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ABSTRACT

Introduction and objectives: Transcatheter aortic valve implantation (TAVI) has emerged as an alternative and less invasive 
treatment to surgical aortic valve replacement (SAVR). Left ventricular global longitudinal strain (LV-GLS) can reveal changes in 
left ventricular performance before involvement of ejection fraction. Our aim was to present and evaluate our center’s experience 
regarding short- and long-term reverse left ventricular remodeling using two-dimensional-speckle tracking echocardiography-derived 
LV-GLS after TAVI compared with SAVR.
Methods: Our multidisciplinary cardiac team carefully evaluated 65 patients for SAVR who presented with severe symptomatic 
aortic stenosis and who had high, intermediate, or low surgical risk. The patients underwent either TAVI with an Evolut-R 
self-expanding valve or SAVR. Echocardiographic evaluation was performed before, 1 month, and 1 year after the procedure.
Results: TAVI was performed in 31 patients and SAVR in 34 patients. The incidence of valvular and paravalvular leak was higher 
in the TAVI group despite early favorable LV remodeling with a significant decrease in left ventricular mass index and E/e’ shortly 
after the procedure and an early detectable improvement in LV-GLS from −8.18 ± 1.81 to −14.52 ± 2.52, reaching −16.12 ± 2.69 
at 1 year (P < .001). This early improvement was not observed in the SAVR group. TAVI preserved right ventricular function 
without affecting tricuspid annular plane systolic excursion or increasing estimated pulmonary artery pressure.
Conclusions: Patients who underwent TAVI had earlier and significantly better LV remodeling with early reduction in left ventricular 
mass index, E/e’ ratio, and significant early improvement in LV-GLS without concomitant impairment of left ventricular ejection 
fraction percentage or deterioration of right ventricular function.
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Remodelado del ventrículo izquierdo tras implante percutáneo o 
sustitución quirúrgica de válvula aórtica: estudio mediante speckle tracking

RESUMEN

Introducción y objetivos: El implante percutáneo de válvula aórtica (TAVI) se ha establecido como una alternativa menos invasiva 
al recambio valvular aórtico (RVAo). El strain longitudinal global del ventrículo izquierdo (SLG-VI) puede detectar cambios en el 
funcionamiento ventricular izquierdo antes de que se deteriore la fracción de eyección. Nuestro objetivo fue presentar y evaluar 
la experiencia de nuestro centro en cuanto al remodelado inverso ventricular izquierdo a corto y largo plazo, utilizando el SLG-VI 
mediante rastreo de marcas, o speckle tracking, bidimensional, después de TAVI en comparación con los resultados tras RVAo.
Métodos: El equipo cardiológico multidisciplinario evaluó 65 pacientes remitidos para RVAo por estenosis aórtica grave, con riesgo 
quirúrgico alto, intermedio o bajo. Los pacientes se clasificaron según fueran tratados con TAVI (prótesis autoexpandible Evolut-R) 
o RVAo. Se realizó ecocardiograma antes del procedimiento, al mes y al año de llevarlo a cabo.
Resultados: 31 pacientes se trataron con TAVI y 34 con RVAo. En el grupo de TAVI hubo mayores tasas de regurgitación valvular 
y paravalvular. Se observó un remodelado ventricular izquierdo más favorable, con una disminución significativa del índice de 
masa del ventrículo izquierdo, un índice E/e’ tras el procedimiento y una mejoría precoz del SLG-VI de −8,18 ± 1,81 a −14,52 ± 
2,52, que al año fue −16,12 ± 2,69 (p < 0,0001), sin que esta mejoría precoz en dicho parámetro se evidenciara en el grupo de 
RVAo. En el grupo de TAVI se mantuvo la función ventricular derecha sin afectar al desplazamiento sistólico del plano tricúspide 
y sin aumentar la presión sistólica de la arteria pulmonar estimada.
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INTRODUCTION

Degenerative calcific aortic stenosis (AS) is the most common 
valvular heart disease worldwide. For severe symptomatic cases, 
surgical aortic valve replacement (SAVR) has been the gold stan-
dard procedure for decades.1

However, since its introduction in 2002, transcatheter aortic valve 
implantation (TAVI) has emerged as a less invasive alternative 
treatment with a shorter recovery time and lower perioperative 
mortality rate. Initially, the procedure was introduced for patients 
with high2,3 and intermediate surgical risk.4,5 However, advances 
in technique and operator skills have expanded its use to patients 
with low surgical risk.6,7 

It is well-known that the main problem in people with isolated AS 
is an increase in afterload, resulting in diastolic dysfunction 
followed by systolic dysfunction of the left ventricle (LV).8 The 
optimal timing of intervention, whether surgical or transcatheter, 
depends on the severity or grades of stenosis, symptoms, and LV 
dysfunction.9 Aortic valve replacement, whether through TAVI or 
SAVR, significantly affects LV remodeling, reduces symptoms, and 
increases overall survival.7

