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Abstract
Our aim was to investigate the changes in the myocardium stiffness index for patients suffering
from systemic hypertension, and to assess their left ventricular performance. We studied 263
hypertensive patients and 166 healthy subjects as a control group. By using conventional Doppler
echocardiography, the following parameters were measured—Left ventricular end diastolic diameter, left ventricular end systolic diameter, transmitral early velocity, isovolumic relaxation
time, and isovolumic contraction time. Tissue Doppler imaging (TDI) was used in the measurements of the early mitral annular velocity (Ea) and the diastolic stiffness was obtained by calculating the ratio E\Ea\LVIDd. Index myocardial performance (IMP) was calculated according to following equation (IVCT + IVRT)/ET for both the control group and hypertensive group. Results reveal that the differences in the average value of transmitral early filling velocity (E) between patients and control groups for age range (20 - 49) and (50 - 80) were (−1.91%) and (−3.69%) respectively with p value >0.05 for both groups, and the changes in LVIDd between patients and control groups were 0.42% and 1.29% for age ranges (20 - 49) and (50 - 80) respectively with p value >0.05 for both age groups. A significant difference in IMP between patients and controls has also been observed and the changes were 29.54% and 30.43% for age range (20 - 49) and (50 - 80)
respectively with p value <0.05 for both groups. The mean values for E/Ea ratio and for the measured LV stiffness index were significantly higher in hypertensive patients compared with control
group (p value < 0.05) for both age groups. In conclusion, LV myocardial diastolic stiffness index
and IMP are increased in hypertensive patients.
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1. Introduction
Hypertensive heart disease is defined as the response of the heart to afterload imposed on the left ventricle by
the progressively increasing arterial pressure and total peripheral resistance produced by hypertensive vascular
disease [1]. Uncontrolled and prolonged elevation of BP can lead to a variety of changes in the myocardial
structure, coronary vasculature, and conduction system of the heart. These changes in turn can lead to the development of left ventricular hypertrophy (LVH), coronary artery disease (CAD), and various conduction system diseases [2]. Whether LV diastolic dysfunction is caused directly by raised blood pressure or by structural
changes related to LV hypertrophy remains controversial but hypertensive patients may present with normal
transmitral inflow filling patterns or with the more typical presentation of diastolic dysfunction [3].
Doppler echocardiography is the most important clinical tool available for the diagnosis of diastolic dysfunction. Echocardiography is widely available, portable, and biologically safe and is also capable of excluding other
important causes of heart failure, such as valvular disease [4].
Doppler echocardiography has become the common noninvasive method involved in the measurement of the
transmitral flow velocity, the isovolumic relaxation time (IVRT) and left atrial pressure [5] [6].
IMP was described as Doppler echocardiographic myocardial performance index combining time intervals
related to systolic and diastolic function that reflects global cardiac function. The IMP is defined as the sum of
isovolumetric contraction time (IVCT) with isovolumetric relaxation time (IVRT) divided by left ventricular
ejection time (ET) [7] [8]. Tissue Doppler echocardiography (TDE) directly measures myocardial velocities.
Diastolic tissue Doppler velocities reflect myocardial relaxation, and in combination with conventional Doppler
measurements, the index of diastolic stiffness can be calculated. The measurements have included the calculation of the ratio of transmitral early diastolic velocity/mitral annular early diastolic velocity (E/Ea) which has
been reported to give noninvasive estimation of left ventricular (LV) filling pressure [9]. The ratio E/Ea to LV
end diastolic diameter (LVIDd), represents the index of diastolic stiffness ((E/Ea)/LVIDd) that represents a
pressure—volume relationship of the left ventricle. This echo Doppler index of diastolic LV myocardial stiffness was previously studied in patient with left ventricular hypertrophy [10].

