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Impact of Mean Transaortic Pressure Gradient on Long-Term
Outcome in Patients With Severe Aortic Stenosis and Preserved Left
Ventricular Ejection Fraction
Yohann Bohbot, MD;* Cedric Kowalski, MD;* Dan Rusinaru, MD, PhD; Anne Ringle, MD; Sylvestre Marechaux, MD, PhD;
Christophe Tribouilloy, MD, PhD

Background-—Mean transaortic pressure gradient (MTPG) has never been validated as a predictor of mortality in patients with
severe aortic stenosis. We sought to determine the value of MTPG to predict mortality in a large prospective cohort of severe aortic
stenosis patients with preserved left ventricular ejection fraction and to investigate the cutoff of 60 mm Hg, proposed in American
guidelines.

Methods and Results-—A total of 1143 patients with severe aortic stenosis defined by aortic valve area ≤1 cm2 and MTPG
≥40 mm Hg were included. The population was divided into 3 groups according to MTPG: between 40 and 49 mm Hg, between 50
and 59 mm Hg, and ≥60 mm Hg. The end point was all-cause mortality. MTPG was ≥60 mm Hg in 392 patients. Patients with
MTPG ≥60 mm Hg had a significantly increase risk of mortality compared with patients with MTPG <60 mm Hg (hazard ratio [HR]
=1.62 [1.27–2.05] P<0.001), even for the subgroup of asymptomatic or minimally symptomatic patients (HR=1.56 [1.04–2.34]
P=0.032). After adjustment for established outcome predictors, patients with MTPG ≥60 mm Hg had a significantly higher risk of
mortality than patients with MTPG <60 mm Hg (HR=1.71 [1.33–2.20] P<0.001), even after adjusting for surgery as a time-
dependent variable (HR=1.71 [1.43–2.11] P<0.001). Similar results were observed for the subgroup of asymptomatic or minimally
symptomatic patients (HR=1.70 [1.10–2.32] P=0.018 and HR=1.68 [1.20–2.36] P=0.003, respectively).

Conclusions-—This study shows the negative prognostic impact of high MTPG (≥60 mm Hg), on long-term outcome of patients
with severe aortic stenosis with preserved left ventricular ejection fraction, irrespective of symptoms. ( J Am Heart Assoc. 2017;6:
e005850. DOI: 10.1161/JAHA.117.005850.)
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S evere aortic stenosis (SAS) constitutes a public health
issue with a serious impact for healthcare providers.

Elective surgery is recommended for severe symptomatic
aortic stenosis (AS) and for some groups of asymptomatic
individuals with SAS and preserved left ventricular (LV)
ejection fraction (LVEF).1,2 The cutoff values for grading the
severity of aortic valve stenosis have been changed. For

example, the current definition of severe aortic valve stenosis
includes an aortic valve area (AVA) <1.0 cm2, mean transaor-
tic pressure gradient (MTPG) >40 mm Hg, or aortic maximal
velocity (Vmax) >4.0 m/s1 introducing somewhat lower
MTPG cutoff values for severe stenosis compared with the
previous values of AVA ≤1.0 cm2 and MTPG >50 mm Hg.3

The management of asymptomatic patients with SAS by either
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conservative treatment or aortic valve replacement remains
controversial. The American College of Cardiology/American
Heart Association guidelines define “very severe aortic
stenosis” when Vmax is ≥5 m/s and/or when MTPG is
≥60 mm Hg.2 In comparison, European Society of Cardiology
guidelines define very severe aortic stenosis as Vmax
>5.5 m/s1 with no reference to MTPG. This cut-off of
60 mm Hg, defined by American guidelines, is based on
expert opinion, but is not supported by scientific evidence.
There is an excellent correlation between MTPG measured by
continuous-wave Doppler and mean gradient measured by
catheter,4 which make it one of the most powerful markers of
the severity of AS provided cardiac output is normal and LVEF
is preserved. However, MTPG has never been validated as a
predictor of outcome in SAS.

The present study included consecutive patients diagnosed
with SAS in the echocardiography laboratories of 2 French
tertiary centers (Amiens and Lille). The aims of the study were
2-fold: (1) to evaluate the prognostic impact of MTPG on all-
cause mortality in a large cohort of SAS patients with
preserved LVEF, and in a subroup of asymptomatic or
minimally symptomatic patients, and (2) to evaluate the cut-
off of 60 mm Hg defined by American guidelines to predict
mortality in these 2 populations.

Methods

Study Population
Between 2000 and 2015, patients aged ≥18 years diagnosed
with ≥mild AS (aortic valve calcification with restricted systolic
motion and AVA <2 cm2) and LVEF ≥50% were prospectively
identified and included in an electronic database. The following
patients were excluded: (1) patients with more than mild aortic
and/or mitral regurgitation; (2) patients with prosthetic valves,
congenital heart disease (with the exception of bicuspid aortic
valves), supravalvular or subvalvular AS, or dynamic LV outflow
tract obstruction; and (3) patients who refused to participate in
the study. The present analysis focused on 1143 patients with
severe AS defined by AVA ≤1 cm2 and/or AVA normalized to
body surface area (BSA) ≤0.6 cm2/m2 and MTPG ≥40 mm Hg.

Patients were retrospectively divided into 3 groups
according to their baseline MTPG: Group 1 included patients
with MTPG between 40 and 49 mm Hg; group 2 included
patients with MTPG between 50 and 59 mm Hg; and group 3
included patients with MTPG ≥60 mm Hg. We subsequently
carried out subgroup analyses on the asymptomatic or
minimally symptomatic SAS population (n=559). Symptoms
were ascertained by each patient’s personal cardiologist.
Patients with atypical chest pain and elderly patients with
minimal dyspnea not clearly related to AS were considered to
be minimally symptomatic. A comorbidity index comprising

the sum of the patient’s individual comorbidities was calcu-
lated.5 Coronary artery disease was defined by the presence
of a documented history of acute coronary syndrome,
coronary artery disease previously confirmed by coronary
angiography (reduction of normal diameter ≥50% in the left
main coronary artery and ≥70% in the right coronary, left
anterior descending, and circumflex arteries), or history of
coronary revascularization. Institutional review board approval
was obtained before conducting the study, which was
conducted in accord with institutional policies, national legal
requirements, and the revised Helsinki declaration.

