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Abstract
Background: Valve replacement for aortic stenosis (AS) determines negative ventricular
remodelling. We used cross sectional and Doppler echocardiography to check how rapidly it
occurs and to assess if these changes are sustained over time.
Methods: We evaluated in 34 patients subjected to aortic valve replacement for AS morphological and functional (ejection fraction and E:A ratio) left ventricular data by echocardiography prior to surgery and 2 postoperative studies: early after surgery (pQ1) and at
mid-term evolution (pQ2).
Results: Left ventricular mass index was reduced at pQ1 (from 152 ± 47 g/m2 to 113 ± 31 g/m2;
p < 0.01) as well as end-diastolic (from 51.3 mm to 48.3 mm; p < 0.03), end-systolic (from
32.2 mm to 29.4 mm; p < 0.02), interventricular septum (from 12.9 mm to 10.3 mm;
p < 0.01), and posterior wall (from 12.5 mm to 11 mm; p < 0.01) dimensions. Left ventricular
ejection fraction (from 61.2% to 65.2%; p < 0.04) and E:A ratio (from 0.94 to 0.98; p < 0.01)
increased significantly at pQ1. There were no significant differences in measurements between pQ1 and pQ2.
Conclusions: Aortic valve replacement surgery leads to a rapid negative left ventricular
remodelling during the first 7 months, including a decrease in myocardial hypertrophy and an
improvement in systolic and diastolic function. These beneficial hemodynamic changes are
sustained for at least 3 years. (Cardiol J 2009; 16: 68–72)
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Introduction
Aortic valve stenosis (AS) is a common disorder and the most frequently acquired valvular
disease in developed countries. Left ventricular systolic pressure overload due to progressive AS leads to a marked myocardial hypertrophy and changes in left ventricular relaxation parameters (diastolic function) without left ventricular ejection
fraction disturbances up to advanced evolutive stages.

Prosthetic aortic valve replacement (AVR) dramatically reduces this left ventricular pressure
overload immediately after surgery, determining
a marked left ventricular mass index decrease [1],
a left ventricular ejection fraction (LVEF) [2], and
diastolic function improvement [3]. Literature
shows contradictory information about the chronological course of these changes [3, 4]. In this study
we used cross-sectional and Doppler echocardiography to check this rapidly ventricular remodelling
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and to assess if these changes are sustained over
time.

Methods
The study population included retrospectively
consecutive survivor patients with isolated AS undergoing surgical aortic valve replacement between January 2003 and December 2006. All patients
underwent cross-sectional and Doppler echocardiography 3 months before surgery (mean: 3 months,
range 2–4 months), and were evaluated 2 times
after AVR depending on clinical follow up indication
in the outpatient department. Each patient underwent standard left-sided heart catheterization and
hemodynamic study that confirmed severe isolated
AS, prior to surgery.
All operations were performed by the same
surgical team at another reference hospital.
All echocardiographic studies were performed
by the same experienced work team (each team
member with experience of more than 1000 previous
studies) using the same equipment (Philips Envisor),
both pre-operatively and during follow up. End-diastolic and end-systolic measurements of left ventricle internal dimensions, interventricular septal
thickness, and posterior wall thickness were obtained according to the guidelines of the American
Society of Echocardiography [5] in millimetres. The
left ventricular mass index (LVMI) was calculated
according to body surface area (m2) as described by
Deveroux et al. [6]. Left ventricular ejection fraction (LVEF) was estimated by Teicholz method [7].
Flow velocity profiles were obtained from apical
projections of pulsed (transmitral flow) and continuous (transaortic flow) wave Doppler. We evaluate the E:A ratio measuring the maximum peak
early (E) and atrial (A) transmitral flow velocities
(cm/s) [8]. Peak instantaneous gradient and mean
transaortic gradient (mm Hg) were measured by
peak velocity and perimetry of the left ventricular
outflow tract waveform, respectively.
The study was approved by the local bioethical committee and all patients gave their informed
consent.

Statistical analysis
The statistical analysis was performed by computing the data (SPSS 13.0 software). All data were
normally distributed by the normality test (Mann
Whitney U test). Values are expressed as mean ±
± standard deviation for continuous variables.
Paired comparisons between preoperative and
postoperative studies were performed using the

Figure 1. Early significant regression in left ventricular
mass index [g/m2] after aortic valve replacement (AVR),
and sustained benefit in a long term observation (pQ1:
7 ± 6 months after surgery; pQ2: 32 ± 14 months after
surgery).

two-tailed Student-t test. The level of significance
was established at p < 0.05.

