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Calcific aortic valve disease is a slowly progressive disorder
with a disease continuum that ranges from mild valve

thickening without obstruction of blood flow, termed aortic
sclerosis, to severe calcification with impaired leaflet motion,
or aortic stenosis (AS). The prevalence of calcific aortic valve
disease increases with age: in the population over 65 years of
age, aortic sclerosis is detected in approximately 25% of the
subjects, whereas severe AS is found in 2% to 4% of the sub-
jects (1,2). Calcific AS has become the most common cardiac
disease in developed countries after systemic arterial hyperten-
sion and coronary artery disease (CAD) (3-8).

The natural history of AS typically shows a long latent period
of progressive valvular obstruction during which the patient
remains asymptomatic. Once the patient becomes sympto-
matic, the outcome without aortic valve replacement (AVR) is
extremely poor, with survival rates as low as 50% at two years
and 20% at five years (3,9-11). Calcific AS is now the leading
indication for AVR in North America and Europe. This dis-
ease is directly responsible for approximately 100,000 AVRs
and 15,000 deaths per year in North America. Moreover, the
prevalence of AS and the number of AVRs are expected to
double by 2020 due to aging of the population.

There is widespread agreement that AVR is indicated for
symptomatic severe AS (12). However, the benefit of early

elective AVR in asymptomatic patients with severe AS still
remains highly controversial, even though some investigators
have argued that AVR before symptom onset may prevent irre-
versible left ventricular (LV) dysfunction and decrease the risk
of sudden death (12-14). The clinical decision making for
AVR is therefore essentially based on the presence of severe
valvular stenosis and symptoms. This approach has, however,
several limitations. First, symptom onset is often insidious and
may not be recognized by the patient or physician, especially in
elderly and/or sedentary patients. Second, there is substantial
overlap in hemodynamic severity of AS between symptomatic
and asymptomatic patients. Hence, some patients develop
clear symptoms with a degree of valvular obstruction that tra-
ditionally has not been considered ‘severe’, while others
remain asymptomatic with apparently severe obstruction. This
underlines the fact that beyond stenosis severity, other factors
are involved in the development of LV dysfunction, symptoms
and adverse outcomes in AS patients.

PRESSURE RECOVERY: A SOURCE OF ERROR

IN THE ASSESSMENT OF AS SEVERITY
The accurate assessment of the stenosis hemodynamic severity
is crucial for clinical decision making in patients with AS (15).
The severity of AS is generally determined by measuring the
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Aortic valve stenosis (AS) is the third-most frequent heart disease after

coronary artery disease and arterial hypertension, and it is associated

with a high incidence of adverse outcomes. Recent data support the

notion that AS is not an isolated disease uniquely limited to the valve.

Indeed, AS is frequently associated with abnormalities of the systemic

arterial system, and, in particular, with reduced arterial compliance,

which may have important consequences for the pathophysiology and

clinical outcome of this disease. Moreover, AS may also be associated

with left ventricular systolic dysfunction and reduced transvalvular

flow rate, which pose important challenges with regards to diagnostic

evaluation and clinical decision making in AS patients. Hence, the

assessment of AS severity, as well as its therapeutic management,

should be conducted with the use of a comprehensive evaluation that

includes not only the aortic valve, but also the systemic arterial system

and the left ventricle because these three entities are tightly coupled

from both a pathophysiological and a hemodynamic standpoint.
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De nouveaux concepts en hémodynamique
valvulaire : Les répercussions pour le
diagnostic et le traitement de la sténose
aortique

