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Background: The determinants of maximal exercise capacity (MEC) in aortic stenosis (AS) are, in large part,
unknown. We hypothesized that the left ventricular (LV) global hemodynamic load – as assessed by the
valvulo-arterial impedance (Zva) – is one of the main determinants of MEC and we sought to evaluate the
factors associated with reduced MEC in AS.
Method and results: Asymptomatic patients with moderate or severe AS (n=62, aortic valve area b1.5 cm2,
65±13 years, 68% men) and preserved LV systolic function (ejection fraction>50%) were prospectively
referred for comprehensive resting echocardiography and cardiopulmonary exercise test. Absolute peak
VO2 was 19.5±5.7 mL/kg/min (median 19.6 mL/kg/min; range 7.2–33.1 mL/kg/min). There were significant
correlations between peak VO2 and: age, body mass index, LV stroke volumes, cardiac output, mean flow rate,
mitral annulus s′ and e′wave velocities, E/e′ ratio and left atrial diameter (all pb0.05). Indexedmean flow rate
and Zva were the strongest univariable echocardiographic determinants of peak VO2 (r=0.44, pb0.001 and

r=−0.39, p=0.002, respectively). In addition, patients with reduced MEC (peak VO2bmedian) had higher
Zva than those with preserved MEC (4.24±1.18 vs. 3.71±0.68 mm Hg/mL/m2, p=0.036). In multivariable
analysis, age (pb0.001) and Zva (p=0.048) were the only independent predictors (r2=0.40) of peak VO2.
Conclusion: In asymptomatic patients with moderate to severe AS, MEC varies widely among patients, and
is often lower than expected. Global LV hemodynamic load is the main echocardiographic determinant of
reduced MEC in these patients, suggesting its usefulness for their clinical evaluation and management.
© 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Valvular aortic stenosis (AS) is the most common cardiovascular
disease in developed countries after coronary artery disease and
hypertension. AS cannot be viewed as an isolated disease of the valve
[1]. Indeed, arterial compliance is often reduced due to atherosclerosis
and medial elastocalcinosis in AS patients [2]. Reduced arterial compli-
ance adds to the hemodynamic load caused by AS and contributes to
the global burden imposed on the LV. Hence, the LV of AS patients
often faces a double hemodynamic load: valvular+arterial. Briand et
al. have proposed a new Doppler-echocardiographic parameter: the
valvulo-arterial impedance (Zva) to assess the global load imposed on
the LV in such patients. This parameter incorporates the valvular load
and the pulsatile and steady components of the arterial load [3]. High
Zva has been associated with increased risk of LV dysfunction [3] and
cardiovascular events in both symptomatic and asymptomatic AS
patients. The impairment of maximal exercise capacity (MEC) should
logically be related to the global hemodynamic burden faced by the
LV. We thus hypothesized that Zva is an important factor limiting
MEC in AS patients.

Although, exercise testing is largely recommended in asymptom-
atic AS, its ability to differentiate pathological from physiological
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breathlessness is limited, especially in the elderly subjects [4]. More-
over, even if the test is absolutely normal – ‘truly’ asymptomatic
patients – there is still a high inter-patient variability in terms of
outcome [5]. Altogether, this has led to different levels of recommen-
dations for aortic valve replacement in the ACC/AHAandESC guidelines
for the management of asymptomatic AS (class IIb vs I for exercise-
induced symptoms). Cardiopulmonary exercise testing (CPET) with
determination of gas exchange provides quantitative, objective, and
more accurate non-invasive evaluation of MEC [6]. Various factors may
affect MEC in patients with AS. However, very few studies have focused
on evaluating MEC and its determinants in AS. In the present study, we
sought to evaluate the determinants of MEC in asymptomatic AS
patients and to test the hypothesis that a high Zva plays an important
detrimental role on MEC in such patients.

