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Abstract 
Objectives: Hypertension is a major risk factor for several cardiovascular 
diseases, including stroke, atherosclerosis and coronary heart disease. Re-
modeling of the aortic root may be expected to occur in hypertensive subjects 
as a result of increased stress on the aortic wall due to the repeated hemody-
namic overload. Two-dimensional speckle tracking echocardiography is a 
promising new imaging modality. The aim of this study is to assess aortic 
root mechanics in relation to left ventricular mechanics in hypertensive pa-
tients by speckle tracking echocardiography. Methods: The study included 50 
individuals, 30 patients with hypertension compared with 20 age and sex 
matched healthy volunteers as control group. For both groups, conventional 
echo was done and speckle tracking echocardiography of the LV including 
longitudinal, circumferential, radial strain, LV rotation and the longitudinal 
strain of the ascending aorta and aortic distensibility were measured. Results: 
Aortic longitudinal strain of both anterior and posterior walls, and also LV 
longitudinal peak systolic strain were lower significantly in patient group, and 
also in the same group, the apical rotation was higher than control; aortic 
longitudinal strain was negatively correlated with E/E, and LV global longitu-
dinal strain was correlated positively with septal annular E wave peak velocity 
and with aortic distensibility. Conclusion: Hypertension significantly lowers 
ascending aortic longitudinal strain and the changes are correlated signifi-
cantly with LV longitudinal systolic function and with echo parameters of 
elevated LV filling pressure. 
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1. Introduction 

Hypertension is a major risk factor for several cardiovascular diseases including 
stroke, atherosclerosis and coronary heart disease [1]. 

Elastic properties of the aorta are important factors supporting LV function. 
The functions of the aorta are not only those of a blood conduit, but also an im-
portant modulator of the entire cardiovascular system [2]. 

Remodeling of the aortic root may be expected to occur in hypertensive sub-
jects as a result of increased stress on the aortic wall due to the repeated hemo-
dynamic overload [3] [4]. 

Two-dimensional speckle tracking echocardiography is a promising new im-
aging modality. It permits offline assessment of tissue velocities and deformation 
parameters such as strain and strain rate. It is well accepted that these parame-
ters provide important insights into systolic and diastolic function, myocardial 
mechanics and many other pathophysiological processes of the heart [5]. 

The study aims to assess aortic root longitudinal deformation in relation to 
left ventricular mechanics in hypertensive patients by speckle tracking echocar-
diography. 

2. Patients and Methods 

Study enrolled 75 patients. 25 patients were excluded due to poor echocardio-
graphic window. So only 50 patients were enrolled, 30 of which were hyperten-
sive and were compared with twenty age and sex-matched healthy individuals 
without detectable cardiovascular risk factor and not receiving any medication. 
The study was performed on patients presented to Cardiology outpatient clinic, 
Menoufia University Hospitals. 

Inclusion criteria: patients with primary hypertension with more than 
one-year duration and controlled by antihypertensive medications except beta 
blocker, normal LV systolic function (left ventricular ejection fraction > 50%) on 
echocardiogram as well as normal sinus rhythm on ECG. Exclusion criteria: pa-
tients with arrhythmia, coronary artery disease, significant (more than mild) 
primary valvular disease, cardiomyopathy, severe renal and hepatic diseases and 
patients with poor echogenic window. 

All participants were subjected to full history taking, thorough clinical exami-
nation, resting 12-lead surface ECG, Conventional echocardiographic examina-
tion was done by using the commercially available Vivid 9, General Electric 
Healthcare, GE Vingmed, Norway equipped with a 1.7 - 4 MHz phased-array 
transducer. Echocardiographic imaging was obtained in the parasternal long- 
and short-axis, and apical 2, 3 and 4-chamber views using standard transducer 
positions. LV end-diastolic and systolic diameters, septal and posterior walls 
thickness, ejection fraction, aortic and left atrial diameters were measured in ac-
cordance with the recommendations of the American Society of Echocardiogra-
phy [6] Pulsed and continuous-wave Doppler was used for valvular assessment. 
Doppler Tissue imaging of the septal mitral annulus was obtained from the apic-
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al 4-chamber view. Early and late diastolic wave peak velocities (e' & a') and the 
ratio of early diastolic mitral flow peak velocity to early diastolic septal annular 
peak velocity was measured (E/e') also systolic S wave peak velocity, isovolumic 
contraction and relaxation times were measured. 