The current guidelines use left ventricular ejection fraction (LVEF) 
percentage to assess LV systolic function. However, subclinical 
myocardial dysfunction may develop despite a normal LVEF 
percentage. Fibrotic changes induced by AS mainly affect LV 
longitudinal function, while ejection fraction is determined by 
radial myocardial function. Most cases of severe AS requiring 
intervention have preserved ejection fraction percentages before 
and after intervention, with reduced ejection fraction percentages 
only observed in late and neglected cases with poor prognoses 
when both radial and longitudinal functions are affected.8 There-
fore, assessment of LV function or remodeling before or after the 
intervention should not be based solely on LVEF. Another reliable 
method is needed to fully assess the impact of aortic valve replace-
ment on LV function.10

Global longitudinal strain (GLS) analysis has proven useful in 
accurately characterizing regional and global myocardial systolic 
function. This analysis can detect changes in LV performance and 
overcome the limitations of ejection fraction, such as considerable 
interobserver variability, lack of subtle regional differences, and 
inadequate acoustic windows, with superior prognostic validity 
compared with LVEF percentage.10

At Tanta University Hospital, we recently introduced the TAVI 
procedure. The aim of this study was to present and evaluate the 

experience of our team and study the impact of aortic valve replace-
ment on several factors. These included prosthesis hemodynamics, 
significant valvular or paravalvular leak, and the need for new 
pacemaker implantation. We also aimed to assess short-and long-
term reverse LV remodeling by evaluating conventional echocardio-
graphic parameters. In addition, we used the more reliable and 
accurate two-dimensional (2D) speckle tracking-derived left ventricle 
global longitudinal strain (LV-GLS) following the TAVI procedure 
and compared these parameters with the gold standard SAVR.

Patients and study design

Patient sample and inclusion criteria

This longitudinal, prospective, nonrandomized, single-center 
study was conducted in the Cardiology Department of the Faculty 
of Medicine at Tanta University Hospital between May 2022 and 
October 2023. Sixty-five patients diagnosed with severe symptom-
atic AS, categorized as high, intermediate, or low surgical risk and 
scheduled for aortic valve replacement, underwent thorough eval-
uation by the multidisciplinary heart team. Following selection of 
the appropriate procedure, eligible patients were allocated to 
undergo either trans-femoral TAVI with an Evolut-R self-expandable 
valve (Medtronic, United States) or SAVR.

Patients were classified into 2 groups as follows:

–	 Group I: patients with clinical symptoms, such as chest pain, 
syncope, or dyspnea, as well as echocardiographic evidence of 
severe AS (defined as a valvular area ≤ 1 cm2 or indexed valve 
area ≤ 0.6 cm2/m2, mean pressure gradient ≥ 40 mmHg, and 
transaortic peak velocity ≥ 4 m/s).9 Patients meeting these 
criteria were considered suitable candidates for TAVI.

–	 Group II: patients diagnosed with symptomatic severe AS 
based on clinical and echocardiographic findings, who were 
were deemed suitable candidates for SAVR.

Exclusion criteria

We excluded patients if they had any of the following conditions: 
concomitant significant valvular heart disease other than AS, 
severe renal impairment (glomerular filtration rate < 30 mL/min/ 
1.73 m2), prior biological or bare-metal valve replacement, significant 
carotid or coronary artery disease, abdominal aortic aneurysm, 
unstable heart failure, atrial fibrillation, atrial flutter, or any 
significant rhythm disturbance, predominant aortic regurgitation, 

Abbreviations

AS: aortic stenosis. LV: left ventricular. LVEF: left ventricular ejection fraction. LV-GLS: left ventricular global longitudinal strain. 
SAVR: surgical aortic valve replacement. TAVI: transcatheter aortic valve implantation.

Conclusiones: Los pacientes que recibieron un TAVI tuvieron un mayor y más precoz remodelado ventricular izquierdo, con una 
reducción precoz del índice de masa del ventrículo izquierdo y del índice E/e’, y una mejoría significativa precoz del SLG-VI, sin 
alteración de la fracción de eyección del ventrículo izquierdo ni deterioro de la función ventricular derecha.

Palabras clave: Remodelado ventricular izquierdo. Implante percutáneo de válvula aórtica. Recambio valvular aórtico. Speckle tracking 
bidimensional. TAVI. RVAo.
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infective endocarditis, or severe LV dysfunction (ejection fraction 
< 35%). We also excluded patients who died during the study 
period or who lacked echocardiographic data before or after valve 
replacement.

METHODS

All patients underwent a full history and clinical evaluation. Data 
on the length of hospital stay, complications in the perioperative 
period, and clinical follow-up were collected by a review of 
medical records.