2. Methods

2.1. Study population

Sixty-five consecutive patients with asymptomatic moderate or severe AS who
were able to perform a treadmill CPET were prospectively included in the study.
Patients were recruited from two centres, University Hospital Sart Tilman Liège (n=33)
and Québec Heart & Lung Institute (n=32). Exclusion criteria: (1) more than mild aortic
ormitral regurgitation at echocardiography, (2) abnormal cardiac rhythm, (3) documented
seconddegree or third degree atrio-ventricular block or paced rhythm, (4) dilated or hyper-
trophic obstructive cardiomyopathy, (5) known ischemic heart disease, (6) left ventricular
(LV) ejection fraction b50%, (7) primary pulmonary hypertension, (8) evidence of more
thanmild pulmonary disease and (9) inadequate acousticwindows. For the CPET, the abso-
lute exclusion criteria specified by ATS/ACCP Statement on Cardiopulmonary Testing were
also followed [6]. All patients gave their consent. The study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the
institution's human research committee.

2.2. Echocardiographic measurements

Echocardiographic examination was performed using a Vivid ultrasound (7 or E9)
System (GE Healthcare, Little Chalfont, UK). All data were stored in a digital format,
which enabled ulterior off-line analysis using dedicated software (EchoPAC, GE Vingmed
Ultrasound AS, Horten, Norway).

2.2.1. Evaluation of AS severity
Continuous wave Doppler was used to measure trans-aortic velocities. Peak and

mean trans-aortic pressure gradients were calculated using the simplified Bernoulli
equation (ΔP=4v2, where v is maximal aortic velocity in m/s). Aortic valve area was
calculated using the continuity equation. AS was considered severe if the valve area
was b1 cm2.

2.2.2. Evaluation of LV geometry, LV systolic and diastolic function
The LV end-diastolic and end-systolic diameters were measured from the 2D

parasternal long-axis view. The LVmasswas calculated using the formula of the American
Society of Echocardiography and was indexed for body surface area. The LV ejection
fraction, end-systolic and end-diastolic volumes were measured by Simpson's biplane
method. The LV stroke volume was calculated by multiplying the LV outflow tract area
to LV outflow tract velocity time integral measured by pulse wave Doppler. Mean flow
rate across the aortic valve was calculated by dividing stroke volume by ejection time
from the same cardiac cycle. Stroke volume and mean flow rate were indexed to body
surface area. The LV cardiac output was calculated as the product of heart rate and stroke
volume and was indexed to body surface area to derive the cardiac index. Peak E-wave
and A-wave velocities at the level of the LV inflow were measured using pulsed-wave
Doppler. Peak systolic (s′) and peak early diastolic (e′) mitral lateral annular velocities
were measured using tissue Doppler imaging in apical 4-chamber view. The E/e′ ratio
was then calculated. Left atrial antero-posterior diameter was measured from the 2D
parasternal long-axis view.

2.2.3. Assessment of global LV load
The global LV hemodynamic load was estimated by the valvulo-arterial impedance

using the following formula: Zva=(SBP+MG)/SVi, where SBP is the systolic blood
pressure, measured at the time of the echocardiographic examination, MG the mean
transvalvular pressure gradient and SVi the LV outflow tract stroke volume indexed for
body size area. Zva represents the valvular and arterial factors that oppose ventricular
ejection by absorbing the mechanical energy developed by the LV.

2.3. Cardiopulmonary exercise testing

All patients underwent a multistage symptom-limited treadmill CPET. A modified
Bruce protocol was used, with three distinct stages: a warm up stage, an exercise stage
with a progressive increase in workload each 3 min and a recovery stage. Warm-up
stage started at a speed of 2.7 km/h and an inclination of 5%. During exercise stage,
the speed of the treadmill increased with 1.3 km/h for each stage and the inclination
increased with 5% for the first stage, and with 2% for each remaining stage of the
protocol. Each stage of the protocol lasted 3 min. Patients were encouraged to exercise
to exhaustion. Blood pressure values were carefully monitored at the end of each stage
of the protocol using a calibrated sphygmomanometer, and continuous 12 lead ECG
monitoring was also recorded. Patient's medications were not stopped for the test. A
cardiologist closely monitored the patient during the test and carefully searched for
symptom development or signs of abnormal test: angina, dizziness, sustained ventric-
ular arrhythmias, drop or inadequate rise (b20 mm Hg) in systolic blood pressure or
≥2 mm ST segment depression 80 ms after the J point. The test was promptly stopped
in case of symptom development. Peak oxygen consumption (peak VO2) was
measured with the use of a gas exchange analyzer (VMax Series 29c, SensorMedics).
Peak heart rate (peak HR), peak SBP, peak diastolic blood pressure (peak DBP), oxygen
pulse (O2 pulse), peak circulatory power (PCP) and the metabolic equivalents (METs)
were also measured. Peak circulatory power was calculated as the product of peak
oxygen uptake (peak VO2) and peak SBP, as previously validated. Device calibration
was performed before each test. Each CPET was performed within 1 month following
echocardiographic examination. Three patients were excluded from the study because
of low peak VO2 values related to extraneous causes (rapid rise in blood pressure in
one patient and lower limb pain in the other two).

