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Introduction: The aim of this study was to determine whether sex and biochemical markers of inflammation
have a role in left ventricular (LV) remodelling after aortic valve replacement in elderly patients with aortic
valve stenosis.
Methods: We studied 52 elderly patients with aortic valve stenosis (32 men, mean age 65 ± 11 years and
20 women, mean age 68 ± 9 years). Body surface area did not differ between men and women (1.81 ±
0.15 versus 1.84 ± 0.20, respectively). All patients underwent a complete echocardiographic examination
for the determination of ejection fraction (EF), LV mass and mass index, peak and mean systolic pressure
gradient, aortic valve area, early (E) and late (A) transmitral flow wave velocities and their ratio (E/A), tissue
Doppler indexes of the mitral annulus (Sa, Ea, Aa), and the E/Ea ratio. In addition, levels of high sensitivity Creactive protein (hsCRP), tumour necrosis factor-alpha (TNF-·) and monocyte chemoattractant protein-1
(MCP-1) were measured from venous blood samples taken before, and 10 days, 3 months and 6 months after aortic valve replacement.
Results: LV mass decreased from 297 ± 99.7 g before aortic valve replacement to 210 ± 67 g 3 months
after surgery and to 210 ± 74 g 6 months after surgery (p<0.001). LV EF did not change significantly
(p=0.836). Peak and mean systolic pressure gradients decreased, whereas aortic valve area increased after
valve replacement (p<0.001). These changes were similar in men and women. In women Sa was greater
(p=0.017) and the E/Ea ratio lower (p=0.025) than in men. The long-term changes in peak and mean pressure gradients, aortic valve area and LV mass after aortic valve replacement were well correlated with the
long-term changes in hsCRP, TNF-· and MCP-1 in both men and women.
Conclusions: LV remodelling is similar in elderly men and women with aortic valve disease who have similar
body surface area. Although inflammatory markers are not correlated with echocardiographic parameters before aortic valve replacement, a strong correlation exists after operation. This correlation is similar in men
and women.
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L

eft ventricular (LV) remodelling in
aortic valve stenosis is an adaptive
mechanism for reducing myocardial tension and maintaining cardiac output.1,2 This ability of the LV to adapt to an
increase in afterload is determined by
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many endogenous and exogenous factors,
which results in a reaction by the LV that
is highly variable from patient to patient.3-5
Many studies have reported that the adaptive remodelling of the LV in patients with
aortic valve stenosis is different in men
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and women.5-8 However, there are conflicting results
in the literature regarding the role of sex in this process.9-10
In addition, Hein et al, in a study of myocardial
biopsies from patients with aortic valve stenosis and LV
hypertrophy, found a mild inflammatory reaction by
monocytes and T-lymphocytes, and expression of inflammatory agents in the myocardium.11 According to
the view of these and other researchers, the expression
of inflammatory agents in the hypertrophic or pathological myocardium, via autocrine/paracrine or endocrinal action, plays a significant role in the process of
LV remodelling.11-16
A recent study of ours, as well as observations by
other investigators, suggest that inflammatory markers,
such as high sensitivity C-reactive protein (hsCRP), tumour necrosis factor-alpha (TNF-·) and monocyte
chemoattractant protein-1 (MCP-1), have elevated levels in the peripheral blood of patients with aortic valve
stenosis. In addition, the changes in these markers follow almost the same curve in men and women.17
These observations raise the following two questions that were addressed by the present study: 1) does
sex influence LV remodelling in elderly patients with
aortic valve stenosis? 2) do inflammatory markers in
peripheral blood (hsCRP, TNF-·, MCP-1) play a role
in LV remodelling before and after surgical replacement of the aortic valve?

Echocardiographic examination

Methods

Echocardiographic measurements

We studied 52 patients who satisfied clinical and haemodynamic criteria for severe aortic valve stenosis and
underwent surgical valve replacement. Thirty-two patients were men (age 65 ± 11 years) and 20 were
women (age 68 ± 9 years). Patients with any of the following were excluded from the study: coronary artery
disease and regional LV wall motion disturbances; atrial fibrillation; chronic renal failure or chronic, active inflammatory disease; aortic regurgitation >1+; or other
valvular disease.
All patients underwent a detailed echocardiographic examination before and after surgery and blood samples were taken for the quantitative determination of
the biochemical markers hsCRP, TNF-· and MCP-1.
Venous blood samples were immediately centrifuged
and the serum was stored at -70ÆC. The echo examination and analysis of blood samples were repeated 10
days, 3 months and 6 months after the operation. Measurements of biochemical markers of inflammation
were made after completion of the study protocol.

