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Abstract

Objectives: The assessment of left ventricle longitudinal systolic function should be done routinely by
echocardiographic assessment of aortic stenosis. In this study, we examined the predictive value of septal mitral
annular plane systolic excursion (sMAPSE) in patients undergoing transfemoral transcatheter aortic valve
Implantation (TF-TAVI).

Methods: Out of 653 patients operated as TF TAVI in the period between January 2016 and December 2017 in
central hospital, Bad Berka, Germany, we included 315 patients who respected our inclusion\exclusion criteria.
Patients were stratified into two groups according to their baseline MAPSE. Group I included patients with MAPSE
>7 mm and group II included patients with MAPSE ≤ 7 mm. We compared between both groups as regards to
improvement of symptoms, 3 months- mortalities and hospital readmissions because of heart failure. Seventeen
patients were absent from the 3 months follow up scheduled appointment and consequently were excluded from our
statistics.

Results and Discussion: During the 3 months follow-up period two mortalities were recorded and it concerned
two patients in group II (0% group I vs 1,8% group II, p value 0.1). Five patients (1.5%) were readmitted because of
heart failure, 1 patient in group I (0.4%) and 4 patients group II (3.6%), p value 0.052. The incidence of combined
hospital readmissions and mortalities was obviously lower in patients with MAPSE >7 mm (0.4% in group I vs 5.4%,
p value 0.008). There was no reported statistically significant difference in the improvement of symptoms between
the two groups. Improvement in symptoms was noticed in a total of 240 patients (76%) in the whole study group.

Conclusion: Reduced sMAPSE associated with more mortalities and hospital readmissions after TF-TAVI but
cannot predict the improvement of symptoms postoperative.

Keywords: Transcatheter Aortic Valve Implantation (TAVI);
Diastolic heart failure; Mitral Annular Plane Systolic Excursion
(MAPSE); Left Ventricular Longitudinal Systolic Function (LVLSF)

Introduction
Transcatheter Aortic Valve Implantation (TAVI) is rising to be a

standard of care for severe symptomatic aortic valve stenosis in high-
and intermediate- surgical risk patients [1,2]. Long standing aortic
stenosis expresses a non-physiologic LV hypertrophy, which results in
subendocardial ischemia and later on develops interstitial myocardial
fibrosis [3]. Both of them pass through two phases: an early reversible
phase where the longitudinal and spiral fibers are affected and
consequently reduce the longitudinal systolic function [4]. In the later
phase; severe myocardial fibrosis induced by severe aortic stenosis was
shown to be irreversible even after aortic valve replacement [5]. Other
studies reported a relevant implication of the degree of myocardial
fibrosis on the clinical status and long-term survival after aortic valve
replacement [6]. Mitral Annular Plane Systolic Excursion (MAPSE) is
an easily acquired metric of left ventricular longitudinal systolic

function (LVLSF). Moreover, previous studies showed that reduced
MAPSE was an indicator of worse outcome after surgical aortic valve
replacement and MAPSE more than 7 mm was associated with
satisfactory functional improvement after aortic valve replacement
[7-10]. We aimed in this study to investigate the impact of reduced
MAPSE on improvement of symptoms, 3 months mortality and
hospital readmission because of heart failure in patients undergoing
TAVI.

Research Methodology
We conducted a retrospective study for patients operated with TAVI

between January 2016 and December 2017 in the central hospital in
Bad Berka, Germany. Patients with previous myocardial infarction,
prior heart surgery or other severe valvular abnormalities were
excluded. Furthermore, we excluded from our statistics two
intraoperative mortalities and seventeen patients who did not show-up
for the 3 months scheduled follow-up appointment. The remaining 315
patients were divided into two groups: group I with MAPSE >7 mm
and group II with MAPSE ≤ 7 mm. Our clinical endpoints were
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improvement of the symptoms, 3-months mortalities and hospital
readmissions due to heart failure. All decisions regarding the method
of aortic valve replacement (i.e., conventional vs. TAVI), choice of the
TAVI prosthesis (i.e., balloon-expandable vs. self-expandable) were
decided by the heart team including cardiologists, cardiac surgeons
and anesthesiologists. All patients were operated using general
anesthesia. Edwards SAPIEN, SAPIEN XT and SAPIEN 3 THVs
(Irvine, CA, USA), Medtronic CoreValve THV (Minneapolis, MN,
USA), Symetis ACURATE TA and neo THV’s (Ecublens, CH) were
implanted by transfemoral approach. The echocardiographic data were
obtained from the preoperative and 3 months follow up
echocardiography to document the LV ejection fraction, MAPSE, LV
end-diastolic diameter, left atrial size, interventricular septal thickness
(end diastolic), Posterior wall thickness (end diastolic). The clinical
follow-ups were performed through office visits including
transthoracic echocardiography.