The authors of this manuscript have certified that they comply with the principles
of Ethical Publishing in the International Journal of Cardiology.

2.4. Statistical analysis

Patients were divided in two groups according to the median value of the peak VO2

distribution. The results are expressed as mean±standard deviation or percentages
unless otherwise specified. Statistical differences between groups were assessed
using Student t test, chi-square test or Fisher exact test, as appropriate. Relationship
between echocardiographic data and peak VO2 were evaluated using linear regression.
To identify the independent predictors of exercise capacity, we used multiple linear
regression analysis. Only variables univariately associated with peak VO2 were included
into the model and were carefully chosen in order to avoid colinearity. Values of pb0.05
were considered significant. All statistical analyses were performed with SPSS version
17.0 (SPSS Inc., Chicago, Illinois, USA).

3. Results

3.1. Characteristics of the patients

Among the 62 patients included in the study (age 65±13 years,
68% men), 32 (52%) had severe AS. The valve was tricuspid in 84%
of the patients and bicuspid in 10 patients. Three patients had mild
renal function impairment. Patient's clinical and demographic charac-
teristics are summarized in Table 1, and the main echocardiographic
and cardiopulmonary test characteristics of the study population are
presented in Tables 2 and 3, respectively.

3.2. Functional capacity in AS

Absolute mean peak VO2 was 19.5±5.7 mL/kg/min (median
19.6 mL/kg/min; range 7.2–33.1 mL/kg/min, Fig. 1). Twenty-five % of
the study population had peak VO2 values lower than 15.8 mL/kg/min
and 75 % lower than 22.6 mL/kg/min. Forty seven % of the study popu-
lation had peak VO2 values lower than 84% of their predicted values
for age and sex. Patients with reduced MEC (peak VO2bmedian) were
significantly older and had higher SBP values (Table 1), smaller LV
end-diastolic and end-systolic volume, lower LV stroke volume, mean
flow rate, cardiac output and cardiac index, lower s′ and e′wave veloc-
ities and higher E/e′ ratio (Table 2). There was also a trend for a signif-
icant relationship between reducedMEC and female gender (p=0.06).
There were no other significant differences between the two groups
regarding clinical, demographic and echocardiographic data (Tables 1
and 2). There was a significant difference between the two groups
regarding peak HR, O2 pulse, PCP and METs (Table 3).

There was a significant correlation between absolute peak VO2

and age (r=−0.582, pb0.001), and body mass index (r=−0.295,
p=0.02). Peak VO2 was also significantly correlated with LV stroke
volume, mean flow rate, cardiac output and the indexed values of
these parameters, with s′ (Fig. 2, Panel B) and e′ wave velocities, E/e′
ratio (Fig. 2, Panel C) and left atrial diameter (Table 4). There was a



Table 1
Clinical and demographic data.

