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Aims We reported that patients with small aortic valve area (AVA) and low flow despite preserved left ventricular ejection
fraction (LVEF), i.e. ‘paradoxical’ low flow (PLF), have worse outcomes compared with patients with normal flow
(NF), although they generally have a lower mean gradient (MG). The aortic valve weight (AVW) excised at the time of
valve replacement is a flow-independent marker of stenosis severity. The objective of this study was to compare the
AVW of patients with PLF and MG,40 mmHg with the AVW of patients with NF and MG≥40 mmHg.

Methods
and results

We recruited 250 consecutive patients undergoing valve replacement (Cohort A) for severe stenosis. Among them,
33 (13%) were in PLF [LVEF . 50% but stroke volume index (SVi) ≤ 35 mL/m2] with MG , 40 mmHg (PLF-LG group)
and 105 (42%) were in NF (LVEF . 50% and SVi . 35 mL/m2) with MG ≥ 40 mmHg (NF-HG group). Despite a much
lower MG (29+7 vs. 53+10 mmHg; P , 0.0001), patients in the PLF-LG group had a similar AVA (0.73+0.12 vs.
0.69+0.13; P ¼ 0.19) compared with those in the NF-HG group. The AVW [median (interquartile): 1.90 (1.63–2.50)
vs. 2.60 (1.66–3.32)] and prevalence of bicuspid phenotype (15 vs. 42%) were lower in the PLF-LG group than in the
NF-HG group. However, AVWs analysed separately in the tricuspid and bicuspid valves were similar in both groups [tricus-
pid valves: 1.80 (1.63–2.50) vs. 2.30 (1.58–3.00) g; P ¼ 0.26 and bicuspid valves: 2.72 (1.73–3.61) vs. 2.60 (2.10–3.55) g;
P ¼ 0.93]. When using cut-point values of AVW established in another series of non-consecutive patients (n ¼ 150,
Cohort B) with NF and concordant Doppler-echocardiographic findings, we found that the percentage of patients with
evidence of severe stenosis in Cohort A was 70% in patients with PLF-LG and 86% in patients with NF-HG.

Conclusion The aortic valve weight data reported in this study provide evidence that a large proportion of patients with PLF and
low-gradient have a severe stenosis and that the gradient may substantially underestimate stenosis severity in these
patients. A multi-parametric approach including all Doppler-echocardiographic parameters of valve function as well as
other complementary diagnostic tests may help correctly identify these patients.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Aortic stenosis † Low flow † Echocardiography † Surgery

Introduction
A previous paradigm was that patients with severe aortic stenosis
(AS) and preserved left ventricular ejection fraction (LVEF) should

necessarily haveahigh transvalvular gradient.However,wepreviously
reported that a substantial proportion of patients with severe AS on
the basis of aortic valve area (AVA) (i.e.≤1.0 cm2 and indexedAVA ≤
0.6 cm2/m2) may develop a restrictive physiology and myocardial
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dysfunction resulting in lower LV outflow and thus often lower than
expected transvalvular gradients despite the presence of a preserved
LVEF, and this clinical entity was labelled ‘paradoxical’ low-flow (PLF)
AS. Several studies reported thatpatientswith PLFAShavea40–50%
lower referral to aortic valve replacement (AVR) compared with
those with the more classical normal-flow (NF), high-gradient
pattern of AS, likely due to underestimation of stenosis severity in
light of the relatively low gradient.1 –3 Yet, these patients generally
have worse prognosis compared with those with NF and high gradi-
ent.1,2,4,5 A sub-study from the SEAS trial, however, suggested that
patients with PLF AS have similar outcomes compared with those
with moderate AS and NF.6 Hence, there are some uncertainties
and debates regarding the actual severity of the stenosis and the rele-
vance of AVR in the subset patients with PLF low-gradient (PLF-LG)
AS. The weight of the valve explanted at the time of AVR has been
proposed as a flow-independent marker that can be used a posteriori
to corroborate stenosis severity.7,8

The objectives of this study were thus: (i) to determine the most
appropriate cut-point values of the aortic valve weight (AVW) to
identify haemodynamically severe stenosis in men and women; (ii)
to compare the AVW in patients with PLF-LG AS vs. those with
normal flow and high gradient (NF-HG), i.e. patients with known
severe AS; and (iii) to assess AS severity of patients with PLF-LG
AS with the use of the AVW.

