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ABSTRACT  

Background: Regardless of the early stages of their condition, hypertensive people exhibit diastolic and subclinical 

systolic dysfunction. 

Objective: This study aimed to evaluate the accuracy of M-Mode Apical Systolic Excursion (MMASE) to identify 

subclinical systolic dysfunction in hypertensive sufferers in comparison to left ventricular global longitudinal systolic 

strain (LV GLS) determined by 2D-Speckle tracking echocardiography (2D-STE). 

Patients and methods: In this case-control survey; demographics, clinical information, conventional 

echocardiography, tissue doppler imaging (TDI), and 2D-STE were examined in 56 hypertensive individuals with 

normal ejection fraction (EF), vs 28 healthy people. In order to determine MMASE. M-Mode vector was applied 

through the left ventricle's apex in an apical four-chamber view, and the endocardial excursion between end diastole 

and end systole was measured.  

Results: MMASE and LV GLS revealed a strong positive correlation (P< 0.001). After implementing the ROC curve 

in comparison to the gold standard LV GLS, we said that MMASE has a cut off value for identification of subclinical 

systolic dysfunction below 0.6 cm. 

Conclusion: In patients with hypertension, MMASE is a helpful M-mode assessment in the early diagnosis of 

subclinical LV systolic malfunction validated by a decrease in global LV longitudinal systolic strain.  

Keywords: Hypertension, Speckle tracking, Subclinical systolic dysfunction, MMASE.  

 

INTRODUCTION 

Due to its widespread occurrence, hypertension 

is seen as a public health issue. It is characterised by 

systolic blood pressure in-office readings of ≥140 

mmHg and/or diastolic readings of ≥ 90 mmHg (1). 

 The endothelium lining of blood arteries is 

damaged by hypertension, which raises the possibility 

of atherosclerotic disease. All of the direct and indirect 

consequences of persistent hypertension, such as 

systolic or diastolic heart failure, arrhythmias, and 

ischemic heart disorders, are a part of hypertensive 

heart diseases (2).  

2D transthoracic echocardiography detects the 

reduction of left ventricular systolic function in late 

stages of the disease course, so early detection is of 

paramount importance (3). 

 Multiple evidence showed that LV EF is not 

sensitive enough to identify systolic impairment in its 

initial stages. However, despite having normal LVEF, 

numerous individuals with various clinical disorders 

have longitudinal systolic malfunction of the left 

ventricle, according to numerous investigations 

employing 2D-STE.  

As a result, it has been recommended that 

systolic assessment of the left ventricle utilising LV 

GLS to be used as a gold benchmark for evaluating LV 

systolic performance globally. However, this requires 

skilled echocardiographic analysis (4). 

M-mode measurements can be used to assess 

deformation of many LV regions (5,6). We aimed to  

 

 

prove that MMASE is an easy way to assess LV GLS 

and find subclinical systolic impairment. 

 

PATIENTS AND METHODS 

                   56 hypertension sufferers, and 28 age-matched 

healthy controls made up this prospective case-control 

study. Patients were volunteers recruited from 

members of the local community, and referred to 

Menoufia University Hospitals΄ clinics and 

echocardiography laboratory. This study was 

conducted from June 2021 to August 2022.  

 

Inclusion criteria: Age ≥18 years old. Arterial 

hypertension (1). Preserved LV EF > 50%.  

 

Exclusion criteria: 

      Ischemic heart diseases. Significant valvular heart 

diseases. LV ejection fraction less than 50%. Bad 

echogenic window. Arrhythmia as atrial fibrillation. 

Conduction abnormalities as LBBB. Diabetes 

mellitus. Cardiomyopathies as: restrictive, 

hypertrophic and dilated types. Pericardial diseases. 

Congenital heart diseases. 

 

Data collection:  
    This was accomplished using a questionnaire that 

asked about medical records, a physical assessment, 

and evidence from transthoracic echocardiography. 
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Conventional transthoracic echocardiography of 

left ventricle  

Employing  GE Vivid E9 machine , a harmonic 

M5S variable frequency (1.7–4 MHz) phased-array 

transducer, and a single lead ECG signaling, as 

recommended by the American Society of 

Echocardiography(7), conventional echocardiographic 

measurements, doppler studies, and TDI were carried 

out.  