Statistical analysis
Continuous variables are expressed as means and standard

deviations. Parametric and non-parametric tests were used based on
sample size and normality of distribution. The categorical data are
expressed as percentages. Fisher exact and chi square were used to
identify differences between both groups. All analysis was done using
SPSS statistical software (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp).

Results
Our retrospective results showed the following: out of 315 patients,

205 patients had MAPSE >7 mm ('Group I' 65%) and 110 had MAPSE
≤ 7 mm ('Group II' 35%). Table 1 provides the baseline clinical data
according to MAPSE. Patients with MAPSE ≤ 7 mm were more
symptomatic (NYHA III-IV 66.6% in Group I and 90.9% in Group II,
p-value 0.004), otherwise there was no statistical significant difference
between both groups as regards to the baseline characteristics. The
echocardiographic findings and the clinical outcomes are shown in
Table 2. An overview of our summative results of both groups was as
follows; 3-months mortality was 0.6%, the hospital readmission was
1.3% and improvements of the heart failure symptoms were recorded
in 76%. There were no statistically significant differences between the
groups regarding improvement of the symptoms. This could be shown
in the following results: 158 (77%) patients in Group I and 82 (74.5%)
patients in Group II observed a remarkable improvement of the NYHA
functional class (at least one NYHA class) after TAVI, p-value=0.09
(Table 2).

Our statistically significant domain of results included 3- months
hospital readmission due to heart failure as well as the 3- months
mortality. In Group II (MAPSE ≤ 7 mm) showed a higher rate of
hospital readmissions due to heart failure (0.4% of group I vs 3.6% of
group II, p value 0.52). Two mortalities were recorded in the study
patients and both were in group II (0% of group I and 1.8% of group II,
p value 0.1). The incidence of combined hospital readmissions and
mortalities was obviously lower in patients with MAPSE >7 mm (0.4%
in group I vs 5.4%, p value 0.008) (Figure 1).

Discussion
We focused in this study on the 3 months MAPSE related results

concerning improvement of symptoms, readmission and mortality.

Clinical Data

Total Group I

n=205

Group II

n=110

P - Value

Age (years ± SD) 79.60 ± 4.2 79.50 ± 5.3 79.84 ± 5.9 0.9

Male n (%) 178
(56.5%) 120 (58%) 58 (52%) 0.4

COPD n (%) 72 (22.8%) 45 (22%) 27 (25%) 0.5

CRF >II n (%) 111
(35.2%) 70 (34%) 41 (37%) 1.0

NYHA III- IV n (%) 211
(66.9%)

111
(66.6%)

100
(90.9%)

0.004

Previous myocardial
infarction n (%)

90 (28.5%) 60 (29%) 30 (27%) 0.6

PH n (%) 186 (59%) 113 (55%) 73 (59%) 0.8

BMI>30 n (%) 71 (22.5%) 43 (21%) 28 (25%) 0.9

Hb [mmol/]
(preoperative)

8.36 ± 1.4 8.4 ± 2.0 8.3 ± 1.0 1.0

Log EuroScore (mean ±
SD)

41 ± 7 40 ± 8 43 ± 7 0.2

N number; NYHA New York heart association; PH pulmonary hypertension; BMI
body mass index; Hb haemoglobin; SD standard deviation.

Table 1: Comparison between the groups as regard baseline
characteristics.

Variables
Total

N=315

Group I

N=205 (65%)

Group II

N=110 (35%)
p- Value

EF 55.9 ± 7 56.5 ± 5.2 54.2 ± 3.5 0.08

MG AV mmHg ±
SD 49.6 ± 16 50.1 ± 14.6 49 ± 20 0.4

LA mm 41.1 ± 4.5 40.8 ± 5.1 41.8 ± 3.1 0.07

LVEDD mm 46.6 ± 6.7 45.5 ± 6.1 49 ± 6.4 0.06

SWT 13.8 ± 2.6 13.7 ± 2.4 14.5 ± 2 0.2

PWT 13 ± 2.5 13.2 ± 2.5 13 ± 1.8 0.1

MAPSE 9 ± 3 10.5 ± 2.6 6.1 ± 0.8 0.002

Improvement of
MAPSE

196 (62%) 133 (64.8%) 63 (57.2%) 0.08

Improvement of
NYHA

240 (76%) 158 (77%) 82 (74.5%) 0.09

Readmission to
hospital

5 (1.5%) 1 (0.4%) 4 (3.6%) 0.03

3-months
Mortality

2 (0.6%) 0 2 (1.8%) 0.05

N number; EF ejection fraction; LVEDD left ventricle end diastolic diameter;
MAPSE mitral annular plane systolic excursion; PWT posterior wall thickness.