La sténose aortique (SA) est la troisième cardiopathie en importance après

la coronaropathie et l’hypertension artérielle, et elle s’associe à une forte

incidence de réactions indésirables. Des données récentes étayent la

notion selon laquelle la SA n’est pas une maladie isolée limitée à la

valvule. En fait, la SA est souvent reliée à des anomalies du système

artériel systémique et, notamment, à une diminution de la compliance

artérielle, ce qui peut avoir de graves conséquences pour la

physiopathologie et l’issue clinique de cette maladie. De plus, la SA peut

s’associer à une dysfonction systolique ventriculaire gauche et à une

diminution du débit transvalvulaire, ce qui pose d’importants problèmes en

matière d’évaluation diagnostique et de prise de décision clinique chez les

patients atteints d’une SA. Ainsi, il faut estimer la gravité de la SA et sa

prise en charge thérapeutique dans le cadre d’une évaluation complète qui

inclut non seulement la valvule sigmoïde, mais également le système

artériel systémique et le ventricule gauche, car ces trois entités sont

étroitement reliées, tant en matière de physiopathologie que

d’hémodynamie.
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pressure gradient across the valve, or, preferably, because it is
less flow-dependent, the effective orifice area (EOA) of the
valve (Figure 1). When flow passes through the stenotic valve,
there is a contraction and acceleration of the flow, and the area
where the flow jet is the smallest is called the vena contracta.
The EOA of the valve corresponds to the cross-sectional area
of the vena contracta. In the clinical setting, the EOA can be
measured either by Doppler echocardiography with the use of
the continuity equation, or by left heart catheterization with
the Gorlin formula. Unfortunately, there are often discrepan-
cies between Doppler and catheter measurements of EOA.
This may result in divergent estimation of AS severity and may
bring some uncertainties in clinical decision making. Recent
studies have demonstrated that these discrepancies between
Doppler and catheter measurements are due, in large part, to
the pressure recovery phenomenon (16-18).

When the blood flow contracts to pass through a stenotic ori-
fice, a portion of the potential energy (ie, blood pressure) is con-
verted into kinetic energy, thus resulting in a pressure drop and
acceleration of flow (Figure 1) (19,20). Downstream of the vena
contracta, the flow jet re-expands, which causes flow turbulences.
As a result of these turbulences, a large part of the kinetic energy
is irreversibly lost as heat. Nonetheless, a portion of the kinetic
energy is reconverted back to potential energy (pressure). The
extent of this pressure recovery essentially depends on the rela-
tionship between the size of the valve orifice and the size of the
aorta (Figure 1) (19). The smaller the valve orifice relative to the
size of the aorta, the more flow turbulence will occur and the less
energy will be available to be recovered as pressure.

Doppler measurements rely on the maximum velocity or
gradient measured across the aortic valve at the level of the
vena contracta. On the other hand, catheterization measure-
ments are generally performed a few centimeters down-
stream of the valve, where the pressure is fully recovered. As
a result, the pressure gradient recorded by catheterization,
which corresponds to the ‘recovered’ or net pressure gradi-
ent, tends to be lower than the Doppler gradient, especially
in patients with smaller aortas (ie, aortic diameter at the
sinotubular junction less than 30 mm). Consistently,
catheter measurements will also yield larger values for EOA,
compared with measurements derived from Doppler. In this
context, it should be emphasized that the American College
of Cardiology/American Heart Association guidelines were
first established based on data obtained from catheter meas-
urements (12). The same cut-point values (eg, EOA less
than 1.0 cm2 for severe AS) were then extended to echocar-
diographic data on the assumption that Doppler EOA and
catheter EOA were equivalent parameters and indeed, the
guidelines make no distinction between catheter and
Doppler measurements of EOA. However, these parameters
are not, in fact, equivalent, and differences in results of up to
50% may be observed depending on the size of the aorta and
the severity of the stenosis (19,21).

These apparent discrepancies can, however, be reconciled
by measuring the ‘energy loss coefficient’ (ELCo), which is a
new parameter that adjusts the Doppler EOA for the size of the
aorta (AA) to better determine the true energy loss across the
stenosis (19): 

ELCo = (EOA×AA)/(AA-EOA) 

This ELCo is easily measurable by Doppler echocardiogra-
phy and, as opposed to the Doppler EOA, it takes into account

the pressure recovery. Indeed, there is an excellent agreement
between catheter EOA and ELCo by Doppler, whereas the
Doppler EOA tends to be consistently lower than the catheter
EOA (18). Moreover, from a conceptual standpoint, the net or
recovered indices, ie, the catheter EOA or the ELCo by
Doppler echocardiography, would appear to better reflect the
increased workload imposed by the stenosis on the ventricle
and, indeed, in multivariate analysis the ELCo is superior to
the Doppler EOA in predicting the occurrence of LV dysfunc-
tion and of adverse outcomes in these patients (19).

In summary, pressure recovery is a clinically relevant issue
in patients with smaller aortas (diameter less than 30 mm)
whereby echocardiography tends to overestimate AS severity
in these patients relative to American College of
Cardiology/American Heart Association guidelines. Indeed, it
would appear that the ELCo provides a more relevant estimate
of severity in these patients.

