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Background: Transcatheter aortic valve replacement (TAVR) became the leading therapeutic strategy for aortic valve replacement in older 
patients with severe symptomatic aortic stenosis. Echocardiographic parameters that mark the left ventricle and right ventricle reverse 
remodeling after the TAVR are not well established. The aim of the current study is to describe the dynamics of both left ventricle (LV) and 
right ventricle (RV) strain derived from speckle tracking echocardiography in elderly patients at 3-months after the TAVR procedure.
Methods: We enrolled 52 consecutive patients (77 ± 4.9 years old, median STS score of 3.1) who underwent transfemoral TAVR at 
our tertiary care center. All patients were evaluated at baseline and 3 months following TAVR.
Results: The LV global longitudinal strain (GLS) 3-month following TAVR was significantly improved compared with baseline values 
(−16 ±4.2% vs −16 ±4.2%; p < 0.001) but no significant changes in the RV GLS 3 and 6 segments model following TAVR were registered. 
The LV ejection fraction was significantly improved 3-months after the TAVR procedure. LV-GLS at baseline demonstrated a strong positive 
correlation with LV-GLS at 3 months (r = 0.69) and a moderate correlation with RV strain parameters (r = 0.38 and r = 0.56), but also 
a negative correlation with LVEF at follow-up (r=−0.61). Interestingly, in contrast to LVEF, none of the strain parameters correlated with 
age. NT-proBNP values were correlated with both LV-GLS (r = 0.37) and LVEF (r=−0.5) at baseline. However, at follow-up, baseline NT- 
proBNP values remained correlated only to LV-GLS at 3-months (r = 0.24), but the correlation was weak.
Keywords: elderly population, transcatheter aortic valve replacement, aortic stenosis, global longitudinal strain, outcome

Introduction
Aortic stenosis (AS) is the most frequent valvulopathy, found especially among the elderly population.1 Aortic valve replacement 
is recommended in patients with symptomatic severe AS patients or in asymptomatic AS patients with reduction of the left 
ventricular ejection fraction.1 Transcatheter aortic valve replacement (TAVR) is preferred over surgical aortic valve replacement 
(SAVR) in older patients (≥75 years), patients with high risk or unsuitable for surgery.1 Also, there are other individual clinical, 
anatomical, and procedural characteristics which may favor TAVR over SAVR.1 Studies showed that TAVR significantly 
improves prognosis in high-risk patients.2 Moreover, recent trials showed TAVR benefits in low-risk patients, too.3,4 

Frequently, patients undergoing TAVR present right ventricular (RV) systolic dysfunction, a condition which is often under-
appreciated. However, less is known about TAVR effect on global or regional myocardial mechanics, especially in the elderly 
population. Newer echocardiographic methods such as speckle tracking are able to detect left and right ventricle longitudinal 
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shortening and also subtle myocardial dysfunction. The objective of this study was therefore to investigate the functional response 
of the left and right ventricle mechanics assessed by two-dimensional Speckle Tracking echocardiography (GLS) before and 3 
months after TAVR.

Materials and Methods
Patient Population
We prospectively enrolled 54 patients with symptomatic severe AS undergoing transfemoral TAVR in our hospital 
between January 2021 and October 2021. Of these, 1 patient died within 3 months of follow-up and 1 patient was 
excluded because he refused the follow-up visit. We accordingly included 52 patients with follow-up echocardiography 
in our study. All patients underwent preprocedural assessment with ECG-gated computed tomographic angiography 
(CTA) as per standard practice. TAVR was indicated in moderate and high-risk patients according to current guideline.1

Written informed consent was obtained from each patient. The Ethics Committee of the Heart Institute Niculae 
Stancioiu approved the study. The study was conducted according to the principles of the Declaration of Helsinki and 
Good Clinical Practice. Unfortunately, the logistics of TAVR program in our tertiary center during COVID-19 pandemic 
were changed in order to accomplish technical and administrative restrictions imposed by national laws, and also a non- 
negligible number of TAVR candidates postponed the presentation to the hospital.