Variables Overall (n=62) Preserved MEC (n=31) Reduced MEC (n=31) p

Clinical and demographic data
Age, years 65±13 60±13 71±9 b0.001
Women, n (%) 20 (32.3) 6 (19.4) 14 (45.2) 0.06
Body surface area, m2 1.82±0.21 1.85±0.17 1.80±0.26 0.38
Body mass index, kg/m2 26.7±3.9 25.9±3.1 27.5±4.5 0.11
Resting heart rate, bpm 70±11 73±10 67±13 0.08
Systolic blood pressure, mm Hg 138±19.7 133±16 144±22 0.02
Diastolic blood pressure, mm Hg 78±11 76±9 79±11 0.25

Risk factors
Diabetes mellitus, n (%) 9 (14.5) 3 (9.4) 6 (20.0) 0.20
Smoking, n (%) 15 (28.3) 5 (15.6) 10 (38.5) 0.15
Dyslipidemia, n (%) 27 (43.5) 12 (37.5) 15 (50.0) 0.22
Hypertension, n (%) 27 (42.2) 14 (43.8) 13 (43.3) 0.84
Chronic renal failure, n (%) 3 (4.8) 1 (3.1) 2 (6.7) 0.48

Data are presented as mean±SD or n (%). MEC indicates maximal exercise capacity.
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trend for correlation between peak VO2 and LV ejection time (r=−0.23,
p=0.068). There was no significant correlation between peak VO2 and
global LV ejection fraction or any other parameters of stenosis severity
(Table 4).

3.3. Relationship between valvulo-arterial impedance and functional
capacity

Zva varied from2.61 mm Hg/mL/m2 to 7.95 mm Hg/mL/m2 (mean=
3.97 mm Hg/mL/m2, median=3.82 mm Hg/mL/m2). Twenty five % of
our study population had Zva values lower than 3.36 mm Hg/mL/m2

and 25% higher than 4.3 mm Hg/mL/m2.
Patients with reduced MEC had higher Zva as compared with those

with preserved MEC (Table 2). When dividing the study population
in two groups according to the median value for the Zva, (3.82 mm
Hg/mL/m2), patientswith high Zva had higher LV end-systolic diameter
Table 2
Echocardiographic data.

Variables Overall (n=62)

LV geometry
LV end-diastolic diameter, mm 45±6
LV end-systolic diameter, mm 28±4
LV end-diastolic volume, mL 94±22
LV end-systolic volume, mL 34±10
Indexed LV mass, g/m2 119±41

LV systolic function
LV stroke volume, mL 79±14
Indexed LV stroke volume, mL/m2 44±6
Mean flow rate, mL/s 251±44
Indexed mean flow rate, mL/s/m2 138±20
Cardiac output, L/min 5.1±0.9
Cardiac index, L/min/m2 2.8±0.5
LV ejection fraction, % 65±6
s′-wave velocity, cm/s 7.8±2.0

LV diastolic function
E wave velocity, cm/s 85±21
E/A ratio 1.01±0.43
e′-wave velocity, cm/s 8.2±3.0
E/e′ ratio 11.7±5.1

Left atrial geometry
Left atrial diameter, mm 37±5

Assessment of LV load
Peak trans-aortic pressure gradient, mm Hg 53±20
Mean trans-aortic pressure gradient, mm Hg 31±13
Aortic valve area, cm2 0.99±0.26
Indexed aortic valve area, cm2/m2 0.54±0.13
Valvulo-arterial impedance, mm Hg/ml/m2 3.97±0.97

Data are presented as mean±SD. MEC indicates maximal exercise capacity; LV, left ventricle
leaflets tip; e′, lateral mitral annulus peak early diastolic velocity.
(30±4 vs. 27±4 mL, p=0.007), lower LV stroke volume (75±13 vs.
85±13 mL, p=0.005) and indexed stroke volume (41±5 vs. 47±
7 mL, pb0.001), lower mean flow rate (241±44 vs. 264±41 mL/s,
p=0.037) and indexed flow rate (131±17 vs. 147±20 mL/s/m2,
p=0.001) and lower e′-wave velocity (7.4±2.8 vs. 9.0±3.1 cm/s,
p=0.05). Patients with high Zva were also older (68±11 vs. 60±
14 years, p=0.02), had higher blood pressure (systolic 149±18 vs.
127±14 mm Hg, pb0.001; diastolic 82±10 vs. 74±9 mm Hg, p=
0.004) and transvalvular pressure gradient (peak 60±22 vs. 46±
14 mm Hg, p=0.006; mean 36±15 vs. 27±10 mm Hg, p=0.005),
and smaller aortic valve area (0.88±0.24 vs. 1.1±0.23 cm2, p=
0.001). There was a significant correlation between peak VO2 and Zva
(r=−0.39, p=0.002; Fig. 2, Panel A) and a graded relationship
between increased Zva and decreased MEC (Fig. 3). In multivariate
analysis, age (pb0.001) and Zva (p=0.048)were the only independent
predictors (r2=0.40) of peak VO2 (Table 5).
Preserved MEC (n=31) Reduced MEC (n=31) p