LV Deformation: three cycles from apical views: 4, 2 and 3 chamber views 
were taken and another three cycles from the short axis view at the level of the 
LV papillary muscles and LV apical level for measuring circumferential and 
radial strain and also for measuring rotation, twist and untwist ratio. 

Frame rate was selected between 40 - 90 or at least 40% of HR. Then after ac-
tivation of automated function imaging (AFI), digital data were transferred for 
off-line analysis, using Vivid Nine System Echo Pac, GE Vingmed, Horton, 
Norway. 

Aortic Longitudinal Stain: Tracking of the anterior and posterioraortic wall 
from the left parasternal long axis view, started from the sino-tubular junction 
and 3 cm thereafter and post-processing analyzed with 2D-strain using off line 
analysis by Echo pack system where the peak velocity of positive wave that occur 
just after aortic valve closure was measured. 

Aortic Distensibility (AoD): AoD was measured by putting M-mode line 3 - 
4 cm above the aortic valve from a transthoracic parasternal long-axis view, at 
the time of maximum aortic anterior motion, and at the peak of the QRS com-
plex, respectively and was calculated as using the formula: 2 × (change in aortic 
diameter)/[(diastolic aortic diameter) × (arterial pulse pressure) [7]. 

Statistical Analysis 

Data were analyzed using SPSS software. Quantitative data expressed as mean 
and standard deviation Chi-square test student test, Mann whiney U test, 
Kruskal Walls test and correlation coefficient test. 

3. Results 

The study population consisted of 75 patients. However, 50 patients completed 
the study after exclusion of another 25 patients due to inability of the system to 
obtain good result. 

Male sex represented 57% of group A (17 patients) with mean age 51.5 y with 
no significant difference between both groups as regarding age, sex, and BWI 
but smoking is more in hypertensive group (Table 1). 

As regarding conventional echo cardiographic parameters, septal and post-
erior walls thickness, RWT, LA and aortic diameters were significantly higher 
in-patient group (Table 2). 

Regarding aortic distensibility: in patient group, systolic and diastolic blood 
pressure and pulse pressure were higher while the aortic distensibility was lower 
in comparison to control group (Table 2). 

The septal annular E' and S waves peak velocities were lower while E/e' ratio 
was higher in-patient group (Table 3). 
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Table 1. Demographic data of both groups. 

Parameter 

Group A 
(n = 20) 

Group B 
(n = 30) P-Value 

No. % No. % 

Sex 
[No. (%)] 

Female 
Male 

9 
11 

45% 
55% 

13 
17 

43% 
57% 

0.19 

Age 
(years) 

Mean ± SD 45.85 ± 12.31 51.57 ± 10.93 0.06 

Hypertension 
[No. (%)] 

Hypertensive 
Non-hypertensive 

0 
20 

0.0% 
100% 

30 
0 

100% 
0.0% 

<0.001 

Smoker 
Smoker 

Non-smoker 
5 
15 

25% 
75% 

18 
12 

60% 
40% 

0.043 

BMI 
(kg/m2) 

Mean ± SD 27.12 ± 4.4 29.23 ± 4.4 0.103 

BMI: Body mass index. 

 
Table 2. Comparison of conventional echocardiographic parameters both groups. 

Variable 
Group A 
(n = 20) 

Group B 
(n = 30) 