TAVI procedure

After the selection of suitable patients and valves, the procedure 
consisted of 5 sequential steps: access, valve crossing, balloon 
aortic valvuloplasty, valve implantation, and access closure. Addi-
tional considerations included the choice of anesthesia (local with 
sedation vs general anesthesia) and the placement of a temporary 
pacing wire in the right ventricle. Most patients underwent the 
procedure under conscious sedation. The devices used were the 
Evolut-R self-expandable valves (26, 29, or 34 mm).11

Standard echocardiography examination

Echocardiographic measurements were performed in accordance 
with the guidelines of the American Society of Echocardiography 
and the European Association of Cardiovascular Imaging.12 Using 
the Vivid E9 ultrasound system (GE Vingmed Ultrasound, 
Norway), equipped with an M5S phased array transducer (2.5–5.0 
MHz) and a dedicated software package, images and data were 
digitally stored for offline analysis before the procedure, shortly 
after (1 month), and 9 to 12 months after replacement. All echo-
cardiographic parameters were acquired by 2 trained observers. 
Three to 5 consecutive beats were recorded and averaged.

LV dimensions, wall thickness, ejection fraction percentage and 
LV mass index were obtained. The transaortic peak and mean 
pressure gradients were calculated from the aortic velocity 
obtained through multiwindow continuous-wave Doppler evalua-
tion using the modified Bernoulli equation.

The effective orifice area of the aortic valve was determined using 
the continuity equation and was indexed to body surface area as 
the stroke volume measured in the left ventricular outflow tract 
(LVOT) divided by the aortic time velocity integral measured by 
continuous-wave Doppler. LVOT stroke volume was calculated as 
the LVOT cross-sectional area multiplied by the LVOT time 
velocity integral, measured by pulsed-wave Doppler.

After aortic valve replacement, the LVOT velocity and diameter 
were obtained just apical to the prosthetic valve stent or sewing 
ring. The presence and quantification of any valvular or paraval-
vular leak were assessed using color and continuous-wave Doppler.

Additional echocardiographic parameters were obtained to assess LV 
diastolic function, particularly  transmitral flow. This included 
measuring peak early (E) and atrial (A) flow velocities, as well as 
calculating the E/A ratio. The mean peak early diastolic (e’) velocity 
was acquired from the septal side of the mitral annulus in the apical 
4-chamber view using  tissue Doppler settings. The E/e’ ratio was 
then calculated, serving as an indicator of LV filling pressures.

Conventional parameters were used to assess right-sided function. 
This included measuring the tricuspid annular plane systolic 

excursion and evaluating the peak tricuspid regurgitation velocity 
with color Doppler flow imaging. The estimated systolic pulmo-
nary artery pressure was calculated using the formula: estimated 
systolic pulmonary artery pressure = right atrial pressure + 4 V2, 
where V represents tricuspid regurgitant velocity). 

2D speckle tracking echocardiography, left ventricular global  
longitudinal strain

Global longitudinal peak systolic strain was assessed offline. Endo-
cardial borders were manually traced and were visualized as a 
color-coded sequence in individual clips. Subsequently, they were 
combined in a bull’s-eye plot. The software then calculated the 
regional and the average strain of the apical 2-chamber, 4-chamber, 
and 3-chamber views of the 17 segments at an end-systolic frame. 
Images with a frame rate < 50 were excluded.13 The average peak 
GLS was then recorded and documented for each study.

Statistical analysis

The statistical analysis was performed using the Statistical Package 
for Social Sciences (IBM SPSS Statistics) for Windows, version 26 
(IBM Corp., United States). Qualitative variables (eg, sex) are 
presented as frequencies, and the association of groups with cate-
gorical variables was assessed using the Pearson chi-square test 
for independence, the Fisher-Freeman-Halton exact test, or the 
Fisher exact test, as appropriate. Quantitative variables (eg, age 
and all echocardiographic measurements) are expressed as mean 
± standard deviation (SD).

Differences in quantitative variables between the groups were 
assessed using either the independent samples T-test for baseline 
characteristics and measurements or mixed linear model analysis 
with treatment groups as a factor and baseline values as a covariate. 
Comparisons of repeated measurements within each group 
performed with the mixed linear model analysis for repeated 
measures with the time of treatment as a factor. The degree of 
mitral regurgitation between time points was compared using the 
McNemar test, while the degree of paravalvular leak was evalu-
ated between time points using the marginal homogeneity test. A 
significance level of P < .05 was chosen for all statistical tests.

RESULTS

Table 1 shows the demographic data for the 2 groups: TAVI was 
performed in 31 patients and SAVR in 34. Age was older in the 
TAVI group (P < .001) than in the SAVR group.