A Philips echocardiograph (Sonos 5500, Andover MA,
USA) was used, equipped with a 2.5 and 3 MHz transducer. Two-dimensional echocardiography was performed in the standard manner, using the left parasternal view along long and short axes, and the apical 4and 2-chamber views. M-mode recording was guided
by the two-dimensional long-axis echo, in accordance
with the guidelines of the American Heart Association.18 The recording of transmitral diastolic flow was
made using pulsed Doppler from the apical 4-chamber
view, with the Doppler flow sample (4 × 4 mm) at the
coaptation point of the mitral valve leaflets.
In all patients, continuous Doppler was used to
record the peak flow velocity through the aortic valve.
Peak systolic flow velocity was defined as the highest
value recorded at one of the standard sites (apical,
right parasternal, suprasternal) used for recording
trans-aortic flow velocity. The systolic flow velocity
and the diameter of the LV outflow tract were also
measured, for determination of the area of the aortic valve.
All recordings were stored on videotape for later
analysis and measurement of echo parameters. A separate videotape was used for each patient and the same
tape was used for recording the follow-up examinations.

M-mode
The following parameters were measured: end-diastolic diameter (EDD), end-diastolic thickness of the interventricular septum (IVST), thickness of the LV posterior wall (PWT). Measurements were made in accordance with the guidelines of the American Heart Association. These parameters were used in the calculation
of LV mass, according to Devereux’ formula,19
LV mass (g) = 0.81(1.04. [IVST+EDD+PWT]3–EDD3)+0.6

and of LV mass index,
LV mass index = LV mass / body surface area.

LV ejection fraction (EF) was estimated by inspection from the apical 2- or 4-chamber view by two experienced echocardiographers.
Echo Doppler
Transmitral flow was measured from the height of E
and A waves, and their ratio E/A was calculated. From
the peak aortic systolic flow velocity the peak systolic
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pressure gradient of the aortic valve was calculated,
using the Bernoulli 4V2 equation, as was the mean
systolic pressure gradient, by planimetry of the peak
systolic flow velocity through the aortic valve. The
aortic valve area (AVA) was calculated from the following equation:20
AVA (cm2) = (D/2)2. LVOT VTI / AV VTI

where D is the valve diameter, VTI is velocity time integral, LVOT is LV outflow tract, and AV is aortic
valve.
Pulsed tissue Doppler
The following parameters were measured at the mitral annulus over 10 consecutive cardiac cycles: the
height of the systolic wave (Sa), the Ea wave and the
Aa wave. The ratio E/Ea was also calculated.21
Determination of biochemical inflammatory markers
The quantitative determination of hsCRP was made
by nephelometry using a Date Behring reagent. TNF· and MCP-1 levels were measured by the ELISA
method using a Biomedica reagent.
Statistical analysis
Continuous variables are given as mean ± standard
deviation of the mean, whereas discrete variables
are given as percentages. Consecutive measurements
were compared using 1-way analysis of variance
(ANOVA), while comparison between two time intervals was made using Tukey’s test for honestly significant differences. Linear correlations between inflammatory markers were sought using Pearson’s
correlation test. A p-value <0.05 was the criterion of
significance throughout. All statistical tests were
performed using the statistical program SPSS 11.0
(SPSS, Inc., Chicago IL, USA).

Results
Table 1 shows that age, height, weight, body surface
area and body mass index did not differ significantly
between men and women. Tables 2, 3 and 4 show the
M-mode, two-dimensional, echo Doppler and mitral
annulus tissue Doppler parameters measured before
surgery, and 10 days, 3 and 6 months after aortic valve
replacement, in the entire patient population, and in
men and women separately.
IVS and PW thickness decreased to a significant
degree (p=0.001, p<0.001, respectively) during the
follow-up period, but EDD showed no significant
change. LV mass and LV mass index also showed a significant reduction (p<0.001). LVEF did not change significantly. In only 6 patients was LVEF ≤40%. The values of the above echo parameters and of EDD were
similar in men and women and showed a similar time
course over the study period (Figure 1). However, the
change in LV mass and LV mass index was statistically significant only in men (p=0.001).
The E wave deceleration time was significantly
reduced 10 days after valve replacement (p=0.015),
but this change subsequently almost disappeared and
the value at the end of the study was not significantly
different from that at the start (Figure 2).
Peak and mean transvalvular pressure gradients
decreased significantly (p<0.001), while AVA showed
a significant increase (p<0.001) (Figures 3 & 4).
None of the other echocardiographic parameters
changed significantly during the study period, either for
the whole patient population, or for men and women
considered separately. The time course of all these variables was similar in men and women.
Tissue Doppler
The height of the systolic Sa wave changed significantly during the study period (p=0.005, Table 2), whereas

Table 1. Patient characteristics comparing men and women.
All patients (n=52)
Age (years)
Height (m)
Weight (kg)
BMI (kg/m2)
BSA (m2)

67.1 ± 10.4
1.66 ± 0.08
74.3 ± 12.2
26.9 ± 3.9
1.82 ± 0.17

BMI – body mass index; BSA – body surface area.
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Men (n=32)

Women (n=20)

p

66.0 ± 11.0
1.66 ± 0.09
73.5 ± 9.6
26.9 ± 3.6
1.81 ± 0.15

68.9 ± 9.3
1.67 ± 0.08
75.5 ± 15.7
27.0 ± 4.4
1.84 ± 0.20

0.335
0.711
0.575
0.870
0.616
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Table 2. Echocardiographic parameters in all patients before and after aortic valve replacement (p-values are from ANOVA).