Echocardiography
All patients included in this study performed transthoracic echocardiograms before and at 3 months follow-up after 
TAVR. Patients with a poor echocardiographic imaging for endocardial tracking in at least 2 adjacent myocardial 
segments and any rhythm other than sinus rhythm including atrial fibrillation during the echocardiographic study were 
excluded. Transthoracic 2-D, Doppler, tissue Doppler imaging (TDI), strain and speckle tracking assessment were carried 
out using VIVID E95 GE machine with dedicated software for post-processing. Speckle-tracking echocardiography 
(STE) was used to assess left ventricular (LV) and right ventricular (RV) sub-endocardial mechanics, before and 3 
months after TAVR. The peak of QRS complex was used by the software as a mark for end diastole. For the LV, the 
standard views for the longitudinal strain analysis were the four, two and three apical views by using a 16 segments 
model. For the RV 3 and 6 segments longitudinal strain analysis the apical four chamber view was used.

Statistical Analysis
Baseline characteristics of the patients were expressed as mean ± SD, median [IQR] or frequencies according to the type 
and distribution of the data. Normality was tested with the Kolmogorov–Smirnov test. All patients were evaluated at 
baseline and at three-months using echocardiography. Baseline and follow-up parameters were compared using t-tests for 
continuous variables and were represented as box-and-whisker plots. Correlations between baseline and follow-up 
variables were performed using the Pearson’s correlation coefficient if normal distribution and the Spearman's correlation 
coefficient otherwise. The magnitude of the correlations was represented with correlograms. Significant relations between 
echocardiographic variables were graphically expressed with scatter diagrams, using heat-maps to indicate clusters of 
observations. Statistical analysis was performed using MedCalc Statistical Software 19.6.1 (MedCalc Software Ltd., 
Ostend, Belgium; http://www.medcalc.org; 2020). A p value of <0.05 was considered significant.

Results
Baseline Characteristics and Clinical Characteristics
A total of 52 patients were included in the present analysis. The study population consisted of elderly patients (77 ± 4.9 years). 
The Euroscore II and the STS Mortality score were 4.3 (2.78–7.2) and 3.1 (2.1–4.7) %, respectively, and were in New York Heart 
Association (NYHA) class III before TAVR in most of cases (63.5%). Patients had several comorbidities not included in the risk 
score that substantially increased their surgical risk. Among the enrolled patients, 22 patients had coronary artery disease, 20 of 
them had previous or during the index hospitalization percutaneous coronary interventions and 2 of them had previous CABG. 
Baseline demographic data, comorbidities, functional status and laboratory findings are summarized in Table 1.
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Data regarding the operative details and adverse events occurred during the index hospitalization are presented in 
Table 2. During the index hospitalization, patients had low rates of acute kidney injury (1.4%), 7 patients had minor 
vascular complications and no myocardial infarction, stroke or valve thrombosis were registered. Permanent pacemaker 
implantation was required in 13% of patients. The survival rate at 90 days was 98%. One patient died before the 3-month 
assessment.

Echocardiography Characteristics
2D and Doppler Echocardiography
Table 3 shows the 2 D and Doppler echocardiographic parameters before and at 3 months after TAVR. The median aortic 
valve area index at baseline was 0.42 cm2/m2. LVEF was significantly improved at 3 months after TAVR from 50 ± 
11.5% to 57 ± 10.7%. The AVA and mean aortic pressure gradient improved significantly after the intervention, as 
expected. The rate of severe postprocedural paravalvular leaks (PVL) was 3.8% in our cohort. The PVLs were not 
associated with increased mortality.