Echocardiography
All patients underwent a comprehensive Doppler-echocardio-
graphic study, using commercially available ultrasound sys-
tems. LV outflow tract was measured in parasternal long-axis
view with zoom on the aortic valve. LV outflow tract velocity
time integral was recorded in apical 5 chambers view.
Transaortic mean pressure gradient and peak aortic jet
velocity were systematically measured in several acoustic
windows (apical 5 chambers, right parasternal, suprasternal,
and epigastric views), and the highest recorded value was
taken into account. Pressure gradients were calculated using
the simplified Bernoulli equation.4 AVA was calculated using
the continuity equation AVA=(2pR2/4)9aortic velocity time
integral/LV outflow tract velocity time integral.6 The align-
ment of both pulsed- and continuous-wave Doppler was
optimized to be parallel with the flow. When patients were in
sinus rhythm, 3 cardiac cycles were averaged for all
measures. For patients in atrial fibrillation, 5 cardiac cycles
were averaged. LV dimensions were assessed from paraster-
nal long-axis views by 2-dimensional–guided M-mode using
the leading-edge methodology at end-diastole and end-
systole. LVEF was calculated using Simpson’s biplane
method. LV mass was estimated by the formula on the basis
of linear measurements and indexed for BSA.7 Stroke volume
was calculated by multiplying the LV outflow tract area with
the LV outflow tract velocity time integral. Left atrial volume
was measured in LV end-systole by Simpson’s biplane method
in apical 2- and 4-chamber views and indexed to BSA.8,9 LV
filling pressures were estimated by E/e0 ratio.10 Systolic
pulmonary artery pressure was recorded from the maximum
peak tricuspid regurgitation velocity in any view using the
simplified Bernoulli equation. Right atrial pressure was
estimated from the inspiratory collapse of the inferior vena
cava.11

Follow-up
Median follow-up was 38.0 [6–190] months. Patients were
followed by clinical consultations and echocardiography in the
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outpatient clinics of the 2 tertiary centers. A few patients
were followed in public hospitals or private practices by
referring cardiologists working in collaboration with the
tertiary centers. All surviving patients had a minimum
follow-up of at least 2 years. In surviving patients (n=840),
follow-up was completed until the end of the study (2015
or 2016) for 762 (91%). Events were ascertained by direct
patient interview and clinical examination and/or by
repeated follow-up letters, questionnaires, and telephone
calls to physicians, patients, and (if necessary) next of kin.
The primary end point was all-cause mortality. Clinical
decisions regarding medical management and referral for
surgery were taken by the heart team with the approval of
the patients’ cardiologist in accord with current practice
guidelines.1

Statistical Analysis
SPSS software (v 18.0; IBM Corp, Armonk, NY) was used for
statistical analysis. Continuous variables are expressed as
mean value �1 SD or median and interquartile range, and
categorical variables are expressed as percentages and
counts. The relationship between baseline continuous vari-
ables and the various groups was explored using 1-way
ANOVA tests (for normally distributed variables) or Kruskal–
Wallis tests (for non-normally distributed variables). Pear-
son’s chi-square statistic or Fisher’s exact test were used to
examine the association between the various groups and
baseline categorical variables. The significance between the
referent group and the other groups was examined when a
significant difference across categories was observed. Indi-
vidual differences were compared with Mann–Whitney U
tests (with Bonferroni correction for multiple comparisons)
and Tukey tests for normally distributed data. Multiple linear
regressions with backward elimination were used for multi-
variable analysis. MTPG was used as the dependent variable.
P<0.05 was considered statistically significant. All P values
are the results of 2-tailed tests. Event rates �1 SE of the 3
groups were estimated according to the Kaplan–Meier
method and compared with 2-sided log-rank tests. Uni-
and multivariate analyses of time to events were performed
using Cox proportional hazards model with MTPG as
independent variable in categorical format. Model-building
techniques were not used, and covariates considered to
have a potential prognostic impact on an epidemiological
basis were entered into the models. These covariates were:
age, sex, BSA, hypertension, New York Heart Association
class, coronary artery disease, history of atrial fibrillation,
comorbidity index, LVEF, and aortic valve surgery, which was
treated as a time-dependent covariate. Hazard ratios (HRs)
and 95% CIs were estimated for all-cause mortality. The
proportional hazards assumption was confirmed using

statistics and graphs based on the Schoenfeld residuals.
For continuous variables, the assumption of linearity was
assessed by plotting residuals against independent variables.
Penalized smoothing splines (P-splines) were used to
illustrate the association between MTPG as a continuous
variable and the risk of mortality. Subgroup analyses
(stratified by age, sex, coronary artery disease, hypertension,
New York Heart Association class, atrial fibrillation, and BSA)
were conducted to determine the homogeneity of the
association between high MTPG (≥60 mm Hg) and the
outcome variable. First, we estimated the effect of MTPG
on the risk of overall mortality in each subgroup using a Cox
univariate model and then we formally tested for first-order
interactions in Cox models by entering interaction terms,
separately for each subgroup.

Results

Baseline Demographic and Clinical
Characteristics
The study population consisted of 1143 patients (Table 1)
with a mean age of 74 years (range, 62–86), comprising 52%
of men; 25% of patients were in New York Heart Association
class 3 or 4. Almost three quarters of patients had a history of
hypertension, around one quarter of patients had a history of
atrial fibrillation, and just over 50% had a history of coronary
artery disease. Table 1 shows the baseline demographic
clinical and echocardiographic characteristics of the study
patients according to MTPG: 426 patients had an MTPG
between 40 and 49 mm Hg (37%), 325 had an MTPG between
50 and 59 mm Hg (29%), and 392 had an MTPG ≥60 mm Hg
(34%). No significant differences were observed between the
study groups in terms of age, sex, BSA, hypertension, diabetes
mellitus, coronary artery disease, history of atrial fibrillation,
and Charlson comorbidity index. Compared with patients with
MTPG <60 mm Hg, patients with high MTPG (≥60 mm Hg)
less commonly had a diagnosis of hypertension (P=0.048) or
diabetes mellitus (P=0.026; Table 2). Baseline clinical and
echocardiographic characteristics of asymptomatic or mini-
mally symptomatic SAS populations are presented in Tables
S1 and S2. Nine-hundred thirty-three patients underwent
aortic valve replacement (AVR), and 199 (24%) had at least 1
associated coronary artery bypass graft. Surgical AVR was
performed in 834 patients (287 in the MTPG between 40 and
49 mm Hg group, 237 in the MTPG between 50 and
59 mm Hg group and 310 in the MTPG ≥60 mm Hg group),
and transcatheter aortic valve replacement (TAVR) was
performed in 99 patients (11%; 36 in the MTPG between 40
and 49 mm Hg group, 29 in the MTPG between 50 and
59 mm Hg group, and 34 in the MTPG ≥60 mm Hg group).
Baseline clinical and echocardiographic characteristics of
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patients who underwent AVR are displayed in online Table 3.
Compared with patients who underwent surgical AVR,
patients who underwent TAVR were older (P<0.001), with
smaller BSA (P<0.001), more often in New York Heart
Association class III and IV (P=0.001), and, as expected, they
had more comorbidities (P<0.001).