EDD
IVST
PWT
LVOT
Dec-E
E
A
E/A
Sa
Ea
Aa
E/Ea
Grad-P
Grad-M
EF
AVA
AVAI
LVmass
LVImass
LVS

Before

10 days after

3 months after

6 months after

4.70 ± 0.69
1.36 ± 0.24
1.28 ± 0.23
1.82 ± 0.23
248.2 ± 74.9
77.4 ± 25.5
100.8 ± 33.0
0.86 ± 0.44
9.23 ± 2.79
9.01 ± 4.00
13.58 ± 4.82
11.01 ± 9.03
90.93 ± 20.44
55.11 ± 14.00
56.18 ± 7.85
0.60 ± 0.27
0.33 ± 0.15
297.8 ± 99.7
164.0 ± 52.9
0.104 ± 0.070

4.65 ± 0.74
1.34 ± 0.26
1.26 ± 0.22
1.77 ± 0.22
214.7 ± 51.0
84.4 ± 32.6
92.6 ± 30.4
0.98 ± 0.52
11.22 ± 2.71
10.17 ± 3.48
13.58 ± 4.84
9.61 ± 6.24
23.89 ± 9.36
13.37 ± 5.51
55.23 ± 11.41
1.42 ± 0.46
0.79 ± 0.29
279.1 ± 93.5
151.2 ± 48.0
0.126 ± 0.069

4.62 ± 0.57
1.22 ± 0.24
1.15 ± 0.19
1.69 ± 0.17
245.9 ± 52.6
83.0 ± 31.3
90.1 ± 31.7
1.03 ± 0.54
11.05 ± 3.15
10.00 ± 3.09
12.55 ± 4.55
10.17 ± 9.31
21.14 ± 9.13
11.08 ± 4.03
56.96 ± 6.53
1.46 ± 0.51
0.81 ± 0.30
243.1 ± 67.8
133.6 ± 43.3
0.093 ± 0.044

4.43 ± 0.65
1.17 ± 0.27
1.07 ± 0.18
1.74 ± 0.20
253.6 ± 52.1
84.2 ± 27.4
84.2 ± 27.4
1.07 ± 1.28
10.29 ± 2.77
10.06 ± 3.05
13.56 ± 4.95
9.53 ± 7.57
22.92 ± 9.84
13.15 ± 5.96
56.71 ± 6.52
1.81 ± 1.10
0.99 ± 0.57
210.4 ± 74.0
115.1 ± 37.7
0.087 ± 0.041

p-value
0.318
0.001
<0.001
0.086
0.015
0.620
0.448
0.585
0.005
0.371
0.813
0.987
<0.001
<0.001
0.836
<0.001
<0.001
<0.001
<0.001
0.026

AVA – aortic valve area; AVAI – aortic valve area index; Dec-E – deceleration time of the E wave; E, A – early and late transmitral flow
wave velocities; EDD – end-diastolic diameter; EF – ejection fraction; Grad-M, Grad-P – mean and peak systolic pressure gradient; IVST
– interventricular septum thickness; LVImass – left ventricular mass index; LVmass – left ventricular mass; LVOT – left ventricular
outflow tract; LVS – left ventricular stiffness; PWT – posterior wall thickness; Sa, Ea, Aa – systolic, early and late waves at the mitral
annulus measured by pulsed tissue Doppler.

Ea, Aa and the E/Ea ratio did not. Considering the
sexes separately, the change in Sa was only statistically
significant in men (p=0.001). However, the difference
between the initial value of Sa and the value 6 months
after aortic valve replacement was not significant (Figure 5). The values of Sa and the E/Ea ratio at baseline
differed significantly between men and women (p=
0.017, p=0.025, respectively).

Biochemical markers of inflammation
The values of biochemical inflammatory markers are
presented in Table 5. TNF-· and MCP-1 decreased
progressively over the study period, whereas hsCRP
increased dramatically 10 days after valve replacement and subsequently decreased again at 3 and 6
months, with final values close to those at baseline.

Figure 1. Time course of changes in left
ventricular mass (LVmass) after aortic
valve replacement, for the whole patient
population and for men and women separately.
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Figure 2. Time course of changes in E
wave deceleration time (Dec-E) after aortic valve replacement, for the whole patient
population and for men and women separately.