LV and RV Myocardial Mechanics
Both LV and RV longitudinal deformation using the global longitudinal strain (GLS) and strain rate were reduced in 
patients with AS before TAVR, as you can see in Table 4. At follow up, LV longitudinal strain significantly improved 

Table 1 Baseline Demographic and Clinical Characteristics of TAVR- 
Treated Patients

Demographic and Clinical Characteristics Values

Age (years), mean ± SD 77 ± 4.9

Gender, n (%)
Male 27 (51.9)

Female 25 (48.1)

Arterial hypertension, n (%) 41 (78.8)

Diabetes Mellitus, n (%) 19 (36.5)

Dyslipidemia, n (%) 24 (46.2)

Smoking, n (%) 2 (3.8)

Ischemic heart disease, n (%) 22 (42.3)

Liver dysfunction, n (%) 0 (0)

Renal dysfunction*, n (%) 13 (25)

NYHA functional class, n (%)

II 6 (11.5)

II/III 9 (17.3)
III 33 (63.5)

III/IV 1 (1.9)

IV 3 (5.8)

EUROSCORE II (points), median [IQR] 4.3 [2.78–7.2]

STS-score (points), median [IQR] 3.1 [2.1–4.7]

NT pro-BNP at baseline (pg/mL), median [IQR] 1847 [781–5777]

No. of hospitalization days, median [IQR] 12.7 [10–17]

Notes: *Renal dysfunction was defined in our study as a baseline estimated glomerular 
filtration rate [eGFR] ≤60 mL/min/1.73 m2.
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Table 3 Echocardiographic Parameters Before and After TAVR

Echocardiographic Parameters Value

Left ventricular hypertrophy at baseline, n (%) 52 (100)

Left ventricular hypertrophy at 3 months, n (%) 52 (100)

Maximum aortic valve velocity (m/sec) at baseline, mean ± SD 4.49 ± 0.63

Maximum aortic valve velocity (m/sec) at 3 months, mean ± SD 2.02 ± 0.42

Mean gradient at baseline (mmHg), median [IQR] 52 [41–65]

Mean gradient at 3 months (mmHg), median [IQR] 9.25 [7.13–11.5]

AVA index at baseline (cm2/BSA), median [IQR] 0.42 [0.34–0.5]

LVEF at baseline (%), mean ± SD 50 ± 11.5

Postprocedural valve thrombosis, n (%) 0 (0)

Postprocedural paravalvular leaks (PVL), n (%)

No 7 (13.5)

Mild PVL 29 (55.8)
Moderate PVL 14 (26.9)

Severe PVL 2 (3.8)

Table 2 Procedure-Related Characteristics

TAVR Procedure Value

Type of valve, n (%)
Medtronic 22 (42.3)

Medtronic Evolut 1 (1.9)

Portico 9 (17.3)

Prosthesis dimension (mm), median [IQR] 28 [26–29]

Procedure-related complications

Minor vascular complications, n (%) 7 (13.5)

Necessity of temporary pacing, n (%) 8 (15.4)

Necessity of permanent pacing, n (%) 7 (13.5)

Periprocedural coronary occlusion, n (%) 0 (0)

Death, n (%) 1 (1.9)

Table 4 Pre versus Post TAVR LV and RV Longitudinal Strain

Echocardiographic Parameter Value

LV-GLS at baseline (%), mean ± SD −13.8 ± 5

LV-GLS at 3 months, (%), mean ± SD −16 ±4.2

RV-GLS 6 segments at baseline, (%), mean ± SD −15 ± 4.4

RV-GLS 6 segments at 3 months, (%), mean ± SD −16 ± 3.5

RV-GLS 3 segments at baseline, (%), mean ± SD −17 ± 4.3

RV-GLS 6 segments at 3 months, (%), mean ± SD −16 ± 6
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(p = 0.0001) – Figure 1 and Table 5. RV global longitudinal strain, by using the 6 and 3 segments model was not 
significantly improved after the TAVR procedure (Figure 2).

Correlations and Linear Regression Analyses
Correlations between analyzed parameters are presented in Figure 3.

LV-GLS at baseline demonstrated a strong positive correlation with LV-GLS at 3 months (r = 0.69) and a moderate 
correlation with RV strain parameters (r = 0.38 and r = 0.56), but also a negative correlation with LVEF at follow-up 
(r=−0.61).

