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classification problem

Summary

Aortic stenosis (AS) is the most frequent valvular pathology and is one of the most
common indications of valve replacement surgery. Its main form of presentation is
calcified AS, whose prevalence increases proportionally with age. The indication of
aortic valve replacement (AVR) is clear when the echocardiographic parameters of
severity are coincident with each other and the patient presents symptoms, deterioration
of the left ventricular ejection fraction (LVEF) or other indication of cardiac surgery. But
with the advancement of diagnostic methods, new classifications of this condition have
emerged. The term “paradoxical low-flow, low-gradient aortic stenosis” appears, which
refers to the presence of an aortic valve area (AVA) <1 cm? or indexed AVA <0.6 cm?/m?,
associated with low transvalvular flow and gradients, but with preserved LVEF (>50%).
This combination of data leads to a discordant classification (AVA in range of severity,
medium gradient with values of mild to moderate disease). Due to the probability of
potential errors that could underestimate the AVA by Doppler echo, and the uncertainty
about the real meaning of this pathology, it is necessary to confirm the veracity of these
findings, to give a correct diagnosis and treatment to patients with this intriguing entity.
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Introduction

Aortic stenosis (AS) is the valvular pathology most frequently
encountered in clinical practice and is one of the most common
indications of valve replacement surgery.? Its main form
of presentation is calcified AS, whose prevalence increases
proportionally with age, affecting 2-7% of people over 65 years of
age.>* The indication of AVR is clear when the echocardiographic
parameters of severity are coincident with each other and the
patient has symptoms, deterioration of the left ventricular ejection
fraction (LVEF) or other indication of cardiac surgery (class I,
level of evidence B).>® But with the advancement of technology
and, consequently, of diagnostic methods, new classifications of
this condition have emerged. The term “paradoxical low-flow, low-
gradient aortic stenosis” (PLFLG AS) appears, which refers to the
presence of an aortic valve area (AVA) <1 cm2 (or indexed AVA
(AVAI) <0.6 cm?m?) associated with low transvalvular flow and
gradients, but with preserved LVEF (>50%). (7) This combination of
data, which can be found in up to 35% of patients with severe AS and
preserved LVEF, (7) leads to a discordant classification (AVA in range
of severity, medium gradient with values of mild to moderate).>*
The situation becomes even more complex when this subgroup of
patients presents symptoms and, in general, there is a tendency to
adduce potential errors that could underestimate the AVA by Doppler
echo and conservative behavior is chosen, ruling out the AVR as a
therapeutic option.” For the foregoing, the need to confirm the truth
of this finding is first imposed. If so, does this entity require to be
considered a conventional severe AS? The objective of this review
will be to try to answer these questions, after analyzing the various
aspects of this intriguing entity.

A new concept is born

The entity known as low-flow and low gradient “paradoxical”
aortic stenosis despite a conserved LVEF (PLFLG AS) was first
described in 2007 by Hachicha et al.,” who before the clinical

observation of the discordance between the echocardiographic
values in these patients, they conducted a retrospective study to
document the prevalence, pathophysiology and clinical relevance of
this phenomenon.” They collected data on 512 consecutive patients,
both symptomatic and asymptomatic, with a mean age of 7014
years (range from 22 to 100 years), with severe aortic stenosis (AVA
indexed < 0.6 cm*m?) and preserved LVEF (>50%). Of these patients,
331 (65%) had a normal stroke volume index (SVI) (> 35 ml/m?,
normal flow group (NF) (SVI: 36-68 ml/m?)), and 181 (35%) had
low flow (SVI<35 ml/m? paradoxical low flow group (PLF) (SVI:
14-35 ml / m?)). This last group, compared with the first group, had
a higher prevalence of females (p<0.05), lower mean transvalvular
gradient (p<0.001), lower LV diastolic volume index (p<0.001),
lower LVEF (p<0.001), a higher level of global afterload, reflected
in greater valvuloarterial impedance (Zva) (p<0.001) and greater age
(p=0.004). Both groups presented a similar prevalence of risk factors
and concomitant diseases. The follow-up time was 25+19 months and
the primary end point was overall mortality, regardless of whether
there was AVR or not. The PLF group showed a lower overall survival
at 3 years (76+4% vs. 86+3%, p=0.006, adjusted for age and gender:
p=0.045); in addition, within this subgroup, those treated medically
had a significantly lower survival compared to those who underwent
AVR (at 3 years, 584+8% vs. 934+3%, p=0.001, value adjusted for age
and gender: p=0.002). There were no significant differences (after
adjusting for sex and age) in overall survival between the NF and PLF
groups when they were medically treated (p=0.15). A total of 65% of
the patients in the NF group and 47% in the PLF group underwent
AVR. In the multivariate analysis, only age (hazard ratio (HR), 1.04,
95% CI, 1.01 to 1.08, p=0.025), Zva >5.5 mmHg /ml/m? (HR, 2.6,
95% CI, 1.2 to 5.7, p=0.017) and medical treatment (HR, 3.3, 95%
CI, 1.8 to 6.7, p=0.0003) they were associated independently with a
higher mortality. Thus, the AVR showed a highly protective effect.’