Figure 3. Time course of changes in mean
systolic pressure gradient (Grad-M) after
aortic valve replacement, for the whole patient population and for men and women
separately.

Figure 4. Time course of changes in aortic valve area (AVA) after aortic valve replacement, for the whole patient population and for men and women separately.
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Table 3. Echocardiographic parameters in men before and after aortic valve replacement (p-values are from ANOVA).

EDD
IVS
PW
LVOT
Dec-E
E
A
E/A
Sa
Ea
Aa
∂/∂a
Grad-P
Grad-M
EF
AVA
AVAI
LVmass
LVImass
LVS

Before

10 days after

3 months after

6 months after

4.78 ± 0.70
1.37 ± 0.19
1.31 ± 0.19
1.82 ± 0.23
250.1 ± 80.9
84.8 ± 24.4
101.8 ± 38.6
0.97 ± 0.51
8.51 ± 2.48
9.03 ± 4.51
12.93 ± 4.65
12.40 ± 10.11
94.03 ± 22.64
56.58 ± 15.99
55.81 ± 8.77
0.61 ± 0.30
0.34 ± 0.17
311.2 ± 95.5
172.8 ± 53.8
0.102 ± 0.056

4.70 ± 0.76
1.29 ± 0.19
1.29 ± 0.17
1.76 ± 0.23
209.7 ± 63.0
96.3 ± 36.8
96.2 ± 33.8
1.10 ± 0.64
10.83 ± 2.53
10.00 ± 3.67
12.95 ± 5.22
11.19 ± 7.03
25.08 ± 10.48
14.54 ± 5.67
55.77 ± 7.96
1.37 ± 0.49
0.76 ± 0.31
282.3 ± 32.3
153.8 ± 44.4
0.142 ± 0.085

4.68 ± 0.43
1.24 ± 0.23
1.15 ± 0.17
1.69 ± 0.17
244.5 ± 55.2
88.1 ± 35.2
87.7 ± 35.1
1.11 ± 0.46
11.31 ± 3.08
9.41 ± 2.89
12.90 ± 4.30
11.51 ± 11.34
23.39 ± 7.97
11.58 ± 3.50
56.92 ± 7.78
1.49 ± 0.42
0.82 ± 0.22
213.7 ± 56.7
139.6 ± 16.7
0.092 ± 0.035

4.54 ± 0.64
1.18 ± 0.15
1.04 ± 0.13
1.73 ± 0.20
253.4 ± 54.7
89.7 ± 31.0
97.7 ± 34.4
1.28 ± 1.64
11.16 ± 2.65
10.87 ± 3.33
14.29 ± 5.80
9.81 ± 9.57
24.31 ± 10.25
13.53 ± 6.96
56.91 ± 6.42
2.00 ± 1.30
1.10 ± 0.65
213.7 ± 56.7
119.5 ± 31.3
0.089 ± 0.045

p-value
0.660
0.008
<0.001
0.251
0.082
0.597
0.678
0.706
0.001
0.393
0.780
0.928
<0.001
<0.001
0.934
<0.001
<0.001
0.001
0.001
0.013

Abbreviations as in Table 2.

Table 4. Echocardiographic parameters in women before and after aortic valve replacement (p-values are from ANOVA).

EDD
IVS
PW
LVOT
Dec-E
E
A
E/A
Sa
Ea
Aa
∂/∂a
Grad-P
Grad-M
EF
AVA
AVAI
LVmass
LVImass
LVS

Before

10 days after

3 months after

6 months after

4.57 ± 0.68
1.37 ± 0.31
1.24 ± 0.28
1.82 ± 0.24
245.1 ± 66.0
65.6 ± 23.2
99.1 ± 22.1
0.68 ± 0.22
10.45 ± 2.94
8.98 ± 3.06
14.71 ± 5.03
8.62 ± 6.35
86.13 ± 15.80
52.83 ± 10.15
56.75 ± 6.34
0.57 ± 0.24
0.31 ± 0.13
276.5 ± 105.1
149.9 ± 49.5
0.108 ± 0.089

4.57 ± 0.70
1.41 ± 0.33
1.22 ± 0.29
1.77 ± 0.20
221.9 ± 25.5
68.4 ± 16.2
87.9 ± 25.6
0.83 ± 0.25
11.72 ± 2.94
10.38 ± 3.30
14.40 ± 4.31
7.49 ± 4.31
22.18 ± 7.39
11.67 ± 4.94
54.44 ± 15.33
1.49 ± 0.42
0.83 ± 0.27
274.2 ± 107.9
147.1 ± 54.4
0.103 ± 0.023