46±8 45±4 0.51
29±5 28±4 0.47

100±21 89±23 0.05
37±12 32±8 0.04

118±39 122±44 0.71

83±14 76±13 0.03
45±7 42±6 0.07

269±43 234±39 0.001
146±19 131±19 0.003
5.4±0.9 4.8±0.8 0.005
2.9±0.5 2.7±0.4 0.018
64±6 66±6 0.42
8.6±2.0 7.0±0.3 0.002

82±24 88±17 0.29
0.95±0.39 1.03±0.42 0.44
9.1±3.0 7.2±2.7 0.011
9.8±4.2 13.8±5.4 0.003

36±5 38±5 0.15

54±17 52±23 0.62
33±12 30±15 0.45

1.03±0.25 0.95±0.27 0.28
0.55±0.13 0.53±0.14 0.41
3.71±0.68 4.24±1.18 0.036

; s′, lateral mitral annulus peak systolic velocity; E, flow velocity measured at the mitral



Table 3
Cardiopulmonary exercise test data.

Variables Overall (n=62) Preserved MEC (n=31) Reduced MEC (n=31) p

Peak heart rate, bpm 131±21 140±19 119±17 b0.001
Peak SBP, mm Hg 177±24 180±21 175±27 0.43
Peak DBP, mm Hg 83±12 85±11 81±11 0.13
PCP, mm Hg*mL/kg/min 3456±1154 4317±820 2652±779 b0.001
METs 5.7±1.7 6.8±1.3 4.7±1.2 b0.001
O2 pulse, mL/beat 11.1±3.3 11.8±3.1 10.1±3.2 0.05

Data are presented as mean±SD. MEC indicates maximal exercise capacity. PCP indicates peak circulatory power. SBP indicates systolic blood pressure. DBP indicates diastolic
blood pressure. METs indicates metabolic equivalents. O2 pulse indicates oxygen pulse.
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4. Discussion

The major findings of the present study are: 1) MEC varies widely
in asymptomatic patients with moderate to severe AS and is often
lower than expected; about half of the study population had peak
VO2 values lower than those expected for their age and body weight,
2) MEC is not influenced by classical parameters of AS severity,
3) MEC is modestly related to the degree of LV systolic and diastolic
dysfunction and 4) reduced MEC is independently associated with
older age and higher global LV hemodynamic load.

4.1. Functional capacity in AS

Our results confirm and reinforce the findings of other smaller
studies showing that MEC is frequently impaired in patients with AS
[7,8]. Clyne et al. studied LV response to exercise by assessing peak
oxygen uptake in 14 asymptomatic patients with AS, and found that
these patients had reduced exercise tolerance as compared with con-
trols [7]. Recently, Rajani et al. have showed, among 38 patients with
AS, that those who developed symptoms during CPET had lower peak
VO2 and reduced peak indexed stroke volumes [8]. In the whole
cohort MEC varied widely from normal to markedly reduced values.
The mean peak VO2 (19.5±5.7 mL/kg/min) in the present study was
however lower than in the study of Clyne et al. (26.7±6.3 mL/kg/min).
This is partly explained by the difference in age between the two cohorts.
Of note, age was an important determinant of peak VO2 in our study,
while female sex was only weakly associated with MEC. In this regard, a
recent study emphasized the close relationship between age and reduced
exercise capacity, as assessed by exercise duration in AS patients [9].
Furthermore, patients with diminished MEC had higher systolic blood
pressure at rest. In elderly subjects, it is well known that systolic blood
pressure is often increased, partly as a result of changes in systemic
Fig. 1. Maximal exercise capacity in patients with aortic stenosis.
arterial mechanical properties with increased arterial stiffness [10,11].
The combination of systolic hypertension and of aortic valve stenosis
may yield to a markedly increased LV global hemodynamic burden,
which may in turn negatively impact myocardial oxygen balance and
MEC.