Methods
Among 250 consecutive patients undergoing AVR (Cohort A), we ana-
lysed the clinical, Doppler-echocardiographic, natriuretic peptides, and
AVW data in patients with PLF-LG and patients with NF-HG. The
primary indication for surgery was the presence of severe AS documen-
ted by an AVA ≤ 1.0 cm2 and indexed AVA ≤ 0.6 cm2/cm2. Patients with
a historyof rheumatic disease, endocarditis, and inflammatory diseases as
well as patients with aortic valve regurgitation, mitral valve regurgitation,
or stenosis grade . mild were excluded.

We also analysed the Doppler-echocardiographic and AVW data in a
group of 150 non-consecutive patients (Cohort B) with moderate or
severe AS, normal LVEF, and NF undergoing AVR+ coronary artery
bypass graft surgery. This cohort served as a reference group to deter-
mine the optimal cut-point values of AVW for the identification of
haemodynamically severe AS.

Clinical data
Clinical data included age, gender, documented diagnosis of hypertension
[patients receiving antihypertensive medications or having known, but
untreated, hypertension (blood pressure ≥140/90 mm Hg)], obesity
(body mass index ≥30 kg/m2), dyslipidaemia (patients receiving choles-
terol lowering medication or, in the absence of such medication, docu-
mentation of plasma LDL cholesterol level .6.2 mmol/L), diabetes
(fasting glucose ≥7 mmol/L), and coronary heart disease (history of
myocardial infarction, coronary artery stenosis on preoperative, or pre-
vious coronary angiography). The aortic valve phenotype (i.e. bicuspid vs.
tricuspid) was assessed by the surgeon at the time of AVR.

Laboratory data
Blood samples were drawn before surgery and plasma NT pro-BNP was
determined by a commercially available enzyme-linked immunosorbent
assay (USCN Life Science Inc., Wuhan, China). Creatinine was also
measured.

Doppler echocardiography
All patients underwent a comprehensive Doppler-echocardiographic
exam within 3 months of AVR. Left ventricular dimensions were measured
according to the recommendations of the American Society of Echocardi-
ography. Left ventricularejection fractionwasmeasuredwith theuseof the
Simpson biplane method. Doppler echocardiographic measurements
included the LV stroke volume, AVA using the continuity equation,
and transvalvular gradients using the modified Bernoulli equation. We
paid particular attention to search for the highest peak transvalvular
velocity with the use of multi-window continuous-wave Doppler interro-
gation. The Doppler-echocardiographic measurement of LV outflow tract
stroke volume was corroborated by the 2D volumetric method.

From patients in Cohort A (250 patients, 164 men, 86 women), we
identified 105 patients with normal LVEF (≥50%), NF [stroke volume
index (SVi) . 35 mL/m2] and high mean gradient (MG) (≥40 mmHg)
(NF-HG group) and 33 patients with normal LVEF, low flow (SVi ≤
35 mL/m2) and low MG (,40 mmHg) (PLF-LG group) (Figure 1).

Systemic arterial compliance was calculated as the ratio of SVi to the
pulse pressure. As a measure of global LV afterload, we calculated the
valvulo-arterial impedance by dividing the sum of systolic blood pressure
and mean transvalvular gradient by the SVi.

All patients in Cohort B had normal LVEF (≥50%) and flow (SVi .

35 mL/m2). Among the 150 patients in this cohort, 127 (88 men and 39
women) underwent AVR for severe AS defined as AVA ≤ 1 cm2,
indexed AVA ≤ 0.6 cm2/m2, and MG ≥ 40 mmHg, and 23 (15 men and
8 women) underwent coronary artery bypass grafting (CABG) with
concomitant AVR of moderate AS defined as AVA.1 cm2, AVA .

0.6 cm2/m2, and MG ,40 mmHg.

