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Introduction
Hypertension is one of the most common diseases among 
population. It is a well-recognized risk factor for cardio-
vascular diseases and causes left ventricular (LV) pressure 
overload, which results in various geometric changes that 
progress to diastolic heart failure and/or heart failure, with 
LV systolic dysfunction.1

While conventional echocardiography can detect changes 
in LV diastolic function associated with left ventricular hyper-
trophy (LVH), global LV systolic function often remains pre-
served until late in the course of the disease, making subtle 
changes in LV contractile function difficult to interpret in the 
early stages.2

Early detection of LV dysfunction before the develop-
ment of LVH may represent a clinical finding that would 
justify aggressive treatment aimed at reducing cardiovascular 
morbidity and mortality; therefore, it has to be considered in 
the assessment of global cardiovascular risk.3

Subclinical changes in LV function can be identified by 
quantifying myocardial strain, a dimensionless measurement 
of deformation, expressed as a fractional or percentage change 
from an object’s original dimension.4

Two-dimensional (2D) speckle tracking has recently 
emerged as a novel echocardiographic technique for rapid, 
offline, bedside analysis of regional LV strains in the longitu-
dinal, radial, and circumferential directions.5 This technique 
analyzes myocardial motion by tracking natural acoustic reflec-
tions and interference patterns seen in 2D echocardiographic 
images and has been validated with measurements obtained 
by sonomicrometry and magnetic resonance imaging.6

The aim of the present study was to detect subclinical LV 
dysfunction in hypertensive patients with apparently normal 
LV systolic function, using speckle tracking echocardiography 
(longitudinal strain pattern).

Patients and Methods
Patients. Hypertensive patients were selected from the 

cardiology outpatient clinic. Full history taking and general 
and cardiac clinical examinations were done before selection. 
Written informed consent was obtained from all patients, 
and the study protocol was approved by the Faculty of Medi-
cine Ain Shams University Research Ethics Committee. 
Our research complies with the principles of the Declaration  
of Helsinki.
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This study was carried out on 60 hypertensive patients 
and 30 age- and sex-matched healthy subjects as a control 
group. Control subjects had no detectable cardiovascular risk 
factors and not receiving any medications, who were volunteers 
recruited from among the hospital staff, medical and nursing 
students, and members of the local community. 

exclusion criteria. Patients aged above 50 years, with 
ejection fraction (EF) ,55% or symptoms or signs of heart 
failure, diabetes mellitus, known coronary artery disease 
echocardiographic evidence of either regional or global wall 
motion abnormalities, significant valvular disease or any 
structural heart disease, and with atrial fibrillation or other 
rhythm disturbances were excluded.

Methods. All patients were subjected to proper history 
taking including clinical examination, measurements of heart 
rate, weight, and height. Body surface area and body mass 
index (BMI) were calculated. Measurements of blood pressure 
(BP) were taken according to American Heart Association 
and American College of Cardiology 2013 guidelines for the 
management of BP.7

Transthoracic echocardiography. Conventional echocar-
diographic Doppler study, tissue Doppler imaging, and 2D 
speckle tracking imaging were performed using Vivid 9 
(Gene ral Electric Healthcare), equipped with harmonic M4S 
variable frequency phased-array transducer and echo Pac soft-
ware for offline analysis.

Images were obtained with patients in the left lateral 
decubitus position at end-expiration according to the recom-
mendations of the American Society of Echocardiography 
and connected to single-lead electrocardiography (ECG).8 All 
standard measurements were obtained in the parasternal long- 
and short-axis views, apical four-chamber view, two-chamber 
view, and apical long-axis view.

Quantification of the LV dimensions was done using 
M-mode echocardiography, and then using the biplane 
(modi fied Simpson’s method). LV mass in grams was cal-
culated according to Devereux et al.9, and then, LV mass 
was normali zed for body surface area to obtain LV mass 
index (LVMI in g/m2). Relative wall thickness (RWT) 
was calculated as 2PWT/LVEDD (where PWT is the pos-
terior wall thickness and LVEDD is the left ventricle end 
diastolic diameter).

Mitral annular plane systolic excursion (MAPSE) was 
assessed by placing M-mode cursor through medial and late-
ral mitral annulus; maximum systolic displacement was mea-
sured, and then, the mean of medial and lateral mitral annular 
excursion was calculated.

LA volume was calculated by applying the Simpson 
biplane method to the apical four- and two-chamber views. 
Volume was indexed to body surface area.