P-Value 

IVSd (cm) 0.91 ± 0.18 1.16 ± 0.17 <0.001 

LVIDd (cm) 4.86 ± 0.38 4.74 ± 0.5 0.374 

LVIDs (cm) 3.11 ± 0.28 3.0 ± 0.37 0.409 

LVPWd (cm) 0.9 (0.8, 1.1) 1.2 (1.1, 1.3) <0.001 

EDV (mL) 111 (94.5, 129) 96 (86, 114) 0.113 

ESV (mL) 38 (31.5, 45) 35 (27, 41) 0.184 

LVMI (g/m2) 91 ± 26.13 110.37 ± 29.3 0.021 

LVRWT 0.39 ± 0.09 0.5 ± 0.08 <0.001 

EF (%) 66 (62, 69) 63 (61, 72) 0.641 

SV (mL) 74.85 ± 15.88 69.37 ± 20 0.309 

FS (%) 36.5 (33.5, 38.5) 34 (33, 42) 0.605 

LA (mm) 35.45 ± 4.4 40.9 ± 5.23 <0.001 

Ao (mm) 28 (27, 29) 31 (28, 35) <0.001 

E (cm/s) 0.81 ± 0.129 0.58 ± 0.176 <0.001 

A (cm/s) 0.56 ± 0.146 0.70 ± 0.179 <0.06 

E/A 1.54 (1.23, 1.68) 0.67 (0.57, 0.78) <0.001 

Systolic BP 122.55 ± 10.13 150.00 ± 13.18 0.02 

Diastolic BP 70.00 ± 2.79 100.55 ± 12.39 0.01 

Pulse pressure 40.55 ± 10.00 65.45 ± 1.58 0.003 

Aortic Systolic diameter 28.94 ± 0.44 31.56 ± 0.18 0.04 

Aortic diastolic diameter 25.47 ± 0.32 30.59 ± 0.13 0.01 

Pulsatile change 4 ± 0.20 3 ± 0.12 0.03 

Distensibility, 10−6∙cm2∙dyne−1 5.5 ± 2.5 2.1 ± 2.3 0.001 

IVSD: interventricular septal thickness at end diastole, LVPW: left ventricular posterior wall thickness, 
LVEDD: left ventricular end diastolic dimension, LVESD: left ventricular end systolic dimension, LVEDV: 
left ventricular end diastolic volume, LVESV: left ventricular end systolic volume, LVEF: left ventricular 
ejection fraction. LA: left atrium, E: early peak pulsed doppler velocity on mitral valve, A: late pulsed dopp-
ler velocity on mitral valve. 
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Table 3. Comparison as regard mitral annular TDI echocardiography parameters be-
tween study subgroups. 

Variable 
Group A 
(n = 20) 

Group B 
(n = 30) 

Test of sig.* P-Value 

è (cm/s) 12.5 (10, 15) 6 (5, 7) Z = −5.193 <0.001 

à (cm/s) 8.2 ± 2.1 11.3 ± 2.5 t = −4.583 <0.001 

è/à 1.56 (1.27, 1.73) 0.53 (0.41, 0.75) Z = −5.665 <0.001 

E/è 6.84 ± 1.69 9.69 ± 3.08 t = −4.199 <0.001 

S (cm/s) 9 (8, 9) 8 (7, 9) Z = −2.051 0.04 

IC time (ms) 72.9 ± 15.53 67.9 ± 14.78 t = 1.149 0.256 

IR time (ms) 69.7 ± 13.4 77.1 ± 17.2 t = -1.622 0.111 

S wave time (ms) 271 (266, 300) 266 (240, 289) Z= −1.665 0.096 

*Continuous variables with normal distribution are presented as mean and standard deviation, while con-
tinuous variables with non-normal distributions are presented as median and interquartile range. t: Inde-
pendent-Samples T test. Z: Mann Whitney U test. 

 
Aortic longitudinal strain of both anterior and posterior walls also LV longi-

tudinal peak systolic strain were lower significantly in-patient group also in the 
same group the apical rotation was higher than control (Table 4, Figure 1 & 
Figure 2). 

As regards correlation analysis: aorta longitudinal strain was negatively corre-
lated with E/e', and LV global longitudinal strain and correlated positively with 
septal annular e' wave peak velocity and with aortic distensibility (Table 5). 

4. Discussion 

This study based on STE assessment of ascending aorta in hypertensive patients, 
The main findings of this study were: first: longitudinal strain of ascending aor-
tic walls and aortic distensibility were affected and lower in hypertensive patients 
compared to non-hypertensive individual, second: significant negative correla-
tions between GLS of the aorta and LV averaged global longitudinal peak systolic 
strain, Third: aortic LG was positively correlated with E annular velocity and 
negatively correlated with E/e, aortic diameter and aortic distensibility. 

Vascular mechanics was first conceived by Oishi et al. [1] in 2008 at the level 
of the abdominal aorta, and since then, others have demonstrated that the cir-
cumferential deformation of the proximal thoracic ascending aorta [2] [3], the 
descending thoracic aorta [4], and the carotid arteries [5] could be measured. 