Weight of explanted aortic valves
Each valve excised at the time of surgery was analysed by one of three
pathologists. As part of an ongoing research protocol (PROGRESSA
Study, ClinicalTrials.gov Identifier: NCT01679431), two cusps (or one
cusp if bicuspid valve) were placed in a container filled with HEPES solution
and one cusp was placed in RNA later (Ambion Inc., Austin, TX, USA) for
subsequent analyses. The cusps and small fragments (if any) in HEPES solu-
tionwereremovedfromthecontainer, placedonabsorbingpaper, andthen
weighed the same laboratory scale that has an accuracy of +0.01 g. The
weight of the cusp placed in RNA later was obtained by subtracting the
knownweightof theemptycontainerandRNAlater solution fromthemea-
sured total weight of the container + solution + cusp. The total AVW was
thendeterminedbyadding theweightsof thecusps/fragments inHEPESand
in RNA later. We used the data of Cohort B to determine the optimal
cut-point values of AVW to identify severe AS and we then applied these
cut-point values in Cohort A to corroborate the severity of AS.

Statistical analysis
Results are expressed as mean+ SD, median (interquartile), or percen-
tages when appropriate. Continuous variables were tested for normality
by the Shapiro–Wilk test. Aortic valve weight, NT pro-BNP, and creatin-
ine were not normally distributed. We used a natural logarithm trans-
formation to normalize AVW and NT pro-BNP. Differences between
NF-HG and PLF-LG groups were analysed with the use of t-test or
Wilcoxon rank sum test for continuous variables as appropriate, and
the Chi-square test or the Fisher exact tests for categorical variables as
appropriate. All subsequent analyses of AVWor NT pro-BNPas continu-
ous variables were performed with the use of logarithm-transformed
variables. The relationship between AVW and echocardiographic para-
meters of stenosis severity was assessed with the use of the Pearson cor-
relation coefficient. Receiver operating characteristic (ROC) curves
were used to determine the best cut-point values of AVW to identify
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severe AS. A P-value ,0.05 was considered statistically significant. Stat-
istical analyses were performed with the use of JMP 9.0.0 software.

Results

Preoperative data (Cohort A)
There was no difference in baseline clinical characteristics between
the NF-HG and PLF-LG groups, except for the prevalence of dyslipi-
daemia and coronary artery disease that were higher in PLF-LG
patients (Table 1). Notwithstanding a normal LVEF, stroke volume
and flow rate were lower in the PLF-LG patients than in the
NF-HG patients. Patients in the PLF-LG group also had smaller LV
end-diastolic volume index and LV mass index. As expected, patients
in the PLF-LG group had lower gradients despite a similar AVA and
indexed AVA compared with patients in the NF-HG group. The
valvulo-arterial impedance was higher in the PLF-LG group than in
the NF-HG group (Table 1). Although they had a lower gradient,
patients in PLF-LG had a similar (P ¼ 0.82) level of NT pro-BNP com-
pared with those in the NF-HG group [863 (584–1224) vs. 778
(535–1295); respectively], even after adjustment for coronary
artery disease and creatinine level (P ¼ 0.21).

Operative data (Cohort A)
The AVW was similar (P ¼ 0.28) in patients who underwent con-
comitant CABG [2.30 (1.55–2.80) g] vs. those who did not [2.40
(1.63–3.30) g]. There was a strong trend (P ¼ 0.05) for higher pro-
portion of CABG in the PLF-LG patients (55%) compared with
NF-HG patients (35%).

The AVW was higher (P ¼ 0.004) in bicuspid vs. tricuspid valves
[2.60 (2.10–3.55) vs. 2.02 (1.60–2.68) g respectively]. The proportion

of patients with bicuspid aortic valve was higher (P ¼ 0.003) in the
NF-HG group (42%) than in the PLF-LG group (15%) (Table 1).

The AVW was significantly (P ¼ 0.02) higher in the NF-HG group
compared with the PLF-LG group but with important overlap
between the two groups (Table 1 and Figure 2A). After further dichot-
omization by gender, the difference in AVW remains significant in
men [NF-HG: 3.00 (2.30–3.72) vs. PLF-LG: 2.30 (1.80–2.55) g; P ¼
0.001] but not in women [NF-HG: 1.60 (1.30–2.40) vs. PLF-LG:
1.60 (1.27–2.03) g; P ¼ 0.82] (Figure 2A). However, after dichotomi-
zation by the bicuspid/tricuspid valve phenotype, the difference in
AVW did not reach the significance in both bicuspid [NF-HG: 2.60
(2.10–3.55) vs. PLF-LG: 2.72 (1.73–3.61) g; P ¼ 0.93] and tricuspid
[NF-HG: 2.30 (1.55–3.00) vs. PLF-LG: 1.80 (1.63–2.50); P ¼ 0.26]
valve subsets (Figure 2B). After adjustment for gender (P , 0.0001)
and bicuspid phenotype (P ¼ 0.001), the AVW was similar in the
NF-HG and PLF-LG groups (P ¼ 0.16). Furthermore, NT pro-BNP
levels were similar in the PLF-LG vs. NF-HG groups in the whole
cohort as well as in the subsets of men and women (Figure 3).