The perioperative and postoperative course were uneventful in 
most patients, with reduced symptoms in both groups. However, 
several complications occurred during the periprocedural period 
and 1-year follow-up: 4 patients developed conduction abnormali-
ties, presenting as complete heart block during their hospital stay 
and requiring the insertion of a dual-chamber permanent pace-
maker; 3 patients developed contrast-induced nephropathy, which 
was corrected before discharge (2 of them had long-standing 
diabetes); 5 patients developed vascular complications in the form 
of mild to moderate bleeding from the access site, which did not 
require transfusion or intervention; and only 1 patient was read-
mitted due to hypertensive pulmonary edema (the patient had 
chronic uncontrolled hypertension) in the TAVI group. One patient 
died 10 days post-TAVI and was excluded. 

In the SAVR group, 2 patients developed ischemic stroke due to 
ineffective anticoagulation and 2 others were readmitted due  
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to warfarin toxicity complicated by gastrointestinal bleeding 
requiring admission for blood transfusion until the bleeding was 
controlled. None of the patients in this group developed acute 
renal injury, conduction abnormalities, or periprocedural vascular 
complications during their hospital stay (table 1).

In both groups, all echocardiographic variables were collected at 
baseline (before the procedure), and at 1 month, and 1 year postpro-
cedure. These data are shown in table 2. A comparison of relative 
changes in each parameter at different evaluation times in the 2 
groups is shown in table 3 and graphically represented in figure 1.

All baseline echocardiographic variables were comparable between 
the 2 groups.

Valve hemodynamics

After both procedures, there was a significant improvement in 
aortic valve maximum velocity (AV-Vmax), aortic valve mean pres-
sure gradient (AV-MG), and aortic valve area (AVA) (P < .001 for 
all). This improvement persisted throughout the year, while a 
relatively more pronounced early and 1-year improvement in 
AV-Vmax and AV-MG (P < .001 for both) were observed in the TAVI 
vs the SAVR group. None of the patients in either group developed 
patient prosthetic mismatch.

Left ventricle dimensions and functions

There was a steady and significant improvement in LV septal 
thickness postprocedure in both groups at different evaluation 
times. There was also a slight but significant improvement in LV 
dimensions (LV end-diastolic dimension and LV end-systolic 
dimension) in the SAVR group at 1 year compared with the TAVI 
group. Specifically, LV end-diastolic dimension decreased from 
5.15 ± 0.43 to 4.95 ± 0.29 (P = .024) in the SAVR group vs 5.09 ± 

0.32 to 4.99 ± 0.29 (P = .202) in the TAVI group. Similarly, LV 
end-systolic dimension decreased from 3.51 ± 0.46 to 3.27 ± 0.21 
(P = .008) in the SAVR group vs 3.30 ± 0.28 to 3.20 ± 0.22, P = 
.064 in the TAVI group.

A favorable early outcome was observed in the TAVI group, with 
a significant decrease in LV mass index and E/e’ shortly after the 
procedure that persisted at 1 year. LV mass index decreased from 
170.33 ± 14.10 to 152.14 ± 13.28 (P < .001) in the TAVI group vs 
169.17 ± 11.39 to 169.63 ± 11.05 (P = .999) in the SAVR group. E/e’ 
decreased from 15.81 ± 2.84 to 12.10 ± 1.92 (P < .001) in the TAVI 
group vs 14.13 ± 3.05 to 14.21 ± 2.67 (P = .999) in the SAVR group 
(figure 1).

Although mitral valve regurgitation  showed  a relative  improve-
ment in the TAVI group compared with the SAVR group at 1 month 
(P = .028) and  1 year of follow-up (P = .020),  it  did not  signifi-
cantly  change within each  group at different  evaluation  times. 
Mild mitral regurgitation was prevalent in both groups.

Right ventricular assessment

There was no significant change in tricuspid annular plane systolic 
excursion postprocedure in the TAVI group. However, in the SAVR 
group it significantly decreased shortly after the procedure from 
2.14 ± 0.22 to 1.67 ± 0.22 (P < .001). As shown in figure 1, esti-
mated systolic pulmonary artery pressure showed a significant 
reduction from 30.00 ± 6.32 to 27.14 ± 6.08 (P = .001) shortly after 
TAVI but was significantly increased from 29.79 ± 8.06 to 33.79 ± 
7.49 after SAVR (P = .005).

