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EDITORIAL COMMENT
Discordant Low-Gradient Aortic
Stenosis With Preserved Left
Ventricular Ejection Fraction
Setting the Record Straight*
Philippe Pibarot, DVM, PHD, Marie-Annick Clavel, DVM, PHD
L ow-gradient (LG) aortic stenosis (AS) is one of
the most challenging valvular heart disease
entities.1,2 The main diagnostic challenge

posed by LG-AS is that these patients present with
discordant grading at transthoracic echocardiography
with an aortic valve area (AVA) and indexed AVA be-
ing in the severe range (<1.0 cm2 and <0.6 cm2/m2,
respectively) but a peak aortic jet velocity and mean
transvalvular pressure gradient being non-severe
(<4 m/s and <40 mmHg, respectively). This situation
raises uncertainty about the true severity of the ste-
nosis and thus about the indication of aortic valve
replacement (AVR) if the patient is symptomatic
and/or has reduced left ventricular (LV) ejection frac-
tion (LVEF <50%). Previous studies and both the
American3 and European guidelines4 have identified
3 categories or patterns of LG-AS: 1) Classical low-
flow, LG-AS characterized by a LVEF <50% and gener-
ally a low-flow state defined as a stroke volume
index <35 ml/m2; 2) Paradoxical low-flow, LG-AS
characterized by a preserved LVEF ($50%) but never-
theless a low-flow state; 3) Normal-flow LG-AS with
preserved LVEF and normal flow on the basis of
stroke volume index ($35 ml/m2).

In the multicenter study published in this issue of
JACC: Advances, De Azevedo et al5 analyzed the
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outcomes of patients with discordant low-gradient
severe AS (DLG-SAS), ie, patients with LG-AS and
preserved LVEF, regardless of their flow status: low or
normal. So, this DLG-SAS group included both pa-
tients with paradoxical low-flow LG-AS and those
with normal-flow LG-AS. They then compared the
outcome of the patients with DLG-SAS vs those with
moderate AS (MAS) and those with high-gradient se-
vere AS (HG-SAS). This analysis was conducted in the
whole cohort that included 2,582 patients and in the
subset of unoperated patients (n ¼ 1,812). The main
findings of this study5 are the following: 1) The sur-
vival of the DLG-SAS group was intermediate between
MAS and HG-SAS: ie, worse than MAS but better than
HG-SAS. 2) As expected, at comparable mean
gradient, the lower the AVA and indexed AVA, the
worse the prognosis, and vice versa, at comparable
indexed AVA, the higher the gradient, the worse the
prognosis. In light of these findings, the authors
concluded that DLG-SAS is an intermediate form of
the aortic valve disease continuum. The authors
should be commended for conducting this multi-
center study in a large series of patients with DLG-AS
and preserved LVEF. This study confirms and ex-
pands the knowledge on risk stratification of this
challenging entity of DLG-SAS with preserved LVEF.
There are, however, several limitations in this study,
which merit to be highlighted and discussed.

FLOW MATTERS IN LOW-GRADIENT AORTIC

STENOSIS WITH PRESERVED LEFT

VENTRICULAR EJECTION FRACTION

In both the European and American guidelines,3,4

there is a clear distinction between paradoxical
(ie, preserved LVEF) low-flow LG-AS and normal-flow
LG-AS. The reason for this distinction is that these
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2 entities have different implications in terms of
prognosis and therapeutic management. For the first
group, paradoxical low-flow LG-AS, there is, indeed, a
Class I (American guidelines) or IIa (European
guidelines) indication of AVR if AS severity is
confirmed to be severe, whereas for the second group,
normal-flow LG-AS, the European guidelines state
that AS is unlikely to be severe and do not provide
any recommendation for AVR and the American
guidelines do not even mention or address this subset
of patients. Several studies and meta-analyses have
reported that low-flow state is a marker of worse
prognosis and that patients with paradoxical low-
flow, LG-AS have therefore reduced survival
compared to those with normal-flow LG-AS.6-10

Furthermore, the proportion of patients with true-
severe AS is, as expected, much higher in paradoxi-
cal low-flow than in normal-flow LG-AS. These
studies also reported that LG-AS patients with evi-
dence of true-severe stenosis benefit of AVR,
regardless of their flow status: normal or low.6-10

Given that in most analyses conducted in the pre-
sent study, all patients with LG-AS and preserved
LVEF were pooled together into the same group (DLG-
SAS), this study does not allow answering to the key
question of what is the prognosis of paradoxical low-
flow vs normal-flow LG-AS as identified and distin-
guished in the guidelines and how we should risk
stratify and treat these 2 different subtypes of LG-AS.
In the online supplement, the authors, however,
present the comparison of the outcomes of DLG-SAS
with low-flow (ie, paradoxical low-flow LG-AS) vs
those with normal flow (ie, normal-flow, LG-AS). It is
somewhat surprising to see that there was only a
trend for higher mortality in low-flow DLG-SAS group
vs normal-flow DLG-SAS. Numerous studies and
meta-analyses indeed reported that as expected, low-
flow state is a powerful marker of worse prognosis in
AS and other valvular heart diseases.6,11 It would also
had been interesting to compare these 2 subgroups of
LG-AS (paradoxical low-flow and normal-flow LG-AS,
as described in the guidelines, vs MAS and HG-SAS
groups).
CONFIRMATION OF STENOSIS SEVERITY IS