4.2. Echocardiographic predictors of functional capacity in AS

In the Fick equation, peak VO2 is related to cardiac output. On exer-
cise, a similar relationship exists. In our study, the correlation found
between peak VO2 and stroke volume at rest and the derived cardiac
output is consistent with the Fick equation. The higher the cardiac out-
put at rest, the easier the LV adaption to exercise, and the higher the
maximum oxygen uptake. We found a similar linear relationship with
resting mean transvalvular flow rate, suggesting that reduced MEC is,
at least in part, determined by the impairment of LV pump function,
which is, in turn, dependent on the extent of myocardial systolic dys-
function and degree of LV concentric remodelling. To this effect, in
this study therewas a good correlation between longitudinal LV systolic
function – as assessed by tissue Doppler velocities – and peak VO2.
Longitudinal function is governed by the sub-endocardial myocardial
fibers [12], which aremore likely to be affected by excessive intracavitary
pressure and microvascular ischemia [13]. In AS, longitudinal systolic
function can be reduced despite preserved LV ejection fraction [14,15].
Indeed, LV ejection fraction markedly underestimates the extent of myo-
cardial systolic dysfunction in presence of LV concentric remodelling and
is therefore often normal in AS patients. In asymptomatic AS, impaired
sub-endocardial function as reflected by reduced LV longitudinal function
has been shown to be associated with impaired exercise tolerance [16]
and development of symptoms in the short-term [17,18]. Our results
extend these previous findings. As expected, LV ejection fraction did not
influence the exercise capacity in this study. Reduced exercise capacity
was also univariately associated with 1) enlarged left atrium – a marker
of chronic diastolic burden, 2) impaired LV relaxation – as assessed by
early diastolic annular velocity (e′), and 3) increased E/e′ – an estimate
of LVfilling pressure. All these parameters reflect the extent of LVdiastolic
dysfunction. Our data are in line with previous findings reported in vari-
ous cardiovascular diseases [19–23].

4.3. LV global hemodynamic load and functional capacity in AS

Patients with calcific AS often have a double hemodynamic load: a
valvular load resulting from the AS and an arterial load that is
frequently increased in these patients due to the high prevalence of
atherosclerosis and ageing-related medial elastoclacinosis [3]. These
findings outline the complex interplay between the ventricular,
vascular and valvular components in AS. The increase in the global
LV hemodynamic load may affect the LV adaptation to exercise and
thereby limit the MEC. In our study, Zva – an estimate of global
LV load – was significantly correlated with peak VO2. When Zva in-
creases, the LV has to generate more pressure per milliliter of blood
ejected during systole, thus reducing its maximum capacity to main-
tain adequate flow to satisfy tissue metabolic requirements during
exercise. Of note, none of the classical parameters of AS severity



Table 4
Relationship between peak VO2, age and echocardiographic parameters.

Variables R p

Age −0.58 b0.001
LV geometry

LV end-diastolic diameter 0.03 0.795
LV end-systolic diameter 0.08 0.525
LV end-diastolic volume 0.18 0.171
LV end-systolic volume 0.14 0.270
Indexed LV mass −0.05 0.652

LV systolic function
LV stroke volume 0.27 0.035
Indexed LV stroke volume 0.31 0.014
Mean flow rate 0.37 0.003
Indexed mean flow rate 0.44 b0.001
Cardiac output 0.32 0.011
Cardiac index 0.35 0.006
LV ejection fraction −0.06 0.601
s′-wave velocity 0.34 0.010

LV diastolic function
E-wave velocity −0.11 0.388
E/A ratio −0.08 0.520
e′-wave velocity 0.32 0.013
E/e′ ratio −0.39 0.003

Left atrial geometry
Left atrial diameter −0.26 0.048

Assessment of LV load
Peak transaortic pressure gradient −0.01 0.948
Mean transaortic pressure gradient 0.02 0.855
Aortic valve area 0.12 0.337
Indexed aortic valve area 0.14 0.264
Valvulo-arterial impedance −0.39 0.002

LV indicates left ventricle; s′, lateral mitral annulus peak systolic velocity; E, flow velocity
measured at the mitral leaflets tip; e′, lateral mitral annulus peak early diastolic velocity.