Left ventricular global longitudinal strain

There was a statistically significant difference between the 2 
groups (P < .001), favoring the TAVI group with an early detectable 

Table 1. Demographic data, comorbidities and percentage of different complications in the 2 procedures

TAVI (31) SAVR (34) P

Age Mean ± SD 68.86 ± 2.61 66.00 ± 1.74 < .001*

Sex Female 7 (22.6%) 9 (26.5%) .716

Male 24 (77.4%) 25 (73.5%)

BMI Mean ± SD 32.71 ± 3.13 32.83 ± 2.76 .893

Comorbidities Hypertension 15 (48.4%) 18 (52.9%) .714

Diabetes 11 (35.5%) 13 (38.2%) .818

Dyslipidemia 13 (41.9%) 13 (38.2%) .761

CVD 7 (22.6%) 12 (35.3%) .260

Complications
Clinical outcome

No 22 (71.0%) 30 (88.2%) .082

Conduction disturbance 4 (12.9%) 0 (0.0%) .046*

Acute kidney injury 3 (6.4%) 0 (0.0%) .103

Neurological 0 (0.0%) 2 (5.9%) .493

Vascular-related complications 5 (16.1%) 0 (0.0%) .021*

Rehospitalization 1 (3.2%) 2 (5.9%) .999

BMI, body mass index; CVD, cardiovascular disease; PPM, permanent pacemaker; SAVR, surgical aortic valve replacement; SD, standard deviation; TAVI, transcatheter aortic valve 
implantation.
* Significant at P < .05.
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improvement of LV-GLS from −8.18 ± 1.81 to −14.52 ± 2.52, P < 
.001 at 1 month, reaching −16.57 ± 2.52 at 1 year. In contrast, this 
early improvement was not observed in the SAVR group, with the 
first detectable improvement being observed at 1 year (−8.30 ± 
1.99 to −16.12 ± 2.69; P < .001) (figure 2).

Valvular or paravalvular leak

In the TAVI group, more patients developed mild or ≥ moderate 
paravalvular leak, with 12 (38.7%) and 2 (6.5%) patients, respec-
tively, at immediate follow-up. These numbers increased to 13 
(41.9%) and 3 (9.7%) patients, respectively, at 1 year. In the SAVR 
group, none developed ≥ moderate paravalvular leak, and only 6 
(17.6%) patients had mild nonsignificant paravalvular leak at 1 
month. Only 1 patient progressed from mild to moderate paraval-
vular leak at 1 year, with a statistically significant difference 
between the 2 groups (P = .011 at 1 month and P = .042 at 1 year).

Interobserver and intraobserver variability

The correlation coefficient for interobserver reproducibility of 
LV-GLS was 0.933 (95% confidence interval [95%CI]: 0.894-0.957), 

and that for intraobserver agreement was approximately 0.985 
(95%CI, 0.976-0.991).

DISCUSSION

Echocardiography is the most effective approach for evaluating 
prosthetic valve performance, prosthesis-related complications, 
chamber geometry, remodeling, and cardiac function after any 
valve intervention, whether surgical or transcatheter.

Our study included all surgical risk categories. Whenever possible, 
TAVI was the preferred strategy for aortic valve replacement to 
increase our center’s experience, unless contraindicated after heart 
team discussion (eg, inadequate annulus size, LV thrombus, asym-
metric valve calcification, short distance between annulus and 
coronary ostium, inadequate vascular access, mobile thrombi in the 
arch or ascending aorta, bicuspid valve, concomitant significant 
valvular or coronary artery diseases requiring intervention, or due 
to unlikely improvement in quality of life after TAVI because of 
associated comorbidities). TAVI was found to be noninferior to SAVR 
regarding postoperative improvement in symptoms and enhanced 
valve hemodynamics with improvement of AV-Vmax, AV-mean pres-
sure gradient, and indexed aortic valve area, and even greater 

Table 2. Echo-Doppler parameters for the 2 procedures at each stage of assessment

Variables
Baseline 1 month 1 year 

TAVI SAVR P TAVI SAVR P TAVI SAVR P

LVEDD (cm) 5.09 ± 0.32 5.15 ± 0.43 .632 5.01 ± 0.33 5.13 ± 0.41 .133 4.99 ± 0.29 4.95 ± 0.29 .380

LVESD (cm) 3.30 ± 0.28 3.51 ± 0.46 .069 3.23 ± 0.28 3.50 ± 0.47 .136 3.20 ± 0.22 3.27 ± 0.21 .941

LVMI (g/m2) 170.33 ± 14.10 169.17 ± 11.39 .760 152.14 ± 13.28 169.63 ± 11.05 < .001* 138.81 ± 15.16 138.54 ± 17.03 .952

LV sept (cm) 1.53 ± 0.12 1.52 ± 0.10 .707 1.44 ± 0.14 1.46 ± 0.13 .107 1.21 ± 0.17 1.25 ± 0.13 .280

LVEF % 63.33 ± 5.86 57.44 ± 13.66 .074 63.67 ± 6.05 59.71 ± 6.89 .207 64.48 ± 5.12 62.54 ± 4.29 .524

ESPAP (mmHg) 30.00 ± 6.32 29.79 ± 8.06 .924 27.14 ± 6.08 33.79 ± 7.49 < .001* 27.62 ± 6.21 28.54 ± 7.59 .491