Transmitral pulsed-wave Doppler was recorded, the 
peaks of both early diastolic filling (E) and late diastolic filling 
(A) were measured, and the E/A ratio and E wave deceleration 
time were calculated.

Offline color-coded tissue Doppler imaging was done in 
the apical four-chamber view by placing the sample volume 
over the septal and lateral mitral annuli, and then, the peak 
systolic velocity (S′), early diastolic velocity (E ′), and late 
diastolic velocity (A′) were measured. The average E ′ and S′ 
velocities at the sepal and lateral mitral annuli were estimated, 
and the E/E ′ ratio was calculated.

2D speckle tracking echocardiography. Longitudinal strain 
imaging by 2D-speckle tracking echocardiography (2D-STE) 
was done with high-quality ECG-gated images from the apical 
four-chamber, two-chamber, and three-chamber views; all were 
obtained at nearly identical heart rates. The gain settings were 
optimized. The depth was reduced so that the LV occupied most 
of the image sector. Care was taken to avoid foreshortening of 
the LV, the gray-scale frame rate was kept between 50 and 90 
frames/s; minimum three cardiac cycles were obtained for each 
loop. All the images were obtained in breath-hold to avoid any 
breathing artifacts. All images were stored in cine-loop format, 
and data were transferred to a workstation for further offline 
analysis using the Echopac software (General Electric version 
1.8.1.X-Vingmed). In order to measure the timing of cardiac 
events, LV inflow (mitral) and outflow (aortic) velocities were 
recorded using pulsed-wave Doppler.

Image analysis. In the end-systolic frame, endocardial bor-
der was traced manually in the three apical views. Then, the 
software generated a region of interest (ROI) to include the 
entire myocardial thickness. The width of the ROI was manu-
ally adjusted as required. Care was taken to avoid including 
bright, echogenic pericardium in the ROI. Then, the software 
tracked the myocardial speckles frame by frame and generated 
moving images, displaying the tracking. Visual inspection of 
the moving image allowed the operator to determine the ade-
quacy of the tracking. When the tracking was not accurate, 
the operator returned back and readjusted the ROI or an alto-
gether new ROI was selected.

The software then divided the LV myocardium into six 
segments in each view and generated segmental and global 
longitudinal strain (GLS). As the myocardium usually short-
ened in longitudinal direction during systole, the longitudinal 
strain was displayed below the baseline. From these curves, 
peak systolic longitudinal strain was recorded for each of the 
myocardial segments.

The strain values for all the segments were recorded and 
averaged to obtain the GLS, and also Bull’s eye display of the 
regional longitudinal strain and GLS was generated. Lower 
level of normal GLS is −19.1%. So, reduced GLS (subclinical 
LV systolic dysfunction) is defined when GLS is less negative 
than −19.1%.10

Statistical analysis. Statistical Package for Social 
Sciences (SPSS version 15.0) was used. Categorical data were 
expressed as frequencies and percentages, while continuous 
data were expressed as mean ± SD. Comparison between 
categorical data was done using chi-square or Fisher’s exact 
test as appropriate. Comparison between continuous variables 
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was done using unpaired t-test. Correlations between con-
tinuous data were done using Pearson’s correlation coefficient. 
Predictors of subclinical systolic dysfunction among the whole 
study sample and among the hypertensive group were tested in 
a univariate model. Variables with P-values ,0.2 on univari-
ate analysis or variables with clinical relevance were listed in 
a multiple logistic regression model. 95% confidence intervals 
were used to detect significant predictors. P-value was consid-
ered significant if ,0.05.

results
The study population consisted of 90 subjects, including 
60 patients of systemic hypertension (42 ± 7 years, 16 male) 
and 30 age- and sex-matched healthy controls (40 ± 6 years, 
4 male).

Clinical and demographic data of patients with systemic 
hypertension and controls are listed in Table 1. No significant 
differences were found between the two groups in terms of age or 
sex. Patients with systemic hypertension had significantly higher 
BMI than the control group (P = 0.03). There was a significant 
higher systolic and diastolic blood pressure in patients with sys-
temic hypertension than the control group (P , 0.001).

conventional echocardiography. Conventional echo-
cardio graphic data of patients with systemic hypertension 
and controls are listed in Table 2, which revealed significantly 
higher septal wall thickness (interventricular septum), PWT, 
and RWT in hypertensive patients (P , 0.001). Also, the 
LVMI was significantly higher in the hypertensive group. 
There was no significant difference in the global LV ejec-
tion fraction (LVEF) between the two groups. However, the 
MAPSE was significantly higher in the control group.

tissue doppler imaging. Mitral annular velocities of 
the two groups are presented in Table 3. E ′ and S′ velocities 
were significantly lower in the hypertensive patients. However, 
E/E ′ ratio was significantly higher in the hypertensive group.

