices of Stenosis Severity

• Pressure gradient• Pressure gradient. 
The estimation of the diastolic pressure gradient is derived from the transmitral 
velocity flow curve using the simplified Bernoulli equation. The use of CWD is 

f dpreferred.

• MVA Planimetry
Considered as the reference measurement of MVA. Planimetry measurement is 
obtained by direct tracing of the mitral orifice, including opened commissures, if 
applicable, on a parasternal short-axis view. Careful scanning from the apex to 
the base of the LV is required to ensure that the CSA is measured at the leaflet 
tips. The measurement plane should be perpendicular to the mitral orifice.

• Pressure half-time
T1/2 is defined as the time interval in milliseconds between the maximum mitral 
gradient in early diastole and the time point where the gradient is half thegradient in early diastole and the time point where the gradient is half the 
maximum initial value. MVA is derived using the empirical formula: 
MVA = 220 / T1/2



Figure 7 Determination of mean mitral gradient from Doppler diastolic mitral flow in a 
patient with severe mitral stenosis in atrial fibrillation. Mean gradient varies according to 
the length of diastole: it is 8 mmHg during a short diastole (A) and 6 mmHg during a g g g ( ) g g
longer diastole (B)
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Figure 8 Planimetry of the mitral orifice. Transthoracic echocardiography, 
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parasternal short-axis view. (A) Mitral stenosis. Both commissures are fused. 
Valve area is 1.17 cm2

(B) Unicommissural opening after balloon mitral commissurotomy. The postero-( ) p g y p
medial commissure is opened. Valve area is 1.82 cm2. (C) Bicommissural opening 
after balloon mitral commissurotomy.
Valve area is 2 13 cm2Valve area is 2.13 cm



Fi 9 E ti ti f it l l i th h lf ti
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Figure 9. Estimation of mitral valve area using the pressure half-time 
method in a patient with mitral stenosis in atrial fibrillation.
Valve area is 1.02 cm2



Figure 10 Determination of Doppler pressure half-time (T1/2) with a bimodal, non-linear decreasing
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Figure 10 Determination of Doppler pressure half time (T1/2) with a bimodal, non linear decreasing 
slope of the E-wave. The deceleration slope should not be traced from the early part (left), but using the 
extrapolation of the linear mid-portion of the mitral velocity profile (right).
Reproduced from Gonzalez MA, Child JS, Krivokapich J. Comparison of two-dimensional and Doppler echocardiography 
and intracardiac hemodynamics for quantification of mitral stenosis. Am J Cardiol 1987;60:327-32and intracardiac hemodynamics for quantification of mitral stenosis. Am J Cardiol 1987;60:327 32



Table 5. Assessment of mitral valve anatomy according to the Wilkins score.
The total score is the sum of the four items and ranges between 4 and 16g
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Table 6 Assessment of mitral valve anatomy according to the Cormier score
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Table 7 Recommendations for data recording and measurement in routine use for mitral 
stenosis quantitation
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Table 8. Approaches to evaluation of mitral stenosis (Part 1)
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Table 8. Approaches to evaluation of mitral stenosis (Part 2)

Level of recommendations: (1) appropriate in all patients (yellow); (2) reasonable 
when additional information is needed in selected patients (green);and (3) not
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when additional information is needed in selected patients (green);and (3) not 
recommended (blue).

AR A ti it ti CSA ti l DFT di t li filli ti LA l ft t i LVAR, Aortic regurgitation; CSA, cross-sectional area; DFT, diastolic filling time; LA, left atrium; LV, 
left ventricle; LVOT, left ventricular outflow tract;MR, mitral regurgitation; MS, mitral stenosis; 
MVA, mitral valve area; MVres, mitral valve resistance; P, gradient; sPAP, systolic pulmonary artery 
pressure; r, the radius of the convergence hemisphere; RA, right atrium; RV, right ventricle; T1/2, p ; , g p ; , g ; , g ; ,
pressure half-time; v, velocity; VTI, velocity time integral; N, number of instantaneous measurements.



Table 9. Recommendations for classification of mitral stenosis
severity

aAt heart rates between 60 and 80 bpm and in sinus rhythm.
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2D CW Doppler2D CW Doppler

Figure 11. The left panel illustrates a 2D echocardiographic image of a stenotic tricuspid valve obtained 
in a modified apical four-chamber view during diastole. Note the thickening and diastolic doming of 
the valve, and the marked enlargement of the right atrium (RA). The right panel shows a CW Doppler
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the valve, and the marked enlargement of the right atrium (RA). The right panel shows a CW Doppler 
recording through the tricuspid valve. Note the elevated peak diastolic velocity of 2 m/s and the systolic 
tricuspid regurgitation (TR) recording. The diastolic time–velocity integral (TVI), mean gradient 
(Grad), and pressure half-time (T1/2) values are listed.



2D CW Doppler

Figure 12 The left panel illustrates a 2D echocardiographic image of a tricuspid valve in a patient with carcinoid
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Figure 12 The left panel illustrates a 2D echocardiographic image of a tricuspid valve in a patient with carcinoid 
syndrome, obtained in an apical four-chamber view during systole. Note the thickening and opened appearance of 
the valve. The right panel shows a continuous-wave Doppler recording through the tricuspid valve. Note an elevated 
peak diastolic velocity of 1.6 m/s and the systolic TR recording.



Table 10. Findings indicative of haemodynamically significant
tricuspid stenosis

aStroke volume derived from left or right ventricular outflow In the presence of more than mild
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Stroke volume derived from left or right ventricular outflow. In the presence of more than mild 
TR, the derived valve area will be underestimated. Nevertheless, a value 1 cm2 implies a 
significant haemodynamic burden imposed by the combined lesion.



Table 11. Grading of pulmonary stenosis
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