In this way, Hachicha et al.” delineated the characteristics of this
subgroup previously interpreted as echocardiographic inconsistencies
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and emphasized the underdiagnosis and subsequent underestimation
of symptoms in these patients, with less referral to AVR and the
resulting increase in mortality under medical treatment. They come
to the conclusion that this pattern is consistent with a more advanced
stage of the disease and has a worse prognosis.” Although one of the
questions that this new entity has received is the hypothesis of probable
measurement error in the left ventricular outflow tract (LVOT);!
later, invasive hemodynamic studies confirmed the existence of this
subgroup.!

Definition and diagnostic difficulties

A paradoxical low flow aortic stenosis is defined as that presented
with a AVA <1 cm? and a stroke volume index (SVI) <35 ml/m?, in the
presence of a preserved LVEF (>50%). (5-7) Due to the low flow status,
in these patients generally low transvalvular gradients (<40 mmHg)
are observed despite the presence of severe valvular stenosis and
preserved LVEF, hence the term “paradoxical”.”!? It is precisely this
discordant classification that leads to uncertainty about the indication
of AVR in this subgroup or, even worse, to the underestimation of the
severity of the stenosis.”®!? In addition, the lack of correlation between
the classification criteria may be related to several factors, such as
small patient body surface or errors in LVOT or velocity/gradient
measurement,'>!3 per what these possibilities must be excluded before
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making the diagnosis of paradoxical AS.%"* 1t is also important to
bear in mind that the presence of arterial hypertension at the time of
the study can lead to an erroneous diagnosis, since it could decrease
the transvalvular gradients,'*!> so the severity of the disease should
be re-evaluated when the patient reaches normal blood pressure
values.**!1® Transthoracic echocardiography tends to underestimate
the diameter of the LVOT partly due to its elliptical rather than
circular anatomy'”""’ since the smaller diameter of the elliptical section
is usually measured.”® Using 3D transesophageal echocardiography
(3D TEE), it is evident that the underestimation of the LVOT area
can be close to 20% in patients with AS, which leads to a significant
underestimation of the AVA.2'?? Similar data have been reported
using cardiac magnetic resonance (CMR) or multislice computed
tomography (MSCT) (Figure 1).2** Because of the above, we are
faced with an entity that can be underestimated by the presence of low
gradients, but that can also be overestimated, since in the presence of
low flow an aortic valve with moderate disease can present a AVA in
range of severity.” The great difficulty of diagnosing this pathology is
reflected in the diversity of complementary methods and the different
approaches adopted by the working groups that address this issue.
(26-29) In fact, because these patients usually have advanced age and
multiple comorbidities, even confirming the hemodynamic data, their
evaluation remains complex.®'*

Figure | Example of underestimation of the diameter of the left ventricular outflow tract (LVOT) using 2D echocardiography in a patient with aortic stenosis.?