2d speckle tracking. In comparison with normal con-
trols, GLS was significantly attenuated in patients with 
systemic hypertension (−20.75 ± 1.56 in the control group 
vs. −19.54 ± 2.43 in the hypertensive group) as shown in 
Figure 1 and Table 4.

Table 1. demographic and clinical data of the two groups.

HYPERTEnSiVE 
gRoUP (n = 60)

ConTRoL 
gRoUP (n = 30)

P-VaLUE

age (yrs) 42.11 ± 7.41 40.43 ± 6.38 ns

sex (male)%
(females)%

16 (26.7%)
44 (73.3%)

4 (13.3%)
26 (86.7%)

ns

BMi (mean) 32.11 ± 6.32 29.32 ± 4.77 0.03

sBP 137.33 ± 33 115 ± 82 ,0.001

dBP 84.91 ± 9.54 73.33 ± 7.11 ,0.001

abbreviations: BMi, body mass index; sBP, systolic blood pressure; 
dBP, diastolic blood pressure.

Table 3. tissue doppler parameters in the two groups.

HYPERTEnSiVE 
gRoUP
(n = 60)

ConTRoL gRoUP
(n = 30)

P-VaLUE

e` (cm/s) 9.17 ± 1.92 10.64 ± 1.99 0.001

a` (cm/s) 7.31 ± 1.83 7.34 ± 1.61 ns

s` (cm/s) 7.73 ± 1.75 8.2 ± 1.56 0.01

e /̀a` 1.29 ± 0.37 1.48 ± 0.29 0.02

e/e` 9.31 ± 2.19 8.22 ± 1.56 0.01

abbreviations: A, atrial kick mitral inflow velocity; A′, atrial annular velocity; 
E, early mitral inflow velocity; E′, early diastolic annular velocity; s ,̀ systolic 
velocity of mitral annulus.

Table 2. Conventional echocardiographic parameters of the two 
groups.

HYPERTEnSiVE 
gRoUP
(n = 60)

ConTRoL 
gRoUP
(n = 30)

P-VaLUE

iVs (cm) 0.96 ± 0.13 0.86 ± 0.8 ,0.001

PWt (cm) 0.95 ± 0.139 0.87 ± 0.08 ,0.001

lVeed (cm) 5.02 ± 0.37 4.77 ± 0.85 0.04

lVesd (cm) 3.2 ± 0.35 3.15 ± 0.58 ns

rWt 0.37 ± 0.35 0.35 ± 0.02 ,0.001

lV Mi(g/m2) 89.02 ± 19.90 80.01 ± 17.29 0.03

edV (ml) 108.8 ± 33.70 94.8 ± 26.66 0.05

esV (ml) 41.58 ± 16.1 36.9 ± 17.04 ns

eF simpson (%) 63.21 ± 4.81 63.53 ± 8.13 ns

MaPse (mm) 15.48 ± 2.01 16.45 + 2.03 0.03

aorta (cm) 2.93 ± 0.39 2.66 ± 0.35 0.002

la diameter (cm) 3.7 ± 0.435 3.44 ± 0.38 0.008

la volume index 
(ml/m2)

22.36 ± 3.99 19.87 ± 3.61 0.005

e (cm/s)  82.7 ± 16.06 87 ± 15.57 ns

a (cm/s) 74.18 ± 17.36 71.8 ± 18.87 ns

dt (ms) 199.56 ± 29.06 200.2 ± 29.04 ns

e/a 1.15 ± 0.3 1.26 ± 0.33 ns

abbreviations: A, atrial kick mitral inflow velocity; DT, deceleration time; E, 
early mitral inflow velocity; EDV, end diastolic volume; ESV, end-systolic volume; 
eF, ejection fraction; iVs, interventricular septum; la, left atrium; lVedd, left 
ventricle end diastolic dimension; lVesd, left ventricle end-systolic dimension; 
lVMi, left ventricular mass index; MaPse, mitral annular plane systolic 
excursion; PWt, posterior wall thickness; rWt, relative wall thickness.

We found that 23 of 60 patients (38.3%) in the hyper-
tensive group had subclinical LV systolic dysfunction 
defined as GLS less negative than −19.1%, but only 3 of 
30 controls (10%) had subclinical LV dysfunction as listed 
in Table 4.

