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Introduction 
Myocardial deformation (strain) analysis may be done 

through echocardiography from data obtained by tissue doppler 
technique or two-dimensional images from speckle tracking, 
allowing the calculation of longitudinal, circumferential and 
radial deformations of myocardial fibers.1,2 Myocardial strain 
analysis has recently been used in the evaluation of regional 
myocardial movement and function and in the systolic time-
to-peak calculation which studies cardiac synchronicity and 
myocardial electromechanical coupling.1 In clinical practice, 
conventional echocardiographic investigation is helpful in 
detecting global myocardial dysfunction and alterations in 
ventricular segmental contractility. In cardiotoxicity from the 
use of chemotherapeutics, we may find alterations in cardiac 
mechanics with no modification of the left ventricle ejection 
fraction (LVEF). Thus, the analysis of myocardial deformation 
brings relevant information in the analysis of regional 
ventricular systolic dysfunction in subclinical conditions.2

Similarly, previous investigations have shown that the 
study of myocardial deformation is able to detect sudden 
and early alterations in systolic function of valve disease 
patients, even before they present LVEF modifications.1,3,4 This 
phenomenon is due to a significant decrease in myocardial 
deformation in three different spatial planes, triggering 
deformation modifications in the longitudinal, circumferential 
and radial axes.5 In patients who present reduced longitudinal 
myocardial deformation, we can observe radial deformation 
that is superior to normality parameters, which may result in 
preserved ventricular function, when estimated by LVEF. Other 
applications of myocardial deformation include amyloidosis, 
hypertrophic cardiomyopathy, right ventricular dysfunction, 
athlete’s heart, cardiac dyssynchrony and valve diseases (mitral 
insufficiency and aortic stenosis).2

Transcatheter aortic valve implantation (TAVI) appeared as 
a new option for the treatment of inoperable aortic stenosis or 

high surgical risk patients.6 The use of myocardial deformation 
with echocardiography in the immediate evaluation of aortic 
stenosis patients undergoing TAVE is underexplored. 

Case 1
Patient, female, 79 years old, with atrial fibrillation 

and pulmonary hypertension, and decreased functional 
capacity in the last year. Three-dimensional transesophageal 
echocardiography showed presence of aortic valve stenosis 
with maximum transvalvular gradient of 67 mmHg and mean 
of 39 mmHg, valve area of 0.5 cm2, and LVEF (Simpson’s 
method) of 60%. Pre-TAVI strain analysis was -14% and after 
implantation of aortic prosthesis Sapien XT of 23 mm (Edwards 
Lifescience, USA) immediate improvement of the myocardial 
deformation to -20% was observed.

Case 2
Patient, male, 81 years old, with cirrhosis from hepatitis B 

and hypothyroidism, symptomatic, functional class II (NYHA) 
from aortic valve stenosis. Implantation of aortic valve Sapien 
XT of 26 mm, with immediate improvement of the strain from 
-15% to -22%. Myocardial dyssynchrony evaluation with 
analysis through pre TAVI systolic time-to-peak calculation 
method went from 132 ms to 65 ms after the procedure.

Case 3
Patient, male, 77 years old, with aortic stenosis for 10 years, 

with recent worsening of functional class. Echocardiogram 
showed maximum transvalvular gradient of 87 mmHg and 
mean of 49 mmHg, valve area of 0.7 cm2 and LVEF of 57%. 
Implantation of aortic valve Sapien XT, 23 mm, with immediate 
normalization of the pre-procedure myocardial strain from 
-12% to -20% after the procedure (Figure 1).

Case 4
Patient, female, 74 years old, with aortic stenosis for 

20 years, functional class II (NYHA). Echocardiogram 
showed maximum transvalvular gradient of 	 65  mmHg 
and mean of 38 mmHg, valve area of 0.6 cm2 and LVEF of 
28%. Implantation of aortic valve Sapiens XT, 23 mm, with 
immediate improvement of the myocardial strain from -10% 
to -13% and LVEF improvement to 34% (Figure 2). 

Discussion
Aortic valve stenosis evolution results in pressure overload 

in the myocardial wall, leading to increased cardiac thickness. 
Ventricular hypertrophy progresses as aortic stenosis becomes 
more significant, an adaptation mechanism for ventricular 
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function maintenance. However, this compensatory 
mechanism is finite, triggers an increase in left ventricular 
volume (positive remodeling) and a decrease in ejection 
fraction over time.4

Lancellotti et al.,5 in studies using echocardiography, 
observed the following alterations in patients with aortic 
stenosis: 1) asymptomatic patient with significant aortic 
stenosis presents expressive increase in global left ventricular 
afterload; 2) Ventricular afterload increase negatively affects 
myocardial function, especially in the axial deformation, 
despite the normal ejection fraction; 3) Elevated afterload 
in low-flow aortic stenosis patients, when systemic arterial 
compliance is reduced; 4) The state of low-flow is related to 
a compromised diastolic function and reduction of myocardial 
deformation. Longitudinal, radial and circumferential 
myocardial deformations are significantly compromised 
in patients with elevated afterload. In an initial stage of 
aortic valve stenosis, however, there is only a reduction in 
the longitudinal myocardial deformation, mainly related 
to alterations in subendocardial cardiac fibers. Radial and 
circumferential deformations may be, paradoxically, vicarious 
in this period. Subsequently, with the progression of aortic 
stenosis severity, we now have a reduction of the radial and 
circumferential deformation due to modifications of the fibers 
of the mid-myocardial layer which present circumferential 
spatial alignment. 

