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INTRODUCTION: 
Hypertension can cause multiple adverse effects 
on both the heart and vascular system.                      
It can increase cardiac muscle stiffness which               
in turn decreases compliance, as well as stiffen 
the peripheral arterial branches. 
In addition to age and gender, factors  like 
increase in body weight,  decrease physical 
activity, smoking, alcohol drinking , family 
history, elevated serum cholesterol, uncontrolled 
diabetes mellitus and pre-existing vascular 
disease can all affect blood pressure (BP) [1]. 
There are several reports demonstrating that left 
ventricular (LV) dysfunction can occur even in 
the absence of changes in LV systolic function in  
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patients with hypertension[2]. In the left 
ventricle, functional impairment is                                  
a consequence of  impaired systolic or diastolic 
function or both. Left ventricular  Diastolic 
dysfunction  results from conditions that alter   
the LV diastolic pressure-volume relation, which 
in turn affects the left ventricle's performance 
capability. With no or little systolic dysfunction, 
diastolic dysfunction might develop. Grade I 
diastolic dysfunction consider mildest form may 
manifest only as a slow or delayed pattern of 
relaxation and filling, with normal or only mild 
elevation of LV diastolic pressure [3]. It is 
possible to determine LV function based on 
diastolic performance. Doppler 
echocardiography is a simple and non-invasive 
method to undertake to determine left ventricular 
diastolic dysfunction. The velocity of the mitral 
annulus can be recorded throughout the cardiac 
cycle using the tissue Doppler method [4]. 
 

ABSTRACT:  
BACKGROUND:                                                                                                                                   
It is predicted that changes in LV morphology in hypertensive patients will cause a reduction in 
compliance and an increase in myocardial stiffness. The E/E' to (LVEDD) ratio represents                       
the pressure–volume relationship of the LV, which was used to quantify LV stiffness. 
AIM OF THIS STUDY: 
Assess myocardial stiffness in hypertensive patients by applying a combined conventional and 
(TDI) on the pressure volume relation [(E/E')/LVEDD]. 
METHODS:  
The research included 81 hypertensive patients (48 females and 33 males) and 33 healthy 
individuals (23females&10males) as a control group . A complete TTE echocardiographic 
examination was performed on all patients, including (TDI) of the mitral annulus, measurement of 
(LV) septal and posterior wall thickness, LV mass, LVEDD, and transmitral Doppler peak early 
(E) and late (A) diastolic filling velocities. The septal and lateral sites of the mitral annulus were 
used to average TDI early diastolic myocardial velocities (E'). 
RESULTS: 
In hypertensive  group, mitral annular TDI early diastolic velocity E' was significantly lower than 
the control group's  P <0.05. Hypertensive group also showed a significantly higher late diastolic 
velocity compared with control group  p <0.05. The mean E' was significantly lower while                     
the mean E/E' ratio was significantly higher and the LV stiffness index was insignificantly 
different in hypertensives compared with control subjects. In the hypertensive group, the LV 
stiffness was insignificantly correlated with IVS thickness.  
CONCLUSION:  
In hypertensive patients, LV myocardial diastolic stiffness index [(E/E')/LVEDD] is not so 
increased and is not correlated well with the LV wall thickness and LV mass index. 
KEYWORDS:  TDI, Hypertension patients, LV  myocardial parameters 
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This study was designed to assess LV 
myocardial stiffness in hypertensive patients non 
invasively utilizing an echo-Doppler and TDI  
parameters according to  the pressure volume 
relation ((E/E')/LVEDD). 
MATERIALS  AND METHODS: 
The study included 81 hypertensive patients (48 
females and 33 males with a mean age of 
47.7±8.59 years), with range of (30-59), and 33 
healthy subjects (23females and 10 males with             
a mean age 41.6±6 years) with range of(30-59) 
as a control group. This study was conducted in 
the medical ward at Baghdad Teaching Hospital/ 
Medical City over the period February-June 
2013. Patients with hypertension were having BP 
>140/90 mmHg as a mean of at least three 
different measurements at one-week intervals 
while the normal with BP <130/85&with HR 
between (60-90). All patients gave their 
informed consent for sharing in this study. 
Patients with valvular heart disease, 
cardiomyopathy, diabetes, smokers, 
hyperlipidemic patients or coronary artery 
disease  were not included in the study. 
Complete transthoracic echocardiography (TTE) 
was performed utilizing (SONOACE X8) 
equipped with a multiHertz sector probe (2-5 
Hz). Standard views and measurements were 
obtained according to the American Society of 
Echocardiography's recommendations. The 
accompanying TTE measurements were made 
using a parasternal long-axis view using two-
dimensional targeted M-mode tracings. All these 
parameters were measured (Diameter of LA , LV 
end-diastolic and end-systolic diameter, LV 
septal and posterior end-diastolic wall thickness, 
ejection fraction, Fractional shortening and LV 
mass index).  
left ventricular mass  index (LVMI) = LVM 
(left ventricular mass)/body surface area. 
The known formula used to make  an assessment  
of  mass  left   ventricular   is:   left   ventricular  