An increase in arterial stiffness causes LV hypertrophy by elevating the systol-
ic blood pressure, resulting in an impaired LV relaxation. According to other 
studies the aortic stiffness increased with age in relatively healthy individuals, 
and its increasing rate became marked in the presence of hypertension [6] [7] 
remodeling of the aortic root may be expected to occur in hypertensive subjects 
because of increased stress on the aortic wall due to the repeated hemodynamic 
overload [8] [9]. 
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Table 4. Comparison as regard 2D-STE parameters of left ventricular function and aortic 
root mechanics between study subgroups.* 

Variable 
Group A 
(n = 20) 

Group B 
(n = 30) 

Test of sig. * P-Value 

Lt ventricular function:     

 GLPS-LAX (%) −19.17 ± 3.71 −16.48 ± 2.94 t = −2.091 0.041 

 GLPS-A4C (%) −19.86 ± 2.6 −18.0 ± 4.15 t = −1.95 0.041 

 GLPS-A2C (%) −19.85 ± 2.47 −16.8 ±2.35 Z= 2.387 0.017 

 GLPS-Average (%) −19.35 ± 2.52 −17.4 ± 2.71 t = −2.565 0.014 

 Apical peak circumferential 
strain (%) 

−21.32 ± 8.92 −25 ± 11.36 t = 1.219 0.229 

 Apical peak radial strain (%) 17.64 ±6.8 24.63 ±7.2 Z = 0.891 0.373 

 Basal peak circumferential 
strain (%) 

−15.04 ± 3.8 −15.08 ± 4.48 t = 0.029 0.977 

 Basal peak radial strain (%) 25.94 ±6.66 23.1 ±5.6 Z= −2.099 0.06 

 Apical rotation (˚) 8.39 ± 4.24 10.0 ±5.6 Z = 0.168 0.04 

 Basal rotation (˚) −3.18 ±3.4 −4.11 ±2.2 Z = −0.228 0.820 

 Torsion time (ms) 504.5 ± 71.9 464.5 (374, 543) Z = −1.249 0.212 

 Peak twist (˚) 77.37 ± 35.97 91.67 ± 34.56 t = −1.410 0.165 

 Time to peak twist (ms) 351.25 ± 61.59 325 (249, 458) Z = −0.486 0.627 

 Peak untwist (˚) −77.58 ± 29.36 −108.01 ± 47.69 t = 2.791 0.008 

 Time to peak untwist (ms) 593.4 ± 101.24 620 (469, 661) Z = 0.337 0.736 

 Aortic root mechanics:     

 Anterior wall longitudinal 
strain (%) 

25.23 ± 18.9 20.5 ± 11.1 t = 2.94 0.004 

 Posterior wall longitudinal 
strain (%) 

22.95 ± 15.6 17.05 ± 101.3 t = 4.74 0.01 

 Global aortic strain (%) 23.3 ± 14.5 18.5 ± 9.8 t = 3.5 0.008 

Continuous variables with normal distribution are presented as mean and standard deviation, while conti-
nuous variables with non-normal distributions are presented as median and interquartile range. t: Inde-
pendent-Samples T test. Z: Mann Whitney U test. 

4.1. Relation of Aortic Deformation with LV Deformation and 
Systolic Function 

Increased aortic stiffness has been linked to impaired LV systolic function, par-
ticularly along the LV long axis in several previous studies [10]. The relation is 
often attributed to increased hemodynamic load imposed by stiffer arteries [11] 
[12]. Direct mechanical ventricular–vascular coupling provides an alternative 
explanation for the observed relation between aortic stiffness and LV systolic 
function. 

Systolic contraction shortens the LV long axis by pulling the aortic annulus 
and sinotubular junction of the aorta towards the LV apex, which moves mini-
mally during systole [13] [14] [15] [16]. The combination of aortic annulus dis-
placement along with minimal movement of the aortic arch implies that there is  
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Figure 1. Aortic anterior wall longitudinal strain of one of control individual. 

 

 
Figure 2. Aortic posterior wall longitudinal strain of one of patient group. 

 
considerable longitudinal stretch of the ascending aorta during systole [16] [17] 
[18]. Aortic stretch increases from the beginning until the end of systole and 
imposes a progressive systolic load on the heart [11] [15]. If the aorta stiffens, 
the heart must contract with greater long-axis force in order to produce the 
same amount of aortic displacement; for a given LV contraction strength, a stiff 
aorta would be displaced and stretched less than a compliant aorta would. 
Therefore, LV long-axis shortening and GLS may be reduced when pulling 
against a stiffer aorta because of a potential mechanical ventricular-vascular in-
teraction [18]. Vanessa Bell et al. [10] found that CFPWV (carotid-femoral pulse 
wave velocity) as a measurement parameter of aortic stiffness was associated 
with GLS and not global circumferential strain, which may indicate that  
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Table 5. Comparison between aortic longitudinal strain and different echo cardiographic 
parameters. 