Echocardiographic Characteristics

Echocardiographic variables (Table 1) showed that, as MTPG
increased, AVA (P<0.001) and indexed AVA (P<0.001)
decreased. As expected, peak aortic jet velocity (P<0.001)
increased with increasing MTPG. Stroke volume (P<0.001),

Table 1. Baseline Demographic, Clinical, and Echocardiographic Characteristics of the Study Patients With Severe Aortic Stenosis
According to MTPG

Variable
Overall Population
(n=1143)

MTPG 40 to
49 mm Hg (n=426)

MTPG 50 to
59 mm Hg (n=325)

MTPG ≥60 mm
Hg (n=392) P Value

Demographics, baseline data, and symptoms

Age, y 74�12 74�11 75�12 74�12 0.096

Male sex, n (%) 597 (52.2) 229 (53.8) 163 (50.2) 205 (52.3) 0.619

BSA, m2 1.87�0.2 1.87�0.2 1.87�0.2 1.86�0.2 0.822

NYHA, n (%)

1 to 2 857 (75) 324 (76.1) 244 (72.9) 296 (75.5) 0.591

3 to 4 286 (25) 102 (23.9) 88 (27.1) 96 (24.5)

Medical history and risk factors

Hypertension, n (%) 829 (72.5) 315 (73.9) 244 (75.1) 270 (68.9) 0.128

Diabetes mellitus, n (%,n) 311 (27.2) 127 (29.8) 93 (28.6) 91 (23.2) 0.085

Coronary artery disease, n (%) 588 (51.4) 216 (50.7) 183 (56.3)* 189 (48.2) 0.090

Past atrial fibrillation, n (%) 305 (26.7) 112 (26.3) 96 (29.5) 97 (24.7) 0.343

Charlson comorbidity index 1.9�1.8 2�2.1 1.9�1.7 1.8�1.7 0.138

Echocardiographic parameters

Aortic valve

Aortic valve area, cm2 0.70 (0.58–0.82) 0.77 (0.64–0.90) 0.70 (0.59–0.82)† 0.62 (0.52–0.74)† <0.001

Aortic valve area indexed to BSA, cm2/m2 0.37 (0.32–0.44) 0.42 (0.35–0.48) 0.37 (0.32–0.43)† 0.34 (0.29–0.39)† <0.001

Peak aortic jet velocity, m/s 4.6 (4.27–5.0) 4.2 (4.1–4.3) 4.6 (4.4–4.7)† 5.2 (5–5.6)† <0.001

Transaortic mean pressure gradient, mm Hg 53 (46–65) 44 (42–46) 53 (51–56)† 70 (64–79)† <0.001

Stroke volume, mL 79 (66–92) 76 (63–90) 79 (66–91) 82 (69–96)† <0.001

Indexed stroke volume, mL/m2 42 (36–49) 41 (34.6–47.6) 42 (35.5–49) 44 (38–51)† <0.001

LV function

LV end-diastolic diameter, mm 49 (45–54) 49 (44–54) 49 (45–54) 50 (46–53) 0.376

LV end-systolic diameter, mm 30 (26–35) 30 (26–35) 30 (26–35) 30 (27–34) 0.994

Ejection fraction, % 64 (59–69) 63 (58–68) 64 (60–70) 65 (60–70)* 0.024

Indexed LV mass, g/m2 132 (108–159) 121 (101–147) 131 (104–155)* 142 (119–169)† <0.001

LV end-diastolic volume, mL 113 (88–153) 111 (85–151) 112 (85–149) 115 (93–160) 0.298

LV end-systolic volume, mL 41 (28–58) 40 (28–58) 42 (28–58) 41 (29–58) 0.959

E/E0 12.2 (8.7–16.9) 12.2 (8.7–17.1) 12 (8.5–17) 12.4 (8.7–16.4) 0.776

Left atrial volume index, mL/m2 41 (31–52) 41 (30–52) 40 (31–52) 41 (32–51) 0.674

sPAP, mm Hg 33 (28–40) 33 (28–40) 33 (28–41) 33 (28–40) 0.953

Continuous normally distributed variables are expressed as mean �1 SD, non-normally distributed continuous variables are expressed as median (25th and 75th percentiles), and
categorical variables as percentages and counts. BSA indicates body surface area; LV, left ventricular; MTPG, mean transaortic pressure gradient; NYHA, New York Heart Association class;
sPAP systolic pulmonary artery pressure.
*P<0.05 individual category vs MTPG 40 to 49 mm Hg.
†

P<0.001 individual category vs MTPG 40 to 49 mm Hg.
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indexed stroke volume (P<0.001), and ejection fraction
(P=0.024) were higher in the high-MTPG group (MTPG
≥60 mm Hg) than in the referent group (MTPG between 40
and 49 mm Hg). Indexed LV mass (P<0.001) was higher in
the group with MTPG ≥60 mm Hg than in the referent group.
No significant difference was observed between groups in
terms of left atrial volume index and LV filling pressures.
Compared with patients with MTPG <60 mm Hg, patients

with high MTPG (≥60 mm Hg) had more-severe AS with
smaller AVA (P<0.001) and indexed AVA (P<0.001), higher
stroke volumes (P<0.001), LVEF (P=0.011), and indexed LV
mass (P<0.001; Table 2). They were no difference in aortic
stenosis severity between the TAVR group and the surgical
AVR group, but the LV repercussion of AS was more important
in the TAVR group, with greater LV systolic and diastolic
diameters (respectively P=0.005 and <0.001), higher LV mass

Table 2. Baseline Demographic, Clinical, and Echocardiographic Characteristics of the Study Patients With Severe Aortic Stenosis
According to MTPG < or ≥60 mm Hg

Variable Overall Population (n=1143) MTPG <60 mm Hg (n=751) MTPG ≥60 mm Hg (n=392) P Value

Demographics, baseline data, and symptoms

Age, y 74�12 75�11 74�12 0.095

Male sex, n (%) 597 (52.2) 392 (52.2) 205 (52.3) 0.975

BSA, m2 1.87�0.2 1.87�0.2 1.86�0.2 0.550

NYHA, n (%)

1 to 2 857 (75) 561 (74.7) 296 (75.5) 0.764

3 to 4 286 (25) 190 (25.3) 96 (24.5)

Medical history and risk factors

Hypertension, n (%) 829 (72.5) 559 (74.7) 270 (68.9) 0.048

Diabetes mellitus, n (%) 311 (27.2) 220 (29.5) 91 (23.2) 0.026

Coronary artery disease, n (%) 588 (51.4) 399 (53.1) 189 (48.2) 0.115

Past atrial fibrillation, n (%) 305 (26.7) 208 (27.7) 97 (24.7) 0.284

Charlson comorbidity index 1.9�1.8 2�1.9 1.8�1.7 0.074

Echocardiographic parameters

Aortic valve

Aortic valve area, cm2 0.70 (0.58–0.82) 0.74 (0.61–0.86) 0.62 (0.52–0.74) <0.001

Aortic valve area indexed to BSA, cm2/m2 0.37 (0.32–0.44) 0.39 (0.34–0.46) 0.34 (0.29–0.39) <0.001

Peak aortic jet velocity, m/s 4.6 (4.27–5.0) 4.36 (4.18–4.6) 5.2 (5–5.6) <0.001

Transaortic mean pressure gradient, mm Hg 53 (46–65) 48 (44–52) 70 (64–79) <0.001

