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Abstract
Background: Long standing aortic stenosis leads to elevated left ventricular
(LV) pressure and as a result LV hypertrophy and myocardial fibrosis shall
increase. The left ventricular ejection fraction (EF) usually remains adequately-preserved until advanced and late stages of aortic stenosis. But the preserved muscle of the LV is only limited to a portion of the entire myocardium. Speckle tracking echocardiography has proved its superiority to the
standard two-dimensional echocardiography method in the detection of Left
Ventricular (LV) function. Global Longitudinal strain (GLS) is considered as
the most robust myocardial strain component. Objective: The aim of the
study is to assess the early course of left ventricular reverse remodelling after
Transcutaneous Aortic Valve Implantation (TAVI) in patients with symptomatic severe aortic valve stenosis. Methods: 50 patients with severe symptomatic valvular aortic stenosis undergoing TAVI as decided by the heart team
after comprehensive discussion. Standard transthoracic echocardiography including Doppler analysis was performed. 2D speckle-tracking strain assessment of Global radial, circumferential and longitudinal strain at parasternal
mid-ventricular short-axis view (at the level of papillary muscle) and from the
apical long-axis, two-chamber and four-chamber views with a frame rate between 40 and 80 frames per second. Tracing of endocardial borders was done.
Patients with significant coronary artery disease were fully revascularized by
percutaneous coronary intervention prior to the study and the procedure.
Results: 23 (46%) patients were males, while 27 (54%) were females. The patients’ stratification according to comorbidities/associated risk factors re-
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vealed that 54% of the patients had DM, 86% were hypertensive, 38% had
chronic kidney disease (CKD), and 32% had a previous percutaneous coronary intervention (PCI). The mean age for our study participants ranged from
60 to 92 years (Mean ± SD = 76.60 ± 5.96). Left ventricular diastolic diameter
(LVDd) was 44.24 ± 2.8 mm before TAVI that became 45.5 ± 2.6 mm after
TAVI, and ejection fraction (EF) increased from 52.82 ± 6.3 before TAVI to
56.70 ± 5.4 after TAVI, both with highly significant difference (P < 0.001),
But there was not a significant difference regarding left ventricular systolic
diameter (LVSd) after transcatheter aortic valve implantation (TAVI). Global
longitudinal strain (GLS) improved from −17.56 ± 1.4 to −19.18 ± 1.1 with a
P value less than 0.001. Global circumferential strain (GCS) also improved
significantly from −20.14 ± 1.8 before TAVI to −21.72 ± 1.7 after TAVI with
a P value less than 0.001. Global radial strain (GRS) also increased significantly from 37.38 ± 8 before TAVI to 41.68 ± 6.3 after TAVI with a P value
less than 0.001. Conclusion: TAVI is effective in improving left ventricular
function presented not only by ejection fraction (EF%), but also in global
longitudinal strain (GLS), global circumferential strain (GCS), and global
radial strain (GRS).
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1. Introduction
Aortic valve stenosis (AS) is commonly found in elderly patients and it becomes
associated with poor prognosis if not properly managed and treated as soon as
possible [1]. Due to the prevalence of severe symptomatic AS in the geriatric
population, AS presents usually with many co-morbidities, like hypertension, diabetes mellitus, and chronic kidney disease, which consequently increases the risk
of cardiac surgery [1]. Transcatheter aortic valve implantation (TAVI) has established its effectiveness as a substitute to conventional surgery in patients with
high grade aortic valve stenosis who have high cardiovascular surgery risk score
[2]. TAVI can be performed using either self-expandable or balloon-expandable
valved stents which would replace damaged and non-functioning aortic valves
[3].
Long standing aortic stenosis leads to elevated left ventricular (LV) pressure
and as a result LV hypertrophy and myocardial fibrosis shall increase. The left
ventricular ejection fraction (EF) usually remains adequately-preserved until
advanced and late stages of aortic stenosis. But the preserved muscle of the LV is
only limited to a portion of the entire myocardium. It has been reported in many
studies that the left ventricular myocardial long axis excursion, measured by
DOI: 10.4236/wjcd.2020.101004
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M-mode echocardiography, is reduced in patients with severe aortic stenosis,
despite that the heart has good ejection fraction [4].
While we are in need for more sensitive methods to detect myocardial deformation, tissue Doppler imaging and 2D speckle tracking analysis are highly sensitive markers for regional and global LV systolic function [5].
So, myocardial motion could be assessed by speckle tracking echocardiography which has proved its superiority to the standard two-dimensional echocardiography method in the detection of Left Ventricular (LV) function. After performing TAVI in patients with severe AS, an improvement was reported in numerous studies where echocardiography and echocardiographic strain analysis
detected an improvement in left ventricular systolic and diastolic functions [6]
[7].
Recently, published studies have demonstrated an improvement in LV systolic
function assessed by tissue Doppler and speckle tracking strain imaging in patients with severe AS and preserved EF after conventional surgical aortic valve
replacement in a mid-term and long-term follow up [8] [9] [10]. Global Longitudinal strain (GLS) is considered as the most robust myocardial strain component [11]. So this study aimed to assess the early course of left ventricular reverse
remodelling after Transcutaneous Aortic Valve Implantation in patients with
symptomatic severe aortic valve stenosis by speckle tracking imaging.

