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A ortic valve stenosis (AS) is the 
most common valvular heart dis-
ease and the third most common 

cardiac disease (after coronary artery dis-
ease and hypertension) in the developed 
countries.1 Doppler echocardiography is 
the method of choice for both the diag-
nosis and the estimation of the severity of 
AS, since it describes with precision the 
anatomy of the aortic valve (AV), evalu-
ates its hydraulic behaviour, and deter-
mines its effect on left ventricular (LV) 
function.

According to the latest guidelines of 
the European Society of Cardiology and 
the American Heart Association, AS is 
considered severe when the aortic valve 
area is <1.0 cm2 (or <0.6 cm2/m2), the 
mean transvalvular pressure gradient is 
>50 mmHg (or >40 mmHg according to 
the American guidelines) and the peak 
transvalvular velocity is >4 m/s (which 
corresponds to a peak transvalvular pres-
sure gradient >64 mmHg), all measured 
echocardiographically.1,2 However, in dai-
ly clinical practice, the clinical cardiolo-
gist is required to deal with patients who 
show discrepancies between the various 
findings and the echocardiographic mea-
surements. For example, in a given patient 
the AV may be found to be severely calci-
fied, with limited opening, with preserved 
LV function, and a valve area of 0.8 cm2, 
but in combination with a peak flow ve-
locity of 3.5 m/s and a mean pressure gra-

dient <40 mmHg. Similarly a small valve 
area may be detected (0.9 cm2) with a low 
transvalvular pressure gradient, in com-
bination with a deterioration in LV func-
tion. Such situations raise uncertainty with 
regard to the real severity of AS, as well 
as concern about the indicated manage-
ment of these patients. This issue of the 
Hellenic Journal of Cardiology includes 
a very interesting and extensive review ar-
ticle by Antoniou et al,3 which thoroughly 
analyses the new echocardiographic index-
es and their clinical use. Prompted by that 
article, this editorial will discuss methods 
for the correct evaluation of the severity 
of AS, as well as the cases of possibly con-
flicting findings.

Correct imaging of the anatomy and 
evaluation of the hydraulic behaviour of the 
AV

The appearance of the AV and the mobil-
ity of its leaflets on the two-dimensional 
echocardiogram provide the first informa-
tion about the severity of AS (Figure 1). 
The anatomy and the mobility of the AV 
are best evaluated using the parasternal 
long-axis view, the parasternal short-ax-
is view at the level of the great vessels, or 
the apical long-axis three-chamber view, 
rather than from the apical five-cham-
ber view.4 In cases of suboptimal imaging 
from the parasternal or apical views, it is 
possible to obtain good images using the 
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subxiphoid short-axis view. If even one leaflet of the 
AV opens well, despite the presence of severe calci-
fication on the other two, the existence of severe AS 
is not likely. In contrast, a severely calcified and im-
mobile AV suggests severe AS, so that if the Doppler 
recording shows a moderate increase in velocity, it is 
better to re-evaluate this more carefully. However, it 
should be taken into account that the opening of the 
AV is affected by the stroke volume, so that in cases 
of systolic LV dysfunction the mobility of the aortic 
leaflets may appear to be reduced. Direct planimetry 
of the valve area, from transthoracic and especially 
from transoesophageal imaging, is considered reli-
able,5 but in clinical practice it does not always agree 
with the haemodynamically determined effective ori-
fice area.

Apart from the cases where the AS is apparently 
mild (good mobility of aortic leaflets, Vmax <3 m/s, 
with good LV function), the peak AV transvalvular ve-

locity should be recorded by continuous wave Doppler 
from the apical five-chamber view and from at least 
one other view (usually the right parasternal or subxi-
phoid). The use of a stand-alone probe may prove par-
ticularly useful for these recordings (Figure 2).