There was no significant difference between hyperten-
sive patients with normal GLS and hypertensive patients 
with reduced GLS (subclinical LV systolic dysfunction) in 
terms of age and sex distribution or duration of hypertension. 
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BMI was significantly higher among hypertensive patients 
with reduced GLS than those with normal GLS, as listed 
in Table 5.

RWT, LVMI, and LA volume index were higher 
among hypertensive patients with reduced GLS than those 
with normal GLS, despite being statistically nonsignifi-
cant. Also patients having reduced GLS had lower S′ wave 
velocity and lower MAPSE values than those patients with 
normal GLS (despite being statistically nonsignificant), as 
listed in Table 5.

Among the whole studied sample (90 patients), a sig-
nificant positive correlation was evident between GLS and 
BMI (r = 0.43, P , 0.0001). Similarly, a significant positive 
correlation was evident between GLS and LVMI (r = 0.27, 
P = 0.009), eg, as BMI or LVMI increased, GLS became less 
negative (worsen), as shown in Figure 2.

A significantly negative correlation was found between 
GLS and MAPSE (r = −0.33, P = 0.002). Negative but sta-
tistically nonsignificant correlation was evident between GLS 
and S′ wave mitral annular velocity by tissue Doppler imag-
ing (TDI) (r = −0.18, P = 0.08). Similarly, negative statisti-
cally nonsignificant correlation was noticed between GLS and 
LVEF by Simpson’s method (r = −0.04, P = 0.7), eg, as MAPSE 
diminished or S′ velocity decreased, GLS became less negative 
(worsen), as shown in Figure 2.

discussion
In hypertensive patients, LV systolic function is commonly 
considered normal if the global EF and fractional shortening 
(FS) are normal. However, the EF and FS reflect only the 
global cardiac contractile function and do not take regional 
systolic abnormalities into consideration.11

The above results show that 2D speckle tracking is able 
to detect subclinical myocardial dysfunction in hypertensive 
patients, despite normal global systolic parameters by conven-
tional 2D echocardiography.

In our results, GLS was significantly attenuated in 
patients with systemic hypertension compared with normal 
controls. We also found that 38.3% of hypertensive patients 
had subclinical systolic LV dysfunction defined as 2D derived 
GLS less negative than −19.1%.

Our results are in concordance with the findings by 
Imbalzano et al, who revealed that 2D-STE showed an 
impairment of systolic longitudinal strain in all hypertensive 
patients including those without LVH.12

A study was conducted by Tulika et al in 2014 on 72 
hypertensive patients with preserved EF. They postulated that 
the early features of LV systolic dysfunction in hypertension 
with apparently normal LV systolic function was in the axial 
axis, while systolic shortening in circumferential and radial 
axes was preserved.13

In our study, LVMI was higher in hypertensive patients 
with subclinical LV systolic dysfunction (reduced GLS) than 
hypertensive patients with normal GLS, despite being nonsig-
nificant. However, a significant positive correlation was evident 
between GLS and LVMI in all the studied patients. This may 
be explained by our small study sample, especially when sub-
divided into three groups (control, hypertensive with normal 
GLS, and hypertensive with reduced GLS).

A study done by Saghir et al revealed that hypertensive indi-
viduals with LVH had significantly decreased systolic longitudi-
nal strain and strain rate values compared with control subjects.14 

Table 4. 2d speckle tracking data in the two groups.

HYPERTEnSiVE 
gRoUP
(n = 60)

ConTRoL gRoUP 
(n = 30)

P-VaLUE

gls (%) −19.5 ± 2.43 −20.75 ± 1.56 0.015

normal systolic 
function
subclinical 
dysfunction

37 (61.7%)
23 (38.3%)

27 (90%)
3 (10%)

0.005

abbreviation: gls, global longitudinal strain.