2. Methods
A prospective longitudinal study on 50 patients with severe symptomatic Valvular aortic stenosis during the period between June 2012 and July 2016 at Dubai
Hospital, UAE.
Patients with symptomatic severe aortic valve stenosis and planned for TAVI
as decided by the heart team after comprehensive discussion were included in
this study. The operative risk of all patients was calculated according to the logistic European System for Cardiac Operative Risk Evaluation score. While Patients with inadequate recordings, Non-sinus rhythm such as atrial fibrillation,
PreTAVI pacemaker, Patients who required post TAVI permanent pacing, Poor
echocardiographic window and poor image quality, Bicuspid aortic valve undergoing TAVI, Post TAVI more than mild aortic regurgitation, Pre TAVI Severe mitral regurgitation of any cause were excluded from the study.
All included patients were subjected to pre and early (7 days) post procedure:
Complete history taking, Thorough clinical evaluation, 12 lead resting ECG.

2.1. Echocardiographic Examination
The examinations were performed in the left lateral supine position with Vivid
E9 scanner (GEVingmed Ulterasound).
Standard transthoracic echocardiography including Doppler analysis was
performed according to the guidelines of the European Association of Cardiovascular Imaging and the American Society of Echocardiography [12] Patients
were imaged in the left lateral decubitus position. LV volumes were measured
DOI: 10.4236/wjcd.2020.101004
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and EF was calculated according to the modified Simpson’s rule using the apical
4 and 2 chambers views.
Mean and maximum aortic valve pressure gradient were estimated by the
modified Bernoulli equation and the flow velocity time integral over the ejection
period on continuous wave Doppler recordings. The aortic valve area was determined by the continuity equation following the recommendations of the
American Society of Echocardiography [12].

2.2. 2D Speckle-Tracking Strain Analysis
Assessment of radial, circumferential and longitudinal speckle tracking strain at
parasternal mid-ventricular short axis view (at the level of papillary muscle) and
from the apical long axis, two chamber and four chamber views with a frame
rate between 40 and 80 frames per second (fps) were recorded for analysis.
Manual tracing of endocardial borders (the software automatically trace the
region of interest including the entire myocardial wall) was done. In this process
the left ventricle was divided into six segments.
Peak systolic longitudinal strain of the apical two, four chamber and long axis
view was calculated averaging the peak systolic strain values of the six segments
of the corresponding views. The global longitudinal peak systolic strain of the
left ventricle was generated averaging peak systolic values of the three apical
views. Peak systolic radial and circumferential strain was calculated averaging
the values of the six LV segments from parasternal mid-ventricular short axis
view as shown in Figure 1 & Figure 2.

2.3. Coronary Angiography and Interventions
Patients with significant coronary artery disease were fully revascularized by
percutaneous coronary intervention at least 2 weeks prior to the study and the
procedure.

2.4. The Statistical Analysis
The collected data were tabulated and analyzed using the Statistical Package for
Social Science (SPSS 20.0). The normality of distribution for the analyzed variables was tested using Kolmogorov-Smirnov test. The collected data were
summarized in terms of mean ± Standard Deviation (SD), for quantitative data
and as number and percentage for qualitative data. The student t-test (t) was
used to compare differences in the mean value between two groups. While, the
comparison between pre intervention and post intervention groups was tested
using paired t-test. Correlation analysis to determine the association between
variables was done, using Pearson correlation coefficient (r). The accepted level
of significance in this work was 0.05 (P ≤ 0.05).