E/A 0.63 ± 0.37 0.60 ± 0.39 .801 0.65 ± 0.43 0.62 ± 0.39 .899 0.67 ± 0.43 0.62 ± 0.38 .504

E/e’ 15.81 ± 2.84 14.13 ± 3.05 .063 12.10 ± 1.92 14.21 ± 2.67 < .001* 10.10 ± 1.61 11.33 ± 1.90 .007*

TAPSE (cm) 2.06 ± 0.26 2.14 ± 0.22 .239 2.05 ± 0.26 1.67 ± 0.22 < .001* 1.97 ± 0.28 1.94 ± 0.23 .199

AV-Vmax (m/s) 4.92 ± 0.22 4.95 ± 0.24 .655 1.64 ± 0.16 1.91 ± 0.15 < .001* 1.68 ± 0.16 1.85 ± 0.09 < .001*

AV-MG (mmHg) 58.38 ± 7.17 58.08 ± 7.67 .894 9.85 ± 1.65 13.23 ± 1.95 < .001* 9.21 ± 1.21 12.85 ± 1.93 < .001*

AVA-I (cm2/m2) 0.47 ± 0.10 0.47 ± 0.10 .984 1.20 ± 0.11 1.23 ± 0.07 .358 1.22 ± 0.10 1.26 ± 0.08 .201

LV-GLS % −8.18 ± 1.81 −8.30 ± 1.99 .829 −14.52 ± 2.52 −8.82 ± 1.68 < .001* −16.57 ± 2.52 −16.12 ± 2.69 .511

MR degree Mild 26 (83.9%) 21 (61.8%) .057 28 (90.3%) 23 (67.6%) .028* 27 (87.1%) 21 (61.8%) .020*

≥ Moderate 5 (16.1%) 13 (38.3%) 3 (9.7%) 11 (32.4%) 4 (12.9%) 13 (38.2%)

Degree of V  
or PV leak

None − − 17 (54.8%) 28 (82.4%) .011* 15 (48.4%) 25 (73.5%) .042*

Mild − − 12 (38.7%) 6 (17.6%) 13 (41.9%) 8 (23.5%)

≥ Moderate − − 2 (6.5%) 0 (0.0%) 3 (9.7%) 1 (2.9%)

AVA-I, indexed aortic valve area; AV-MG, aortic valve mean pressure gradient; AV-Vmax, aortic valve maximum velocity; E/A, peak early diastolic mitral flow velocity/ late atrial 
diastolic mitral flow velocity; E/e’, peak early diastolic mitral flow velocity/ pulsed-wave tissue Doppler-derived early diastolic velocity from the septal mitral annulus ratio; ESPAP, 
estimated systolic pulmonary artery pressure; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; 
LV-GLS, Left ventricular- global longitudinal strain; LVMI, left ventricular mass index; LV sept, left ventricular septal thickness; MR, mitral regurgitation; SAVR, surgical aortic valve 
replacement; TAPSE, tricuspid annular plane systolic excursion; TAVI, transcatheter aortic valve implantation; V or PV leak, valvular or paravalvular leak.
* Significant at P < .05.
Values are expressed as mean + standard deviation.
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improvement in AV-Vmax and AV-mean pressure gradient during 
short- and long-term follow-up. These findings are supported by the 
recent update of the guidelines on indications for TAVI,14 which have 
firmly established this approach as an alternative to SAVR in the 
treatment of AS in all surgical risk categories after the continued 
evolution of TAVI and the results of multiple randomized trials.

The major pathophysiological features of AS are increased after-
load, LV remodeling, increased filling pressure, LV diastolic 
dysfunction, and heart failure symptoms. The diastolic dysfunc-
tion occurs earlier and is followed by an increase in LV mass.15 
After TAVI, there are immediate marked reductions in transval-
vular pressure gradients, which translate into an immediate 
decrease in LV afterload, with an increase in E and e’ that reflects 
early diastolic relaxation after TAVI compared with SAVR. 

After SAVR, transient perioperative LV dysfunction related to 
cardiopulmonary bypass is a well-known factor that can adversely 

affect LV remodeling.16 This transient LV dysfunction is associated 
with elevated biochemical markers, such as brain natriuretic 
peptides and troponin I soon after SAVR.17,18 However, these 
consequences of cardiopulmonary bypass are absent after TAVI. 
Therefore, LV remodeling can be reduced shortly after the proce-
dure due to less neurohormonal stimulation, which helps to 
improve preprocedure LV hypertrophy.16