4.55 ± 0.73
1.18 ± 0.27
1.15 ± 0.22
1.68 ± 0.18
247.6 ± 51.5
76.4 ± 25.6
93.2 ± 28.0
0.93 ± 0.63
10.72 ± 3.34
10.77 ± 3.32
12.09 ± 5.02
8.46 ± 5.94
18.22 ± 10.11
10.44 ± 4.75
57.00 ± 4.83
1.32 ± 0.89
0.76 ± 0.57
224.6 ± 115.8
120.8 ± 76.1
0.093 ± 0.054

4.27 ± 0.66
1.15 ± 0.38
1.12 ± 0.23
1.76 ± 0.21
254.0 ± 50.0
76.4 ± 20.0
97.3 ± 19.9
0.76 ± 0.10
9.04 ± 2.54
8.92 ± 2.24
12.50 ± 3.27
9.14 ± 3.34
20.84 ± 9.16
12.61 ± 4.35
56.43 ± 6.91
1.49 ± 0.55
0.81 ± 0.36
205.8 ± 94.8
109.0 ± 45.4
0.085 ± 0.035

p-value
0.582
0.094
0.554
0.517
0.291
0.370
0.508
0.201
0.095
0.246
0.308
0.682
<0.001
<0.001
0.873
<0.001
<0.001
0.191
0.119
0.665

Abbreviations as in Table 2.

The hsCRP levels at baseline and 6 months after operation were higher in women than in men (p<0.001).
Values of the other markers did not differ significantly according to sex (Tables 6 & 7).

Correlation between echo parameters and inflammatory
markers
A comparative analysis of the echocardiographic parameters and levels of inflammatory markers in pe(Hellenic Journal of Cardiology) HJC ñ 31
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Figure 5. Time course of changes in the
systolic Sa wave after aortic valve replacement, for the whole patient population
and for men and women separately.

Table 5. Values of tumour necrosis factor alpha (TNF-·), monocyte chemoattractant protein-1 (MCP-1), and high sensitivity C-reactive
protein (hsCRP) in all patients, before and after aortic valve replacement.

TNF-· (pg/ml)
MCP1 (pg/ml)
hsCRP (mg/dl)

Before

10 days after

3 months after

6 months after

p-value

231.5 ± 144.4
151.7 ± 48.2
6.36 ± 6.56

135.4 ± 43.3
125.5 ± 15.0
50.33 ± 32.72

137.0 ± 28.2
53.3 ± 12.2
7.39 ± 6.72

46.8 ± 9.7
29.9 ± 6.8
5.70 ± 5.67

<0.001
<0.001
<0.001

Table 6. Values of tumour necrosis factor alpha (TNF-·), monocyte chemoattractant protein-1 (MCP-1), and high sensitivity C-reactive
protein (hsCRP) in men, before and after aortic valve replacement.

TNF-· (pg/ml)
MCP1 (pg/ml)
hsCRP (mg/dl)

Before

10 days after

3 months after

6 months after

p-value

212.4 ± 119.5
157.0 ± 64.8
5.34 ± 5.71

121.6 ± 47.7
128.6 ± 18.8
49.11 ± 32.15

134.7 ± 25.3
49.0 ± 12.4
5.85 ± 5.04

48.7 ± 8.8
29.1 ± 6.4
3.41 ± 0.83

<0.001
<0.001
<0.001

Table 7. Values of tumour necrosis factor alpha (TNF-·), monocyte chemoattractant protein-1 (MCP-1), and high sensitivity C-reactive
protein (hsCRP) in women, before and after aortic valve replacement.

TNF-· (pg/ml)
MCP1 (pg/ml)
hsCRP (mg/dl)

Before

10 days after

3 months after

6 months after

p-value

255.7 ± 171.3
145.6 ± 13.4
7.64 ± 7.46

150.0 ± 33.5
122.7 ± 10.3
51.63 ± 34.33

138.6 ± 30.9
56.6 ± 11.5
8.49 ± 7.69

44.9 ± 10.5
30.6 ± 7.3
7.84 ± 7.32

<0.001
<0.001
<0.001

ripheral blood at baseline found no statistically significant correlations. In contrast, a similar analysis of the
data obtained after aortic valve replacement found
very good correlations between the variation over time
of several indexes of LV remodelling and biochemical
32 ñ HJC (Hellenic Journal of Cardiology)

markers (Table 8). The time course of changes in inflammatory markers and echo parameters after valve
replacement was similar in men and women regarding
the correlation of hsCRP with mean gradient and
AVA, the correlation of TNF-· with peak and mean

Inflammatory Markers and Left Ventricular Remodelling
Table 8. Correlations between the changes in markers of inflammation and echocardiographic parameters in all patients,
after aortic valve replacement.