Fig. 3. Variation of maximal exercise capacity according to various cut-off values of
global left ventricular hemodynamic load.

Fig. 2. Relationship between maximal exercise capacity (Peak VO2) and global left
ventricular (LV) hemodynamic load (Panel A), LV longitudinal function as assessed
by s′-wave velocity (Panel B) and estimated LV filling pressure (Panel C).
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(valve area, pressure gradients, aortic jet velocity) were significantly
related to MEC. This suggests that the global LV hemodynamic load
estimated with the use of Zva better reflects the consequences of the
valvulo-arterial disease on the myocardial function and exercise capac-
ity. Recent studies reported that Zva enables to identify asymptomatic
AS patients at risk of rapid progression to symptoms and worse out-
comes. A valvulo-arterial impedance >5 mm Hg/ml/m2 has been
found to be independently associated with a 4-fold increase in risk of
LV systolic dysfunction and a value of >4.5 mm Hg/ml/m2 was
associated with a 2.5-fold increase in risk of mortality in patients with
AS [24]. In our study, the negative impact of Zva on peak VO2 became
significant for values >4 mm Hg/ml/m2, and the magnitude of this
impact increased with increasing Zva. Further studies are needed to
assess whether limited exercise capacity, as evaluated during CPET, is
of prognostic significance in asymptomatic AS.
5. Limitations

Peak VO2 value normalized for body weight in kilograms was used
and this may underestimates peak VO2 in obese subjects. However, in
our patients, mean body mass index was 26.7±3.9, and only 7 (11%)
were obese. Peak VO2 may also be affected by other clinical conditions
such as pulmonary diseases, neuromuscular or musculoskeletal dis-
ease, anemia or any other pathology that decreases the O2 transport
capacity of blood. However, none of the patients included in the

image of Fig.�3
image of Fig.�2


Table 5
Multiple linear regression analysis for prediction of maximal exercise capacity
(total r2=0.40).

Β SE P

s′-wave velocity 0.039 0.428 0.927
E/e′ ratio −0.164 0.133 0.224
LA diameter −0.043 0.166 0.796
Age −0.235 0.055 b0.001
Valvulo-arterial impedance −1.383 0.680 0.048

s′ indicates lateral mitral annulus peak systolic velocity; LA, left atrium; E, indicates
flow velocity measured at mitral leaflets tip; e′, lateral mitral annulus peak early dia-
stolic velocity.

2277R. Dulgheru et al. / International Journal of Cardiology 168 (2013) 2272–2277
present study had symptoms or a medical history suggesting any of
the mentioned pathologies.

The MEC was evaluated using treadmill exercise testing, not cycle
ergometer. In this regard, our results cannot be extrapolated to all
modalities used to measure MEC.

Peak VO2 valuesmeasured using treadmill exercise testing are gener-
ally higher than thosemeasuredwith cycle ergometer.Wehave reported
a 47 % of “abnormally reduced” MEC, as assessed by the age- and
weight-predicted peak VO2. Consequently, we may expect that this per-
cent would be even higher by using cycle ergometer. Exercise-induced
myocardial ischemia may be a limiting factor of exercise capacity in
these patients. However, none of our patients had a history of coronary
artery disease, or presented during exercise angina or significant ST
changes suggestive of active myocardial ischemia.

6. Conclusion

In asymptomatic patients with moderate to severe asymptomatic
AS, functional capacity varies widely among patients, and is often
lower than expected. MEC was not related to the classical indices of
stenosis severity (peak velocity, gradient, AVA). MEC was related
to age, parameters of LV hemodynamic load, diastolic function, and
systolic pump function. Global LV hemodynamic load as estimated
by the Zva was the main independent echocardiographic determinant
of reduced MEC in these patients, suggesting the usefulness of this
parameter for risk stratification and management of these patients.
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