AS AND HYPERTENSION: PARTNERS IN

CRIME?
As mentioned, AS and hypertension are the two most frequent
cardiovascular diseases after CAD in the western world, and
30% to 40% of patients with AS concomitantly have hyper-
tension (22-25). The interaction between valvular and arteri-
al hemodynamics may affect the evaluation of AS severity and
the ensuing clinical conduct (15,26-28).

Hypertension may interfere with the assessment of AS
severity
Based on clinical experience and the results of recent studies
(15,26-31), it would appear that systemic arterial hypertension
may significantly interfere with the hemodynamic assessment
of AS severity. Indeed, hypertension may induce significant
changes in transvalvular flow rate. As well, an increase in

Figure 1) Schematic representation of the flow and static pressure
across the left ventricular outflow tract, aortic valve and ascending aor-
ta during systole. AA Aortic cross-sectional area; EOA Effective orifice
area (ie, the cross-sectional area of the vena contracta); LVSP Left
ventricular systolic pressure; MGnet Transvalvular pressure gradient
after pressure recovery (ie, net MG); MGvc Transvalvular pressure
gradient at the vena contracta; SAP Systolic aortic pressure; SAPvc
Systolic aortic pressure at the vena contracta; SV Stroke volume; SVi
Stroke volume index; Zva Vavulo-arterial impedance. Reproduced from
(26) with permission
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blood pressure will tend to markedly decrease (up to 40%) the
peak to peak gradient, which is one of the main measures of
AS severity used during cardiac catheterization. Hence, con-
founding results with regards to AS severity may be observed
in the same patient depending on blood pressure level.

The practical implication of these findings is that the pres-
ence of concomitant hypertension may result in a misclassifi-
cation of stenosis severity and that to our knowledge there is

no easy method to account for this phenomenon. In this con-
text, the following recommendations would therefore appear
reasonable: 

1. Blood pressure should be systematically recorded during

the echocardiogram in patients evaluated for AS; 

2. Serial evaluations should take into account if the

patient’s blood pressure level is within the same range

as the previous evaluation; and 

3. Doppler echocardiographic evaluation should be

performed when blood pressure control is optimal.

Hence, if the blood pressure is elevated at the time of

examination, it should ideally be repeated when blood

pressure treatment is considered to be optimal.

Concomitance of AS and hypertension: A double load for
the left ventricle
LV pressure overload caused by AS or systemic arterial hyper-
tension generally results in LV concentric hypertrophy, which
has been shown to be a strong independent risk factor for mor-
bidity and mortality (32,33). When AS coexists with hyper-
tension, the LV thus faces a double pressure overload and it is
possible that both factors add up to adversely affect LV func-
tion and patient outcome. The study of Antonini-Canterin et
al (24) demonstrated that hypertensive patients with AS
develop symptoms at an earlier stage of their disease compared
with normotensive ones, suggesting that both factors do
indeed add up. As well, we observed in an animal study that
despite a significant reduction in transvalvular gradient (relat-
ed to the concomitant decrease in flow rate), the LV systolic
wall stress was markedly increased during hypertension (29)
(Figure 2). In this context, a difficult and frequently encoun-
tered clinical problem is that of the occurrence of symptoms in
hypertensive patients having concomitant AS but whose
severity is considered to be only moderate. Hence, it becomes
difficult in this situation to delineate the responsibility of each
factor in causing symptoms as well as in determining the best
treatment and, in particular, if AVR would be beneficial. These
patients represent a challenge with regard to management
because they fall within the paradigm of a ‘symptomatic AS’
without having the criteria for severity warranting a surgical
intervention.