Stroke volume, mL 79 (66–92) 76 (65–90) 82 (69–96) <0.001

Indexed stroke volume, mL/m2 42 (36–49) 41 (35–48) 44 (38–51) <0.001

LV function

LV end-diastolic diameter, mm 49 (45–54) 49 (44–54) 50 (46–53) 0.175

LV end-systolic diameter, mm 30 (26–35) 30 (26–35) 30 (27–34) 0.915

Ejection fraction, % 64 (59–69) 64 (59–69) 65 (60–70) 0.011

Indexed LV mass, g/m2 132 (108–159) 125 (102–150) 142 (119–169) <0.001

LV end-diastolic volume, mL 113 (88–153) 111 (85–150) 115 (93–160) 0.120

LV end-systolic volume, mL 41 (28–58) 41 (28–58) 41 (29–58) 0.773

E/E0 12.2 (8.7–16.9) 12.1 (8.6–17) 12.4 (8.7–16.4) 0.638

Left atrial volume index, mL/m2 41 (31–52) 40 (30–52) 41 (32–51) 0.379

sPAP, mm Hg 33 (28–40) 33 (28–40) 33 (28–40) 0.757

Continuous normally distributed variables are expressed as mean �1 SD, non-normally distributed continuous variables are expressed as median (25th and 75th percentiles), and
categorical variables as percentages and counts. BSA indicates body surface area; LV, left ventricular; MTPG, mean transaortic pressure gradient; NYHA, New York Heart Association class;
sPAP systolic pulmonary artery pressure.
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(P=0.002), lower LVEF (P=0.005), and more-elevated LA
volume (P=0.034) and pulmonary pressures (P=0.007;
Table S3).

Prognostic Impact of High MTPG
Three hundred three patients died during follow-up, 84 in the
MTPG between 40 and 49 mm Hg group, 66 in the MTPG
between 50 and 59 mm Hg group, and 153 in the MTPG
≥60 mm Hg group. Among patients who underwent surgical
AVR, 180 died (36 in the MTPG between 40 and 49 mm Hg
group, 33 in the MTPG between 50 and 59 mm Hg group, and
111 in the MTPG ≥60 mm Hg group). In the TAVR population,
we recorded 17 deaths (4 in the MTPG between 40 and
49 mm Hg group, none in the MTPG between 50 and
59 mm Hg group, and 13 in the MTPG ≥60 mm Hg group).

Prognosis value of MTPG in overall population

Four-year survival was 86�4% for patients with MTPG
between 40 and 49 mm Hg, 85�3% for patients with MTPG
between 50 and 59 mm Hg, and 72�4% for patients with
MTPG ≥60 mm Hg (log rank, P<0.001; Figure 1A). On
univariate Cox analysis, overall mortality was globally different
between groups (HR=1.31 [1.15–1.50]; P<0.001; Table 3). No
significant difference was observed between the MTPG 40 to
49 mm Hg group and the MTPG 50 to 59 mm Hg group

(P=0.311). On multivariate analysis, the MTPG ≥60 mm Hg
group exhibited a significant excess mortality after covariate
adjustment (P<0.001; Figure 2A; Table 3, model 1) and after
further adjustment for surgery (P<0.001; Figure S1A; Table 3,
model 2) compared with the MTPG 40 to 49 mm Hg group.
No significant difference was observed between the MTPG 40
to 49 mm Hg group and the MTPG 50 to 59 mm Hg group
after covariate adjustment (P=0.796; Table 3, model 1) and
after further adjustment for surgery (P=0.958; Table 3, model
2). Comparison of the high-MTPG group (MTPG ≥60 mm Hg)
and the intermediate group (MTPG 50–59 mm Hg) showed
that this excess risk persisted after covariate adjustment and
after further adjustment for surgery (P=0.002 and <0.001,
respectively). No significant difference was observed between
patients with MTPG between 60 and 69 mm Hg and patients
with MTPG ≥70 mm Hg, (P=0.260) even after covariate
adjustment. By dividing the whole population into 2 groups
with a 60 mm Hg MTPG cutoff, 4-year survival was 86�4% for
patients with MTPG <60 mm Hg and 72�4% for patients with
MTPG ≥60 mm Hg (log rank, P<0.001; Figure 1B). On
univariate Cox analysis, overall mortality was significantly
higher in the MTPG ≥60 mm Hg group (HR=1.62 [1.27–2.05];
P<0.001; Table 4), and this excess risk persisted after
covariate adjustment (HR=1.71 [1.33–2.2]; P<0.001; Fig-
ure 2B; Table 4) and after further adjustment for surgery
(HR=1.71 [1.43–2.11]; P<0.001; Figure S1B; Table 4). After

Table 3. Relative Risk of Events (All-Cause Mortality) of the Study Population With Severe AS and With Asymptomatic or Minimally
Symptomatic Severe AS During Follow-up Associated With MTPG

MTPG

HR [CI]

P Value

HR [CI]

P ValueSevere AS (n=1143)
Asymptomatic or Minimally
Symptomatic Severe AS (n=559)

Univariate analysis P<0.001* P=0.211*

MTPG 40 to 49 mm Hg Referent group Referent group

MTPG 50 to 59 mm Hg 1.16 [0.87–1.55] 0.311 0.88 [0.55–1.41] 0.597

MTPG ≥60 mm Hg 1.30 [1.14–1.49] <0.001 1.17 [0.94–1.47] 0.164

Multivariate analysis

Model 1† P<0.001* P=0.042*

MTPG 40 to 49 mm Hg Referent group Referent group

MTPG 50 to 59 mm Hg 1.04 [0.76–1.42] 0.796 1.02 [0.61–1.71] 0.930

MTPG ≥60 mm Hg 1.32 [1.15–1.52] <0.001 1.29 [1–1.65] 0.042

Model 2‡ P<0.001* P=0.009*

MTPG 40 to 49 mm Hg Referent group Referent group

MTPG 50 to 59 mm Hg 0.99 [0.78–1.27] 0.958 0.99 [0.65–1.49] 0.949

MTPG ≥60 mm Hg 1.32 [1.18–1.47] <0.001 1.28 [1.05–1.55] 0.012

AS indicates aortic stenosis; MTPG, mean transaortic pressure gradient.
*P for global comparison.
†

Model 1: adjustment for age, sex, body surface area, hypertension, coronary artery disease, history of atrial fibrillation, comorbidity index, and ejection fraction.
‡

Model 2: adjustment for age, sex, body surface area, hypertension, coronary artery disease, history of atrial fibrillation, comorbidity index, ejection fraction, and aortic valve surgery as a
time-dependent covariate.
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excluding patients who underwent TAVR, overall mortality
remained significantly higher in the MTPG ≥60 mm Hg group
compared with patients with MTPG <60 mm Hg (HR=1.53

[1.21–1.93]; P<0.001), and this excess risk persisted after
covariate adjustment (HR=1.68 [1.32–2.15]; P<0.001) and
after further adjustment for surgery (HR=1.69 [1.45–2.01];

Figure 1. Kaplan–Meier curves of survival in the severe aortic stenosis population (n=1143) according to mean transaortic pressure
gradient (MTPG). A, Dividing the population into 3 groups (MTPG 40–50 mm Hg, MTPG 50–59 mm Hg, and MTPG ≥60 mm Hg). B,
Dividing the population into 2 groups (MTPG <60 mm Hg and MTPG ≥60 mm Hg).