KEY IN LOW-GRADIENT AORTIC STENOSIS

One major issue with regard to the terminology and
classification used by the authors to describe the
study group is the label: ‘DLG severe’ AS (DLG-SAS),
which, de facto, implies that all patients in this group
have severe AS. However, it is likely that a large
proportion of these patients with DLG-SAS, in fact,
had pseudo-severe, that is, non-severe AS. Both the
American and European guidelines recommend per-
forming non-contrast computed tomography (CT) to
quantitate aortic valve calcification and therefore
differentiate true-severe vs non-severe AS, particu-
larly in patients with paradoxical low-flow, LG-AS.3,4

The adjudication of AS severity is extremely impor-
tant in patients with LG-AS, regardless of LVEF (low
or preserved) or flow (low or normal), because 30 to
50% of these patients actually have “pseudo-severe”
AS and thus no indication for AVR. In the present
study, there was no confirmation of the actual
AS severity and the authors pooled together patients
with true-severe and those with pseudo-severe AS. It
is thus not surprising that this pooled subset of pa-
tients, which includes probably 60% severe and 40%
moderate AS, displays a prognosis that is intermedi-
ate between HG-SAS patients (100% severe) and those
with concordant moderate AS (100% moderate). The
important question, which remained unanswered in
this study, is thus: what is the prognosis of true-
severe LG-AS vs HG-SAS and MAS, especially when
treated conservatively. It is likely that the true-severe
LG-AS group would have a prognosis similar or worse
than those with HG-SAS, whereas those with non-
severe LG-AS would have a prognosis similar to the
MAS group.
ALGORITHM FOR THE MANAGEMENT OF

LOW-GRADIENT AORTIC STENOSIS

In light of the data published in the literature,
including in the present study, and of the recom-
mendations presented in the guidelines, we would
like to propose the following algorithm for the man-
agement of LG-AS (Figure 1): Step 1: Confirm the ac-
curacy of the transthoracic echocardiography
measurements of LVEF, stroke volume, AVA, and
gradient. Step 2: Determine the LVEF/flow status:
1) Classical low-flow, LG-AS with reduced LVEF;
2) Paradoxical low-flow, LG-AS with preserved LVEF;
3) Normal-flow, LG-AS. Step 3: Confirm the actual AS
severity using low-dose dobutamine stress echocar-
diography in patients with reduced LVEF and CT
aortic valve calcium scoring in those with preserved



FIGURE 1 Algorithm for the Management of Low-Gradient Aortic Stenosis

The question mark ? indicates that this proposed recommendation is not included in current guidelines and will require further validation in

future studies. AS ¼ aortic stenosis; AVA ¼ aortic valve area; AVAi ¼ indexed AVA; AVR ¼ aortic valve replacement; LG-AS ¼ low-gradient AS;

LVEF ¼ left ventricular ejection fraction; Mean DP ¼ mean transvalvular pressure gradient; SV ¼ stroke volume; SVi ¼ SV index;

TTE ¼ transthoracic echocardiography.
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LVEF. Although severe AS is less likely in normal-flow
than in low-flow LG-AS, it is reasonable to perform CT
and eventually consider AVR in symptomatic patients
with bona fide normal-flow LG-AS with severe
aortic valve calcium score ($1,200 AU in women
and $2,000 AU in men) (Figure 1).
In summary, the authors lumped together in a
single heterogeneous group of patients labeled
DLG-SAS, several subsets of patients (ie, paradoxical
low-flow LG-AS, normal-flow LG-AS, pseudo-severe
LG-AS, and true-severe LG-AS), which have different
distribution of moderate vs severe AS severity and
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different outcomes. Hence, the finding that the
outcome of the DLG-SAS group is intermediate be-
tween HG-SAS and MAS is not surprising and is ex-
pected. On the other hand, this study does not allow
identifying which subset of patients, within this
heterogeneous group of patients, is at higher risk of
adverse outcomes and should be referred to AVR. The
results of the present study underlines the impor-
tance of going beyond the AVA, gradient and LVEF in
patients with LG-AS and of considering additional
important factors such as flow status and stenosis
severity (Figure 1), when assessing the risk of adverse
outcomes and determining the optimal timing and
type of treatment in patient with LG-AS. Hence,
further studies are now needed to determine what is
the outcome and impact of AVR in patients with
LG-AS and preserved LVEF, according to flow (low vs
normal) and confirmed AS severity (true-severe vs
non-severe).
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