Identification of severe aortic stenosis
with the use of aortic valve weight
(Cohort B)
The AVW correlated with the parameters of stenosis severity in the
whole Cohort B (n ¼ 150) as well as in men (n ¼ 103) and women
(n ¼ 47) (all r ≥ |0.40|; all P ≤ 0.0002) (Table 2). Table 3 presents
the area under the ROC curve (AUC) for the AVW as well as the
best cut-point values and their sensitivity and specificity to differen-
tiate severe from moderate AS. The best accuracy to identify
severe AS was obtained with an AVW ≥2.0 g for men and ≥1.2 g
for women.

Figure 1 Flow chart for study Cohort A. AVA, aortic valve area; LVEF, LV ejection fraction; MG, mean gradient; AVR, aortic valve replacement.
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Table 1 Preoperative and operative data in patients with normal-flow, high-gradient (NF-HG) and thosewith paradoxical
low-flow, low-gradient (PLF-LG) aortic stenosis

PLF-LG group (n 5 33) NF-HG group (n 5 105) P-value

Clinical data

Age, years 72+8 69+10 0.12

Male gender 21 (64) 64 (61) 0.78

Height, m 1.68+0.09 1.64+0.10 0.18

Weight, kg 80+20 76+14 0.15

Body surface area, m2 1.9+0.3 1.8+0.2 0.13

Body mass index, kg/m2 28.3+5.6 27.8+4.2 0.59

Systolic blood pressure, mmHg 125+19 127+18 0.80

Diastolic blood pressure, mmHg 73+11 74+10 0.96

Hypertension, n (%) 26 (79) 74 (70) 0.34

Dyslipidaemia, n (%) 33 (100) 86 (82) 0.0008

Diabetes, n (%) 12 (36) 28 (27) 0.29

Obesity, n (%) 11 (33) 29 (28) 0.53

Coronary artery disease, n (%) 19 (58) 37 (36) 0.03

Laboratory data

NT-proBNP, pg/mL median (25–75%) 863 (584–1224) 778 (535–1295) 0.82

Creatinine, mmol/L median (25–75%) 95 (80–105) 86 (70–98) 0.04

Doppler-echocardiographic data

Aortic annulus diameter, mm 20.7+1.5 21.4+2.0 0.07

LV end-diastolic diameter index, mm/m2 23.7+3.0 25.1+3.4 0.04

LV end-diastolic volume index, mL/m2 48+9 53+14 0.06

Interventricular septum thickness, mm 12.4+1.7 13.6+2.6 0.02

Left ventricular posterior wall thickness, mm 10.5+2.1 12.0+2.3 0.003

LV mass index, g/m2 98+24 123+33 0.0002

Relative wall thickness ratio 0.52+0.09 0.57+0.13 0.04

LV ejection fraction, % 63+8 64+8 0.57

Stroke volume, mL 57+10 76+11 ,0.0001

Stroke volume index, mL/m2 30+4 42+5 ,0.0001

Transvalvular flow rate, mL/s 186+36 240+42 ,0.0001

Peak aortic jet velocity, cm/s 348+49 463+45 ,0.0001

Peak gradient, mmHg 49+11 86+17 ,0.0001

Mean gradient, mmHg 29+7 53+10 ,0.0001

Doppler velocity index 0.22+0.04 0.19+0.04 0.003

Aortic valve area, cm2 0.73+0.12 0.69+0.13 0.19

Indexed aortic valve area, cm2/m2 0.39+0.06 0.38+0.07 0.56

Systemic arterial compliance, mL/mmHg/m2 0.61+0.05 0.82+0.22 0.0005

Valvulo-arterial impedance, mmHg/mL/m2 5.1+0.7 4.4+0.1 0.0001

Operative data

Concomitant CABG, n (%) 18 (55) 37 (35) 0.05

Bicuspid valve, n (%) 5 (15) 44 (42) 0.003

Aortic valve weight, g

Whole cohort 1.90 (1.63–2.50) 2.60 (1.66–3.32) 0.03

Men 2.30 (1.80–2.55) 3.00 (2.30–3.72) 0.001

Women 1.60 (1.27–2.03) 1.60 (1.30–2.40) 0.81

Tricuspid valve 1.80 (1.63–2.50) 2.30 (1.58–3.00) 0.26

Bicuspid valve 2.72 (1.73–3.61) 2.60 (2.10–3.55) 0.93
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Confirmation of severe aortic stenosis
based on aortic valve weight (Cohort A)
When applying the cut-off values of AVW predetermined in Cohort
