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Assessment of Left Ventricular Longitudinal Function in
Hypertensive Patients without Left Ventricular Hypertrophy by
Mitral Annular Plane Systolic Excursion

Samara Mohammad Khider, Ghalib Al-Shareefi
Al-Mustansiriyah College of Medicine, Baghdad, Iraq

Background: Hypertension is an important risk factor for many cardiovascular diseases worldwide. Assessment of left ventricular (LV) systolic
function has a major diagnostic and prognostic importance in patients with hypertension. The use of mitral annular plane systolic excursion in the
assessment of LV systolic dysfunction is helpful especially in cases of poor imaging quality, “‘since good imaging quality is needed for the modern
echocardiographic techniques. Objectives: Detection of early subclinical LV longitudinal systolic dysfunction in hypertensive patients without LV
hypertrophy (LVH) with preserved ejection fraction by mitral annular plane systolic excursion. Patients and Methods: A comparative case-control
study which took place at Al-Yarmouk Teaching Hospital in Baghdad/Iraq from October 2018 to October 2019. The study population consisted
of 60 patients without LVH and 60 healthy subjects considered as controls. Echocardiographic parameters for left ventricular systolic assessments
were done for all subjects. Results: Mean peak annular systolic velocity was significantly lower in hypertensive patients without LVH compared
to controls (P = 0.034). There was no significant difference between hypertensive patients without LVH and controls regarding mitral annular
plane systolic excursion (P = 0.4). There was positive linear correlation between mitral annular plane systolic excursion and peak annular systolic
velocity for hypertensive patients without LVH (= 0.535, P = 0.015). Conclusion: Although there was a significant linear correlation between
mitral annular plane systolic excursion and peak systolic velocity and both are considered as a surrogate for LV longitudinal systolic function, mitral
annular plane systolic excursion cannot be used for assessment of LV longitudinal systolic function in patients with hypertension without LVH.
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echocardiographic parameter for the estimation of LV
longitudinal function and correspond with global systolic
function of left ventricle.!

INTRODUCTION

Hypertension is one of the most common diseases all over the
world. While the conventional echocardiographic techniques

can recognize changes in left ventricular (LV) diastolic function
associated with LV hypertrophy (LVH), global LV systolic
function usually remains preserved untill late in the course of
the disease, making subtle changes in contractile function of the
left ventricle difficult to interpret in the early stages.["

Aggressive treatment can be justified to reduce the cardiovascular
morbidity and mortality if the detection of LV dysfunction
performed in the early stages before the development of
LV hypertrophy therefore, this should be considered in the
estimation of general risk of cardiovascular diseases.™

Mitral annular plane systolic excursion (MAPSE) has
been considered as a well-recognized clinically useful
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Assessment of left ventricular ejection fraction by linear

M mode method

Advantages

It is easy and can be performed by less experienced examiners,
it has a best temporal resolution for exact timing measurement.

Disadvantages

It has a poor quantification of regional function not good
measure for global function. Wide intra and interobserver
variability, poor endocardial border, tethered segment,
paradoxical septal wall motion, all are drawbacks provides
only information about contractility on a single slice of LV,
whereas, contractility of other segments can be missed.

Assessment of left ventricular ejection fraction by biplane
simpson’s

Advantages

Rapid imaging assessment, portability, inexpensive, and
noninvasive.

Disadvantages
Poor image quality—This does not permit a reliable endocardial
border tracing and end-diastolic frames. Beat-to-beat changes
of ejection fraction (EF) in the presence of arrhythmias, for
example, atrial fibrillation (AF). It needs several measurements
and averaging.[

Myocardial velocity by tissue Doppler imaging
Advantages

Easy to apply. Less dependent on two dimensional (2D) image
quality and less dependent on reader expertise. It has good
correlation with LVEF. High temporal resolution and good
reproducibility.*!