Although significant AS and hypertension may often
coexist in the same patient, their combined impact on the
occurrence of LV dysfunction, symptoms and adverse out-
comes is not well understood. Recently, we performed animal
and clinical studies to specifically examine the interaction
between AS and hypertension, as well as their impact on LV
afterload and function (25,29). Hypertension may be caused
by an increase in systemic vascular resistance (ie, systolo-
diastolic hypertension), a decrease in systemic arterial com-
pliance (SAC) (ie, systolic hypertension) or both
abnormalities. In a retrospective study of 208 patients with
AS (25), we found that reduced arterial compliance is fre-
quently observed (41%) and that it independently con-
tributes to the occurrence of LV dysfunction. Moreover, we
showed that AS severity may be underestimated in the pres-
ence of coexisting hypertension and, inversely, the presence
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Figure 2) Changes in catheter (Panel A) and Doppler (Panel B)
pressure gradients and in peak systolic LV wall stress (Panel C) in
24 pigs during induction of aortic stenosis (AS) and systemic hyperten-
sion (SH) (mild: AS+SH I; severe: AS+SH II). *Significant differ-
ence versus normal stage; †Significant difference between severe
stenosis + systemic hypertension (AS+SH I or AS+SH II) stages and
the severe stenosis (AS) stage. The error bars represent the standard
error of the mean. Adapted from (29) with permission
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of hypertension may be occulted by coexisting AS (29). This
‘pseudonormalization’ phenomenon probably explains the
underestimation of the prevalence of hypertension reported
in previous studies. Hence, in our study, 22% of the patients
with abnormally low SAC had a systolic arterial pressure
below 140 mmHg and would thus have been falsely classified
as having normal systemic arterial hemodynamics (25). This
pseudonormalization phenomenon is highly insidious
because, based on the indices currently used in clinical prac-
tice, patients having concomitantly severe AS and severely
reduced arterial compliance could be considered as having
only moderate AS and no or mild hypertension, when, in
fact, they have a markedly increased LV afterload as a result
of the double (valvular plus arterial) load and they are thus at
higher risk of developing LV dysfunction and symptoms. We
thus proposed a new index: valvulo-arterial impedance, cal-
culated by dividing the estimated LV systolic pressure (sys-
tolic arterial pressure + mean transvalvular gradient) by the
stroke volume index (25) (Figure 1). This index is an esti-
mate of global LV afterload and it represents the cost in
mmHg for each systemic millilitre of blood indexed for body
surface area pumped by the left ventricle during systole.
Providing that blood pressure is measured at the time of the
examination, it can be easily calculated from the Doppler
echocardiogram and it has been shown to be superior to the
standard indices of AS severity in predicting LV dysfunction
and patient outcomes. Indeed, a value of the valvulo-arterial
impedance greater than 5 mmHg/mL•m2 was independently
associated with a fourfold increase in the risk of LV systolic
dysfunction in a series of patients with at least moderate AS
(25), whereas in a series of patients with severe AS, a value
greater than 5.5 mmHg/mL•m2 was associated with a 2.5-fold
increase in the risk of overall mortality (34).

These findings are consistent with the concept that calcif-
ic AS is not an isolated disease of the valve but rather one
manifestation of an atherosclerotic process involving various
components of the vascular system including the aorta.
Hence, in many patients, the increase in global LV afterload
is not only due to the valvular stenotic process but to a
decrease in SAC. These findings thus strengthen the need for
a more comprehensive evaluation of AS severity going
beyond the classical measurements of stenosis severity, and
they also emphasize that patients with the combination of
AS and systolic hypertension represent both a diagnostic and
a therapeutic challenge. Indeed, the presence of symptoms
may be logically related to the degree of global afterload and
hence, patients with moderate AS may become symptomatic
because of the contribution of concomitant hypertension to
an increased afterload. In such patients, the logical first step
would be to treat their hypertension and then to re-evaluate
the situation. Traditionally, vasodilator therapy has been
considered contraindicated in patients with severe AS due to
the potential hypotensive effect of peripheral vasodilation
with fixed valvular obstruction. Recent studies, however, sug-
gest that flow rate can increase in response to a decrease in
total afterload, except in patients with very severe disease,
suggesting that medical therapy of hypertension may be ben-
eficial in AS patients (15,35). However, caution is needed,
especially in patients with severe AS. In these patients, it is
preferable to start antihypertensive medications at very low
doses and then progressively increase the dosage to a thera-
peutic level.

Further studies will be necessary to determine if, in symp-
tomatic AS patients with concomitant hypertension, signifi-
cant improvement in symptomatic status and outcome can be
achieved with the intensification of medical treatment alone.
Indeed, optimization of blood pressure levels may have its
limitations because AS patients often have reduced arterial
compliance, which may not be completely normalized by
treatment. Likewise, it may well be found that it is worth-
while to operate on some of these patients although their cri-
teria for AS severity do not meet current guidelines for
operation. The rationale behind this approach could be that
total afterload of these patients is markedly increased and
that any significant decrease in either the arterial load or the
valvular load may contribute to improve their prognosis and
well-being. If the surgical option was contemplated, one
would have to ensure that the projected operation would
achieve an optimal reduction in the valvular load. To this
effect, particular attention should be paid to avoid patient-
prosthesis mismatch (36).