Results
Thirty-four patients were enrolled (17 men and
17 women), with a mean age of 67.9 ± 8.8 years.
Peak instantaneous gradient and mean transaortic gradient were 94.9 ± 28.4 mm Hg and 59.9 ±
± 17.1 mm Hg, respectively. Twelve patients received bioprostheses and 22 received mechanical
prostheses. The early postoperative study (pQ1)
was performed 7 ± 6 months after surgery, and the
second postoperative study (pQ2) was performed
32 ± 14 months after surgery (Fig. 1). The main
pre- and postoperative (pQ1 and pQ2) measurements are summarized in Table 1. Peak instantaneous and mean transaortic gradient showed a significant reduction. There were no significant changes in patient body surface area during the
consecutive echocardiograms, and the LVMI calculation was undisturbed. With respect to baseline
measurements, 64.7% (n = 22) normalized their
LVMI, considering it as a decrease down to 135 g/m2
in men and to 115 g/m2 in women. LVMI was reduced markedly at pQ1 (from 152 ± 47 g/m2 to 113 ±
± 31 g/m2; p < 0.01) owing to a significant reduction
in end diastolic (from 51.3 mm to 48.3 mm;
p < 0.03), end systolic (from 32.2 mm to 29.4 mm;
p < 0.02), interventricular septum (from 12.9 mm
to 10.3 mm; p < 0.01), and posterior wall (from
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Table 1. Results in consecutive echocardiographic studies and statistical significance of differences
between them; AVR — aortic valve replacement; pQ1 — first echocardiogram after surgery; pQ2 —
second echocardiogram after surgery; p1 — statistical significance of differences between “Before
AVR” and “pQ1”; p2 — statistical significance of differences between “pQ1” and “pQ2”.
Before AVR

pQ1

p1

pQ2

p2

Body surface [m2]

1.76±0.16

1.76±0.14

0.48

1.75±0.14

0.92

Left ventricle end-diastolic diameter [mm]

51.3±7.8

48.3±6.9

0.03

49.3±7.3

0.39

Left ventricle end-systolic diameter [mm]

32.2±8.6

29.4±4.9

0.02

28.6±8.2

0.70

Interventricular septum [mm]

12.9±2.4

10.3±1.7

< 0.01

10.4±2.2

0.90

Posterior wall [mm]

12.5±1.8

11±1.5

< 0.01

10.3±1.9

0.02

0.04

62.9±9.4

0.26

Left ventricular ejection fraction (%)
2

Left ventricular mass index [g/m ]
Peak gradient [mm Hg]

61.2±11.5

65.2±8.7

152±47

113±31

< 0.01

94.9±28.4

25.8±6.8

< 0.01

112±41
29.6±11.2

0.82
0.04

Mean gradient [mm Hg]

59.9±17.1

14.7±4.4

< 0.01

16.1±6

0.16

E:A ratio

0.94±0.24

0.98±0.3

< 0.01

0.99±0.43

0.86

12.5 mm to 11 mm; p < 0.01) dimensions. Only
3 patients presented reduced LVEF (< 50%) before surgery. LVEF increased significantly at pQ1
(from 61.2% to 65.2%; p < 0.04). Abnormal left ventricular relaxation was found in 79.5% of patients
with a E:A ratio < 1. E:A ratio increased at pQ1
(from 0.94 to 0.98; p < 0.01).
There were no significant differences in measurements between pQ1 and pQ2 (Table 1) except
a sustained left ventricular posterior wall regression (11 mm a 10.3 mm; p < 0.02), and a trend towards higher peak instantaneous and mean transaortic gradients.