(A) Parasternal long axis showing a diameter of the LVOT measured at the base of the insertion of the leaflets of 2.4 cm, resulting in a calculated aortic valve
area (AVA) of 0.9 cm2, consistent with severe aortic stenosis (AS); (B) Computed tomography (CT) in the same patient shows a non-circular LVOT, with
the same diameter of 2.4 on the minor axis plane. Using the real area of the LVOT by planimetry, the calculated AVA is |.1 cm2; (C) CT scan from a different
patient at the level of the aortic annulus.The annulus is elliptical with minor and major axis diameters of 2.4 cm and 3.0 cm, respectively; (D) Three-dimensional
transesophageal echocardiography images at the aortic annulus in the same patient also show the elliptical geometry with minor and major axis diameters of

2.4 cm and 2.8 cm, very similar to computed tomography.
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Characteristics of the subgroup
Epidemiology and clinical characteristics

The prevalence of PLF AS reported in the literature is very variable
and ranges between 3 and 30% approximately (Figure 2).”>3°32 This
entity is more frequent in elderly patients, predominantly in females,
probably due to the fact that patients of this age group are more
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prone to develop LV concentric remodeling (Figure 3).” In addition,
they most often present comorbidities such as hypertension, atrial
fibrillation (AF) or diabetes mellitus (DM) compared with patients
with severe aortic stenosis of high gradient (AS HG);>* and more
frequently exhibit concomitant coronary artery disease (CAD), so
they are less likely to be referred for AVR.>
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Figure 2 Prevalence of paradoxical low-flow AS, with low gradient or high gradient.?
NORMAL-LVEF NORMAL-LVEF LOW-LVEF
NORMAIL-FLOW, “PARADOXICAL” “CLASSICAL”
HIGH-GRADIENT LOW-FLOW, LOW-FLOW,

LOW-GRADIENT

DIASTOLE

SYSTOLE

LOW-GRADIENT AS

Figure 3 Different patterns of severe aortic stenosis (AS) according to flow, gradient and left ventricular geometry.®

LVEF, left ventricular ejection fraction.
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Echocardiographic characteristics

These patients typically show a pronounced concentric remodeling
of the left ventricle and consequently a small cavity of the same,
deterioration of the LV filling, increase of the arterial afterload and
reduction of the LV longitudinal shortening.”*!2323537 Although they
present LVEF within the normal range, previous studies show that
this parameter underestimates the degree of myocardial systolic
dysfunction in the presence of concentric remodeling.’>*® This can
be evidenced by more sensitive echocardiographic parameters,
such as the midwall fractional shortening or the global longitudinal
deformation, which in these cases show significant alteration of
systolic function,*?”3*# in relation to advanced myocardial fibrosis
predominantly in the subendocardium.?”%

It is important to clarify that although the low flow state is
generally associated with a low mean gradient (the gradient is a square
function of the flow), in cases of very severe stenosis, the PLF may be
associated with a high mean gradient despite the low SVI. This is why
some authors maintain that the PLF AS entity includes patients with a
low gradient (medium gradient <40 mmHg) (PLF LG) and others with
a high gradient (PLF HG).>"?

Complementary methods
Echocardiography
Classic parameters

The echocardiogram is, without a doubt, the most useful tool when
establishing the severity of valvular heart disease, which is why the
ESC/EACTS guidelines (European Society of Cardiology/European
Association for Cardio-Thoracic Surgery) and ACC/AHA (American
College of Cardiology/American Heart Association), among others,
consider it the method of choice for that purpose;>®2*#! which in turn
is crucial to define the surgical time.*> With the use of Doppler it
is possible to know the velocities at the level of the left ventricular
outflow tract (LVOT), and in this way we can apply the continuity
equation to estimate the AVA.* This parameter, together with the
velocity and the transvalvular gradients (peak and medium), constitute
the basis of the severity stratification of the AS.” However, in certain
occasions in which the values of these parameters are discordant
among themselves, there are other variables to be taken into account,
since they influence those previously mentioned.