In contrast to LVEF, none of the strain parameters correlated with age, as you can see in Figure 3.
NT-proBNP values were correlated with both LV-GLS (r = 0.37) and LVEF (r=−0.5) at baseline. However, at follow-up, 

baseline NT-proBNP values remained correlated only to LV-GLS at 3-months (r = 0.24), but the correlation was weak.
The main correlation of LV-GLS at baseline and follow-up is shown in Figure 4.

Figure 1 LV longitudinal strain before and 3 months after TAVR.

Table 5 Differences Regarding Echocardiographic Parameters Between Baseline and 
Follow-Up Examination

Baseline Follow-Up p

Mean SD Mean SD

Vmax, m/sec 4.49 0.62 2.02 0.41 <0.0001

Mean Gradient, mmHg 52.51 16.31 9.84 3.72 <0.0001

LVEF, % 50.11 11.47 53.13 10.68 0.013

LV-GLS, % −13.43 5.01 −15.60 4.18 0.0001

RV-GLS 3 segments, % −16.76 5.73 −16.82 4.27 0.948

RV-GLS 6 segments, % −15.50 4.31 −16.07 3.48 0.305
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Discussion
Transcatheter aortic valve replacement (TAVR) has undoubtedly revolutionized the management of aortic stenosis (AS) 
and became the leading therapeutic strategy for aortic valve replacement in older patients with severe symptomatic AS. 
Moreover, in the last decade a reduction of interventional related complications was registered, thus leading to 
significantly improved associated outcomes.1 So, these advances have opened the road to the use of TAVR in lower- 
risk patients and the most recent ESC guidelines proposed TAVR, as the main therapeutic strategy for patients with AS 
aged 75 years or older.1

Figure 2 RV longitudinal strain before and 3 months following TAVR. (A) Shows the RV GLS three-segmental model and (B) the full six-segmental model.

Figure 3 Correlogram showing relations between echocardiographic parameters in the group. Color legend: dark green shows no correlation (r<0.2); light green and 
yellow – weak positive correlation (r 0.2–0.4); light Orange- moderate positive correlation (r 0.4–0.6); dark Orange- good positive correlation (r 0.6–0.8); red – very good 
positive correlation (r>0.8); bluish green- weak negative correlation (r −0.2–0.4); blue – good negative correlation (r-0.6 −0.8).
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Also, in the last decade, advanced speckle tracking–based echocardiography has emerged as a promising tool for the 
evaluation of myocardial function in several cardiac diseases, including patients with aortic stenosis, but in clinical 
practice, left ventricular ejection fraction (LVEF) remains the most commonly used tool for assessing systolic function.1 

Moreover, the classification of the types of aortic stenosis is based also on the LVEF.1 But, LVEF has relevant limitations 
in describing the complex myocardial three-dimensional mechanics.2

Also, the estimation of wall motion is subjective and therefore highly operator dependent and has a high interobserver and 
intraobserver variability. But, global longitudinal and circumferential strain measurements show very good reproducibility. 
Therefore, advanced speckle tracking–based echocardiography is reproducible when performed by experienced observers. The 

Figure 4 Main correlations of LV-GLS at baseline and at follow-up. On the left (baseline correlations) and on the right (correlations at follow-up). The vertical axis is 
represented by LV-GLS (at baseline on the left and at follow-up on the right) in all graphs.
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echocardiographic parameters for defining the reverse remodeling after TAVR are not well standardized, and those that could be 
of prognostic value are not yet established.5 Traditionally, left ventricular ejection fraction was associated with myocardial 
recovery after AV replacement. But, myocardial deformation analysis, including left ventricular and right ventricular strain and 
speckle-tracking had emerged as extremely useful parameters for the early detection of subclinical alterations of myocardial 
mechanics. LV and RV GLS may detect remodeling early after TAVR. Therefore, right and left ventricular strain amelioration 
after the TAVR procedure may represent independent predictors of longer survival and better quality of life. There are studies 
which showed that, even though the left ventricular ejection fraction remained unchanged, aortic valve replacement surgery 
improved the speckle tracking left ventricular analyzed parameters.6 But, there are limited data regarding the timing of the reverse 
remodeling of the left and right ventricle following the TAVR procedure. Our study demonstrated a significant beneficial impact 
of TAVR procedure on LV myocardial mechanics, by analyzing the global longitudinal strain, in addition to the improvement of 
the LVEF in elderly patients with severe AS after TAVR. Thus, shows an early recovery of LV longitudinal function after the 
TAVR intervention. Studies show that LV GLS directly correlates with postprocedural outcomes.6

