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ABSTRACT

OBJECTIVES This study sought to assess the survival benefit associated with aortic valve replacement (AVR) according

to different strata of echocardiographic parameters of aortic stenosis (AS) severity, and especially in patients with an

aortic valve area (AVA) comprised between 0.8 cm2 and 1 cm2.

BACKGROUND Discordant findings between AVA (#1.0 cm2) and mean gradient (MG) (<40 mm Hg) raise uncertainty

regarding the actual severity of AS. Some studies suggested that the AVA threshold value to define severe AS should be

decreased to 0.8 cm2 to reconcile these discordances.

METHODS A total of 1,710 patients with documented moderate to severe AS by Doppler echocardiography were

separated into 4 strata of AS severity based alternatively on AVA, indexed AVA, MG, or peak aortic jet velocity (Vpeak). We

compared the survival rates of medically versus surgically treated patients. To eliminate covariate differences that

may lead to biased estimates of treatment effect, a propensity matching with a greedy 5-to-1 digit-matching algorithm

was used.

RESULTS Mean AVA was 0.9 � 0.3 cm2, mean MG 33 � 18 mm Hg, and mean Vpeak 3.6 � 0.9 m/s. A total of 1,030

(60%) patients underwent AVR within 3 months following echocardiographic evaluation. During a mean follow-up of

4.4 � 3.0 years there were 469 deaths. Patients with an AVA between 0.8 cm2 and 1.0 cm2 had a significant observed

survival benefit with AVR (hazard ratio: 0.37 [95% confidence interval: 0.21 to 0.63]; p ¼ 0.0002). AVR was also

associated with improved survival in patients with MG between 25 mm Hg and 40 mm Hg or Vpeak between 3 m/s and

4 m/s, but only in patients with concomitant AVA #1 cm2 (p ¼ 0.001 vs. p ¼ 0.46 in patients with AVA >1 cm2).

CONCLUSIONS These results do not support decreasing the AVA threshold value for severity to 0.8 cm2 and they

confirm that AVR is associated with improved survival in a substantial number of patients with discordant aortic grading.

(J Am Coll Cardiol Img 2016;9:797–805) © 2016 by the American College of Cardiology Foundation.

A ccording to American and European guide-
lines (1–3), severe aortic stenosis (AS) is
defined by several echocardiographic criteria

including aortic valve area (AVA) #1 cm2, indexed
AVA (AVAi) #0.6 cm2/m2, mean gradient (MG) $40
mm Hg, and peak aortic jet velocity (Vpeak) $4 m/s.
However, up to 30% of patients with AS present
with discordant echocardiographic parameters of AS
severity. The most frequent discordant grading

pattern is an AVA #1 cm2 and/or AVAi #0.6 cm2/m2

(indicating a severe disease) with an MG <40 mm Hg
and/or Vpeak<4m/s (rather consistent with amoderate
disease) (4–7). In that situation, uncertainty remains
regarding the actual AS severity and whether or not
to refer the symptomatic patient to aortic valve
replacement (AVR).

Although discordance (i.e., small AVA/AVAi but
low MG/Vpeak) in severe low-flow AS, with or without
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preserved ejection fraction, is accepted, the
possibility of discordance in severe AS
with normal flow is highly controverted.
Nevertheless, discordant echocardiographic
grading of AS severity in a normal flow patient
may be related to multiple factors including
measurement errors (3,8), small body size,
reduced arterial compliance (7,9), or inherent
discordance betweenAVA/AVAi andMG/Vpeak

cutpoints used for the definition of severe AS
(5). With regards to the latter factor, it has
been demonstrated that, from a hemody-
namic standpoint, an MG of 40 mm Hg does
not correspond to an AVA of 1.0 cm2 but rather

to an AVA of 0.8 cm2 (5). Hence, to reconcile the
AVA/AVAi and MG/Vpeak criteria to define severe AS,
some authors have proposed to lower the AVA cutpoint
from 1.0 to 0.8 cm2 (5,10,11). However, survival studies
have reported that an AVA #1.0 cm2 is the most
powerful and sensitive predictor of death (12).