 
mass = 1.04* {(inter ventricular septum 
(IVSD) + left ventricular interior dimension + 
posterior wall (PWD))3 - left ventricular 
interior dimension )3}- 13.6 g [4].   
Pulsed wave Doppler (PWD) mitral inflow 
signals were obtained from the apical four-
chamber view, the Doppler beam aligned parallel 
to the direction of flow and the sample volume  
at the leaflet tips. These  parameters were 
measured (The peak early (E) and late (A) 
diastolic velocities well, E deceleration time,  
and E/A ratio). 
Assessment of TDI of the mitral annulus was 
obtained from the apical four-chamber view, 
using a 1-2 mm sample volume placed at                   
the septal and lateral sides of the mitral valve 
annulus. Velocities of the TDI mitral annular 
were obtained including ( Early (E'), late (A') 
diastolic and  systolic (S') velocities). Whole 
velocities of TDI  were taken as a rate  of                   
the septal and lateral readings. The median  
values of the E' velocities were used to calculate 
the E/E' ratio. Calculation of  Myocardial 
diastolic stiffness index by the equation of 
Stiffness index= [(E/E')/LVEDD].  
Statistical Analysis 
Performation of statistical analysis was carried 
out by using SPSS software for windows version 
18 .Continuous variables have been  expressed as 
mean ± standard deviation. Statistical 
significance was set below the 0.05 level. 
RESULTS:  
Results show  that LV wall thickness and LVMI 
were increased in the hypertensive group 
compared with control group (IVS1.25±0.25vs. 
0.98±0.188, p-value <0.05, PWT 1.05±0.22vs. 
0.94±0.16, p-value <0.05 and LVMI 114±35.38 
vs. 79.6±17.6, p-value <0.05). EF is 
insignificant, while LVEDD and LA diameter 
showed significant difference between both 
groups, p- value <0.05, table (1). 

 
Table 1:Conventional M mode and two dimensional echocardiographic  findings. 

 
Characteristics 
 

Patient Control p-value 

LA (cm) 3.43±0.45 3.2±0.46 <0.05 

LVEDD (cm) 4.83±0.68 4.6±0.58 <0.05 

EF% 67.9±8.05 68±6.1 >0.05 

IVS (mm) 1.25±0.25 0.98±0.188 <0.05 

PW (mm) 1.05±0.22 0.94±0.16 <0.05 

LVMI (g/m2) 114±35.38 79.6±17.6 <0.05 

 
Mitral inflow Doppler indices of LV diastolic 
function are presented in Table (2). The 

hypertensive group showed a significantly higher 
A wave velocity, a lower E/A ratio and increased  
 

392 



 

      

 

MYOCARDIAL STIFFNESS IN HYPERTENSION DOPPLER ECHOCARDIOGRAPHY 

      VOL. 21,No. 4, 2022              THE IRAQI POSTGRADUATE MEDICAL JOURNAL                                                    

 

 
E(DT) compared with control group (A wave 
78.19±19.8vs. 59.7±19.6, p-value <0.05, E/A 
0.95± 0.27 vs. 1.3±0.17, p-value <0.05, and 
E(DT) was ( 212±43.6 vs. 165.9±28.4, p-value  
 

 
<0.05, on the other hand, the E wave velocity 
showed insignificant difference between both 
groups, p-value >0.05.  
 