LV-GLS at baseline presented positive correlations with both LV-GLS and RV strain parameters at 3 months follow- 
up, but also a negative correlation with LVEF at follow-up, thus showing that single LV-GLS measurement performed 
before the procedure may be associated with both LV and RV remodeling after TAVR. Interestingly, in contrast to LVEF, 
none of the strain parameters correlated with age, demonstrating that GLS might lead to better understanding and more 
clear interpretation of ventricular mechanics in patients with aortic stenosis.

NT-proBNP values were correlated with both LV-GLS and LVEF at baseline. However, at follow-up, baseline NT- 
proBNP values remained correlated only to LV-GLS at 3-months, but the correlation was weak. Our finding shows that 
GLS may be superior to LVEF in the prediction of maintained increased LV wall stress after successful TAVR. Also, 
other studies have shown that an improvement was found in LV-GLS at one-year post-TAVR, but no significant changes 
were recorded in LVEF, suggesting that strain may be a more sensitive parameter for changes in LV mechanics after 
TAVR.7 On the other hand, as shown in other studies, NT-proBNP values may be influenced by several comorbidities, 
such as obesity, renal dysfunction, etc., thus altering its prognostic and risk stratification value.8

Right ventricular dysfunction is a well-known independent adverse prognostic factor in patients with severe aortic stenosis 
requiring surgical replacement.9 Moreover, after the classical surgical replacement the RV function may further deteriorate. But, 
impairment of RV myocardial mechanics is known to be associated with a dismal prognosis despite TAVR also.10,11 The effect of 
TAVR on the RV function is not entirely known. There are studies showing that patients with right ventricular dysfunction at 
baseline may present significant RV systolic function improvement after TAVR, with important implications on the outcome.10 

Therefore, the aim of the study was to evaluate the effect of TAVR on the RV function at 3-months follow-up. In our study, the RV 
global longitudinal strain was not significantly improved at 3 months after the TAVR procedure. The echocardiographic 
assessment of RV systolic function is more difficult than for LV, and the applicable parameters are less widely accepted.12 

Several echocardiographic parameters are required in order to assess RV systolic dysfunction in patients undergoing TAVR. 
Instead, a multimodal model, including RV strain, tricuspid regurgitation and TAPSE could be better predictive parameters of 
outcomes.13,14 Therefore, echocardiographic follow-up, including right ventricular strain in absolutely mandatory for long-term 
prognostication.

Limitations
The present study has several limitations. First, the number of included patients is relatively small. Second, this is 
a single-centre study analysis. Even though, LV-GLS at baseline demonstrated positive correlations with LV-GLS and RV 
strain parameters and also a negative correlation with LVEF at follow-up, more patients are required in order to 
demonstrate that LV-GLS is indeed an accurate predictor after TAVR procedure. Moreover, echocardiographic findings 
beyond three months after TAVR should be further investigated.

Conclusions
Advanced speckle tracking–based echocardiography has emerged as a promising tool for the evaluation of myocardial function 
in patients undergoing TAVR and especially for the evaluation of post-TAVR myocardial recovery and prognostication. In our 
study, LV-GLS at baseline presented positive correlations with both LV-GLS and RV strain parameters at 3 months follow-up, but 
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also a negative correlation with LVEF at follow-up. But, the RV global longitudinal strain was not significantly improved at 3 
months after the TAVR procedure in elderly population. So, several advanced echocardiographic parameters are required in order 
to assess LV and RV myocardial mechanics, offering additional insights for pre-TAVR and post-TAVR evaluation, management 
and prognostication.
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