3. Results
In Our Study, we had 50 patients with severe symptomatic aortic valve stenosis
who underwent transcatheter aortic valve implantation (TAVI).
DOI: 10.4236/wjcd.2020.101004
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Figure 1. GLS before TAVI with value of −17.9%. (GLS: Global Longitudinal
Strain, TAVI: Transcutaneous Aortic Valve Implantation).

Figure 2. GLS after TAVI with value of −18.9%. (GLS: Global Longitudinal
Strain, TAVI: Transcutaneous Aortic Valve Implantation).

Demographic criteria: From Our 50 patients, 23 (46%) patients were males,
while 27 (54%) were females. The patients’ stratification according to comorbidities/associated risk factors revealed that 54% of the patients had DM, 86% were
hypertensive, 38% of them had chronic kidney disease (CKD), and 32% of these
patients had a previous percutaneous coronary intervention (PCI) operation before. Distribution of Demographic Criteria among Study Population is demonstrated in Figure 3. The mean age for our study participants ranged from 60 to
92 years (Mean ± SD = 76.60 ± 5.96). Summaries for age and gender distribution
can be visualised in Figure 4 and Figure 5.

Echocardiographic Findings before and after TAVI
Paired t-test results showed a highly significant difference after the operation
DOI: 10.4236/wjcd.2020.101004
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Figure 3. Distribution of demographic criteria among study population.

Figure 4. Male to female distribution 46% males, 54% females.

regarding the following parameters: left ventricular diastolic diameter (LVDd)
was 44.24 ± 2.8 mm before TAVI that became 45.5 ± 2.6 mm after TAVI, and
ejection fraction (EF) increased from 52.82 ± 6.3 before TAVI to 56.70 ± 5.4 after TAVI, both with highly significant difference (P < 0.001), But there was not a
significant difference regarding left ventricular systolic diameter (LVSd) after
transcatheter aortic valve implantation. Paired t-test results for LVDd, EF, and
LVSd after the operation can be seen in Table 1.
There was a statistically highly significant difference after TAVI operation in
regard to global longitudinal strain (GLS) which improved from −17.56 ± 1.4 to
−19.18 ± 1.1 with a P value less than 0.001. Global circumferential strain (GCS)
also improved significantly from −20.14 ± 1.8 before TAVI to −21.72 ± 1.7 after
TAVI with a P value less than 0.001. Global radial strain (GRS) also increased
DOI: 10.4236/wjcd.2020.101004
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Figure 5. Distribution of age.
Table 1. Paired T test result for LVDd, EF, and LVSd.
Echo-cardiographic
Findings

Before

After

Mean ± SD

Mean ± SD

Paired T
Test

P

LVDd (mm)

44.24 ± 2.8

45.5 ± 2.6

5.355

<0.001

EF%

52.82 ± 6.3

56.70 ± 5.4

8.33

<0.001

LVSd (mm)

30.46 ± 1.9

30.20 ± 2

1.24

0.221

LVDd: Left Ventricular Diastolic diameter, EF: Ejection Fraction, LVSd: Left Ventricular Systolic diameter,
m: millileter, SD: Standard Deviation.

significantly from 37.38 ± 8 before TAVI to 41.68 ± 6.3 after TAVI with a P value less than 0.001. Paired t-test results for GLS, GCS, and GRS are demonstrated
in Table 2 where P was less than 0.001.

4. Discussion
Transcatheter aortic valve implantation (TAVI) is a new, safe, and effective method that can be used to replace stenosed aortic valves in patients with high risk
score for surgery [13].
The conventional method in monitoring viability and performance of the left
ventricle during transcatheter aortic valve implantation is the two-dimensional
echocardiography method. But recent studies have found that strain analysis—using speckle tracking approach—is superior to the routine two-dimensional
echocardiography method [14].
Our results were in line with many studies that investigated the effect of TAVI
on ejection fraction post-procedure. Lwin et al. [2] had 40 patients with significant aortic valve stenosis planned for transcatheter aortic valve implantation.
DOI: 10.4236/wjcd.2020.101004
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Table 2. Paired T test result for GLS, GCS, and GRS.
Before

After

Mean ± SD

Mean ± SD

GLS

−17.56 ± 1.4

GCS
GRS

Findings

Paired T Test

P

−19.18 ± 1.1

9.59

<0.001

−20.14 ± 1.8

−21.72 ± 1.7

7.07

<0.001

37.38 ± 8

41.68 ± 6.3

8.51

<0.001

GLS: Global Longitudinal Strain, GCS Global Circumferential strain, GRS: Global Radial Strain, SD: Standard Deviation.