LOW-FLOW, LOW-GRADIENT AS: 

A DIAGNOSTIC AND THERAPEUTIC

CHALLENGE
Patients with severe AS and reduced LV ejection fraction rep-
resent the most controversial and challenging subset of
patients with this disease. This entity is generally characterized
by the combination of an aortic valve EOA compatible with
severe disease (ie, 1.0 cm2 or less, or 0.6 cm2/m2 or less when
indexed for body surface area), a low transvalvular gradient
(eg, mean gradient less than 40 mmHg), and a low ejection
fraction (40% or less). Indeed, operative mortality for AVR in
these patients is high, ranging between 8% and 33% depend-
ing on the study (37-46). Moreover, this mode of presentation
also represents a diagnostic challenge because at the outset, it
is impossible to distinguish between patients having truly
severe AS (TS AS) from those having pseudosevere AS (PS
AS). In the former, the primary culprit is seen as being the
valve disease and the LV dysfunction as being a secondary phe-
nomenon, whereas in the latter, the predominating factor is
myocardial disease and AS severity is overestimated due to
incomplete opening of the valve in relation with more rigid
leaflets due to valve sclerosis and a decrease in the force of
opening imposed by the myocardium on the valve.
Unfortunately, the resting echocardiogram does not allow one
to distinguish between these two conditions. Yet, this distinc-
tion is essential because patients with TS AS and poor LV
function will generally benefit from AVR, whereas the patients
with PS AS may not necessarily benefit.

In patients with PS AS, the depression of myocardial con-
tractility is caused by a coexisting cardiomyopathy, the most
frequent being ischemic cardiomyopathy due to severe CAD.
The management of these patients should therefore be mainly
focused on the treatment of the cardiomyopathy. In patients
with TS AS, heart failure may be caused by excessive LV work-
load associated with severe AS and/or by a coexisting car-
diomyopathy. It should be mentioned that severe AS and
cardiomyopathy due to obstructive CAD are often present
concomitantly (47-51). This underlines the heterogeneity and
complexity of this condition and that although the
dichotomization of patients into two categories is convenient,
the classification of the individual patient may not always be as
easy as it may appear (42-46,52-54).
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Distinguishing between TS AS and PA AS: Role of dobut-
amine echocardiography
The evaluation of the changes in valve EOA and gradient dur-
ing a gradual infusion of a low dose of dobutamine may be
helpful in differentiating TS AS from PS AS (42-45,52-58).
Typically, the valve EOA increases significantly with increas-
ing flow in PS AS because the valve is semiflexible, whereas
one expects no or minimal increase in EOA and marked
increase in gradient when flow is increased in TS AS because
the valve is rigid (Figure 3). Several criteria have been pro-
posed in the literature to differentiate TS AS from PS AS,
including: a peak stress mean gradient greater than 30 mmHg,
a peak stress EOA 1.0 cm2 or less or less than 1.2 cm2, depend-
ing on the study, and an absolute increase in EOA of less than
0.3 cm2 during dobutamine stress echocardiography (DSE)
(42,44,52,57,58). However, the changes in gradient and EOA
during stress largely depend on the magnitude of flow augmen-
tation achieved during DSE, which may vary considerably
from one patient to another (52,53,59,60). This variability of
flow response to DSE may be due to multiple factors including
the degree of impairment of LV contractile reserve, the
chronotropic response to DSE, the use of medication (ie, beta-
blocker therapy) and the AS severity itself (53,61,62). The
EOA and gradient are therefore measured at flow conditions
that differ dramatically from one patient to another, and the
utilization of these indices, which are not normalized with
respect to flow increase, may be misleading (Figure 4A). To
overcome this important limitation, our group proposed a new
parameter: the projected valve EOA (EOAproj) at a normal
transvalvular flow rate (53). To do this projection, we selected
a standardized value of flow rate of 250 mL/s on the basis of
data reported in previous studies of patients with AS and nor-
mal LV function (59,63). For each patient, EOA is plotted
against transvalvular flow (Q) at each dobutamine stage, and
valve compliance (VC) is derived as the slope of the regression
line fitted to the EOA versus Q plot (Figure 4B); EOAproj is
calculated as: 