EDD (cm)
Dec-E (cm/s)
Grad-P (mmHg)
Grad-M (mmHg)
AVA (cm2)
LVmass (kg)

hsCRP

TNF-·

0.688
0.018*
0.001*
0.001*
0.234
0.638

0.646
0.974
<0.001*
<0.001*
0.002*
0.074

MCP-1
0.013*
0.557
<0.001*
<0.001*
<0.001*
<0.001*

Table 9. Correlations between the changes in markers of inflammation and echocardiographic parameters in men, after aortic
valve replacement.

EDD (cm)
Dec-E (cm/s)
Grad-P (mmHG)
Grad-M (mmHg)
AVA (cm2)
LVmass (kg)

hsCRP

TNF-·

MCP-1

0.802
0.119
0.004*
0.005*
0.002*
0.761

0.111
0.715
0.001*
0.001*
0.368
0.006*

0.036*
0.551
<0.001*
0.001*
0.088*
0.005*

Table 10. Correlations between the changes in markers of inflammation and echocardiographic parameters in women, after
aortic valve replacement.

EDD (cm)
Dec-E (cm/s)
Grad-P (mmHg)
Grad-M (mmHg)
AVA (cm2)
Lvmass (kg)

hsCRP

TNF-·

0.663
0.043*
0.061*
0.044*
0.004*
0.224

0.561
0.658
<0.001*
<0.001*
0.063*
0.795

MCP-1
0.190
0.874
<0.001*
<0.001*
0.013*
0.006*

*Statistically significant correlation. Abbreviations as in previous tables.

gradient, and the correlation of MCP-1 and peak and
mean gradient and LV mass. Differences between men
and women are shown in Tables 9 and 10. The correlations between MCP-1 and the mean gradient in men
and women are shown in Figure 6.
Discussion
The most important findings of this study are that the
degree of LV remodelling and the rate of reversal of
remodelling and improvement in cardiac function after
the surgical treatment of elderly patients with aortic
valve stenosis are similar in men and women who have
the same body surface area. Before surgery, there is no
correlation between biochemical markers of inflammation and echocardiographic parameters. In con-

Figure 6. Correlation between mean systolic pressure gradient
(Grad-M) and monocyte chemoattractant protein-1 (MCP-1) after
aortic valve replacement, in men (A) and in women (B).

trast, after operation there is a good correlation between the long-term changes in inflammatory markers and the corresponding changes in the most important echo parameters. These findings apply similarly
to men and women.
LV remodelling after aortic valve replacement
The adaptive remodelling of the LV to an increase in
afterload, as occurs in aortic valve stenosis, varies from
(Hellenic Journal of Cardiology) HJC ñ 33
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patient to patient.9 The most important factors that
play a part in LV remodelling are age, body surface
area, the size of the haemodynamic load, and LV performance.9 Also, some experimental and clinical studies have shown that LV remodelling in women with severe aortic stenosis is different from that in men who
have the same increase in afterload.9,22,23 In women
who have aortic stenosis the LV usually reacts with
concentric hypertrophy and hyperdynamic systolic function.5,7,24 In contrast to these observations, Milavetz et
al10 did not find statistically significant differences in
LV geometry or function between men and women. In
the present study, where the patients’ body surface
area did not differ significantly between men and
women, although LV mass and LV mass index were
higher in men than women, the difference did not
reach statistical significance. Thus, our findings agree
with those of Milavetz10 and Douglas.23 However, they
differ from those of Kostkiewicz et al, who found a
higher LV mass index in women than in men, although
again the difference was not significant. At this point it
should be noted that the patients in our study were
older than those in the other studies above.
Our findings confirm those of older studies that
showed a significant reduction in transvalvular systolic pressure gradient and LV mass, and an increase
in AVA after aortic valve replacement. 26-28 The
long-term change in these echo parameters after surgery was similar in men and women (Figures 1, 3, 4).
Our findings also confirm the observation of older
studies that LV systolic function improves (increase
in Sa wave) early (within 10 days) after surgery.27-30
In contrast, over the same period the E wave deceleration time decreases (though non-significantly),
suggesting impairment of LV diastolic function.31,32
However, the values of Sa and E wave deceleration
time 6 months after operation in our study did not
differ from the baseline values before surgery (Figures 2 & 5). The absence of such a significant difference is probably due to the small number of patients
studied, and to the fact that 6 of the 52 patients had
an LVEF ≤40%. The most interesting finding of our
study was that, not only were the changes in Sa and
E wave deceleration time from baseline to 6 months
after treatment not statistically significant, but also
that there was no statistically significant difference
between men and women in the curves showing the
time course of these two variables over the study period (Figures 2 & 5). Thus, in contrast to other studies9,23 our findings clearly show that sex plays no special role in LV remodelling in elderly patients with
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aortic valve stenosis and similar body surface area.
Even though this finding may have been due to random statistical variability, its interpretation could be
considered as suggesting that the biological rules
that determine the reaction of the hormonal system
and the adaptability of the LV to severe aortic valve
stenosis are the same in men and women, when the
hormonal system of elderly women is not fully functional.
Relation between inflammatory markers and echo
parameters
The determination of biochemical markers of inflammation in the peripheral blood is not considered to
have clinical value early after surgery as a way of documenting a reduction in chronic inflammation. In a
previous study, we showed that this indeed applies in
the case of hsCRP, where we found significantly elevated levels 10 days after operation, compared with
baseline values. In contrast, values of TNF-· and
MCP-1 decreased 10 days after surgery and continued
to decrease at 3 and 6 months after aortic valve replacement (Tables 5, 6, 7).
In the literature there are conflicting views regarding the relation between inflammatory markers
and echocardiographic parameters that express LV
morphology and function in patients with aortic
stenosis.34,35 According to the findings of our study,
before valve replacement surgery there is no significant relation between hsCRP, TNF-· and MCP-1,
and the echo parameters that express LV remodelling
in aortic stenosis. However, after operation there was
a good correlation between the time course of values
of inflammatory markers and the echo parameters at
10 days, 3 and 6 months of follow up (Tables 8, 9, 10).
It is difficult to interpret these findings, and they may
have been the result of chance statistical variability.
However, the products of inflammation seem to have
an inhibitory effect on the myocardium, resulting in a
modification of LV remodelling and the lack of a
good correlation between inflammatory markers and
echo parameters. The significant decrease in afterload after valve replacement restores cardiac function, while at the same time the markers of inflammation gradually return to normal. Thus, a correlation
between the changes in the levels of those markers
and the more important echo parameters is perhaps
to be expected during this period. An interesting finding of our study is that about the same relation was
observed in both men and women (Figure 6).