Disadvantages

Angle dependent, relying on preload and afterload, not able
to find regional heart abnormalities. Confounding effect
of ventricular translational, tethering effect from adjacent
segment, and rotational movement.™

Mitral annular plane systoloc excursion

Clinical application and importance of MAPSE:

1. Simple reproducible quickly performed feasible even
with suboptimal image quality even easier than measuring
LVEF

2. MAPSE correlated with other parameters of LV function like
LVEFE.¥ 1t is a surrogate measurement of LVEF and provide
complementary information to it although MAPSE reflects
longitudinal LV function while LVEF reflects radial function

3. It is more sensitive than other conventional
echocardiographic parameters in detection of systolic
dysfunction at early stagel®!

4. MAPSE shown to be correlate with reduced LV function
with age, postmyocardial infarction, heart failure, AF"]

5. Isnotaffected like tissue Doppler by tethering translation,
rotational motion of the heart!®!

6. MAPSE could have some limitations since it is angle
dependent, preload and afterload dependent.

Patients AND MEeTHODS
Study design

This cross-sectional study was carried from the time period
in October 2018 to October 2019 at Al-Yarmouk Teaching
Hospital. Patients and controls were selected from subjects
attending Echo department at the same hospital. A total
number of hypertensive patients and apparently healthy
subjects was (120). Sixty hypertensive patients within normal
EF without LVH, and (60) healthy persons were enrolled as
controls.

The patients

This group comprises 19 males and 41 females with an
age range between 22 and 81 years. Blood pressure (BP)
<140/90 mmHg according to the latest classification
of systemic hypertension of European Society of
Cardiolog/European Society of Hypertension 2018 with
normal EF (EF >54% in females and >52% in males).
Patients in this study were selected from those attending
the echocardiography unit who fulfill the inclusion and
exclusion criteria for this study.

Control subjects

This group included 19 males and 41 females with an age
range between 21 and 73 years, all subjects in this group
with BP <140\90 mm Hg, no history of chronic medical
illnesses (for example: hypertension, diabetes milieus, chronic
renal disease) and fulfill the inclusion and exclusion criteria
for this study except they were normotensive.

Inclusion criteria

Allindividuals (Patients and control) with the following criteria

were included in this study:

1. Aknown case of hypertension without LVH (for patients);
with septal wall thickness <11 mm in males and <10 mm
in females, Normotensive (for controls)

2. Normal sinus rhythm.

Exclusion criteria

All subjects (Patients and controls) with these criteria were

kept out from this study:

1. Patients with reduced EF <54% in females and <52% in
males

2. Pregnant women

3. Previous ischemic heart diseases and heart failure (no
previous consultation for cardiac condition)

4. Any structural heart disease, any abnormal cardiac

condition

Any valvular heart disease

Congenital heart diseases

Patients having AF or any rhythm disturbances

Patients diagnosed with diabetes mellitus

Malignant diseases or those with immunosuppressive

therapy, chemotherapy and radiotherapy

10. Subjects with poor window.
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Echocardiography

Echocardiography was performed for all subjects using a Vivid
E9® system (GE Vingmed; Hortoen, Norway) with 5 MHz
transducer by specialist echo cardiographer. All subjects were
examined on his/her left lateral side, to make the heart lateral
to sternum and forward to chest, as required by the American
society of echocardiography with dimmed light room.’

Assessment of left ventricular systolic function
Assessment of left ventricular ejection fraction

Linear measurements by two dimensional-guided M mode
2D guided M-mode recording at the tip of mitral valve leaflets
in parasternal long-axis view following the guidelines of
American Society of Echocardiography.’”’ Analysis of 3
successive cardiac cycles were done to calculate the LV end
diastolic volume, the LV end systolic volume, and the LVEF by
averaging the three values EF is measured from end diastolic
volume (EDV) and end systolic volume (ESV) by using the
following formula:

EF = (EDV-ESV)/EDV as in [Figure 1].