Even with preserved systolic LV function after postcardiac surgery, 
the degree of the E/e’ ratio has been shown to strongly correlate 
with brain natriuretic peptide levels. Consequently elevated left 
atrial pressure and diastolic dysfunction are major determinants 
of the release of brain natriuretic peptides in clinical settings.19 
The present study therefore highlights how the early recovery of 
LV filling pressure, as indicated by earlier reduction in AV-Vmax, 
AV-MG, E/e’ ratio, and LV mass index can positively affect LV 
remodeling. This translates into early improvement of LV-GLS 
deformation parameters even without significant changes in LVEF 
percentage after TAVI. These phenomena can help explain the 
evidence of better short-term prognosis in patients with severe AS 
undergoing TAVI.20 At the 1-year follow-up, the initial mechanisms 
responsible for such better early outcomes were absent, and conse-
quently the distribution of alterations in diastolic function in the 
SAVR group was comparable to that in the TAVI group.15

Mitral valve regurgitation did not appear to be significantly 
affected within the same group at different evaluation times but 
was improved in the TAVI group compared with the SAVR group. 

These results contrast with previously published data from 
Gonçalves et al.21 Although these authors calculated parameters 
of LV diastolic function before and minutes after TAVI, they did 
not include a comparison with a surgical group. They found a 
significant increase in E-wave deceleration time, E-wave velocity, 
and a marked decrease in LV end-diastolic pressure.

Additionally, Jin Ha et al.22 compared the effect of TAVI vs SAVR 
immediately and 3 months after aortic valve replacement on LV 
function and diastolic parameters. They found that more patients 
showed improvement in LV diastolic function grade in the TAVI 
than in the SAVR group (42% vs 11%). Early improvement in 
diastolic function grade with a significant decrease in E/e’ ratio 
and estimated systolic pulmonary artery pressure was seen imme-
diately in the TAVI group. Similar to our study, LV end-diastolic 
dimension and LV end-systolic dimension were significantly 
changed at 3 months after SAVR. This result could be explained 
by the frequent use of diuretics following surgery to manage 
pleural effusion and possible pulmonary edema. In contrast, 
mitral valve regurgitation did not differ significantly between the 
groups, and LV mass index did not show an immediate significant 
change in either group and started to decrease after 3 months.

Guarracino et al.,16 evaluated brain natriuretic peptides and LV 
diastolic function by mitral flow propagation velocity and mitral 
annulus early diastolic velocity, before and after valve procedures, and 
recorded improvement of LV diastolic parameters in the TAVI group 
with an increase in brain natriuretic peptides in the surgical group. 

Similarly, Fairbairn et al.23 reported early regression in mass and 
reverse LV remodeling after TAVI compared with SAVR.

In contrast, Ngo et al.24 compared patients undergoing SAVR vs 
TAVI at 3 and 12 months and found a similar reduction in relative 
wall thickness in both groups and a more marked reduction in LV 
mass index in patients undergoing SAVR (17.5% vs 7.2%; P < .001).

In our study, patients who underwent TAVI showed little change in 
right ventricular function, with no change in tricuspid annular plane 

Table 3. Comparison of repeated measurements at 1 month and 1year postin-
tervention vs baseline measurements

TAVI SAVR

1 month vs 
baseline 
P

1 year vs 
baseline 
P

1 month vs 
baseline 
P

1 year vs 
baseline 
P

LVED .092 .202 .999 .024*

LVESDD .157 .064 .999 .008*

LVMI < .001* < .001* .999 < .001*

LV sept < .001* < .001* < .001* < .001*

LVEF percentage .999 .430 .736 .110

ESPAP .001* .036* .005* .752

E/A .768 .117 .406 .761

E/e’ < .001* < .001* .999 < .001*

TAPSE .999 .076 < .001* .002*

AV-VMAX < .001* < .001* < .001* < .001*

AV-MG < .001* < .001* < .001* < .001*

AVA-I < .001* < .001* < .001* < .001*

LV-GLS < .001* < .001* .443 < .001*

MR degree .500 1.000 .500 1.000 

- - 1 year vs 
1 month
P

- 1 year vs 
1 month 
P

Degree of V or PV leak - .083 - .046*

AVA-I, indexed aortic valve area; AV-MG, aortic valve mean pressure gradient; AV-Vmax, 
aortic valve maximum velocity; E/A, peak early diastolic mitral flow velocity/late atrial 
diastolic mitral flow velocity; E/e’, peak early diastolic mitral flow velocity/pulsed-wave 
tissue Doppler-derived early diastolic velocity from the septal mitral annulus ratio; 
ESPAP, estimated systolic pulmonary artery pressure; LVEDD, left ventricular end-dia-
stolic dimension; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-sys-
tolic dimension; LV-GLS, left ventricular- global longitudinal strain; LVMI, left ventricular 
mass index; LV sept, left ventricular septal thickness; MR, mitral regurgitation; SAVR, 
surgical aortic valve replacement; TAPSE, tricuspid annular plane systolic excursion; 
TAVI, transcatheter aortic valve implantation; V or PV leak, valvular or paravalvular leak.
P from mixed linear model analysis for repeated measures using time of treatment as 
a factor. 
* Significant at P < .05.
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systolic excursion or further increase in estimated systolic pulmo-
nary artery pressure compared with those who underwent SAVR. 
Kempny et al.25 confirmed that TAVI did not influence right ventric-
ular function, but that it worsened in patients undergoing SAVR.