Other parameters

At the pre-valvular level, the decrease in ventricular function
translates into low transvalvular gradients.? Although in patients
with PLF AS the LVEF by definition is in normal ranges, this does
not exclude intrinsic myocardial dysfunction.” Unlike the midwall
fractional shortening, LVEF is influenced both by intrinsic myocardial
function and by the geometry of the LV cavity.” This is why, for a
similar degree of myocardial intrinsic shortening, any parameter based
solely on endocardial displacement will tend to increase in relation
to the degree of concentric remodeling.* Therefore, it is common to
observe in patients with AS and significant concentric remodeling,
normal or even hypernormal LVEF, but may have incipient
myocardial dysfunction (evidenced by lower midwall fractional
shortening), which may contribute to low flow.”* Finally, the analysis
of myocardial deformation (strain - strain rate) may reveal subtle
alterations in myocardial contractility, even in the presence of normal
LVEF.32414445 At the valvular level, in addition to the AVA, the type of
condition (etiology, type of restriction, level of calcification or degree
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of fibrosis) can also have a role as a determinant of the gradients and
the calculations derived from them.* The energy loss index (ELI) is
a parameter that takes into account the recovery of pressure at the
level of the ascending aorta and, therefore, provides a more reliable
valvular gradient, avoiding the overestimation that could arise with
the continuity equation.”***’ Another useful tool is the ratio of LVOT/
Aorta velocity, which evaluates the degree of stenosis independently
of the flow. This parameter (Doppler Velocity Index) indicates how
many times the blood is accelerated when passing through the aortic
valve. A value of 0.25 is considered to correspond to severe AS, and
implies that the blood was accelerated 4 times due to AS.3?

With respect to the post-valvular factors, it has been established
that they play a fundamental role in the PLF AS.” At this point, the
conjugation of the echocardiographic data with the taking of blood
pressure during the obtaining of them, yields calculated parameters
of the utmost importance.”® Thus, systemic arterial compliance,
systemic vascular resistance and valvuloarterial impedance (Zva)
can be obtained.*® This last parameter represents the valvular and
arterial factors that oppose ventricular ejection (global afterload of
the LV) by the absorption of the mechanical energy developed by the
left ventricle.”* In simple words, it represents the cost in mmHg for
each ml of blood per body surface expelled by the LV.*? In turn, the
vascular load is represented by aortic stiffness, peripheral resistance,
systolic pressure and effective arterial elastance, which have a
negative impact on systolic function.”* In fact, it has been shown
that in patients with severe AS the longitudinal systolic function of
the LV shows an inverse relationship with afterload.’>* In this aspect,
Migliore et al.’ found that post-valvular factors play a substantial role
in the pathophysiology of PLF AS, and emphasize the importance of
routinely calculating the ratio of TSVI/Ao and Zva integrals.”’

Eco stress (with exercise or dobutamine at low doses)

Recently Clavel et al. demonstrated for the first time the usefulness
of stress echocardiography (with exercise or dobutamine) to confirm
the severity of stenosis in patients with PLFLG AS, thus being able
to differentiate true AS from pseudo severe AS in this subgroup. In
this work, they included 55 patients with severe PLFLG AS recruited
in the context of two prospective observational trials, TOPAS (True
Or Pseudo-Severe Aortic Stenosis) and EXERSA (Exercise Stress
Echocardiography in Aortic Stenosis),’** the projected aortic valve
area was used at a normal flow rate (AVAproj) (Figure 4) in order to
evaluate the severity of the stenosis.”® This parameter was initially
validated in the context of low-flow aortic stenosis and “classical” low
gradient.’’3 Because all stenosis parameters are flow dependent and,
in turn, the flow response to stress varies widely from one subject to
another, the projected AVA allows the AVA results to be standardized
according to the flow. A cut-off value <1 cm? for the AVAproj showed
a sensitivity of 92%, a specificity of 100% and a correct classification
percentage of 94% for the diagnosis of true PLFLG AS.» This
concept is reinforced by the fact that in those study patients who
underwent AVR in the three months after the stress echocardiogram,
the AVAproj showed a better correlation with the weight of the valve
than any other echocardiographic parameter of rest or stress.”> While
these results are promising and there were no adverse events during
stress echocardiography, the small number of patients included (n=55)
in this study represents a limitation for its routine application in this
subgroup; therefore, the viability and safety of this complementary
method will have to be evaluated in a wider range of patients with
PLFLG AS.»
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Figure 4 Formula used to calculate the projected AVA.»
AVA, aortic valve area; Q, transvalvular flow; Peak, peak of stress; Basal, at rest.
3D transesophageal echo (3D TEE)

One of the main difficulties in the echocardiographic assessment
of AS is the measurement of LVOT; and the 2D transthoracic echo
(2D TTE), assuming a circular morphology of it, could underestimate
the flow calculation. In contrast, 3D transesophageal echo (3D TEE) is
methodologically better than 2D to measure LVOT, so it is attractive
to use this method for an adequate classification of this valvular
disease. While this method yields promising data, more information is
required for its routine application.>?!