Once early diastolic filling (E) and late diastolic 

filling (A) velocities were evaluated, the E/A ratio was 

computed using transmitral pulsed-wave Doppler (8). 

The first negative (e') wave velocity was measured 

using TDI, with the pulsed-wave doppler sample 

volume positioned at the lateral and septal mitral 

annuli, then E/e' ratios were obtained after estimating 

the mean e' velocity (9). 

  In close proximity to both lateral and septal LV 

walls, M-mode vector was positioned through the 

mitral annulus. MAPSE, also known as the lateral and 

septal mitral annulus excursions throughout systole 

was evaluated from the lowest level (end-diastolic) to 

the maximum (end-systolic) (Figure 1).  

 
 

 
 

Figure (1(: Measurements of lateral MAPSE (above), septal MAPSE (below). 

https://onlinelibrary.wiley.com/doi/full/10.1002/jcu.23173#jcu23173-fig-0001
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In the apical four chamber view, with the left ventricle centred in the scanning sector and the M-mode cursor 

positioned through the apex, the MMASE was calculated by subtracting the distance between the apical lines at end-

systole and end-diastole (Figure 2).  

 

 
Figure (2): M-mode apical systolic excursion. 

 

2D speckle tracking echocardiography 

Utilizing the Echopac programme, LV longitudinal systolic strain measurement was performed (Vingmed 

model 1.8.1.X of General Electrics). All strain images from apical four, three, and two chamber views were acquired 

at a rate of 60–94 frames per second throughout ECG recording. For off-line assessment, there were three consecutive 

cardiac cycles captured and saved. The area of focus was manually adjusted using the three-point-and-click technique. 

The global Bull's eye then displayed a design with 17 segments and a mean LV GLS% (12) (Figure 3).  

Figure (3): A hypertension patient's LV GLS was assessed, and a bull's eye. 

Ethical Consideration: 

    The Academic and Ethical Committee of Menoufia University gave their approval to the research. Each 

participant signed a written informed consent form to participate in the research. On performing this 

experimental study, the World Medical Association's code of ethics known as the Declaration of Helsinki was 

fulfilled. 
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Statistical Analysis 

The IBM Statistical Package for Social Sciences 

(SPSS), 21st version, IBM, United States, was used to 

analyse the data. The evaluation of the two groups with 

quantitative factors was performed using an unpaired 

student t-test. The quality of the relationship between 

two quantitative variables was evaluated using 

correlation analysis (using Spearman's approach). 

Categorical data were contrasted using the applicable 

Fisher exact analysis or Chi-square testing while 

numerical data were analyzed using the Mann- 

Whitney U testing. ROC curve was utilised to assess 

how well various tests performed at differentiating 

between various groups. The quantitative and 

qualitative statistics were given as numbers and 

percentages, the quantitative with parametric 

distributions as averages, standard deviations, and 

ranges, and the quantitative data with non-parametric 

distribution as median and interquartile range (IQR). 

The degree and orientation of the linear link between 

two parameters is defined by the correlation 

coefficient, which is represented by the symbol "r". 

RESULTS 

                As shown in table (1), a mean age in 

hypertensive cases was 50.72 ± 7.33 years and 47.57 ± 

8.36 years in control group. The results showed that 

controls were selected properly and matched for age, 

and gender compared to cases. 

 

Table (1): Analysis of the examined participants' demographic characteristics 

Variables Hypertensive group (n=56) Control group (n=28) 
Test 

value 
P-value 

Age  

(years) 

Mean± SD 50.72 ± 7.33 47.57 ± 8.36 Z
MWU 

=1.79 
0.074 

Range 30.0- 61.0 26.0- 60.0 

Gender 
Male 25 (44.6%) 15 (53.6%) X2= 

0.597 
0.440 

Female 31 (55.4%) 13 (46.4%) 

SD: Standard deviation ZMWU: Mann-Whitney U test, X2: Chi-Square test. 