Figure 2. Adjusted all-cause mortality curves in the severe aortic stenosis population (n=1143) according to mean transaortic
pressure gradient (MTPG), divided into 3 groups (MTPG 40–50 mm Hg, MTPG 50–59 mm Hg, and MTPG ≥60 mm Hg) (A) and into 2
groups (MTPG <60 mm Hg and MTPG ≥60 mm Hg) (B). Curves are adjusted for age, sex, body surface area, hypertension, New York
Heart Association class, coronary artery disease, history of atrial fibrillation, comorbidity index, and left ventricular ejection fraction.
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P<0.001). The nature of the relationship between MTPG as a
continuous variable and the risk of mortality during follow-up
was estimated using spline functions for MTPG (Figure 3). The
association between MTPG ≥60 mm Hg and risk of death was
consistent in subgroups of patients with SAS, and no
significant interactions were observed between MTPG
≥60 mm Hg and any of the subgroups (Figure 4).

Prognostic value of MTPG in asymptomatic or
minimally symptomatic SAS

Four-year survival was 89�6% for patients with MTPG
between 40 and 49 mm Hg, 87�5% for patients with MTPG
between 50 and 59 mm Hg, and 81�4% for patients with
MTPG ≥60 mm Hg (log rank, P=0.100; Figure 5A). On
univariate Cox analysis, no significant difference was
observed between groups (P=0.211; Table 3). On multivariate
analysis, the MTPG ≥60 mm Hg group exhibited a significant
excess mortality after covariate adjustment (P=0.042; Fig-
ure 6A; Table 3, model 1) and after further adjustment for
surgery (P=0.012; Figure S2A; Table 3, model 2) compared
with the MTPG 40 to 49 mm Hg group. No significant
difference was observed between the MTPG 40 to 49 mm Hg
group and the MTPG 50 to 59 mm Hg group after covariate
adjustment (P=0.930; Table 3, model 1) and after further
adjustment for surgery (P=0.949; Table 3, model 2). No
significant difference was observed between the high-MTPG
group (MTPG ≥60 mm Hg) and the intermediate group (MTPG
50–59 mm Hg), after covariate adjustment (P=0.205), but the
high-MTPG group exhibited an excess risk of mortality after
further adjustment for surgery (P=0.031). No significant
difference was observed between patients with MTPG
between 60 and 69 mm Hg and patients with MTPG
≥70 mm Hg patients (P=0.749), even after covariate adjust-
ment (P=0.459). Dividing the whole population into 2 groups
with a 60 mm Hg MTPG cutoff, 4-year survival was 89�4% for
patients with MTPG <60 mm Hg and 81�4% for patients with
MTPG ≥60 mm Hg (log rank, P=0.032; Figure 5B). On Cox
univariate analysis, overall mortality was higher in the MTPG

Table 4. Relative Risk of Events (All-Cause Mortality) of the Study Population With Severe AS and With Asymptomatic or Minimally
Symptomatic Severe AS During Follow-up According to MTPG < or ≥60 mm Hg

MTPG

HR [CI]

P Value

HR [CI]

P ValueSevere AS (n=1143)
Asymptomatic or Minimally
Symptomatic Severe AS (n=559)

Univariate analysis

MTPG <60 mm Hg Referent group Referent group

MTPG ≥60 mm Hg 1.62 [1.27–2.05] <0.001 1.56 [1.04–2.34] 0.032

Multivariate analysis

Model 1*

MTPG <60 mm Hg Referent group Referent group

MTPG ≥60 mm Hg 1.71 [1.33–2.2] <0.001 1.70 [1.10–2.32] 0.018

Model 2†

MTPG <60 mm Hg Referent group Referent group

MTPG ≥60 mm Hg 1.71 [1.43–2.11] <0.001 1.68 [1.20–2.36] 0.003

AS indicates aortic stenosis; HR, hazard ratio; MTPG, mean transaortic pressure gradient.
*Model 1: adjustment for age, sex, body surface area, hypertension, coronary artery disease, history of atrial fibrillation, comorbidity index, and left ventricular ejection fraction.
†

Model 2: adjustment for age, sex, body surface area, hypertension, coronary artery disease, history of atrial fibrillation, comorbidity index, left ventricular ejection fraction, and aortic valve
surgery as a time-dependent covariate.

Figure 3. Relationship between MTPG and risk of mortality
during follow-up. Hazard ratio (solid line) and 95% CIs are
estimated in a Cox model with MTPG represented as a spline
function and adjusted for age, sex, body surface area, hyperten-
sion, New York Heart Association class, coronary artery disease,
history of atrial fibrillation, comorbidity index, and left ventricular
ejection fraction.
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≥60 mm Hg group (HR=1.56 [1.04–2.34]; P=0.032; Table 4).
This excess risk persisted after covariate adjustment
(HR=1.70 [1.10–2.62]; P=0.018; Figure 6B; Table 4) and
after further adjustment for surgery (HR=1.68 [1.20–2.36];
P=0.003; Figure S2B; Table 4).

Discussion
This study shows that MTPG is a powerful prognostic factor in
patients with severe AS. Echocardiographic measurement of
MTPG is considered more robust than AVA to evaluate the
severity of AS in the presence of normal transvalvular flow.1

MTPG assessed by Doppler echocardiography is reliable and
is well correlated with values obtained by cardiac catheter-
ization.4,12–14 Previous studies have focused exclusively on
Vmax as a marker of severity and a predictor of outcome.
American College of Cardiology/American Heart Association
guidelines define “very severe aortic stenosis” in the presence
of Vmax ≥5 m/s and/or MTPG ≥60 mm Hg.2 European
Society of Cardiology guidelines use a different Vmax cutoff of
5.5 m/s for “very severe aortic stenosis”1 with no reference
to MTPG.1 The present study is the first to investigate the
prognostic impact of MTPG on mortality in patients with
severe AS and preserved LVEF. Our results show that MTPG
greater than the 60 mm Hg cutoff strongly impacts on

outcome in patients with severe AS, and that the predictive
power of MTPG ≥60 mm Hg remains unaltered after
adjustment for factors known to be major prognostic
determinants, such as age, sex, hypertension, symptoms,
coronary artery disease, atrial fibrillation, comorbidity, LVEF,
and aortic valve surgery. High MTPG at baseline is associated
with a more than 70% increase in the risk of all-cause
mortality during follow-up, even in the group of patients with
no or minimal symptoms at diagnosis. Therefore, in clinical
practice, MTPG should be systematically measured and taken
into consideration for AS severity quantification and for
treatment decisions.