EOAproj = EOArest + VC × (250 - Qrest)

where EOArest and Qrest are the EOA and Q at rest (Figure 4).
The diagnostic accuracy of this new index was tested in the
context of the Truly or Pseudo Severe Aortic Stenosis
(TOPAS) multicentre prospective study of low-flow AS (53).
When compared with surgical findings, the percentage of cor-
rect classification was 83% when using a value of EOAproj
1.0 cm2 or less to separate TS AS from PS AS, and 91% when
using a value of indexed EOAproj 0.55 cm2/m2 or less. The per-
formance of the EOAproj was superior to that (percentages of
correct classification: 61% to 74%) of the other echocardio-
graphic indices usually utilized for this purpose. These results
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Figure 3) Usefulness of dobutamine stress echocardiography for the
evaluation of low-flow aortic stenosis (AS). AVR Aortic valve replace-
ment; EOA Valve effective orifice area; MG Mean transvalvular gradi-
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show that EOAproj can correct for important interindividual
variability in the flow response to DSE and thus allow an
assessment of AS severity under similar flow conditions (53).
Thus, this new index has the potential to improve the diag-
nostic accuracy of DSE to distinguish TS AS from PS AS in
patients with low-flow, low-gradient AS.

Contractile reserve: An important predictor of operative
risk
The assessment of LV contractile reserve is an essential aspect
of risk stratification in low-flow AS because patients with no
evidence of contractile reserve have a high risk of operative
mortality following AVR independently of the degree of valve
stenosis. In a multicentre French study (45), the presence of
contractile reserve on DSE, defined by a relative increase in
stroke volume of 20% or greater, was associated with a low
operative risk (operative mortality: 6%), whereas operative
mortality was very high (33%) in the absence of contractile
reserve (Figure 3). Nonetheless, in the subset of patients with
no contractile reserve who survived the operation, the postop-
erative improvement in the LV ejection fraction (17±11% ver-
sus 19±10%), as well as the two-year survival rate (90±5%
versus 92±7%) was as good as in the subset of patients with
contractile reserve (45). These findings suggest that the assess-
ment of contractile reserve by DSE is useful to estimate the risk
for operative mortality. Nonetheless, the absence of LV con-
tractile reserve should not preclude consideration of AVR in
symptomatic subjects with low-flow AS.

Usefulness of natriuretic peptides
Beyond echocardiographic parameters, other indices may be
useful for the assessment of LV functional impairment and for
risk stratification in low-flow AS. In the multicentre prospec-
tive study of low-flow AS (TOPAS study), the cumulative
one-year survival of patients with B-type natriuretic peptide
(BNP) 550 pg/mL or greater was only 47±9%, compared with
97±3% with BNP less than 550 pg/mL (P<0.0001) (46). In the
subset of patients undergoing AVR, postoperative one-year
survival was also markedly lower in patients with BNP
550 pg/mL or greater (53±13% versus 92±7%, P=0.02) and
operative mortality was twice as high (19% versus 8%). This
simple blood biomarker could therefore be highly useful to
improve risk stratification in patients with low-flow AS.
However, more data are required before BNP levels can be used
for therapeutic recommendations.

Management of patients with PS AS
Current wisdom suggests that patients with PS AS are
unlikely to benefit from valve replacement (12,54) and
should therefore be treated medically. However, there are no
prospective data showing that medical treatment is better
than surgical treatment in this situation. In fact, recent stud-
ies show that the two-year mortality rate in patients with PS
AS treated medically is very high (50% to 63%) and much
worse than that initially reported by deFillipi et al (52).
Hence, it cannot be excluded that AVR would not be benefi-
cial in patients with a theoretically ‘moderate’ AS but severe
LV dysfunction. Indeed, it is well known that a failing ventri-
cle is much more sensitive to a moderate increase in afterload
than a normal ventricle (64,65). Although there are no
direct data regarding this issue in the context of low-flow AS,

an analogy can, however, be made with recent studies show-
ing that moderate patient-prosthesis mismatch, which is a
postoperative equivalent to moderate native AS in terms of
LV afterload, has no significant impact on mortality in
patients with preserved LV systolic function, but a major
impact on mortality in patients with poor ventricular func-
tion (66-68). Hence, it cannot be excluded that relief of
valvular obstruction, even if only moderate by conventional
criteria, may have beneficial effects on morbidity and mortal-
ity in patients with PS AS.