Table 2: Difference between the two groups as regard
echocardiographic parameters and clinical end points.
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Figure 1: Kaplan-Meier survival curve shows significant difference
between both groups as regard 3 months survival without hospital
readmissions (p value 0.004).

Our point of view in limiting our follow to 3 months was related to
our logistic institutional schedule for follow up after TAVI procedures
to 3 months. However, we are aiming to extend our follow up to one
year after publishing these interesting and encouraging results.

Our Choice of 7 mm MAPSE as a cut off point for the prediction of
these results was based upon the presence of a previously published
article in 2009 and 2013 by Weidemann and Hu K respectively who
also took the 7 mm as a cut-off point. Unexpectedly, we obtained non-
coinciding results with both of them concerning improvement of
symptoms [5,11].

Concerning our results in the domain of improvement of heart
failure symptoms after TAVI, we recorded no significant difference
between the two groups of our study. Unlikely, Weidemann who
included fifty-eight patients in his study showed that MAPSE >7 mm
had a very good diagnostic utility to predict the improved NYHA class.
However, it is worth mentioning that we noted a remarkable difference
in our study’s design and methodology when compared to his study.
For example, Weidemann is a single center prospective study, his study
group was operated upon surgically and he stratified his study
population as well in to groups according to the degree of fibrosis not
according to MAPSE as in our study. Another explanation for the rapid
improvement of the symptoms in the patients with reduced MAPSE in
our study population was that surgical aortic valve replacement is
associated with more heart burden and need consequently slower
improvement of the functional capacity. Furthermore, the decrease of
MAPSE maybe related not only to irreversible myocardial fibrosis but
also to the degree of aortic valve obstruction [4,5].

MAPSE is a simple and highly accessible validated parameter of
LVLSF, which could be obtained in almost all patients, even if the
endocardial border is not clear [10,11]. We constricted the evaluation
of LVLSF in our study to sMAPSE, as it is measured routinely in our
institution for all the patients with aortic stenosis. Our hypothesis that
sMAPSE is sufficient to assess LVLSF, was based on the work of
Luszczak et al. which demonstrated that MAPSE is not inferior to
global longitudinal peak strain to assess LVLSF [10,11]. Another
supporter of our results is Takeda et al. who concluded that sMAPSE

could not predict the deterioration of symptoms in the asymptomatic
aortic stenosis patients [4]. However, in his study, lateral MAPSE was
an independent predictor of the development of symptoms [4]. Septal
MAPSE could be affected by many factors such as pulmonary
hypertension with paradoxical septal motion, post-operative and after
myocardial infarction. Therefor global MAPSE should be the standard
for assessment of the LVLSF rather than the sMAPSE. The
improvement of the NYHA class (at least 1 NYHA class) was recorded
in 76% of our patients. The improvement of the functional class in
previous studies ranging between 60% to 86% was due to many factors
such as risk score, frailty, comorbidities, aortic stiffness, myocardial
fibrosis and low gradient severe aortic stenosis. We included in this
study a higher portion of higher risk patients (Log EuroScore 30.8%),
23.7% of patients had COPD and 45% had atrial fibrillation, these
factors were independently associated with residual impairment of
functional capacity after TAVI [12-15]. 

Our results in the domain of worsening of the clinical outcome in
patients with reduced MAPSE coincide with Matos and El-Battrawy.
However, we focused our study only on patients with predominant
aortic stenosis but El-Battrawy focused on predominant Takotsubo
syndrome. This could be pathophysiologically explained by the fact
that reduced LVLSF is an early marker of myocardial dysfunction
before the deterioration of radial and global systolic function.

The Improvement of the symptoms after a complex intervention
such as TAVI is considered to be a more persuasive reason for high risk
patients rather than the prolongation on their lifespan. Should MAPSE
be the only parameter? Puri et al. replied to our question by publishing
in 2013 his article, that combining TAVI scores along with frailty
parameters, echocardiographic parameters and the presence of specific
organ failure may be more accurate to predict TAVI-related futility
[14,15].

Conclusion and Study Limitations
Reduced MAPSE after TF-TAVI cannot predict the improvement of

the symptoms and could be associated with higher hospital
readmissions due to heart failure.

The limitations of our study are being a retrospective observational
study, which lead to lack of other echocardiographic confounders as
tissue Doppler parameters of longitudinal systolic function and lateral
MAPSE. Otherwise some clinical confounding factors such as
medication history were not studied and therefore a multivariate
analysis could not be done. Finally, we encountered unfortunately a 5%
lost follow up.

Funding
None.
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