2. Patients and Methods
In the present study, patients with hypertension were chosen. Patients were examined for other diseases which
can interfere with LV stiffness. A total of 429 subjects were included in the study, 263 patients with an established diagnosis of hypertension (HT group), (105 males and 158 females of mean age of 54.07 ± 12.7) and 166
healthy subjects (mean age 40.06 ± 12.8, 53 males and 113 females) as control group. The study was performed during the period from January 2013 until March 2014, at the echocardiography unit at Baghdad teaching hospital/Medical city/Baghdad.
The plan of the study consisted of the following steps:
Case history, Electrocardiography (ECG), Chest X-ray and Echocardiographic examination.
The echocardiography was performed for each subject using SONOACE X8 equipped with a transducer operating at 2 - 5 MHz. During quite respiration with the patients lying on the left decubitus position, left ventricular internal dimensions at diastole (LVIDd) and systole (LVIDs) were measured, using M-mode echocardiography [11]. Pulse wave Doppler tracing of the transmittal flow velocity was obtained from the apical fourchamber view measurement of the early mitral velocity E and the late velocity A at atrial contraction [12].
Mitral annulus velocity measurements were obtained from the apical four-chamber view by tissue Doppler
image, using a 1 - 2 mm sample volume placed at the lateral side of the mitral valve annulus. The TDI mitral
annular velocities were measured including the early annular velocity (Ea) [13]. All TDI velocities were taken as
an average of the lateral readings of five cardiac cycles. The mean values of Ea velocities were used to calculate
the E/Ea ratio. Myocardial diastolic stiffness index was calculated using the equation of (Stiffness index =
[(E/Ea)/LVIDd]) [14].
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By using the apical view at aortic valve isovolumetric contraction time (IVCT), isovolumetric relaxation time
(IVRT) and ejection time (ET) were measured from the interval between two mitral inflow periods (Figure 1),
several investigators used IMP to assess left ventricle function, most of them showed that IMP gives a good assessment of left ventricular dysfunction and its severity. IMP can be calculated by using the equation that IMP =
(IVCT + IVRT)/ET [15].
All values were expressed as mean values with standard deviations. The comparison between the mean values
for both groups was tested by paired student’s t-test. p value <0.05 was considered as the level of significance.

3. Results
The study included 263 hypertensive patients (158 females and 105 males, age 54.07 ± 12.7 years) and 166
healthy subjects (113 females and 53 males, age 40.06 ± 12.8 years).
Table 1 shows conventional echo-Doppler findings obtained from the study population. The change in transmitral early velocity (E) between HT patients and control group is small (−1.91%) and it is insignificant, p value > 0.05. The late (active) filling velocity (A) is higher in the patient group by (29.44%) with strongly significant p value <0.05. The change in LVIDd between patients and controls is 0.42% with insignificant p value >0.05,
while the difference in LVIDs is 4.69% with significant p value <0.05, for the age range 20 - 49 years.

Figure 1. Measurement of Doppler interval from aortic valve (AV) opening
to aortic valve (AV) closure.
Table 1. Conventional M mode and two dimensional echocardiographic findings.
Variable

Control Mean ± SD

HT Mean ± SD

Change % = (HT-C)/C × 100

p Value

The age range from 20 to 49 years
E (mm/s)

73.82 ± 8.74

72.41 ± 16.26

−1.91%

>0.05

A (mm/s)

55.027 ± 9.29

71.22 ± 14.75

29.44%

<0.05

LVIDd (mm)

4.76 ± 0.59

4.780 ± 0.63

0.42%

>0.05

LVIDs (mm)

2.98 ± 0.52

3.12 ± 0.59

4.69%

<0.05

The age range from 50 to 80 years
E (mm/s)

70.704 ± 12.151

68.098 ± 16.34

−3.69%

>0.05

A (mm/s)

62.34 ± 13.25

79.42 ± 14.95

27.39%

<0.05

LVIDd (mm)

4.64 ± 0.45

4.706 ± 0.69

1.29%

>0.05

LVIDs (mm)