Parameter Global aortic wall longitudinal strain 

 r P-value 

LV end-diastolic volume 0.063 0.664 

LV end-systolic volume 0.166 0.249 

e' 0.358 0.011 

E/è −0.347 0.013 

Apical circumferential strain 0.186 0.195 

Apical radial strain −0.046 0.752 

Basal circumferential strain 0.121 0.404 

Basal radial strain 0.037 0.798 

Peak twist −0.166 0.250 

Time to peak twist −0.170 0.238 

Peak untwist 0.195 0.176 

Time to peak untwist −0.082 0.570 

Averaged GLPS −0.443 0.001 

Distensibility, 10−6∙cm2∙dyne−1 0.362 0.001 

 
long-axis function of the LV is more closely linked with global aortic wall stiff-
ness than is short-axis function, and this go with our result in which aortic lon-
gitudinal strain correlated with LV longitudinal strain but there is no significant 
correlation with LV circumferential and radial strain. 

4.2. The relation between Aortic Deformation and Diastolic  
Function 

In our study aortic LG was negatively correlated with E/e' which is an echo pa-
rameter of elevated LV filling pressure and it positively correlated with e` annu-
lar velocity. 

Abhayaratna et al. [19] investigated the relation of arterial stiffness to LV di-
astolic dysfunction in a sample of 188 elderly individuals and observed a signifi-
cant correlation between central pulse pressure and severity of diastolic dysfunc-
tion and concluded that increased arterial stiffness was associated with more se-
vere left ventricular diastolic dysfunction. 

Bernhard M. Kaess et al. [20] found that CFPWV is related to LV diastolic 
function. they observed a consistent association of higher central pulse pressure 
with higher E/E' (a surrogate measure of elevated LV filling pressure). 

There are two possible explanations for relation of diastolic dysfunction to 
aortic deformation: First, parallel changes may occur in the cardiac and aortic 
walls due to hypertension. The second possible explanation is that increased aor-
tic stiffness may also increase afterload, inducing myocardial structural changes 
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of the left ventricle and, through that, left ventricular diastolic dysfunction. The 
most important factor in developing cardiac hypertrophy is increased end sys-
tolic wall stress. End systolic wall stress is influenced not only by the geometric 
properties of the ventricle but also by aortic stiffness [21] [22]. 

4.3. The Relation between Aortic Deformation and Aortic  
Distensibility 

In our study the aortic distensibility was lower in-patient group and the aortic 
longitudinal strain was correlated positively with aortic distensibility. 

M. Eren et al. [22] and Costa Stratos et al. [23] found that aortic distensibility 
(measured by M. mode) was lower in hypertensive patient and more lowered in 
hypertensive diabetic patients. 

Aortic distensibility can be measured by other techniques as MRI and also it 
was found to be lowered in hypertensive patient as found from Malayeri A As-
tudy [24] who study aortic distensibility abnormalities in different cardiovascu-
lar risk factors and hypertension was inversely correlated with hypertriton and 
older age. 

4.4. Study Limitations 

our study has several limitations first; it depends on a relatively small number of 
patients as many patients were excluded (30% of the all enrolled patients) due to 
inadequate images for analysis as till now there is no specific software for analy-
sis of the aortic wall and we depends on LV software which analysis thicker wall 
and this leads to inability of the system to analysis the thin aortic wall in many 
patients. Second, our study included patients with different onset, severity, and 
treatment modalities of HTN which may have a potential influence on our study 
results, however we excluded patients controlled on beta blocker due to its 
known potential effect in affecting the LV strain. Third, this study was sin-
gle-center study, and we in need for multicenter studies to identify and analyze 
all potential confounding factors. 

5. Conclusion 

Hypertension significantly lowers the ascending aortic longitudinal strain and 
the changes are correlated significantly with LV longitudinal systolic function 
and with echo parameters of elevated LV filling pressure. 
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