Furthermore, AVR is associated with better survival in
symptomatic patients with AVA #1.0 cm2 and low MG
(<40 mm Hg) (6,13,14). However, no previous study
has assessed the benefit of AVR according to the
different echocardiographic criteria proposed in the
literature. The primary objective of this studywas thus
to assess the survival benefit associated with surgical
AVR according to different strata of echocardiographic
parameters of AS severity. The secondary objective
was to assess the survival benefit associated with
AVR in patients with discordant aortic grading and
normal flow.

METHODS

POPULATION. All adult patients who underwent a
comprehensive Doppler echocardiographic examina-
tion for moderate to severe aortic valve stenosis
(AVA #1.5 cm2) at our center between 2000 and 2012
were eligible for this study. Patients with a history of
rheumatic valve disease or endocarditis, life-
threatening comorbid conditions at diagnosis, more
than mild aortic regurgitation (i.e., vena contracta
$3 mm, regurgitant volume $30 cc, regurgitant
fraction $30%, and/or regurgitant effective orifice
area $0.1 cm2) (15), mild mitral stenosis (mitral valve
area #1.5 cm2 or MG $5 mm Hg) (3), and/or mild
mitral regurgitation (vena contracta $3 mm, regur-
gitant volume $30 cc, regurgitant fraction $30% or
regurgitant effective orifice area $0.2 cm2) (16), or
any other valve disease or prior valve replacement
were excluded.

We also excluded patients who underwent any
concomitant intervention except coronary artery
bypass graft (CABG) at the time of AVR (including
aortic root replacement, mitral annuloplasty, and so
forth); and patients who underwent transcatheter
AVR because the aim of this study was to assess the
benefit of surgical AVR. Clinical, Doppler echocar-
diographic, and operative data were prospectively
collected in consecutive patients and were retro-
spectively analyzed.

DOPPLER ECHOCARDIOGRAPHIC MEASUREMENTS.

Left ventricular (LV) dimensions, mass, and left
ventricular ejection fraction (LVEF) were measured
according to recommendations of the American
Society of Echocardiography (17). Measurement of the
LV outflow tract, Vpeak, and time velocity integrals
allowed calculation of stroke volume, MG by modified
Bernoulli formula, and AVA by the continuity equa-
tion. AVA and stroke volume were indexed to body
surface area. Normal LV function and flow was
defined as LVEF $50% and stroke volume index
>35 ml/m2. To minimize measurement error as a
potential cause of discordance, we excluded subop-
timal echocardiograms.

THERAPEUTIC MANAGEMENT AND OUTCOMES. All
patients who underwent AVR within 3 months after
baseline echocardiographic evaluation were classified
in the AVR treatment group. In all patients of this
group, the decision to refer the patient to AVR was
decided by the treating physician before or at the
time of echocardiographic evaluation. Patients who
did not undergo AVR (n ¼ 627) or who underwent AVR
>3 months (n ¼ 53 with medical mean follow-up of
4.4 � 3.0 years) after echocardiographic evaluation
were classified in the medical treatment group. In
patients with delayed AVR (i.e., >3 months), only
medical follow-up was taken into account (i.e.,
follow-up was censored at that time of AVR). Mor-
tality data were obtained from the Institut National
de la Statistique du Québec. The follow-up data were
complete for all patients.

STATISTICAL ANALYSES. Results are expressed as
mean � SD or percentages. Differences between
groups were analyzed with the use of the 2-sided
Student t test for continuous variables, with the
Wilcoxon rank sum test for ordinal variables and the
chi-square test of Fisher exact test for categorical
variables as appropriate.

We grouped patients into strata according to their
levels of echocardiographic parameters. Numbers of
strata were decided to have sufficient statistical
power for the multivariate survival analysis. Each
echocardiographic parameter (AVA, AVAi, MG, and
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ABBR EV I A T I ON S

AND ACRONYMS

AS = aortic stenosis

AVA = aortic valve area

AVAi = indexed AVA

AVR = aortic valve

replacement

CABG = coronary arteries

bypass graft

CI = confidence interval

LV = left ventricular

MG = mean gradient

Vpeak = peak aortic jet velocity
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