The prognostic value of MTPG in patients with asymp-
tomatic severe AS has been investigated only by a few
exercise-stress echocardiography studies. In a series of 69
patients with AS, an increase in MTPG ≥18 mm Hg at peak
exercise was predictive of early cardiac events.15 Mar�echaux
et al16 highlighted that elevation of MTPG ≥20 mm Hg added
an incremental prognostic value to resting echocardiography
parameters in patients with AS and was associated with a 2-
fold increase in the relative risk of cardiovascular death or
the need for AVR during follow-up. However, solid outcome
data on the impact of high MTPG detected at rest in patients
with severe AS and preserved LVEF have not yet been
reported.

Figure 4. Hazard ratio (HR) and 95% confidence interval for risk of all-cause mortality associated with mean transaortic pressure gradient
≥60 mm Hg in subgroups of patients with severe aortic stenosis. NYHA indicates New York Heart Association.
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AS management is difficult, particularly in asymptomatic
patients, with a persistent controversy between conservative
treatment and surgical management.17–20 On the one hand,

as reported,21–23 the 2-year risk of cardiac events (onset of
symptoms, AVR, or mortality) in asymptomatic patients with
hemodynamically significant AS is high, whereas the risk of

Figure 5. Kaplan–Meier curves of survival in asymptomatic and minimally symptomatic patients with severe aortic stenosis (n=559)
according to mean transaortic pressure gradient (MTPG). A, Dividing the population into 3 groups (MTPG 40–50 mm Hg, MTPG 50–
59 mm Hg, and MTPG ≥60 mm Hg). B, Dividing the population into 2 groups (MTPG <60 mm Hg and MTPG ≥60 mm Hg).

Figure 6. Adjusted all-cause mortality curves in asymptomatic and minimally symptomatic patients with severe aortic stenosis (n=559)
according tomeantransaorticpressuregradient (MTPG),divided into3groups (MTPG40–50mmHg,MTPG50–59mmHg,andMTPG≥60mm
Hg) (A)and into2groups(MTPG<60mmHgandMTPG≥60mmHg). (B).Curvesareadjustedforage,sex,bodysurfacearea,hypertension,New
York Heart Association class, coronary artery disease, history of atrial fibrillation, comorbidity index, and left ventricular ejection fraction.
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sudden death is low. Conversely, AVR should ideally be
performed before the onset of irreversible left heart remod-
eling that reduces the long-term benefit of surgery.24

Therefore, the decision to operate asymptomatic individuals
with severe AS must be based on careful assessment of the
benefit-risk balance. Several studies have investigated the
value of Vmax for risk stratification of patients with asymp-
tomatic severe AS. In a study based on 163 asymptomatic
patients with severe AS, Vmax >4.4 m/s was the best cutoff
for the prediction of a composite end point, including onset of
symptoms, AVR, and death.25 In this study,25 2-year event-free
survival was 30% for patients with Vmax >4.4 m/s versus 60%
for patients with Vmax <4.4 m/s. Among 622 asymptomatic
patients with AS and Vmax ≥4 m/s, a Vmax ≥4.5 m/s was
associated with an �50% increased risk of cardiac events
(death or AVR)26 in a report on 116 asymptomatic patients
with severe AS, a Vmax ≥5.5 m/s was associated with almost
90% increase in the risk of events (death or AVR).27 These
studies undeniably validated Vmax as an outcome marker in
AS, but the cutoff for identifying patients in whom the severity
of the valvular obstacle is critical remains unclear, especially
for patients with no or minimal symptoms, as reflected by the
different criteria used to define “very severe AS” proposed by
US and European guidelines.1,2 Our study including a large
number of patients has the advantage of identifying a unique
MTPG cutoff value of 60 mm Hg as proposed by the American
Heart Association/American College of Cardiology guidelines
for risk stratification in severe AS with a clear impact on
mortality risk irrespective of clinical presentation. We delib-
erately chose not to use a combined end point associating
death and AVR because of the possible bias of AVR related to
the personal physician’s assessment of disease severity.
Patients with severe AS and preserved LVEF in whom MTPG is
≥60 mm Hg at the time of diagnosis represent a high-risk
group with more than 70% increase in all-cause mortality
during follow-up, even when they initially present no or minimal
symptoms. Early elective surgery, at the asymptomatic stage,
should be considered only for selected patients who present a
low operative risk and high risk onmedical management.2 From
this point of view, MTPG represents a valuable marker of risk
and should be integrated in the decision-making process for
surgery in asymptomatic AS.

Strengths and Limitations
Because follow-up data were obtained retrospectively, our
study therefore presents inherent limitations of this type of
analysis. The specific indications for surgery during follow-up
were not recorded in our database. However, diagnosis and
follow-up were performed by cardiologists with expertise in
valvular heart disease, and surgical decisions were taken by
the heart team with the approval of the patient’s physician in

accord with current practice guidelines. We analyzed the
subgroup of patients with no or minimal symptoms, because
we consider that, in elderly patients with AS, it is often very
difficult to differentiate asymptomatic individuals from
patients with minimal symptoms. The mean pulmonary
pressure observed in the study groups was lower than
previously reported,28,29 presumably because of exclusion of
patients with LV dysfunction and with significant associated
mitral regurgitation, which accounted for 27% to 53% in other
studies.28,29 Finally, this study exclusively concerned patients
with severe AS and preserved LVEF and those without
significant valve regurgitation. Further studies are needed to
evaluate the role of MTPG in other subsets of patients with
severe AS.

Conclusions
The present study shows that high MTPG is an independent
predictor of mortality in patients with severe AS and
preserved LVEF on medical and surgical treatment. Detection
of MTPG ≥60 mm Hg at the time of AS diagnosis is
associated with a greater than 70% increase in the risk of
death during follow-up, even for asymptomatic or minimally
symptomatic patients. Our findings suggest that MTPG
assessment should be part of the decision-making process
for surgery in asymptomatic or minimally symptomatic
patients with severe AS.
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Table S1. Baseline demographic, clinical and echocardiographic characteristics of the study patients with asymptomatic or minimally 

symptomatic severe aortic stenosis according to mean transaortic pressure gradient (MTPG) 

Variable    p 

value 

 
           Overall population 

                    (n=559) 

           MTPG 40-49 mmHg 

                     (n=205)                                   
    MTPG 50-59 mmHg 

               (n=167)                                   
MTPG ≥60mmHg              

           (n=187)                                   

 
Demographics, baseline data and symptoms 
Age (years)      

Male sex (%, n)      

Body surface area (m²)                                       

NYHA (%, n)                                                                           

           1-2         

        
           3-4                                  

                                                                                                                                                      

Medical history and risk factors 
Hypertension (%,n)                                             

Diabetes mellitus (%,n)                                      

Coronary artery disease (%, n)                           
Prior atrial fibrillation (%, n)                              

Charlson comorbidity index                                

 

Echocardiographic parameters   
 

Aortic valve 
Aortic valve area (cm²) 

Aortic valve area indexed to BSA (cm²/m²) 