Inflammatory Markers and Left Ventricular Remodelling

Conclusions
LV remodelling is similar in elderly men and women
with aortic valve stenosis. Although biochemical markers of inflammation show no correlation with echocardiographic parameters before aortic valve replacement,
they show a strong correlation after operation. This correlation is similar in men and women.
References
1. Sasayama S, Ross J, Franklin D, et al. Adaptations of the left
ventricle to chronic pressure overload. Circ Res. 1976; 38:
172-178.
2. Ross J. Afterload mismatch in aortic and mitral valve disease:
implication for surgical therapy. J Am Coll Cardiol. 1985; 5:
811-826.
3. Seiler C, Jenni R. Severe aortic stenosis without left ventricular hypertrophy: prevalence, predictors and short-term follow
up after aortic valve replacement. Heart. 1996; 76: 250-255.
4. Antoini-Canterin F, Huang G, Cervestato E, et al. Symptomatic aortic stenosis. Does systemic hypertension play an additional role? Hypertension. 2003; 41: 1268-1272.
5. Antigemma G, Silver K, McLaughlin M, et al. Impact of
chamber geometry and gender on left ventricular systolic
function in patients >60 years of age with aortic stenosis. Am
J Cardiol. 1994; 74: 794-797.
6. Buttric P, Scheuer J. Sex-associated differences in left ventricular function in aortic stenosis of the elderly. Circulation.
1992; 86: 1336-1338.
7. Rohde L, Zhi G, Aranki S, et al. Gender-associated differences in left ventricular geometry in patients with aortic valve
disease and effect of distinct overload subsets. Am J Cardiol.
1997; 80: 475-480.
8. Olivetti G, Giordano G, Corradi D, et al. Gender differences
and aging: effects on the human heart. J Am Coll Cardiol.
1995; 20: 1068-1079.
9. Carrol J, Carrol E, Feldman T, et al. Sex-associated differences in left ventricular function in aortic stenosis of the elderly. Circulation. 1992; 86: 1099-1107.
10. Milavetz D, Hayes S, Weson S, et al. Sex-differences in left
ventricular geometry in aortic stenosis. Chest. 2000; 117:
1094-1099.
11. Hein S, Arnon E, Kostin S, et al. Progression from compensated hypertrophy to failure in the pressure overload human
heart. Structural deterioration and compensatory mechanisms. Circulation. 2003; 107: 984-991.
12. Neumann F, Ott I, Gawaz M, et al. Cardiac release of cytokines and inflammatory responses in acute myocardial infarction. Circulation. 1995; 92: 748-755.
13. Lagrand W, Visser C, Hermens W, et al. C-reactive protein
as a cardiovascular risk factor more than an epiphenomenon?
Circulation. 1999; 100: 96-102.
14. Wada H, Saito K, Kanda I, et al. Tumor necrosis factor-alpha
(TNF-alpha) plays a protective role in acute viral myocarditis
in mice: A study using mice lacking TNF-alpha. Circulation.
2001; 103: 743-749.
15. Sheikene Y, Hansson G. Chemokines and atherosclerosis.
Ann Med. 2004; 36: 98-118.
16. Shioi T, Matsumori A, Kihara Y, et al. Increased expression
of interleukin-1 beta and monocyte chemotactic and activat-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