Discussion
Left ventricular pressure overload due to aortic valve stenosis leads to a marked hypertrophic
response of the myocardium. Prosthetic aortic valve replacement immediately reduces the left ventricular pressure overload, conditioning a marked
decrease in wall tension. This comes out into a negative left ventricular remodelling with evident
LVMI regression with regard to a rapid ventricular
dimension and myocardial thickness reduction,
well-known during the first 12 months [1, 9–10] and
sustained until 18 months after surgery [2, 4],
independent of gender [4, 11], age (elderly patients)
[12, 13], or ventricular functional status (non-preserved LVEF) [14]. However, this negative ventricular remodelling is not well referred over the first
18 months following AVR, and only evaluated by
Lund et al. [15] for a long period (more than
10 years), suggesting a progressive increase in
LVMI strongly associated with chronic high blood
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pressure. In this sense we can see how, in the midterm period (3 years) LVMI, left ventricular diameter and wall thickness remain stable after the regression shown during the first months following
surgery. Similar results have been described by
Waszyrowski et al. [16] in a similar number of patients with aortic stenosis, in which the greatest hemodynamic improvement is observed 1 year after
valve replacement without further changes during
follow-up. The absence of further changes could be
explained by no significant changes in transprosthetic pressure gradient after the first year. Our study
demonstrates that a significant increase in transprosthetic peak pressure gradient during the follow up (25.8 ± 6.8 mm Hg vs. 29.6 ± 11.2 mm Hg;
p = 0.04) does not modify the sustained hemodynamic benefit.
Most patients who undergo AVR surgery present a preserved LVEF due to myocardial hypertrophy. Although this fact has not been evaluated
as well as LVMI regression, we can find agreement
with our results in other studies [17], which describe an increase of about 5% in LVEF with respect
to the baseline [1]. In our observations, LVEF improvement after AVR is sustained during the third
year of follow up. Some studies emphasize that patients at an advanced stage of AS presenting with
left ventricular systolic dysfunction show a greater
benefit. We cannot find similar results due to the
short number of patients presenting with non-preserved LVEF. A short follow-up study did not indicate
LVEF as a factor influencing LVMI regression [18],
and there were no differences in preoperative LVEF
between the patients with normal or abnormal
LVMI after a longer follow-up [19].
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Progressive left ventricular myocardial hypertrophy in AS evolution determines disturbances in
ventricular relaxation parameters and, finally, diastolic dysfunction [11], as seen in most part of our
patients. Improvements in these parameters have been
evaluated by many authors with similar results [9]:
left ventricular diastolic function improves early
after surgery in parallel with a reduction in the aortic transprosthetic gradient. Ikonomidis et al. [3]
evaluated diastolic dysfunction parameters four
years after AVR surgery, defining a sustained improvement, but with an absence of improvement
with incomplete ventricular hypertrophy regression
or progressive transprosthetic gradient enlargement. Recently, an observation ten years after AVR
surgery was published [4] in which a trend toward
moderate to severe stages of diastolic dysfunction
independent of hypertrophy regression magnitude
was noted. In our observation the E:A ratio improved immediately after valve replacement, and remained stable for at least 3 years, although this time
series did not allow a comparison with the long-term
results described before. It is remarkable that the
mean E:A index was abnormal during the three
consecutive studies in our observation.
Although left ventricular hypertrophy late after
aortic valve replacement for aortic stenosis has not
been connected with increased mortality, it is associated with increased morbidity (impaired exercise capacity, higher New York Heart Association
dyspnoea class, a tendency for more frequent chest
pain expressed as higher Canadian Cardiovascular
Society class, and more rehospitalisation) [20].
Considering the sustained benefit of left ventricular remodelling, our study could suggest a systematic left ventricular morphology evaluation by
echocardiography after AVR, regardless of transprosthetic pressure gradient, and a thorough clinical follow up in patients who develop a significant
increase in left ventricular mass index.

the first 7 months, including a decrease in left ventricular hypertrophy and improvement in systolic
and diastolic function. These beneficial hemodynamic changes are sustained during at least 3 years,
independently of transprosthetic gradient increase.

Acknowledgements
The authors do not report any conflict of interest regarding this work.
We would like to thank Ms. Eva Lacambra for
her support in statistical analysis, and to the Department of Cardiac Surgery of Miguel Servet University Hospital for their professional and valuable
work day by day.