Volumetric measurements of ejection fraction by
Simpson’s method

Modified Simpson’s method (method of disks) is a modality
require tracing the area of LV cavity. EF value was obtained by
endocardial border tracing of the left ventricle in apical (A4C)
view at the end-systole and end-diastole. These tracings
eventually divide the LV cavity into a predetermined number
of disks (usually 20) as seen in [Figure 2].

Assessment of left ventricular function by (mitral
annular plane systolic excursion)

Mitral annular plane systolic excursion (MAPSE) measurement
is a quick, simple, practical and reproducible method for LV
function assessment.l'”) Mitral annular displacement was
measured from apical (A4C) chambers view by using M-mode
echocardiography and the cursor placed parallel with the LV
lateral walls. MAPSE was calculated from the most lower
point (end-diastole) to the closure of aortic valve (end of
T-wave on electrocardiogram), and post systolic motion was
excluded in this study [Figure 3].F

Assessment of left ventricular systolic longitudinal
function by tissue Doppler imaging

This was done by the measurement of peak systolic mitral annular
velocity (S”) which is considered as a reliable method to assess the
performance of longitudinal LV fibers, which are mainly distributed
within the endocardium.!"! The analysis of mitral annular motion
was done by using apical (A4C) view and placing a 5-mm sample
volume at septal and lateral annular sites. Adjustment of filter
and gain settings were done for optimum signal/noise ratio. Peak
systolic velocity was measured according to American Society of
Echocardiography recommendations!'? [Figure 4].

Statistical analysis
Analysis of data was carried out using the available
statistical package of SPSS-25 (Statistical Packages for the

& ==

Figure 1: Examination of M-mode for the left ventricle acquired from
parasternal long- axis view

LVEF MOD A4C  60.07 %
SV MOD A4C 38.77 ml|
2 L¥Ls AAC 5.33 em
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Figure 2: Example of biplane disk summation (modified method of
Simpson’s)

Figure 3: Examples of mitral annular plane systolic excursion (MAPSE)
by M-mode image

Social Sciences-version 25). Data were presented in simple
measures of frequency, percentage, mean, standard deviation,
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Figure 4: Measurement of peak mitral annular velocity; (a) measurement of the lateral side of the mitral annulus, (b) measurement of the septal side

of the mitral annulus
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Figure 5: ROC for MAPSE prediction of HT without LVH (AUC=0.54)

and range (minimum-maximum values). The significance
of difference of different means (quantitative data) were
tested using Student’s ¢-test for difference between two
independent means or Paired-z-test for difference of paired
observations (or two dependent means), or ANOVA test for
difference among more than two independent means.!'¥ The
significance of difference of different percentages (qualitative
data) were tested using Pearson Chi-square test (y*-test) with
application of Yate’s correction or Fisher Exact test wheneve
rapplicable. Statistical significance was considered whenever
the P < 0.05.

ResuLts

Distribution of general characteristics according to
hypertension without left ventricular hypertrophy and
control

There was a high significant difference between HT patients
without LVH and controls regarding age, systolic blood
pressure, diastolic blood pressure, Mean BP (P = 0.0001).
A high significant increase was noticed in mean body mass
index (BMI) between HT without LVH group and mean BMI
of control group (P =0.001). No significant differences was

Table 1: Distribution of general characteristics according
to hypertension patients without left ventrcular
hypertrophy and controls

HT without LVH Control P
Age (years) 52.7+11.6 41.4+12.1 0.0001* (S)
Gender (male/ 19/41 19/41 1.0
female)
BMI (kg/m?) 33.31+6.70 29.5245.60 0.001* (S)
SBP (mmHg) 151.12424.0 120.33+9.44 0.0001* (S)
DBP (mmHg) 90.82+12.45 76.83£7.18 0.0001* (S)
Mean BP 110.9+14.77 91.33+£7.25 0.0001* (S)
(mmHg)