Peak aortic jet velocity (m/s) 
Transaortic mean pressure gradient (mmHg) 

Stroke volume (ml)                                           

Indexed stroke volume (ml/m²) 

 

Left ventricular function 
LV end-diastolic diameter (mm) 

LV end-systolic diameter (mm) 

Ejection fraction (%) 
Indexed LV mass (g/m²) 

LV end-diastolic volume (mL) 

LV end-systolic volume (mL)                           

E/E’ 

Left atrial volume index (ml/m²) 

sPAP (mmHg)                                                                                                             

       

 

 

 

 
73±12 

299 (53.5%) 

1.87±0.2                            

                              

226 (40.4%)                      

 
333 (59.6%)                      

 

 
397 (70.3%)                     

151 (29.3%)                      

250 (44.7%)                      
139 (24.9%)                     

1.8±1.9                            

 
 

 

 

0.70 (0.59-0.80)                 

0.37 (0.32-0.43)                 

4.6 (4.2-5.0)                       
53 (46-64)                          

79 (66-91)                          

42 (36-49)                          
 

 

49 (45-54)                          
30 (26-35)                          

65 (60-70)                          

128 (105-154)                    
114 (85-154)                      

41 (28-58)   

11.5 (7.4-17.3)                    
40 (31-51)                          

32 (27-39)                          

 

 
74±11 

102 (49.8%)                        

1.86±0.2                             

 

97(47.3%)                           

 
108 (52.7%)                        

 

 
148 (72.2%)                        

60 (25.7%)                          

84 (41%)                             
52 (25.4%)                          

1.9±2.2                                

 
 

 

 

0.77 (0.63-0.86)               

0.41 (0.34-0.47)               
4.2 (4.1-4.3)                     

44 (42-46)                        

74 (62-87)                        
41 (35-47)                        

 

 
48 (43-53)                        

30 (26-34)                        

65 (59-68)                        
115 (97-140)                    

108 (83-145)                    

41 (27-57)                        
11.2 (6.6-20.6)                 

41 (31-51)                        

32 (27-40)                        

  

 

 
74±12 

84 (50.3%) 

1.87±0.2 

 
65 (38.9%) 

 
102 (61.1%) 

 

 
122 (73.1%)                        

43 (25.7%)                          

84 (50.3%)*                        
48 (28.7%)                           

1.7±1.6                                 

 
 

 

 

0.69 (0.57-0.80) †                

0.37 (0.31-0.43) † 

4.6 (4.7-4.7) †                      
54 (51-56) †                         

80 (69-91) *                         

42 (36-49)                           
 

 

49 (45-54)                            
30 (25-35)                            

65 (60-70)                            

127 (102- 149) *                
115 (85-147)                        

42 (28-56)                            

11.6 (7.6-17..2)                    
39 (31-49)                            

32 (28-40)                            

 

 
71±12 

113 (60.4%) 

1.88±0.2 

 

64 (34.2%) 

 
123 (65.8%)* 

 

 
123 (65.8%) 

48 (27%) 

82 (43.9%) 
39 (20.9%)* 

1.9±1.8* 

 
 

 

 

0.65 (0.55-0.75) † 

0.34 (0.29-0.39) † 
5.2 (5.0-5.6) † 

69 (64-80) † 

84 (69-97) † 
44 (38-51) * 

 

 
50 (46-54) * 

31 (27-35) 

65 (60-70) 
143 (121-171) † 

123 (92-160) 

41 (30-59) 
11.6 (7.5-15.7) 

40 (32-51) 

32 (27-39) 

 

 

 
0.068 

0.066 

0.027 

 
 

0.028 

 

 
0.247 

0.658 

0.190 

0.225 
0.813 

 

 
 

 

<0.001 

<0.001 

<0.001 
<0.001 

<0.001 

0.004 
 

 

0.037 

0.417 

0.212 

<0.001 
0.094 

0.862 

0.955 

0.410 

0.955 
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Continuous normally distributed variables are expressed as mean ±1 standard deviation, non-normally distributed continuous variables are expressed as 

median (25th and 75th percentiles), and categorical variables as percentages and counts.  

NYHA indicate New York heart association class, LV left ventricular and sPAP systolic pulmonary artery pressure 

* p<0.05 individual category versus MTPG  40-49 mmHg † p<0.001 individual category versus MTPG  40-49 mmHg  
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Table S2. Baseline demographic, clinical and echocardiographic characteristics of the study patients with asymptomatic or minimally 

symptomatic severe aortic stenosis according to mean transaortic pressure gradient (MTPG) < or ≥ 60 mmHg 

Variable    p value 

            Overall population 

                    (n=559) 

           MTPG <60 mmHg 

                     (n=372)                                   
MTPG≥60mmHg                         

           (n=187)                                   
    

 
Demographics, baseline data and symptoms 
Age (years)      

Male sex (%, n)      

Body surface area (m²)                                       

NYHA (%, n)                                                                           

           1-2         

        
           3-4                                  

                                                                                                                                                      

Medical history and risk factors 
Hypertension (%,n)                                             
Diabetes mellitus (%,n)                                      

Coronary artery disease (%, n)                           

Prior atrial fibrillation (%, n)                              
Charlson comorbidity index                                

 

Echocardiographic parameters   
 

Aortic valve 
Aortic valve area (cm²) 
Aortic valve area indexed to BSA (cm²/m²) 

Peak aortic jet velocity (m/s) 

Transaortic mean pressure gradient (mmHg) 
Stroke volume (ml)                                           

Indexed stroke volume (ml/m²) 

 

Left ventricular function 
LV end-diastolic diameter (mm) 
LV end-systolic diameter (mm) 

Ejection fraction (%) 

Indexed LV mass (g/m²) 
LV end-diastolic volume (mL) 

LV end-systolic volume (mL)                           
E/E’ 

Left atrial volume index (ml/m²) 

sPAP (mmHg)                                                                                                             

       

 

 

 

 
73±12 

299 (53.5%) 

1.87±0.2 

 

226 (40.4%) 

 
333 (59.6%) 

 

 

397 (70.3%) 
151 (29.3%) 

250 (44.7%) 

139 (24.9%) 
1.8±1.9 

 

 
 

 
0.70 (0.59-0.80) 

0.37 (0.32-0.43) 

4.6 (4.2-5.0) 
53 (46-64) 

79 (66-91) 

42 (36-49) 
 

 

49 (45-54) 
30 (26-35) 

65 (60-70) 

128 (105-154) 
114 (85-154) 

41 (28-58) 

11.5 (7.4-17.3) 
40 (31-51) 

32 (27-39) 

 

 
74±12 

186 (50%)  

1.86±0.2 

 

162 (43.5%) 

 
210 (56.5%) 

 

 
270 (72.8%) 

103 (28%)  

168 (45.2%)                                   
270 (72.8%)                                   

1.8±1.9                                           

 
 

 

 
0.74 (0.61-0.83)   

0.39 (0.33-0.45)   

4.38 (4.18- 4.60)                             
48 (44-53)                                       