 

As shown in table (2), the mean duration of hypertension in the studied cases was 8.66 ± 3.38 years and ranged 

from 3 years to 18 years. The mean SBP in hypertensive cases was 133.81 ± 9.18 mm/Hg while the mean DBP was 

83.70 ± 6.71 mm/Hg.  

Table (2): Distribution of the study participants based on blood pressure measurements and hypertension duration  

Variable Hypertensive group (n=56) 

Duration of hypertension (years) 
Mean± SD 8.66 ± 3.38 

Range 3.0- 18.0 

SBP (mm/Hg) Mean± SD 133.81 ± 9.18 

DBP (mm/Hg) Mean± SD 83.70 ± 6.71 

SBP: Systolic blood pressure, DBP: Diastolic blood pressure. 

 

Table (3) demonstrated that LA diameter was noticeably larger in the studied patients than controls (p<0.001). 

Furthermore, the study patients had significantly larger dimensions of IVSD, PWD, and LV mass than the controls 

(p< 0.001, and < 0.05) respectively (Figures 4-7). 

 

Table (3): Comparison of conventional electrocardiographic variables between the groups  

Variable 

Hypertensive group 

(n=56) 

Control group 

(n=28) 
Test  

value 
P-value 

Mean SD Mean SD 

LA diameter (cm) 4.0 0.4 3.6 0.4 3.891 <0.001** 

IVSD (cm) 1.2 0.1 1.0 0.1 5.783 <0.001** 

PWD (cm) 1.0 0.2 0.9 0.2 3.131 0.002** 

LV mass (g) 288.38 89.0 246.29 47.6 2.153 0.031* 

EF% 61.18 8.21 60.18 8.01 0.402 0.688 

E (m/s) 0.76 0.19 0.76 0.21 0.240 0.811 

A(m/s) 0.73 0.23 0.70 0.15 0.470 0.639  

E/A 1.18 0.83 1.14 0.43 0.673 0.501 

Peak late diastolic filling velocity is represented by A, and peak early diastolic filling velocity is represented by E. : 

*Significant,  **: Highly significant, LA stands for left atrium, EF for ejection fraction IVSD: Interventricular septum 

thickness in diastole, PWD: Posterior wall thickness at end diastole. 
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Figure (4): Comparative boxplot of the two research groups regarding LA diameter 

Figure (5): Comparative boxplot of the two research groups regarding IVSD. 
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Figure (6): Comparative boxplot of the two research groups regarding LV mass 

 
Figure (7): Comparative boxplot of the two research groups regarding PWD 

 

As can be observed in table (4), hypertension sufferers had considerably lower septal and lateral early diastolic 

mitral annular velocities than controls (P value< 0.05). Contrarily, lateral and septal E/e' measurements in 

hypertension patients were significantly higher than in controls (p<0.05 & p<0.001, respectively) (Figures 8-11). 
 

Table (4): Comparison of tissue Doppler parameters between the studied groups 

Variable 
Hypertensive group (n=56) Control group(n=28) Test  

value 
P-value 

Mean SD Mean SD 

Septal e`(m/s) 0.08 0.02 0.10 0.03 2.130 0.033* 

Septal E/e` 10.96 2.13 9.31 2.36 2.673 0.008** 

Lateral e`(m/s) 0.12 0.04 0.13 0.04 1.986 0.047* 

Lateral E/e` 7.33 2.45 5.34 1.95 1.830 0.0003** 

E: Peak early diastolic filling velocity, e`: Early diastolic mitral annular velocity, *: Significant,  **: Highly significant. 
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Figure (8): Contrast of the two research groups regarding Septal e`(m/s) 

 

 
Figure (9): Lateral e' between the two groups of participants (m/s). 
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Figure (10): Variation of Septal E/e' between the control and hypertensive groups 

 

 
Figure (11): Contrast of the two research groups regarding lateral E/e` 

 

Table (5) demonstrated that when contrasted to the control group; septal, lateral MAPSE and MMASE were 

considerably lower in hypertensive subjects (p<0.001) (Figures 12-14). 
 