Current guidelines recommend aortic valve replacement 
in symptomatic or asymptomatic aortic valve stenosis patients 
with reduction of the ejection fraction.6,7 When compared to 
patients with preserved systolic function, those with reduced 
ejection fraction present less favorable clinical evolution after 
valve repair.4 In patients with preserved ventricular function, 
myocardial deformation analysis allows early detection of 
subclinical alterations of myocardial mechanics, which could, 
after the procedure, positively result in longer survival and 
better quality of life. 

In a study by Delgado et al.,4 aortic valve replacement 
surgery improved the analysed parameters through speckle 
tracking, even though the ejection fraction remained unaltered. 
Additionally, these authors report an improvement in myocardial 
deformation after valve replacement. That solidifies the ability of 
myocardial deformation analysis to detect sudden alterations in 
systolic function in patients with severe aortic stenosis. 

In another study, Bauer et al.,3 who assessed 8 patients 
submitted to TAVI, showed improvement in global and regional 
systolic function of the left ventricle, even in patients with 
reduced ejection fraction.

Similarly, Sebastian et al.6 observed an improvement of 
myocardial mechanics in patients submitted to TAVI 12 months 
after the procedure. Becker et al.7 showed a positive response 
in myocardial deformation 7 days and 6 months after TAVI. 
Specifically, there was an improvement in the ejection fraction 

Figure 1 – Global longitudinal strain before (Figure 1A: -12%, VN < -20%) and after (Figure 1B: -20%) percutaneous implantation of aortic prosthesis. Case 3 patient.
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Figure 2 – Myocardial strain analysis before (Figure 2A : -10%)  and after (Figure 2B: -13%) percutaneous implantation of aortic prosthesis. Figure 2C: demonstration with 
two-dimensional transesophageal echocardiography of implanted aortic prosthesis, left figure (longitudinal plane), right figure (transverse plane). Figure 2D: demonstration 
with three-dimensional transesophageal echocardiograph of the implanted aortic prosthesis, en face. Case 4 patient.

of 51±6% pre-TAVI to 54±4% and 57±3%, 7 days and 6 
months after the procedure. For circumferential myocardial 
deformation analysis, there was an improvement of -14.9±1 
pre-TAVI to -16.1±1.2 and -17.3±1.5 in 7 days and 6 months 
after TAVI, respectively. 

In a similar way, in the present 4-case report, we observed 
significant improvement of myocardial deformation analysis 
immediately after TAVI. Three patients presented preserved 
LVEF, and one (Case 4), presented significant ventricular 
dysfunction, with improvements observed in LVEF and 
longitudinal myocardial deformation, immediately after the 
procedure. These data confirm that left ventricular function 
in valvulopathies directly depends on the afterload, and 
immediate relief of this variable may positively influence 
clinical outcomes. The causal relation between immediate 
recovery of myocardial deformation after TAVI – even in 
patients with preserved left ventricular function – and the 
benefits in symptoms and morbidity and mortality should 
be explored in future studies.

Author contributions
 Conception and design of the research: Vieira MLC, 

Caixeta AM. Acquisition of data: Stangenhaus C. Analysis 
and interpretation of the data: Stangenhaus C. Writing of the 
manuscript: Stangenhaus C. Critical revision of the manuscript 
for intellectual content: Stangenhaus C, Vieira MLC, Fischer 
CH, Nunes Filho ACB, Perin MA, Caixeta AM.

Potential Conflict of Interest
No potential conflict of interest relevant to this article was 

reported.
 
Sources of Funding
There were no external funding sources for this study.
 
Study Association
This study is not associated with any thesis or dissertation work.

482



Case Report

Stangenhaus et al.
Myocardial deformation after transcatheter aortic valve implantation

Arq Bras Cardiol. 2017; 108(5):480-483

1.	 Gorcsan  J 3rd, Tanaka H. Echocardiographic asssessment of myocardial 
strain. J Am Coll Cardiol. 2011;58(14):1401-13. 

2.	 Dandel M, Lehmkuhl  H, Knosalla C, Suramelashvili  N, Hetzer R. Strain 
and strain rate imaging  by echocardiography – basic concepts and clinical 
applicability. Curr Cardiol Rev. 2009;5(2):133-48. 

3.	 Bauer F, Eltchaninoff H, Tron C, Lesault PF, Agatiello C, Nercolini D, et al.  
Acute improvement in global and regional left ventricular systolic function 
after percutaneous heart valve implantation in patients with symptomatic 
aortic stenosis. Circulation. 2004;110(11):1473-6. 

4.	 Delgado V, Tops LF, van Bommel RJ, van der Kley F, Marsan NA, Klautz RJ, et 
al. Strain analysis in patients with severe aortic stenosis and preserved left 
ventricular ejection fraction undergoing surgical valve replacement. Eur 
Heart J. 2009;30(24):3037-47. 

5.	 Lancellotti P, Donal E, Magne J, O’Connor K, Moonen ML, Cosyns B, et 
al. Impact of global left ventricular afterload on left ventricular function in 
asymptomatic severe aortic stenosis: a two-dimensional speckle tracking 
study. Eur J Echocardiogr. 2010;11(6):537–43.

6.	 Spethmann S, Baldenhofer G, Dreger H, Stuer K, Sanad W, Saghabalyan 
D. et al.Recovery of left ventricular and left atrial mechanics in various 
entities of aortic stenosis 12 months after TAVI. Eur Heart J Cardiovasc 
Imaging. 2014;15(4):389–98.

7.	 Becker M, Kramann R, Dohmen G, Luckhoff A, Autschbach R, Kelm M, et 
al. Impact of left ventricular loading conditions on myocardial deformation 
parameters: analysis of early and late changes of myocardial deformation 
parameters after aortic valve replacement. J Am Soc Echocardiogr. 
2007;20(6):681-9.

References

483