The recording of Vmax, the calculation of the 
mean pressure gradient and the aortic valve area are 
the minimum information required. The morphol-
ogy of the wave is indicative of the severity; a signal 
of triangular form is suggestive of severe AS, whereas 
early peaking of the velocity indicates moderate AS 
(Figure 3). The mean transvalvular pressure gradient 
is derived from instantaneous velocity calculations 
through the whole spectrum of the signal, and not by 
calculating the mean transvalvular velocity and insert-
ing it into Bernoulli’s simplified formula. It is, there-
fore, more representative of the severity of the steno-
sis than is the peak velocity, which describes only one 
part of the signal.

Figure 1. Short-axis view of a moderately (left) and severely (right) calcified aortic valve.

Figure 2. Recording of the peak velocity through a stenotic aortic valve in the apical four-chamber view (left) and the right parasternal 
view (right), where a higher velocity is recorded.
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Calculation of the aortic valve area (Figure 4) us-
ing the continuity equation (aortic valve area = π × 
(δLVOT/2)2 × VTI VLVOT / VTI Vmax, where LVOT is 
the LV outflow tract and VTI is the velocity time in-
tegral) is very important and should be performed in 
every case of AS,4 since it is relatively flow-indepen-
dent. The most common mistakes are in the mea-
surement of the diameter of the LVOT, whose val-
ue is squared in the continuity equation. It is mea-
sured from the parasternal long-axis view, during 
systole, directly below the base of the aortic leaflets, 
and from the internal surfaces of the interventricu-
lar septum and the posterior aortic wall (inner to in-
ner edge). Care is also needed in the placement of 
the sample volume in the LVOT, so that the signal 
recorded will have a “clean” interior without ma-
ny sounds, with clear and thin boundaries. The use 
of velocity values in the continuity equation instead 
of their integrals (VTI) is appropriate only when 
the LVOT and peak velocity signals are of the same 
form and is best avoided. In addition, correction of 
the aortic valve area for body surface area (BSA) is 
very important; for example, an aortic valve area of 
1.3 cm2 corresponds to obviously moderate AS in a 
small-bodied individual with BSA 1.5 m2 (corrected 
valve area 0.87 cm2/m2). However, in a large-bod-
ied person with BSA 2.4 m2 the corrected valve area 
is 0.54 cm2/m2 and the AS should be assessed as se-
vere. In cases where the image quality does not allow 
a certain estimation of the aortic valve area, a ratio 
VTI VLVOT/VTI Vmax <0.25 is an indication of se-
vere AS.

Care is also needed in cases with coexisting aor-
tic regurgitation or anaemia. In aortic regurgitation, 
because of the increased transaortic volume, the peak 
velocity and the mean transvalvular pressure gradient 
are also increased for a given aortic valve area. The 
combination of moderate AS and moderate AV re-
gurgitation suggests severe mixed aortic disease.4 In 
the presence of anaemia, a high pressure gradient is 
recorded when there is mild or moderate AS.

Measurement of the patient’s blood pressure at 
examination time is also required, since velocity mea-
surements are affected by this, and it must be taken 
into account in repeated studies. In particular, systol-
ic blood pressure contributes to the already increased 
afterload, has a marked effect on its evaluation, and 
may cause the appearance of symptoms even in non-
critical AS.6 Thus, in these cases it is necessary to es-
timate the double load that the LV faces during its 

Figure 3. Continuous wave Doppler signal morphology in a mod-
erately (left) and severely (right) stenotic aorta.

Figure 4. Calculation of the aortic orifice area using the continuity 
equation in a patient with severe aortic stenosis.
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ejection phase, the valvular and the arterial, by evalu-
ating the valvulo-arterial impedance (Zva). This new 
index is calculated by dividing the estimated LV sys-
tolic pressure (systolic blood pressure + mean trans-
valvular pressure gradient) by the stroke volume in-
dex: Zva = (SBP + MnPG)/SVi.