Table 2: Mitral inflow Doppler Indices of LV diastolic function. 
 

 
 
 
 
 
 

Table 3: E/E' and Stiffness index and other tissue Doppler parameters of the study population. 

 
 
 

 
 
                                          E(DT)= E wave deceleration time  
 
In Table (3), mitral annular TDI early diastolic 
velocity E' average was significantly lower in 
hypertensive group compared with control group 
(E' average 9.8±2.2 vs. 12.2±2.3, p-value<0.05), 
and A' average was significantly higher in 
hypertensive group compared with control group 
(A' average 12.3±2.7 vs. 8.8±1.1, p-value <0.05) 
The systolic velocity S ' average showed no 
significant difference between both groups,                  
p-value >0.05. The mean E/E' ratio was 
significantly higher in  hypertensive group 
compared with control subject (mean E/E 
'7.6±2.6 vs. 6.5±2.4 , p-value <0.05). The LV 
stiffness index was insignificant in hypertensive 
compared with control subject, and LV stiffness 
index (1.59±0.66 vs. 1.4±0.5 , p-value >0.05 ). 
DISCUSSION: 
Measurement of The transmitral flow velocity to 
annular velocity ratio (E/E' index) is included in 
the TDI, which estimate  myocardial velocities 
during the cardiac cycle, is regarded to be more 
dependable for diagnosing diastolic dysfunction 
[4].  
An indicator of diastolic stiffness 
((E/E')/LVEDD) is produced by connecting                
the E/E' to the LV end diastolic diameter 
(LVEDD). This diastolic LV myocardial 
stiffness echo Doppler index was researched in 
hypertensive patients, with results published on 
its utility in assessing LV stiffness in 
hypertensive patients. [3]. 
In this research the E/E' ratio was significantly 
higher in patients with hypertension compared 
with the control group. This could be due to left 
ventricular diastolic dysfunction and increased 

afterload and hence increased LVDP and filling 
pressure of the LV. This is in agreement with 
Oh, et al. [5] who presented TDI and complete 
Doppler echocardiography as the most 
practicable and reliable tool for confirming or 
eliminating diastolic dysfunctionand also in 
agreement with Kasner N., et al., who was the 
first to compare the accuracy of several 
echocardiographic Doppler techniques with 
invasive pressure-volume loop data in detecting 
diastolic dysfunction in HFNLVEF, They 
discovered that no single diastolic index from 
conventional Doppler echocardiography was 
sufficient to make the correct diagnosis, and that 
indices correlated only weakly with diastolic 
relaxation anomalies and not at all with LV 
stiffness, but that combining the TDI parameters 
with the LV filling index E/E′ was well suited for 
detecting invasively proven diastolic 
dysfunction. [6]. 
In contrast, Maurer, et al. [7] found that Diastolic 
dysfunction cannot be detected by Doppler 
echocardiography because Doppler generated 
diastolic measures do not provide particular 
information on intrinsic passive diastolic 
features. Increases in ventricular preload are 
absorbed by a normal elastic LV in individuals 
with normal myocardial relaxation, resulting in 
an increase in stroke volume and maintenance of 
normal left atrial (LA) pressures, according to 
Starling's Law. The LV, on the other hand, is 
unable to accept increases in volume when 
relaxation is hindered, resulting in an increase in 
LA pressure[8]. Due to its ability to correctly 
quantify  myocardial relaxation in  patients  with  