ing factor/monocyte chemoattractant protein-1 in the hypertrophied and failing heart with pressure overload. Circ Res.
1997; 81: 664-671.
Kastellanos S, Toumpoulis I, Aggeli C, et al. Time course of
C-reactive protein, Tumour necrosis factor-alpha, and monocyte chemoattractant protein-1 following the surgical treatment of patients with aortic valve stenosis. Hellenic J Cardiol.
2007; 48: 5-14.
Sahn D, Demaria A, Kisslo J, et al. Recommendations regarding quantitation in M-mode echocardiography: results of
a survey of echocardiographic methods. Circulation. 1978; 58:
1072-1083.
Devereux R, Alonso D, Lutas E. Echocardiographic assessment of left ventricular hypertrophy: comparison to necropsy
findings. Circulation. 1986; 57: 450-458.
Zoghbi W, Farmer K, Soto J, et al. Accurate noninvasive
quantification of stenotic aortic valve by Doppler echocardiography. Circulation. 1986; 73: 452-458.
Wang M, Yip G, Wang A, et al. Peak early diastolic mitral
annulus velocity by tissue Doppler imaging adds independent
and incremental prognostic value. J Am Coll Cardiol 2003,
43;820-826.
Malhotra A, Buttric P, Scheuer J. Effects of sex hormones on
development of physiological and pathological cardiac hypertrophy in male and female rats. Am J Physiol. 1990; 259: 868871.
Douglas P, Otto C, Mickel M, et al. Gender differences in left
ventricular geometry and function in patients undergoing balloon dilation of the aortic valve for isolated aortic stenosis. Br
Heart J. 1995; 73: 548-554.
Legget M, Kuusisto J, Healy N, et al. Gender differences in
left ventricular function at rest and with exercise in asymptomatic aortic stenosis. Am Heart J. 1996; 131: 94-100.
Kostkiewicz M, Tracz W, Olszowska M, et al. Left ventricular
geometry and function in patients with aortic stenosis: gender
differences. Int J Cardiol. 1999; 71: 57-61.
Cohn L. The long-term results of aortic valve replacement.
Chest. 1984; 85: 384-396.
Pantely G, Morton M, Rahimtoola S. Effects of successful
uncomplicated valve replacement on ventricular hypertrophy volume and performance in aortic stenosis and in aortic incompetence. J Thorac Cardiovasc Surg. 1978; 75: 382391.
Jin X, Zhang Z, Gibson D, et al. Effects of valve substitute on
changes in left ventricular function and hypertrophy after aortic valve replacement. Ann Thorac Surg. 1996; 62: 683-690.
Xu Y, Pepper J, Brecker S, et al. Early changes in left ventricular function after aortic valve replacement for isolated aortic
stenosis. Am J Cardiol. 1994; 74: 442-448.
Krayenbuehl HP, Turina M, Hess OM, Rothlin M, Senning
A. Pre- and post-operative left ventricular contractile function in patients with aortic valve disease. Br Heart J. 1979; 41:
204-213.
Hess O, Ritter M, Schneider J, et al. Diastolic stiffness and
myocardial structure in aortic valve disease before and after
valve replacement. Circulation. 1984; 69: 855-865.
Villari B, Vassali G, Monrad E, et al. Normalization of diastolic dysfunction in aortic stenosis later after valve replacement. Circulation. 1995; 91: 2353-2358.
Krumholz H, Larson M, Levy D. Sex differences in cardiac
adaptation to isolated systolic hypertension. Am J Cardiol
1993. 72: 313-1313.
Galante A, Pietroinsti A, Vellini M, et al. C-reactive protein
(Hellenic Journal of Cardiology) HJC ñ 35

S.S. Kastellanos et al
is increased in patients with degenerative aortic valvular
stenosis. J Am Coll Cardiol. 2001; 38: 1078-1082.
35. Gerber I, Stenard R, Hammalt C, et al. Effect of aortic valve
replacement on C-reactive protein in nonrheumatic aortic
stenosis. Am J Cardiol. 2003; 92: 1129-1132.
36. Psychari SN, Apostolou TS, Iliodromitis EK, Kourakos P,
Liakos G, Kremastinos DT. Inverse relation of C-reactive

36 ñ HJC (Hellenic Journal of Cardiology)

protein levels to heart rate variability in patients after
acute myocardial infarction. Hellenic J Cardiol. 2007; 48:
64-71.
37. Aggeli C, Giannopoulos G, Roussakis G, et al. Pre-ejection
tissue-Doppler velocity changes during low dose dobutamine
stress predict segmental myocardial viability. Hellenic J Cardiol. 2007; 48: 23-29.