Increased LV mass and the higher relative wall thickness gener-
ated by increased LV afterload in patients with severe AS are 
associated with reduced LV regional and global myocardial defor-
mation assessed by 2D speckle tracking echocardiography. There-
fore, LV-GLS can accurately assess LV myocardial contractility and 
can detect subclinical changes in LV performance in patients with 
AS,26 which improves after aortic valve replacement.27

Several studies have shown that TAVI is associated with a signif-
icant early improvement in LV strain parameters28-30 and that this 
such improvement is associated with a more favorable prognosis.25 
Similar to our study, LV-GLS significantly improved immediately 
after TAVI while ejection fraction failed to show such a change.

Tsampasian et al.31 assessed LV-GLS before and after TAVI in 85 
patients, with a mean follow-up of 49 ± 39 days. TAVI resulted in 
an early significant improvement of GLS (from −13.96 to −15.25, 
P = .01) as well as early LV mass regression with no change in 
ejection fraction percentage. The type of valve had no effect on 
LV function or remodeling after TAVI.

Mild or persistent moderate paravalvular leak is a known predictor 
of poor outcomes after TAVI.32 However, in our study, although 
more patients developed significant paravalvular leak after TAVI 
compared with SAVR in both short- and long-term follow-up, 
LV-GLS improved shortly after TAVI. This finding is supported by 
those of Kampaktsis et al.,33 who studied the impact of paravalvular 
leak on LV remodeling and LV-GLS and reported significant 
improvement in LV-GLS regardless of paravalvular leak, at the same 
time as it negatively affected LVEF percentage, LV mass regression, 

and diastolic function. A small number of our included patients 
could have negatively affected the statistical power of these find-
ings. Patients predominantly with aortic regurgitation, or severe LV 
dysfunction (EF < 35%) were excluded to eliminate the adverse 
effect of such confounding factors on LV remodeling.

Limitations

This study has some limitations. The first is the small sample size 
due to the limited number of TAVI patients in our center at 
enrolment. A larger sample size would have enhanced the statis-
tical power and generalizability of the findings. Second, this is a 
single-center study with a lack of randomization, which could 
introduce selection bias and potentially affect the validity of the 
comparison between the 2 procedures. Third, we did not study 
other confounding factors affecting postoperative LV remodeling, 
such as hypertension, renal impairment, and baseline ventricular 
dysfunction. Fourth, the study reported follow-up data at 1 month 
and 1 year after the procedure. Longer-term follow-up would 
provide a more comprehensive understanding of LV remodeling 
outcomes.

CONCLUSIONS

Compared with individuals who underwent SAVR, those under-
going TAVI had earlier improvement of LV remodeling and LV 
diastolic function, with early reduction in LV mass index, E/e’ 
ratio, and significant early improvement of LV-GLS without 
concomitant changes in LVEF percentage, while maintaining right 
ventricular function. Nevertheless, these patients also showed 
rapid valve deterioration and a higher incidence of valvular and 
paravalvular leak. More TAVI patients experienced complete 
atrioventricular block, requiring permanent pacemaker implanta-
tion, and vascular complication related to the access site.

Figure 1. Relative changes of each parameter throughout the study from baseline to 1 year in both groups, with a relative decrease of LVMI, E/e, estimated 
systolic pulmonary artery pressure and relative increase in LV-GLS with no change in TAPSE shortly (1 month) after TAVI procedure vs no detectable changes 
in LVMI, E/e or LV-GLS and relative decrease in TAPSE and increase in estimated systolic pulmonary artery pressure in the SAVR group. At 1 year, the 
parameters were nearly equivalent in the 2 groups. E/e’, peak early diastolic mitral flow velocity/ pulsed-wave tissue Doppler-derived early diastolic velocity 
from the septal mitral annulus ratio; LV-GLS, left ventricular-global longitudinal strain; LVMI, left ventricular mass index; PAP, pulmonary artery pressure; SAVR, 
surgical aortic valve replacement; TAPSE, tricuspid annular plane systolic excursion; TAVI, transcatheter aortic valve implantation.
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GS = –14.7%

Figure 2. A, baseline: low LV-GLS before TAVI. B, 1 month after the procedure, LV-GLS significantly increased from −8.6 to −14.7. C, 1 year after TAVI, LV-GLS 
continued to improve from −14.7 to −19.8. SEPT, septal; ANT, anterior; ANT SEPT, anteroseptal; INF, inferior; POST, posterior; LAT, lateral.
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