Characteristics Patient Control P-value 
E  (cm/s) 72.4±22.06 78.4±26.7 >0.05 
A (cm/s)  78.19±19.8 59.7±19.6 <0.05 
E\A  0.95±0.27 1.3±0.17 <0.05 
E(DT) 212±43.6 165.9±28.4  <0.05 

Characteristics  Patient Control p-value 
E′average  (cm/s) 9.8±2.2  12.2±2.3 <0.05 
A′average  (cm/s) 12.3±2.7 8.8±1.1 <0.05 
S′average 10±2.05  9.7±1.5 >0.05 
E\E′ 7.6±2.6 6.5±2.4 <0.05 
E\E′\LVIDd 1.59±0.66 1.4±0.5 >0.05 
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cardiac disease, relatively independent of LV 
filling pressures, and dividing E by E' forms              
an indicator of volume load, corrected to 
myocardial relaxation [9]. In this study,                      
the combined conventional and TDI index of 
diastolic stiffness was insignificant in 
hypertensive patients compared to healthy 
subjects. This may be due to that  most of the 
hypertensive patients is still in  grade 1 diastolic 
dysfunction This is in agreement with  Nagueh, 
et al. who showed  that  in grade 1 diastolic 
dysfunction E/E' is less than 8 this cause                      
the filling pressure being not elevated & not              
that different from normal, hence the stiffness 
index [10]. 
Another cause of insignificant are because more 
than half of the hypertensive group were females. 
This study is also in agreement with Grohe, et al 
[11]. who demonstrated that in general, women 
have a lower prevalence of left ventricular 
hypertrophy for a given level of blood pressure 
than men, even when their left ventricular mass 
has been corrected for body surface area or body 
weight. This gender difference appears to be 
limited to premenopausal women, revealing that 
estrogen may be involved in the pathogenesis of 
left ventricular hypertrophy [12]. 
Another cause  was  because of more than half of 
the control group & less than half of 
hypertensive group are obese, this is also in 
agreement with Iacobellis, et al.[13] who showed 
that obesity increases circulatory blood volume 
and cardiac output as a compensatory mechanism 
from high metabolic demands of excessive 
adipose tissue. This is also in agreement with 
Pascual, , et al.(14) who showed global LV 
diastolic dysfunction occurs in otherwise healthy 
obese persons as demonstrated by abnormalities 
of LV filling and prolongation of isovolumic 
relaxation time [13,14]. 
This study is in agreement with Khalid Abd El 
Salam [15], Who  showed that when comparing 
hypertensive patients to healthy people,                         
the combined conventional and TDI index of 
diastolic stiffness was considerably higher in 
hypertensive patients. This could be because 
certain morphologic and structural alterations in 
the left ventricle, such as left ventricular 
hypertrophy and remodeling, reduce LV 
compliance and increase myocardial stiffness in 
hypertensive patients. This is also in agreement 
with Lorell, et al., who suggested that Chronic 
hypertension is the leading cause of diastolic 
dysfunction and failure, as it causes LV 
hypertrophy and an increase in connective tissue  
 

 
content, both of which reduce ventricular 
compliance [16]. 
The results of this study are also in agreement 
with Solomon, et al., who found increased 
diastolic stiffness in hypertensive patients and 
they also found that in response to intensive 
lowering of BP, The extent of systolic blood 
pressure decrease was linked to the degree of 
improvement in TDI annular relaxation velocity, 
and patients with the lowest achievable systolic 
blood pressure had the highest final diastolic 
relaxation velocities [17]. 
In the present study, the LV diastolic stiffness 
index showed in significant correlation with                   
the degree of left ventricular hypertrophy (LVMI 
and IVS thickness). These findings do not 
support the previous assumption that certain 
morphologic changes do occur in hypertensive 
patients leading to left ventricular hypertrophy 
and increased LV mass that increase myocardial 
stiffness and LV filling pressure [15]. 
CONCLUSION:  
This study showed that the LV myocardial 
diastolic stiffness index [(E/E')/LVEDD] is no 
significantly different in hypertensive patients  
compared to control group. 
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