7 Values of the Zva 
index >4.5 mmHg/ml/m2 are considered to be indic-
ative of an excessively increased afterload, while pa-
tients with values ≥ 4.9, or according to others >5.5 
mmHg/ml/m2, show increased mortality and morbid-
ity if not treated surgically.8

Evaluation of AS in patients with a low ejection fraction

Patients with depressed LV function and concomi-
tant AS of whatever severity have a poor prognosis. 
However, the subgroup of patients with true severe 
AS and a low ejection fraction (EF), who make up 
no more than 5-10%, are those who have the high-
est mortality and the worst prognosis.9,10 In these 
patients the primary problem is the valvular disease 
and the LV dysfunction is secondary and is due to 
the increased afterload (inadequate compensatory 
LV hypertrophy: afterload mismatch11), so that re-
placement of the AV will lead to an improvement in 
LV performance. In the remaining patients the LV 
dysfunction is due to other causes and the moder-
ately stenotic AV does not open fully because of the 
low stroke volume (pseudostenosis12) so there is no 
indication for immediate valve replacement. For pa-
tients in the latter category, the primary problem is 
the myocardial disease (cardiomyopathy, coronary 
artery disease) and the severity of the AS is simply 
overestimated. These patients cannot be discrimi-
nated using either the rest echocardiogram or cath-
eterisation, but only using low-dose dobutamine 
stress echo. The administration of dobutamine is 
carried out in three stages (5, 10 and 20 µg/kg/min) 
and each stage lasts 5 min.13 Dobutamine adminis-
tration is stopped if there are clinical symptoms, if 
the heart rate exceeds 120 bpm, if the stroke volume 
increases by >20%, if blood pressure drops, or if ar-
rhythmias appear. The aim of low-dose stress echo 
is dual: to investigate the LV contractile reserve and 
to distinguish between real stenosis and pseudoste-
nosis (Figure 5). Contractile reserve is considered 
to be present when the stroke volume increases by 
20% (i.e. the VTI of the pulsed wave Doppler sig-
nal in the LVOT increases by 20%). If the increase 
in stroke volume leads to an increase in the calcu-
lated aortic valve area by >0.3 cm2, or the calcu-

lated valve area exceeds 1 cm2 and at the same time 
there is a small or no increase in the mean transval-
vular pressure gradient, then this is not a case of se-
vere AS. In contrast, if the increase in stroke volume 
leads to an increase in the mean pressure gradient to 
levels ≥40 mmHg without any substantial change in 
the aortic valve area (<0.3 cm2), then there is true 
severe AS (Figure 6). Of course, in the absence of 
an LV contractile reserve, neither the aortic valve 
area nor the mean pressure gradient will change, so 
that the real severity of the AS cannot be accurately 
determined. In such cases, an evaluation of the se-
verity of the calcification of the AV using two-di-
mensional echocardiography or CT scan can provide 
an indication of the severity of the AS.

Since the changes in the mean transvalvular pres-
sure gradient and in the aortic valve area during a do-
butamine study depend on the magnitude of the flow 
increase that is achieved, which varies from patient 
to patient, estimation of the projected effective aortic 
valve area has been proposed, namely, what the aortic 
valve area would be under conditions of steady blood 
flow.14 This new index appears to improve the diag-
nostic accuracy in discriminating between real AS and 
pseudostenosis.

Evaluation of AS in patients with a low stroke volume, 
low pressure gradients, and normal EF

A quite significant proportion of patients with se-
vere AS, when defined in terms of aortic valve area, 
show a paradoxically low pressure gradient despite 
the presence of a preserved EF (paradoxical low flow, 
low-gradient aortic stenosis).15 These patients (e.g. 
AV valve area 0.8 cm2, mean pressure gradient 29 
mmHg, EF 60%) fulfil one severity criterion for AS 
(valve area) but not the others (pressure gradient, 
peak flow velocity) (Figure 7) and this discordance 
may (erroneously) lead to postponement of surgical 
intervention. The error arises because these patients 
are often in a more advanced stage of their disease, 
which is characterised by a greater degree of concen-
tric hypertrophy and a smaller LV cavity, a normal 
(but lower than expected) EF with an elevated total 
LV afterload, and hence a reduced stroke volume. 
The reduced stroke volume (<35 ml/m2), irrespec-
tively of the EF, results in the creation of a pressure 
gradient that is lower than expected.15 In addition, in 
these patients it is particularly valuable to calculate 
the valvulo-arterial impedance via the Zva index, in 
order to evaluate the afterload.
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The problem of pressure recovery