76 (65-88)                                       

42 (35-48)                                       
 

 

49 (44-53)                                       
30 (26-35)                                       

65 (60-70)                                       

119 (98-143)                                   
111 (85-145)                                   

42 (27-56)                                       

11.3 (7.2-18.5)                                
40 (31-50)                                      

32 (27-39)                                                                                                         

                            
 

 

 
71±12 

113 (60.4%) 

1.88±0.2 

 

64 (34.2%) 

 
123 (65.8) 

 

 
123 (66.1%) 

48 (25.8%) 

82 (43.9%) 
123 (66.1%) 

1.9±1.8 

 
 

 

 
0.65 (0.55-075) 

0.34 (0.29-0.39) 

5.2 (5.0-5.6) 
69 (64-80) 

83 (69-97) 

44 (38-51) 

 
 

50 (46-54) 
31 (27-35) 

65 (61-71) 

143 (121-171) 
122 (92-160) 

41 (30-59) 

11.6 (7.5-15.7) 
40 (32-51) 

32 (27-39) 

 

  

 
0.021 

0.020 
0.335 

 

 

0.034 

 

 

 

0.105 

0.586 

0.769 
0.105 

0.725 

 
 

 

 

<0.001 

<0.001 

<0.001 
<0.001 

<0.001 

0.004 
 

 

0.016 

0.186 

0.145 

<0.001 

0.035 

0.586 

0.776 

0.480 
0.869 
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Continuous normally distributed variables are expressed as mean ±1 standard deviation, non-normally distributed continuous variables are expressed as 

median (25th and 75th percentiles), and categorical variables as percentages and counts.  

NYHA indicate New York heart association class, LV left ventricular and sPAP systolic pulmonary artery pressure 

 
 

 

 by guest on June 6, 2017
http://jaha.ahajournals.org/

D
ow

nloaded from
 

http://jaha.ahajournals.org/


Table S3. Baseline demographic, clinical and echocardiographic characteristics of patients who underwent aortic valve replacement (AVR). 

 

Variable    p value 

 AVR population 

(n=933) 

Surgical AVR 

(n=834) 
Trans catheter AVR 

(n=99) 
    

 
Demographics, baseline data and symptoms 
Age (years)                                                                                       

Male sex (%, n)      

Body surface area (m²)                                       

NYHA (%, n)                                                                           

           1-2         

        
           3-4                                  

                                                                                                                                                      

Medical history and risk factors 
Hypertension (%,n)                                                                                                
Diabetes mellitus (%,n)                                      

Coronary artery disease (%, n)                           

Prior atrial fibrillation (%, n)                              
Charlson comorbidity index                                

 

Echocardiographic parameters   
 

Aortic valve 
Aortic valve area (cm²) 
Aortic valve area indexed to BSA (cm²/m²) 

Peak aortic jet velocity (m/s) 

Transaortic mean pressure gradient (mmHg) 
Stroke volume (ml)                                           

Indexed stroke volume (ml/m²) 

 

Left ventricular function 
LV end-diastolic diameter (mm) 
LV end-systolic diameter (mm) 

Ejection fraction (%) 

Indexed LV mass (g/m²) 
LV end-diastolic volume (mL) 

LV end-systolic volume (mL)                           
E/E’ 

Left atrial volume index (ml/m²) 

sPAP (mmHg)                                                                                                             

       

 

 

 

 
73±11 

500 (53,6%) 

1,88±0,23 

 

695 (74,5%) 

 
238 (25,5%) 

 

 
666 (71,6%) 

254 (27,4%) 

500 (53,6%) 
226 (24,2%) 

1,79±1,70 

 
 

 

 
 

0,70 (0,58-0,82) 

0,37 (0,31-0,43) 
4,60 (4,30-5,10) 

54 (46-66) 

79 (66-93) 
42 (36-50) 

 

 
50 (45-54) 

31 (26-35) 

65 (60-70) 
132 (108-159) 

113 (88-153) 

41 (28-58) 
12 (8,4-16,4) 

40 (31-51) 

32 (27-40) 

 

 

 
72±11 

454 (54,4%) 

1,89±0,23 

 

635 (76,1%) 

 
199 (23,9%) 

 

 
582 (70%) 

222 (26,8%) 

443 (53,1%) 
200 (24%) 

1,70±1,61 

 
 

 

 
 

0,70 (0,58-0,82) 

0,36 (0,31-0,43) 
4,60 (4,30-5,10) 

54 (46-66) 

80 (66-93) 
42 (36-49) 

 

 
49 (45-54) 

30 (26-34) 

65 (60-70) 
130 (106-157) 

113 (87-154) 

40 (28-58) 
11,8 (8,3-16) 

40 (31-51) 

32 (27-39) 

 

 
81±9 

46 (46,5%) 

1,80±0,20 

 

60 (60,6%) 

 
39 (39,4%) 

 

 
84 (84,8%) 

32 (32,3%) 

57 (57,6%) 
26 (26,3%) 

2,63±2,15 

 

 

 

 
0,68 (0,59-0,82) 

0,39 (0,33-0,44) 
4,60 (4,30-5,07) 

53 (46-66) 

79 (64-96) 
43 (37-53) 

 

 
52 (46-56) 

33 (27-39) 

61 (57-66) 
144 (118-167) 

107 (90-141) 

43 (29-57) 
13,8 (9,1-18) 

43 (35-54) 

34 (30-44) 

  

 
< 0,001 

0,133 

< 0,001 

 

 

0,001 
 

 

 
0,002 

0,242 

0,400 
0,616 

< 0,001 

 

 

 

 
0,954 

0,058 
0,785 

0,796 

0,791 
0,076 

 

 
0,005 

< 0,001 

0,005 
0,002 

0,445 

0,443 
0,079 

0,034 

0,007 
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Continuous normally distributed variables are expressed as mean ±1 standard deviation, non-normally distributed continuous variables are expressed as 

median (25th and 75th percentiles), and categorical variables as percentages and counts.  

NYHA indicate New York heart association class, AVR aortic valve replacement, LV left ventricular and sPAP systolic pulmonary artery pressure 
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Figure S1. Adjusted all-cause mortality curves in the severe AS population (n=1143) 

according to mean transaortic pressure gradient (MTPG), divided into 3 groups (A) and into 

2 groups (B). 

 

Curves are adjusted for age, sex, body surface area, hypertension, NYHA class, coronary 

artery disease, history of atrial fibrillation, comorbidity index, left ventricular ejection 

fraction and aortic valve surgery. 
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Figure S2. Adjusted all-cause mortality curves in asymptomatic and minimally symptomatic 

patients with severe aortic stenosis (n=559) according to mean transaortic pressure gradient 

(MTPG), divided into 3 groups (A) and into 2 groups (B). 

 
 

 

 

 

 

 

Curves are adjusted for age, sex, body surface area, hypertension, NYHA class, coronary 

artery disease, history of atrial fibrillation, comorbidity index, left ventricular ejection 

fraction and aortic valve surgery. 
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