3.075 ± 0.491

3.082 ± 0.64

0.32%

>0.05

p < 0.05 = significant; p > 0.05 = insignificant.
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For age range 50 - 80, the change in transmitral early velocity (E) between HT patients and control group was
−3.69%, also insignificant with p value >0.05. In contrast to the early filling (E), the late (active) filling velocity
(A) is higher in the patient group by 27.39% with strongly significant p value <0.05, while LVIDd and LVIDs
showed insignificant difference between both groups, p value > 0.05.
For age range 20 - 49, results in Table 2 reveal the difference in IVCT between patients and controls were
12.36% giving significant p value <0.001, while change percent in IVRT and ET are 18.48% and −10.59% respectively and strongly significant p value <0.001 for both, consequently the difference in IMP value is 29.54%
and it was also strongly significant p value <0.001.
The difference in IVCT between patients and controls was 0.65% giving insignificant p value >0.05 in the age
range 50 - 80 years, while change percents in IVRT and ET are 13.87% and −15.06% respectively and both of
them are strongly significant p value <0.001, consequently IMP value is 30.43% and it was also strongly significant p value <0.001 (Table 2).

IMP with Stiffness Index
The change in IMP with stiffness index was shown in Figure 2. For age range 20 - 49, the graph shows that almost no change in the slope between control and patients with a jump between them as the curve for patients
starts at higher values of IMP.
Figure 3 shows the change in IMP with stiffness index for age range (50 - 80) with a significant increase in
the slope for control and a slight decrease in the slope of patients group.
For age range (20 - 49), mitral annular early diastolic velocity Ea was significantly lower in the hypertension
Table 2. Doppler echocardiography showing change % for (IVCT, IVRT, ET and IMP).
Variable

Control Mean ± SD

HT Mean ± SD

Change % = (HT-C)/C × 100

p-value

The age range from 20 to 49 years
IVRT

76.133 ± 16.83

90.206 ± 20.061

18.48%

<0.05

IVCT

53.2 ± 11.76

59.782 ± 18.46

12.36%

<0.05

ET

298.191 ± 49.149

266.59 ± 41.292

−10.59%

<0.05

IMP

0.445 ± 0.1088

0.576 ± 0.143

29.54%

<0.05

The age range from 50 to 80 years
82.84 ± 18.168

94.33 ± 20.98

13.87%

<0.05

IVCT

59.72 ± 13.84

60.112 ± 17.48

0.65%

>0.05

ET

309.659 ± 45.929

262.99 ± 39.074

−15.06%

<0.05

IMP

0.466 ± 0.099

0.6011 ± 0.1458

30.43%

<0.05
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Figure 2. Relationship between stiffness index and IMP in controls and patients groups. Age between 20 - 49 years.
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Figure 3. Relationship between stiffness index and IMP in controls and patients groups. Age are between 50 - 80 years.

group compared with the control group by −14.09%, p value < 0.05. The LV stiffness index and E/Ea were significantly higher in hypertensive compared with control by 40% and 15.55% respectively, p < 0.001.
But for age range 50 - 80, mitral annular early diastolic velocity Ea was significantly lower in the hypertensive group compared with the control group by −25.166%, p value < 0.05. The LV stiffness index and E/Ea
were significantly higher in hypertensive compared with control by 35.38% and 34.61% respectively, p value <
0.05) (Table 3).