The phenomenon of pressure recovery (PR) has been 
investigated in order to explain (in part) the differ-
ence between the Doppler and catheterisation mea-
surements. The pressure gradient recorded during 
catheter withdrawal corresponds to the difference 
between the maximum pressure value in the LV and 
the aorta (peak-to-peak gradient) and does not exist 
physiologically, since the two pressure curves do not 
occur simultaneously. In contrast, Doppler measures 
the maximum instantaneous pressure difference at 
the neck of the stenotic flow (vena contracta) imme-
diately below the orifice, which is usually 20 mmHg 
higher than the catheterisation value, though it may 
reach as high as 50 mmHg.16 As the blood passes 
through the stenotic AV, it loses momentum periph-
erally to the orifice, which results in an increase in 
the pressure within the aorta. According to Bernoul-
li’s theorem, in a closed system the sum of the kinetic 
and potential energy remains constant; thus a reduc-
tion in kinetic energy leads to an increase in static 
pressure. This increase is the PR. The PR is negli-
gible in cases with mild AS or with a dilated ascend-
ing aorta. However, it has clinical significance in cases 

with a small aortic diameter (<3 cm), although this is 
not very common (Figure 8). In practice, correction 
of the pressure gradient taking the PR into account 
uses the formula:17

PR = 4AVmax2 2 AVAc
AoA

1 AVAc
AoA

× × ( )–

where PR is pressure recovery, AVmax is the peak 
aortic velocity by continuous wave Doppler, AVAc 
is the aortic valve area from the continuity equation, 
and AoA is the cross-sectional area of the ascending 
aorta. It is recommended that PR be evaluated at the 
level of the sinotubular junction.18

In general, it could be noted that in marginal cases 
between moderate and severe AS, the severity of the ste-
nosis is considered greater if the aortic diameter is small.

Finally, in recent years, the development and use 
of percutaneous repair of the AV (TAVI) has result-
ed in an increase in the number of patients who un-
dergo non-surgical intervention.19 This has created 
the need for a fuller evaluation and more precise se-
lection of patients with AS,20 where an accurate esti-
mation of AS severity is mandatory.

Figure 5. Clinical algorithm for patients with aortic stenosis and a low ejection fraction. AS – aortic stenosis; DSE – dobutamine stress 
echo; SV – stroke volume; MPG – mean pressure gradient; TSAS – true severe AS; PSAS – pseudo-severe AS; AVA – aortic valve area.
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Figure 6. A. Low-dose dobutamine stress echo in a patient with true severe aortic stenosis and a low ejection fraction. At rest the mean 
pressure gradient is 30 mmHg and the calculated aortic orifice is 0.76 cm2. At peak dobutamine infusion the mean pressure gradient in-
creases to 55 mmHg and the orifice remains at 0.78 cm2. B. Low-dose dobutamine stress echo in a patient with pseudo-severe aortic steno-
sis and a low ejection fraction. At rest the mean pressure gradient is 10 mmHg and the calculated aortic orifice is 0.81 cm2, while at peak 
dobutamine infusion the mean pressure gradient increases to 21 mmHg and the orifice to 1.02 cm2.
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To conclude, AS is a common echocardiograph-
ic finding; it should, however, be considered as a dy-
namic manifestation of a systemic process, rather 
than as a disease restricted exclusively to the AV. The 
evaluation of its severity and the decision to perform 
surgical intervention are often also affected by the 
remainder of the heart and the aorta. In particular, 
the discrimination between moderate and severe AS 
is often difficult, and account should be taken of the 
interactions between valvular, vascular, and haemo-
dynamic measurements of the LV (rule of three Vs: 
valve, ventricle, vascular).
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