References
1. Kühl HP, Franke A, Puschmann D, Schöndube FA, Hoffmann R,
Hanrath P. Regression of left ventricular mass one year after
aortic valve replacement for pure severe aortic stenosis. Am J
Cardiol, 2002; 89: 408–413.
2. Lund O, Erlandsen M. Changes in left ventricular function and
mass during serial investigations after valve replacement for
aortic stenosis. J Heart Valve Dis, 2000; 9: 583–593.
3. Ikonomidis I, Tsoukas A, Parthenakis F et al. Four year follow
up of aortic valve replacement for isolated aortic stenosis: A link
between reduction in pressure overload, regression of left ventricular hypertrophy, and diastolic function. Heart, 2001; 86:
309–316.
4. Lund O, Emmertsen K, Dørup I, Jensen FT, Flø C. Regression
of left ventricular hypertrophy during 10 years after valve
replacement for aortic stenosis is related to the preoperative
risk profile. Eur Heart J, 2003; 24: 1437–1446.
5. Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations
regarding quantitation in M-mode echocardiography: Results of
a survey of echocardiographic measurements. Circulation, 1978;
58: 1072–1083.
6. Devereux RB, Alonso DR, Lutas EM et al. Echocardiographic
assessment of left ventricular hypertrophy: Comparison to
necropsy findings. Am J Cardiol, 1986; 57: 450–458.
7. Henry WL, DeMaria A, Gramiak R et al. Report of the American
Society of Echocardiography Committee on Nomenclature and
Standards in Two-dimensional Echocardiography. Circulation,
1980; 62: 212–217.

Limitations of the study
Because pure aortic stenosis is not as prevalent as associations with other valvulopaties, a low
number of patients were enrolled, although the
number was great enough to find a strong statistical significance. Regardless of their extensive work
experience, the subjectivity of the echocardiography operator should be taken into account.

8. Cohen GI, Pietrolungo JF, Thomas JD, Klein AL. A practical
guide to assessment of ventricular diastolic function using
Doppler echocardiography. J Am Coll Cardiol, 1996; 27: 1753–
–1760.
9. Lamb HJ, Beyerbacht HP, de Roos A et al. Left ventricular
remodeling early after aortic valve replacement: Differential
effects on diastolic function in aortic valve stenosis and aortic
regurgitation. J Am Coll Cardiol, 2002; 40: 2182–2188.
10. Gelsomino S, Frassani R, Morocutti G et al. Time course of left
ventricular remodeling after stentless aortic valve replacement.

Conclusions

Am Heart J, 2001; 142: 556–562.
11. Bech-Hanssen O, Caidahl K, Wall B, Mykén P, Larsson S,

Aortic valve replacement surgery leads to
a rapid negative left ventricular remodelling during

Wallentin I. Influence of aortic valve replacement, prosthesis
type, and size on functional outcome and ventricular mass in

www.cardiologyjournal.org

71

Cardiology Journal 2009, Vol. 16, No. 1

patients with aortic stenosis. J Thorac Cardiovasc Surg, 1999;
118: 57–65.

16. Waszyrowski T, Kasprzak JD, Krzeminska-Pakula M, Drozdz J,
Dziatkowiak A, Zaslonka J. Regression of left ventricular dilata-

12. Aurigemma GP, Silver KH, McLaughlin M, Mauser J, Gaasch WH.
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: 794–798.

tion and hypertrophy after aortic valve replacement. Int J Cardiol,
1996; 57: 217–225.
17. Kraszewski K, Szymanski P, Biederman A, Grabowski M,
Stepinska J, Hoffman P. Favorable reverse remodelling of the

13. Natsuaki M, Itoh T, Okazaki Y et al. Evaluation of postoperative cardiac function and long-term results in patients after

left ventricle in elderly patients following aortic valve replacement. Przegl Lek, 2004; 61: 600–603.

aortic valve replacement for aortic valve disease with increased

18. Villa E, Troise G, Cirillo M et al. Factors affecting left ventricular

left ventricular mass. Jpn J Thorac Cardiovasc Surg, 2000; 48:

remodeling after valve replacement for aortic stenosis. An over-

30–38.

view. Cardiovasc Ultrasound, 2006; 4: 25.

14. Rao L, Mohr-Kahaly S, Geil S, Dahm M, Meyer J Left ventricular

19. Hanayama N, Christakis GT, Mallidi HR et al. Determinants of

remodeling after aortic valve replacement. Z Kardiol, 1999; 88:

incomplete left ventricular mass regression following aortic valve

283–289.

replacement for aortic stenosis. J Card Surg, 2005; 20: 307–313.

15. Lund O, Erlandsen M, Dørup I, Emmertsen K, Flø C, Jensen FT

20. Zybach-Benz RE, Aeschbacher BC, Schwerzmann M. Impact of

Predictable changes in left ventricular mass and function during

left ventricular hypertrophy late after aortic valve replacement

ten years after valve replacement for aortic stenosis. J Heart

for aortic stenosis on cardiovascular morbidity and mortality. Int

Valve Dis, 2004; 13: 357–368.

J Cardiol, 2006; 109: 41–47.

72

www.cardiologyjournal.org