 

Table (5): Comparison of M-mode parameters between the studied groups 

Variable 
Hypertensive group (n=56) Control group (n=28) Test 

value 
p-value 

Mean SD Mean SD 

Septal MAPSE 1.4 0.2 1.6 0.2 3.677 <0.001** 

Lateral MAPSE 1.7 0.2 1.9 0.2 2.901 0.004* 

MMASE 0.69 0.17 0.92 0.10 5.261 <0.001** 

*: Significant, **: Highly significant. 
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Figure (12): Contrast of the two research groups regarding septal MAPSE. 

 

 
Figure (13): Contrast of the two research groups regarding lateral MAPSE 
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Figure (14): Contrast of the two research groups regarding MMASE. 

 

As shown in table (6), LV GLS was significantly lower in hypertensive participants than in control participants 

(p< 0.05) (Figure 15). 

Table (6): Comparison of LV global longitudinal systolic strain between the studied groups 

Variable 

Hypertensive  

group (n=56) 

Control group 

(n=28) 
Test 

value 
p-value 

Mean SD Mean SD 

apical2 -17.68 4.18 -20.59 3.44 3.022 0.003** 

apical3 -17.39 4.20 -18.31 4.39 1.068 0.285 

apical4 -17.85 4.06 -18.88 3.18 1.266 0.205 

LV GLS -17.72 3.31 -19.58 3.05 2.448 0.017* 

*: Significant,  **:  Highly significant. 

 

Figure (15): Contrast of the two research groups regarding LV GLS. 
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As shown in table (7), MMASE had a significant positive correlation with septal e` (m/s), septal MAPSE (r= 

0.455, p=0.001), as well as LV GLS (r= 0.720, p<0.001), while there was statistically significant negative correlation 

between MMASE and IVSD (r= -0.413, p=0.003), and PWD (p<0.05) (Figures 16, 17). 

Table (7): Correlation between M-mode apical systolic excursion and different parameters in the studied patients  

 
MMASE 

R p- value 

LA diameter (cm) -0.018 0.905 

IVSD (cm) -0.413 0.003** 

EF% 0.178 0.217 

septal e`(m/s) 0.381 0.006** 

septal MAPSE(cm) 0.455 0.001** 

PWD (cm) -0.166 0.02* 

LV GLS % 0.720 0.000** 

*: Significant, **: Highly significant. 
 

Figure (16): Scatter plot showing positive correlation between MMASE and septal e' in hypertensive group. 

 
Figure (17): Scatter plot for positive correlation between MMASE and GLS in hypertensive patients. 
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Table (8): M-Mode apical systolic excursion and subclinical left ventricular systolic dysfunction  

Parameters 
Cutoff 

value 
AUC  Sensitivity  Specificity  PPV NPV P value 

MMASE <0.6 0.889 89.5% 77.4% 79.8% 88.1% <0.001** 

AUC= Area Under Curve, * : Significant, **: Highly significant,  

 PPV= Positive Predictive Value, NPV= Negatively Predictive   Value. 

By using ROC-curve analysis, MMASE had diagnostic cut off value for subclinical left ventricular systolic 

dysfunction less than 0.6 cm. The sensitivity, specificity, PPV and NPV were 89.5%, 77.4%, 79.8% and 88.1% 

respectively (p< 0.001) (Table 8 & figure 18). 

Figure (18): ROC curve of MMASE for prediction of subclinical left ventricular dysfunction. 

DISCUSSION 

Our present study revealed that LA had 

substantially larger diameter in hypertension sufferers 

than in controls (P value <0.001), which is in 

agreement with Gerdts et al. (13), and Cipollini et al. 