New perspectives in the treatment of low-flow AS
The improvement in the clinical outcome of patients with
low-flow AS will, in large part, come from a better assess-
ment of stenosis severity and a better risk stratification as
described above. Furthermore, the optimization of the oper-
ative strategies should contribute to reduce the operative
mortality in the subset of patients treated surgically. To this
effect, several studies recently demonstrated a strong inter-
action between prosthesis-patient mismatch and depressed
LV function with regard to occurrence of heart failure as well
as to early and late mortality after AVR (66-69). As outlined
above, these findings are consistent with the fact that an
increased hemodynamic burden is less well tolerated by a
poorly functioning ventricle than by a normal ventricle. In
light of these recent data (66-68), every effort should be
made to avoid prosthesis-patient mismatch in the patients
with low-flow AS. The clinical implications of these find-
ings are important given that prosthesis-patient mismatch is
frequent (20% to 30%) after AVR and, as opposed to other
risk factors, it can largely be avoided or its severity can be
reduced with the use of a prospective strategy at the time of
operation (36,70-74).

PARADOXICAL LOW-FLOW AS DESPITE

NORMAL EJECTION FRACTION: A NEW

DISEASE PATTERN
The classical form of low-flow, low-gradient AS is character-
ized by the combination of low ejection fraction (40% or
less), a low cardiac output and transvalvular flow rate, and a
low transvalvular gradient despite the presence of a severely
reduced valve EOA. We recently reported that an important
proportion of the patients with severe AS on the basis of the
aortic valve EOA paradoxically have a low transvalvular flow
rate and a low gradient despite the presence of a preserved LV
ejection fraction (50% or greater) (34). We retrospectively
studied the clinical and Doppler-echocardiographic data of
512 consecutive patients with severe AS (indexed EOA 0.6
cm2/m2 or less) and preserved LV ejection fraction (50% or
greater). Of these patients, 331 (65%) had normal LV flow
output defined as a stroke volume index greater than
35 mL/m2 and 181 (35%) had paradoxically low-flow output
(PLF group) defined as stroke volume index 35 mL/m2 or less.
When compared with normal flow patients, PLF patients
were more likely to be female (P<0.05), had a lower trans-
valvular gradient (32±17 mmHg versus 40±15 mmHg;
P<0.001), a more pronounced LV concentric remodelling, a
lower LV diastolic volume index (52±12 mL/m2 versus
59±13 mL/m2; P<0.001), a lower LV ejection fraction
(62±8% versus 68±7%; P<0.001), a higher level of LV global
afterload reflected by a higher valvulo-arterial impedance
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(5.3±1.3 mmHg•mL–1
•m–2 versus 4.1±0.7 mmHg•mL–1

•m–2;
P<0.001), and a lower overall three-year survival (76% ver-
sus 86%, P=0.006) (Figure 5). Interestingly, the PLF patients
had similar transvalvular flow rate (180±039 mL/s versus
195±051 mL/s) compared with the patients included in the
TOPAS study (53), ie, the patients with the classical form of
low-flow AS with reduced LV EF (CLF patients) (Figure 5).
The valve EOA was significantly lower (0.42±0.11 cm2/m2

versus 0.46±0.08 cm2/m2) and the transvalvular gradient was
higher (32±17 mmHg versus 22±8 mmHg) in the PLF group
than in the CLF group, but there was a considerable overlap
between the groups. In fact, these two subsets of patients
(PLF and CLF) have very similar baseline characteristics
except for LV ejection fraction that is higher in the PLF
group (62±8%) than in the CLF group (30±8%) (Figure 5).
Finally, it is interesting to note that probably because of
underestimation of symptoms, only 50% of PLF patients are
referred for operation. Yet, the prognosis of the medically
treated patients is much worse than those treated surgically.
These data show that patients with severe AS on the basis of
valve EOA may nonetheless have low transvalvular flow and
low gradient despite normal LV ejection fraction. This PLF
pattern generally reflects an advanced stage of the disease
and is associated with a poorer prognosis, particularly if treat-
ed medically (34). Such findings have important implica-
tions because the condition is highly prevalent (35% of the
AS population) and may often be misdiagnosed, leading to
an erroneous choice of treatment.
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