B to the patients of Cohort A, 19 (70%) of PLF-LG patients and 63
(86%) of NF-HG patients had evidence of severe AS on the basis of
AVW (P ¼ 0.08) (Figure 4). When this analysis was dichotomized
by gender, the percentage of severe AS was 89% in men with
NF-HG vs. 65% in men with PLF-LG (P ¼ 0.03) and 81% in women
with NF-HG vs. 80% in women with PLF-LG (P ¼ 0.92) (Figure 4).

Discussion
The main findings of this study are: (i) patients with PLF-LG AS have
lower AVW compared with patients with NF-HG. However, after
adjustment for gender and bicuspid valve phenotype, the difference
between the two groups is no longer significant. (2) Among patients
with PLF-LG, 70% have evidence of severe AS on the basis of AVW

and this percentage is similar to that of patients with NF and high gra-
dient (86%). These findings suggest that the gradient (or peak aortic
jet velocity) may underestimate stenosis severity in patients with
PLF-LG and may thus lead to underutilization or inappropriate
delay of AVR in some patients. The low flow state may indeed
result in pseudo-normalization of the transvalvular gradient despite
the presence of severe AS.1,9 In this regard, the present study
reveals that 13% of the patients had a PLF-LG and the analysis of
excised valve weight independently corroborated the presence of
severe stenosis in 70% of these patients. However, the significant dif-
ference in AVW observed in men between PLF LG and NF HG
groups, as well as the significant lower proportion of severe AS
observed in men (65%) vs. women (80%) according to the cut-off
value of AVW suggests that identification of true severe AS may be
more difficult in men than in women in the presence of PLF LG.

Nevertheless, the results of this study are consistent with the con-
clusion that a large proportion of patients with PLF-LG have a severe
AS, when using AVW as a reference. And these findings thus lend
support to the recommendation (Class IIa, Evidence C) included in
the 2012 ESC/EACTS guidelines, which states that AVR should be
considered in symptomatic patients with PLF-LG AS after careful
confirmation of AS severity.10

The patients with PLF-LG included in this study presented the
typical Doppler-echocardiographic features reported in previous
studies,1,4,9,11,12 including small LV cavity size, reduced arterial com-
pliance, and increased LV global hemodynamic load as reflected by
high valvulo-arterial impedance. Other recent studies1,4,11,12 also
revealed that, compared with patients with NF and high gradient,
patients with PLF and low-gradient have more myocardial fibrosis
and a markedly reduced LV longitudinal systolic function, which is
not evidenced by LVEF. All these factors contribute to the reduced
LV outflow and transvalvular gradient and to the worse outcomes
observed in these patients.1,4,5,11,12

The presence of a low gradient in the context of a preserved LVEF
may lead to underestimation of AS severity and therefore

Figure 2 Comparison of aortic valve weight between patients
with paradoxical low-flow, low-gradient (PLF-LG), and those with
normal-flow high gradient (NF-HG). (A) The data in the whole
Cohort A and in the subsets of men and women. (B) The data in
patients with bicuspid valve and those with tricuspid valve. P* is
adjusted for gender and bicuspid phenotype.