*Significant difference between two independent means using Student’s
t-test at 0.05 level. LVH: Left ventrcular hypertrophy, HT: Hypertension,
BMI: Body mass index, BP: Blood pressure, SBP: Systolic BP, DBP:
Diastolic BP

Table 2: Distribution of echocardiographic measures
according to hypertension patients without left ventrcular
hypertrophy and controls

Mean=SD P
HT without LVH Controls

Septal wall thickness 8.2+1.1 7.7+1.2 0.01%* (S)
(diastole) (mm)
MAPSE (mm) 15.5+3 15.942.2 0.4
EF by M-mode % 74+8.5 73.6+7.2 0.7
EF by (Simpson’s) % 63.0+14.6 61.649.2 0.2
S’ (cm/s): 0.09+0.03 0.11£0.02  0.034* (S)

*Independent sample #-test. S: Significant, SD: Standard deviation,
EF: Ejection fraction, LVH: Left ventrcular hypertrophy, MAPSE: Mitral
annular plane systolic excursion, HT: Hypertension

observed between HT patients without LVH and control group
regarding gender (P = 1.0) [Table 1].

Distribution of echocardiographic measures according to
HT patients without left ventricular hypertrophy and controls
Mean septal wall thickness of HT patients without LVH
was significantly higher than mean septal wall thickness of
controls (P=0.01). Mean S’ of HT patients without LVH was
significantly lower than the mean S’ of controls (P < 0.001).
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There were no significant differences in means of MAPSE, EF
by (M mode, simpson’s methods) between HT without LVH
group and controls [Table 2].

Cutoff points and test validity of MAPSE

The acceptable cut off points and the corresponding validity
values for MAPSE level in prediction of HT without LVH was
shown in Table 3 and Figure 5, cutoff MAPSE level of 15 had
acceptable validity results (58.3% sensitivity, 50% specificity,
50% penalized present value, 56.2% net present value and
accuracy 55%).

Pearson’s correlations:

*  Asignificant negative correlation was observed between
MAPSE and BMI for HT without LVH (» = —0.395,
P=0.002)

*  Apositive significant correlation were observed between
MAPSE and S’ for HT without LVH (»=0.535, P=0.001)

* NO significant correlations were observed between
MAPSE and EF (by M-mode or by Simpson’s methods)
for the HT group [Table 4].

Discussion

Hypertension is a major health problem worldwide and is
responsible for about 50% of all cardiovascular deaths.!'¥
Cardiovascular system especially the heart undergo many
physiological changes and adaptations in order to overcome
this increase in BP. These physiological adaptations and
furthermore, maladaptation can cause LV pressure overload
and may lead to numerous complex changes in cardiac
structure and function appearing as myocardial ischemia,
arrhythmias and diastolic and/or systolic heart failure.['’]

So, the main goal of this study is early detection of the
subclinical changes in LV systolic function by the use of
MAPSE, this may reduce the myocardial morbidity and
mortality in hypertensive patients with poor imaging quality
since most of the recent echocardiographic techniques require
a good imaging quality.

In the current study, the age group was significantly higher in
hypertensive group than the age of healthy controls (P=0.0001)
which means that hypertension is highly prevalent in middle
and old age groups.

Our study was in agreement with Parikh et al.l') who stated
that normal aging was associated with significant increases in

systolic BP (P <0.05), Parikh et al. studied 48 normal subjects
and 40 hypertensive patients (though no other cardiovascular
disease or diabetes) their ages ranged from 50 to 79 years.

Regarding gender, no significant differences were observed
between hypertensive group and controls, this finding was in
agreement with Ayoub et al.l'”) study and Natori et al.l'¥! study,
the two studies reviewed in their articles that there were no
significant differences in gender between hypertensive patients
and controls.