(14). In essential hypertension, with regards to cardiac 

remodeling, Su et al. (15) suggested that LA was 

enlarged earlier than left ventricle (LV). Furthermore, 

compared to controls, hypertensive individuals' IVSD, 

PWD, and LV mass were all considerably higher (P 

values <0.001, <0.05 respectively), which are in 

agreement with De Simone et al. (16), and De Marco et 

al. (17). Diez and Frohlich (18) suggested that in 

response to pressure overload from elevated blood 

pressure, consequences of neurohormones such as the 

renin-angiotensin process, endothelins, and some 

proliferative factors that result in cardiomyocyte 

enlargement, enhancing interstitial, perivascular 

collagens, and myocardial fibrosis, are contributing to 

the increase in septal wall thickness. Our patients 

suffering from hypertension showed normal EF, with 

a mean of 61.18 ± 8.21%. Similarly, Narayanan et al. 
(19) studied 52 hypertensive patients with preserved EF 

vs 52 healthy persons , and discovered that the EF was 

identical in both groups and that there was no clear 

differentiation between them.  

Regarding deformation imaging in our study, in 

comparison with controls, hypertension patients' LV 

GLS was considerably lower (p<0.05). This is in 

agreement with Sengupta et al. (20), and Imbalzano et 

al. (21). Kraigher-Krainer et al. (22) found that LV GLS 

decreased gradually when comparing controls with 

hypertensive patients with those with heart failure with 

preserved EF. Navarini et al. (23) also reported that 

teenagers with hypertension had considerably lower 

GLS in comparison with controls showed no 

differences in LVEF or LV volumes across the study 

groups. However, 2D-STE necessitates high technical 

expertise, which is expensive and not usually possible 

during routine practice (24, 25).  

We noticed that although all the hypertensive 

patients had preserved EF, most of them had 

significant decrease in MAPSE (septal and lateral, 

mean values were 1.4 ± 0.2, 1.7 ± 0.2 cm respectively) 

and MMASE (mean values were 0.69 ± 0.17 cm) 

giving an impression of subclinical systolic 

dysfunction that was confirmed by the significant 

reduction in LV GLS done by 2D-STE (mean values 

were -17.72 ± 3.31 %).  

It was found that MAPSE, measuring the mitral 

annular excursion at systole, could be used to identify 

slight abnormal LV changes in a variety of 

cardiovascular diseases in which the longitudinal 

function is impacted before other functions 

(circumferential & radial), which might potentially be 

preserved or even improved to compensate .(25, 26) 

In our study, there was a strong positive 

association between MMASE and septal MAPSE (r = 

0.455, P=0.001) as well as LV GLS (r= 0.720, 

P<0.001). After using the ROC curve for in reference 

to the gold standard GLS, we established the cutoff 

value of 0.6 cm for MMASE for the identification of 

subclinical systolic dysfunction. Xiao et al. (27) 

hypothesized that in treated hypertensive patients with 
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maintained EF and fractional shortness with or without 

hypertrophic hearts, total longitudinal systolic 

excursions in both the LV lateral and interventricular 

septum walls were dramatically decreased. This could 

be explained by microcirculatory abnormalities and 

interstitial fibrosis that result in repeated ischemic 

insults in the left ventricle's subendocardial layer, 

particularly in more hypertrophic hearts (28). This 

would lead to a decrease in MAPSE and our 

straightforward measure, MMASE, as well as drop in 

the longitudinal myocardial contraction force (29). Also, 

Amado et al.(6) hypothesized that in contrast to strain 

relying on complicated speckle analysis, subclinical 

systolic insufficiency can be evaluated utilising 

simpler, quicker, and basic procedures using MMASE. 

 

CONCLUSION 

We confirmed the role of MMASE for detection 

of early LV longitudinal impairment and subclinical 

LV systolic dysfunction before LV EF reduction in 

most of hypertensive patients. 

 

LIMITATIONS 

 The offline analysis required for 2D-STE needs 

specialized technical expertise and unquestionably 

prolongs examination time. 

 Insufficient careful follow-up. 

 Exclusion of people who have windows with bad 

acoustics. 

 A limited sample size, from a single hospital. 

 

RECOMMENDATIONS  

 Be aware about 2D-STE can be used as an 

additional diagnostic technique in everyday 

practice. 

 The association between LV geometrical changes 

and hypertension (treated vs untreated) in a large 

sample should be kept in mind. 

 

Conflict of Interest: The authors declared no conflict 

of interest. This work was fully funded by the authors. 
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