Figure 3 Comparison of NT pro-BNP between patients with
paradoxical low-flow low gradient (PLF-LG), and normal-flow
high gradient (NF-HG) in the whole Cohort A and in the subsets
of men and women.
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underutilization or inappropriate delay of AVR. Yet, several retro-
spectiveor prospective studies reported that thesepatients generally
have better survival when treated surgically than conservatively, even
after adjustment for differences in the baseline risk profile.5,9,13 –17

However, a sub-study of the SEAS trial6 reported that patients with
severe AS on the basis of AVA,1.0 cm2 but having a low gradient
(,40 mmHg) despite preserved LVEF have similar outcomes com-
pared with those with moderate AS, thereby suggesting that these
patients may not benefit of AVR. As highlighted in subsequent publi-
cations,4,18 this subset of patients with discordant AVA-gradient find-
ings is highly heterogeneous and includes patients with PLF-LG AS as
well as patients with measurements errors, small body size, and/or in-
consistency in the AVA/gradient criteria proposed in the guidelines to
define severe stenosis.18

These observations further underline the importance of ruling out
measurement errors and making meticulous differential diagnosis
when confronted to discordance between AVA (small) and gradient
(low) in patients with preserved LVEF. As emphasized in the recent
ESC-EACTS guidelines,10 patients with PLF should receive a particu-
lar attention and undergo further investigation to confirm stenosis
severity.

The main advantage of the AVW measured at AVR is that it pro-
vides a flow-independent measure of stenosis severity. And in this
regard, the correlations we obtained between AVW and parameters
of stenosis severity in the present study were similar to those
reported by Roberts and Ko7 and the best correlations were
obtained with the peak gradient. However, the main limitation of
the AVW from a clinical standpoint is that this parameter can only
be used a posteriori, i.e. after AVR. Quantification of aortic valve cal-
cification by multidetector computed tomography (MDCT) could be

useful to identify the PLF patients who likely have a severe stenosis
despite the presence of a low gradient. In this regard, Cueff et al.19 ini-
tially reported that a valve calcium score .1650 Agatston Unit (AU)
provides the best accuracy to identify severe AS. However, a recent
study also suggested that different cut-point values of MDCT valve
calcium scores should be applied in women (≥1274 AU) vs. men
(≥2065 AU),20 which is consistent with the AVW results reported
in the present study. A recent multicentre study also demonstrated
the usefulness of stress echocardiography for the confirmation of
stenosis severity in patients with PLF-LG AS. Further studies are
needed to confirm the usefulness of MDCT and stress echocardiog-
raphy in patients with PLF-LG AS.21

Lancellotti et al.4 reported that patients with PLF-LG AS have
higher plasma BNP levels compared with those with NF low-gradient
but similar levels compared with those with NF high-gradient. Con-
sistently in the present study, there was also no significant difference
in the NT-proBNP levels between the PLF-LG and NF-HG groups
(Table 1 and Figure 3). This finding might be related to the fact that
BNP is secreted in response to myocardial stretch and that for any
given level of pressure overload, LV wall tension is generally lower
in patients with smaller LV cavities, such as in patients with PLF.
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Table 2 Correlation between logarithm of aortic valve weight and hemodynamic markers of aortic stenosis severity in a
cohort of 150 patients with normal flow (Cohort B)

Mean gradient Peak gradient Peak aortic jet
velocity

Indexed aortic valve
area

r P r P r P r P

Whole cohort (n ¼ 150) 0.50 ,0.0001 0.54 ,0.0001 0.46 ,0.0001 20.41 ,0.0001

Men (n ¼ 103) 0.54 ,0.0001 0.59 ,0.0001 0.54 ,0.0001 20.40 ,0.0001

Women (n ¼ 47) 0.52 0.0002 0.61 ,0.0001 0.57 ,0.0001 20.60 ,0.0001

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Accuracy and criteria of aortic valve weight to
identify severe aortic stenosis in patients with normal left
ventricular outflow (Cohort B)

Aortic
valve
weight, g

AUC (95%CI) Cut-off Sensitivity
(95% CI) (%)

Specificity
(95% CI) (%)

Men 0.94 (0.89–0.98) 2.0 86 (77–93) 93 (68–100)

Women 0.90 (0.89–0.98) 1.2 85 (70–94) 88 (47–100)

AUC, area under the curve; 95% CI, 95% confidence interval.

Figure 4 Comparison of the percentage of patients with evi-
dence of severe aortic stenosis as documented by aortic valve
weight (AVW.1.2 g in women and .2.0 g in men) in the patients
with paradoxical low-flow, low-gradient (PLF-LG) and those with
normal-flow and high-gradient (NF-HG) of the Cohort A.
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Since BNP synthesis is also influenced by LV geometry and function as
well as the presence of concomitant hypertension and coronary
artery disease, this biomarker may have limited utility to corroborate
stenosis severity in patients with PLF-LG AS.