Cardiac magnetic resonance (CMR) and multislice computed
tomography (MSCT)

The CMR can be a complementary method of use in the correct
classification of AS and even to estimate the improvement of LV
function after AVR. In a recent study, Barone-Rochette et al.>*
analyzed a total of 128 patients (73+11 years of age, 75 men) with
AVAIi<0.6 cm?’m’> and LVEF>50% by echocardiography; who
underwent CMR to measure AVA by planimetry, SVI, LV mass and
focal fibrosis. They were divided by classic criteria into: normal flow/
high gradient (NFHG, n=69,54%); low flow/high gradient (LFHG,
n=28, 22%); normal flow/low gradient (NFLG, n=17,13%) and low
flow/low gradient (LFLG, n=14,11%). The area of the LVOT, the SVI
and the AVA showed good correlation between echocardiography and
CMR (1=0.7,0.61 and 0.65, respectively, p <0.001 for all). However,
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the AVA by planimetry (CMR) was higher in the groups with LG than
in the LFHG group, and the LV mass index was lower in the two
low-gradient groups than in the LFHG subgroup. All AS groups had
similar LV volumes, predominant concentric remodeling/hypertrophy,
and similar amounts of focal fibrosis.**

The CMR confirmed the overall accuracy of the
echocardiographic classification of AS, but demonstrated that AS
with LFLG and NFLG have higher AVA, less LV hypertrophy
and similar focal fibrosis compared to LFHG AS. In this way,
these authors found that half of the patients with severe PLG
AS present AVAi >0.6 cm*m? which puts into question the idea
that LFLG AS is a more advanced stage of aortic valve disease.**
These data are discordant with those previously obtained by Herrmann
et al.,”” who demonstrated through myocardial fibrosis CMR in
at least one segment in patients with severe LG AS, either with
depressed or preserved LVEF;? but in this work, the low gradient was
associated with a higher degree of fibrosis, decreased LV longitudinal
function and poorer clinical outcome, despite the preserved LVEF.
Late enhancement with gadolinium has been observed mainly in
the subendocardial layers of the basal segments;” incidentally,
longitudinal fibers are present mainly in the subendocardium and
are more susceptible to the effects of increased parietal tension and
ischemia under conditions of increased afterload. Therefore, the
hypothesis that patients with extensive fibrosis would be less likely
to show improvement in LV function after AVR is reasonable.
On the other hand, the MSCT, in addition to offering the planimetry
of the LVOT and the AVA, provides data on the valvular calcium
load; which, as has recently been demonstrated, in patients with AS
and discordance (LG and AVAi congruent with severity), is strongly
associated with severity. In this way, it would allow differential
diagnosis and help in the management of this complex subgroup
(Table 1).%

Elevated
Computed
Mean LV Stroke Assessment  Tomography
Gradient  LVEF Volume of Contractile AV Calcium
Type of Aortic Stenosis  (mm Hg) (%)  Index (ml/m?) Reserve Score
Normal flow high gradient =40 =50 >35 - -
Normal flow and =40 <50 >35 - -
gradient, low EF
Classical low flow, <40 <50 =35 + -
low gradient
Paradoxical low flow, <40 =50 =35 4f- n
low gradient
Pseudoaortic stenosis <40 <50 =35 - -

Table | Subtypes of aortic stenosis and utility of complementary methods?
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Conclusion

This entity reinforces the need for a more complete assessment
of the severity of AS, which goes beyond the classical measures, to
include parameters that are less dependent on flow. A more complete
assessment of LV function should be performed and not be based
solely on parameters that reflect displacement of the endocardium.
In short, there is no isolated value, despite the great utility of
the transvalvular gradient, which can predict the need for valve
replacement or appearance of symptoms. Given the intense debate
about the indication of AVR in patients with PLFLG AS, and even
the questioning of its severity, it is evident that the only way to avoid
this limitation is through the use of data from controlled, prospective
and randomized clinical trials that allow determine the true severity
of this pathology.
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