In this study, high significant difference was observed
between hypertensive patients and controls regarding mean
BMI (P =0.001). This finding agreed with Ayoub et a/.l' who
showed that there was a significant differences in their mean
BMI between hypertensive patients and controls (P = 0.03).

In the current study, hypertensive patients had significantly
higher mean septal wall thickness over healthy controls;
(P =0.01) ([although doesn’t reach the definition of LVH]).
Diez and Frohlich demonstrate that the mechanisms responsible
for increase in septal thickness include not only a response to
increase hemodynamic load from elevated blood preassure, but
also from the effects of neurohormones such as catecholamines,
renin-angiotensin system, endothelins, cytokines, and certain
growth factors by increasing cardiomyocytes size, enhancing
myocardial fibrosis, and increasing interstitial and perivascular
collagen deposition.!"”!

MAPSE has promised to be a reliable, simple and easy
obtainable indicator for LV function even in inexperienced
hands, it reflects LV longitudinal systolic function,*2% In this
study, there was no significant difference in mean MAPSE in
HT patients without LVH compared with mean MAPSE of
controls (P = 0.4), this finding may be because those patients
not having LVH or reduction in longitudinal fibers yet; i.e., the
thickness of the LV wall was not increased enough (not reached
the stage of hypertrophy) to cause a significant reduction of
longitudinal fibers, Since the reduction in MAPSE is mainly
due to the reduction of longitudinal fibers of the left ventricle.)

Regarding peak systolic velocity (S”) which is considered as an
casy method for measuring the peak systolic velocity of mitral
annular longitudinal movement and provides an excellent
noninvasive index of global systolic function.?!]

In the present study, there was a significant reduction in
mean S’ of hypertensive patients compared with mean S’ of
controls (P = 0.034) this result was in acceptance with Ayoub
et al.' who showed that a high significant reduction was

Table 3: Receiver operator characteristic coordinates for prediction of hypertension without left ventrcular hypertrophy by

mitral annular plane systolic excursion

Cutoff point Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
14.9 66.7 417 42.1 53.4 458

15 58.3 50 50 56.2 55

15.5 53.3 51.7 50.2 522 54.3

PPV: Positive predictive value, NPV: Negative predictive value
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Table 4: Pearson’s correlations and linear regression
between mitral annular plane systolic excursion and
different correlated parameters for the two hypertension
subgroups

Correlations HT without LVH
BMI (kg/m?)
r —0.395%%*
P 0.002
EF by M-mode %:
r 0.164
P 0.209
EF by (Simpson’s)%:
r 0.084
P 0.522
S’ (cm/s):
r 0.535%*
P 0.001

*Significant correlation at 0.05 level, **Highly significant correlation
at 0.01 level. BMI: Body mass index, EF: Ejection fraction, LVH: Left
ventrcular hypertrophy, HT: Hypertension

observed in mean S’ of hypertensive patients when compared
with mean S’ of control group (P =0.01).

MAPSE and S’ are surrogates for the LV longitudinal
function. 2022231

In the present study we found that there was a significant linear
correlation between MAPSE and S’ in all study groups; in
hypertensive groups (P = 0.001, » = 0.5), and the correlation
between MAPSE and S’ for controls was (P=0.001, »=0.479),
this finding agreed with Khorshid et al. study®® who studied
200 patients divided into two groups; group A included
100 patients with normal EF and group B included 100 patients
with reduced EF, they found that when combing the measurement
of both parameters MAPSE and S’, this could increases their
sensitivity and specificity for predicting normal or subnormal EF.

CoNncLusIoN

Although there was a significant linear correlation between
MAPSE and peak systolic velocity S’ and both are considered
as a surrogate for LV longitudinal systolic function, MAPSE
can’t be used for assessment of LV longitudinal systolic
function in patients with HT without LVH.

S’ can be used for the assessment of subclinical LV longitudinal
systolic function in hypertensive patients without LVH.

Limitations
Small sample size which is mainly limited by the exclusion
criteria.
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