Study limitations
All patients in this study underwent AVR, which necessarily intro-
duced a treatment bias. In particular, the PLF patients referred to
AVR are those who had substantial evidence of severe AS on the
basis of the different diagnostic tests performed prior to operation.
Hence, the patients’ baseline characteristics as well as the prevalence
of non-severe, i.e. ‘pseudo-severe’ reported in this study may not
necessarily reflect that observed in the general population with
PLF-LG AS.

The AVW may underestimate the stenosis severity in patients with
a small aortic annulus and overestimate the severity in patients with a
large annulus. The utilization of different cut-point values of AVW in
men vs. women has partially contributed to overcome this limitation.
A more robust option would have been to index the AVW for the
cross-sectional area of the aortic annulus after excision of the
valve. However, the intraoperative measurement of the aortic
annulus with an independent sizer was available only in a small
proportion of the patients included in this study.

The present study was focused on PLF-LG AS. However, a sub-
stantial proportion of patients has a small AVA, a NF but a low-
gradient (Figure 1). Recent studies suggest that this normal-flow, low-
gradient entity is highly heterogeneous and includes patients with
measurements errors, small body size, and discordances due to in-
consistencies in the guidelines criteria.22– 24 These studies also
suggest that this entity is generally associated with better prognosis
compared with PLF-LG AS. Nonetheless, further studies are
needed to determine what is the proportion of patients with normal-
flow, low-gradient AS who really have severe AS and who may thus
benefit from AVR.

Conclusion
These AVW data provide evidence that a large proportion of
patients with PLF-LG have a severe stenosis and that the gradient
may substantially underestimate stenosis severity in these patients.
These findings emphasize the importance to correctly identify
patients with PLF AS and to confirm stenosis severity in those
having a low gradient. A multi-parametric evaluation including all
Doppler-echocardiographic parameters of valve function as well as
other complementary diagnostic tests, such as stress echocardiog-
raphy or valve calcium quantification by MDCT might help identify
the patients with PLF-LG severe AS who may benefit of AVR.
However, further studies are needed to validate this approach and
to assess the impact of AVR on the outcome of these patients.
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Bicuspid aortic valve stenosis with successful transfemoral transcatheter
aortic valve replacement (TAVI) using the Sapien 3 valve
Christian Thilo1*, Anupama Shivaraju2, Wolfgang von Scheidt1, and Albert M. Kasel1,2

1I. Medizinische Klinik, Klinikum Augsburg, Herzzentrum Augsburg-Schwaben Stenglinstr. 2, Augsburg 86156, Germany and 2Deutsches Herzzentrum, Technische Universität,
Lazarettstr. 36, München 80636, Germany
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An 80-year-old woman with coronary artery
disease status post bypass surgery, pulmonary
hypertension, and permanent atrial fibrillation
presented with symptoms of dyspnoea (New York
Heart Association class IV). She was found to have
a severely stenotic bicuspid aortic valve (AV).

Coronal (Panel A), sagittal (Panel B), and trans-
verse axis (Panel C, upper image) CT angiogram
images reveal a mean annulus diameter of
28.0 mm. The patient had a type 0 bicuspid AV
without a raphe (Panel C, lower image). The left
(Panel A, lower image) and right (Panel B, lower
image) coronary ostia were at acceptable distance
from the aortic annulus. Aortic root angiogram
(Panel D) shows the bicuspid AV anatomy and the
plane of the two hinge points (dotted line). Align-
ment of the valve was done by bringing the 29 mm
Sapien 3 (S3) prosthesis stent frame in a coaxial
view (Panel E). Careful attention was given to pos-
ition the valve skirt at the height of the two hinge
points; contrast was administered during slow
valve deployment. The prosthetic valve was con-
firmed to be in an excellent position with good
function and no aortic regurgitation (Panel F). The post-procedure echocardiogram showed a successful reduction in the mean valve gradient
from 40 to 9 mmHg.

Although TAVI of a bicuspid AV is a relative contraindication in the current ESC guidelines, cases of TAVI in a bicuspid AV have
been reported. This is the first reported successful case of TAVI done with the third generation balloon-expandable Edwards S3 valve.
When CT annulus measurement is questionable then balloon sizing during the procedure is recommended.

A.M.K. is a medical consultant for and receives research support from Edwards Sapien Valves (Edwards Life Sciences). The other authors
have no conflict of interest to disclose.
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