Their mean age was 85 years. They noticed a 4% improvement in left ventricular
ejection fraction (LVEF) after TAVI operation. Also, D’Andrea et al. [15] analyzed the effect of TAVI on left ventricular (LV) and left atrial (LA) longitudinal
function—assessed by speckle tracking echo-cardiographic—in patients with severe symptomatic aortic stenosis. They included 55 patients; whose mean age
was 78.6 ± 7.4 years. Six months after the procedure, there found a significant
improvement in ejection fraction (P value < 0.0001). Additionally, Dimitriadis et

al. [6] had 95 patients planned for TAVI who were followed up for three
months. Patients were classified according to their ejection fraction. They found
that TAVI resulted in improvement of left ventricular ejection fraction in patients with aortic stenosis and significant impairment in LVEF at baseline.
Moreover, TAVI caused normalization of LVEF in patients with high/good EF at
baseline. While our data were discordant with those of Grabskaya, E., et al. [7]
who enrolled 40 patients with severe aortic stenosis. After six months follow up,
left ventricular ejection fraction was not changed in a significant way after TAVI.
Also, strain analysis values were not changed after the operation, but there was a
significant change after a period of six months. In our study, there was a significant difference in the strain analysis measures after the operation namely: global
longitudinal strain (GLS), global circumferential strain (GCS), and global radial
strain (GRS) (P value < 0.05). Our data were concordant with many studies
which investigated the effect of TAVI on strain analysis measures. Naeim et al.
[5] found a significant difference in global longitudinal strain has an improvement after TAVI in normal and depressed ejection fraction patients. They had
59 patients whose mean age was 80 ± 11.7 years. Transcatheter aortic valve implantation has benefited patients with EF more than or equal to 50% to improve
their global circumferential strain which was impaired before the operation.
Moreover, Ahmed et al. [8] performed a similar study on 31 patients with severe aortic stenosis with high or prohibitive surgical risk score. The study implementers noticed a statistically significant change in global longitudinal strain
after one and three days post TAVI. There was no significant difference in global
longitudinal strain on the second day after the procedure. Furthermore,
Luszczak et al. [9] found a significant improvement in global longitudinal strain
(GLS) in aortic stenosis patients after transcatheter aortic valve implantation (P
value < 0.001). They included 49 patients with moderate to severe aortic stenosis
DOI: 10.4236/wjcd.2020.101004
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and left ventricular ejection fraction more than or equal to 50%. They noticed a
significant decrease in GLS in symptomatic AS patients compared to the asymptomatic group (P value = 0.02). Besides, Marwan et al. [10] found that global longitudinal strain was significantly lower after transcatheter aortic valve replacement
operation compared to its baseline value. They included 25 patients with severe
symptomatic aortic stenosis. Their mean age was 78 ± 9 years, and 13 of them
were males. Additionally, D’Andrea et al. [15] found a significant improvement of
left ventricular global longitudinal—measured by speckle tracking—after transcatheter aortic valve implantation. Also, Grabskaya et al. [7] found a significant
effect of TAVI on strain measures. They enrolled 36 patients with aortic stenosis
scheduled for transcutaneous aortic valve replacement. Their mean age was 83 ±
6 years. They found a significant decrease in global longitudinal strain measure
one month after the operation. There were no significant changes in global circumferential and global radial strain measurements after TAVI. In their study,
they hypothesized that myocardial deformation was not influenced by pacemaker implantation or the duration of left bundle branch block. Similarly, Alenezi et
al. [14] found a significant change in global longitudinal strain after transcatheter aortic valve replacement (P value < 0.001).

5. Limitations
Short time of follow up after the procedure. Image quality of echocardiographic
study in elderly patients can sometimes be unclear. This is because of echocardiography’s limited planes, acoustic shadowing, and certain patient related conditions.

6. Conclusion
Transcatheter aortic valve implantation (TAVI) is an effective and safe alternative to open heart surgery that can be used to replace the aortic valve in patients
with high risk through improving left ventricular function presented not only by
ejection fraction (EF), but also in global longitudinal strain (GLS), global circumferential strain (GCS), and global radial strain (GRS) measures.
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