Table 5. Comparison between hypertensive patients with normal 
gls and hypertensive patients with reduced gls.

noRmaL gLS
(n = 37)

REDUCED gLS
(n = 23)

P- 
VaLUE

age (years) 42.62 ± 7.13 41.3 ± 7.93 ns

sex (%): Males
Females

8 (21.6%)
29 (78.37%)

8 (34.7%)
15 (65.21%)

ns

BMi 30.36 ± 6.32 34.92 ± 5.34 0.006

duration of htn 
(years)

3.75 ± 3.92 3.56 ± 4.48 ns

rWt 0.37 ± 0.46 0.38 ± 0.39 0.17

lVMi (gm/m2) 86.12 ± 19.57 93.67 ± 19.98 0.15

lavol.index (ml/m2) 21.88 ± 3.8 23.15 ± 4.25 0.23

s’ (cm/sec) 7.84 ± 1.82 7.55 ± 1.67 0.54

MaPse (mm) 15.89 ± 1.7 14.8 ± 2.31 0.06
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Figure 1. Comparison between hypertensive group and control group in 
mean gls (global longitudinal strain).
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Also in the study by Tulika et al, LVMI and DBP were found to 
be independent predictors of reduced global strain in longitudi-
nal axis.13 Narayanan et al reported that LVMI and DBP were 
independent predictors of reduced global strain in longitudinal 
axis.15 Also Schillaci et al demon strated that there is a continuous 
relationship between increased LV mass and cardiovascular risk 
in essential HTN, even in the absence of target organ damage.16

With regard to the effect of BMI on GLS in our study, 
increasing BMI showed a greater likelihood of developing 
subclinical LV dysfunction. BMI was significantly higher 
among hypertensive patients with reduced GLS than those 
with normal GLS. This result is similar to that of the study 
by Ballo et al, which included 112 hypertensive subjects and 
showed independent negative association between BMI and 
myocardial contractility.17

In Matos et al study, a retrospective analysis of echocar-
diogram was done to 600 patients. It concluded that MAPSE 
measured by an untrained observer is a viable surrogate for 
expert determined LVEF. They established upper and lower 
thresholds for normal and severely reduced EFs for each 
gender and a simple gender-specific equation to calculate EF 
from intermediate MAPSE values. They believed that MAPSE 
should be routinely acquired in all echocardiography studies 
and used as a surrogate for global LVEF.18

According to our study, hypertensive patients had sig-
nificantly lower MAPSE values compared with control sub-
jects. Also patients with subclinical LV dysfunction had lower 
MAPSE values compared with those without subclinical LV 
dysfunction, despite being nonsignificant and all within the 
normal range. However, there was a significant negative cor-
relation between MAPSE and GLS.

In our study, it was found that hypertensive patients had 
higher BMI and higher LVMI than normal subjects. Lavie et al 
stated that HTN occurs in nearly 50% of obese patients and more 
so in class III obesity (35 , BMI , 40). The effect of coexis-
tent HTN and obesity on LV morphology depends largely on 
the relative severity and duration of both disorders; HTN alone 
promotes the development of concentric LVH or concentric 
remodeling, whereas when long-standing HT is combined with 
chronic severe obesity, a hybrid form of LVH develops. Pre-
viously characterized as eccentric–concentric LVH, this mor-
phology is now characterized as a form of concentric LVH.19

We excluded patients older than 50 years to avoid aging 
effect on myocardial systolic and diastolic function and hence 
affecting GLS, as stated by Fernandes et al that even patients 
with subclinical atherosclerosis presented by greater carotid 
intima media thickness has associated alternations of myocar-
dial strain parameters.20

We detected 10% of healthy individuals with subclinical 
LV dysfunction, and we attribute this to smoking,21 passive 
smoking, dyslipidemia, unknown genetic causes, or premature 
atherosclerosis. And this high rate may also be attributed to 
the small sample size.

Study limitations include small sample size, so the trends 
of reduced regional systolic strain observed in longitudinal axis 
might be truly reduced but due to the limited power of the study. 
The reproducibility of the estimates of systolic strain using the 
speckle tracking method was not recorded; thus, there could 
have been measurement bias, especially in the small sample 
size study population. The operator was not double blinded 
about hypertensive patients and control subjects, having the 
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Figure 2. relationship between global peak longitudinal strain (gPls) in 
the whole study sample to body mass index (BMi) (a), to left ventricular 
mass index (lVMi) (b), and to left ventricular ejection fraction (lVeF) (C).
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whole study done in a single center. Hence, our study should 
be considered a preliminary study.

conclusion
We concluded that 2D-STE detected subclinical LV systolic 
dysfunction in 38.3% of our patients (patients with GLS less 
negative than −19.1%), despite preserved LVEF and indepen-
dent LV structural changes. This suggests that earlier inter-
vention in these patients may be beneficial.

We also concluded that increased BMI is an indepen-
dent predictor of reduced global longitudinal systolic strain in 
hypertensive patients, which raises the importance of its modi-
fication in hypertensive patients, ie, weight loss can potentially 
prevent LV systolic dysfunction in hypertensive patients.
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