4. Discussion
In this study, we have investigated the effect of hypertension on the cardiac muscle by assessing the myocardial
stiffness through the use of tissue Doppler by the measurement of the change in the annular velocity in relation
with the myocardium performance and the mechanical movement together with the geometrical changes. It is
well known that a change in the myocardial stiffness, geometry and performance caused by overload can be related to fibrosis and fibrosis can be generated by increased collagen content in the muscle, which can increase
stiffness [16].
Stiffness affects the myocardial movement and the change in the movement can be detected and measured by
tissue Doppler [17].
The annular tissue Doppler shows the change in the movement speed throughout the cardiac cycle. A decrease
in Ea was observed in HT patients and in the elderly (Table 3).
We have divided the study population according to their age, this has the benefit of identifying the stiffness
origin recognizing whether it is originated from the disease or influenced by aging in addition to finding the effect of aging on the disease. This can be well seen on the reduction in E wave which is not high in patients
compared with controls and for both age groups which did not exceed −1.91%, −3.69% for young and old group
respectively (because our patients had short HT duration), but a higher change is more clear in A wave 29.44%
and 27.39% for the young and old age groups respectively (Table 1). The higher A wave may be caused by less
blood volume transferred to the LV during the E wave which may be caused by the decrease in suction during
early diastole, the left atrial to left ventricular (LV-LA) pressure gradient at the time of mitral valve opening is
also decreased (i.e. deceleration time is prolonged, unless left ventriclar stiffness is significantly increased) [18],
and to the fact that most of the transmitral blood filling for the LV is attributed to E wave rather than A wave ,
so in order to compensate the lack of blood to the LV the late filling velocity A wave must increase more than
what E wave decreases. So A wave should be of high speed enough to compensate the lack in the early transmitral blood reduction. This result is in agreement with previous study by Masanori et al. (2006) [19], these results are shown in Table 1.
In most cases of HT, we may find an impairment in the LV function before LA impairment appeared (in the
absence of other cardiac diseases) and this is due to the pressure overload which influences the LV more than
LA probably causing reduced E/A which indicate the diastolic dysfunction reflected on diastolic performance
caused by reduced E and increased A. This result is in agreement with previous studies by Garcia et al. 1998
[20].
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Table 3. Tissue Doppler echocardiography showing change % for (Ea, and E/Ea).
Variable

Control Mean ± SD

HT Mean ± SD

Change (HT-C)/C × 100

p Value

The age range from 20 to 49 years
Ea (mm/s)

13.208 ± 2.47

11.34 ± 2.7

−14.09%

<0.05

E/Ea

5.72 ± 0.99

6.61 ± 1.62

15.55%

<0.05

Stiffness index

1.21 ± 0.246

1.404 ± 0.38

40%

<0.05

The age range from 50 to 80 years
Ea (mm/s)

12.045 ± 1.94

9.017 ± 2.57

−25.166%

<0.05

E/Ea

5.98 ± 1.23

8.059 ± 2.71

34.61%

<0.05

Stiffness index

1.303 ± 0.313

1.763 ± 0.69

35.38%

<0.05

The reduction in E has an effect on the increase in A wave because more LV filling volume is due to the passive E velocity, so for A wave to compensate it should be of high speed enough to compensate the lack in the
early trans-mitral blood reduction.
Due to the increase in the LV overload the muscle passes through several stages before the heart failure ensue.
Changes such as hypertrophy occur as a response of overload and if the over load persists for long time the
myocardium will gradually loose ability of contraction which eventually leading to heart failure. During these
changes fibrosis might be increased with time caused by the formation of collagen in the myocardium and
eventually leads to the muscle stiffness [21].
It is rather feasible to get higher increase in the percentage of stiffness index for HT patient over control for
the young age (40%) (Table 3) this is because in the older age group the myocardium within certain extent is
stiffened already with age without the pressure overload so the increase in the stiffness caused by hypertension
over the age-related stiffness will possibly be less than what we can observe for the younger group, as the myocardium of the latter is still intact and flexible so an increase in the overload will appear more significant [22]
(Table 3).
Because our patients hypertension was not chronic (the HT duration is less than 5 years) changes in the chamber size have not been occurred yet; for this reason the difference in LVIDd between patients and controls is
very small and insignificant (Table 1). This is applicable for both age groups. The same result was also observed for LVIDs for old age group as there is insignificant difference between patients and control in contrast
with the younger age group which gives significant difference between patient and control (Table 2). These results indicate that patients with HT have developed a slight change in the chamber size in the younger age group
and insignificant change in the old age group. This is because that our patients have short HT duration and the
effect has appeared on the LVIDs for the younger group age 20 - 49 because their myocardium is still with high
flexibility so a mild increase in the stiffness can influence the muscle contraction.
Because the change in the LVIDd chamber size is very small and insignificant, 0.42%, 1.29% for both groups
young and old age groups respectively, then the change in the stiffness index is attributed to the change in E/Ea
which represents the change in the tansmitral pressure (dp) rather than the change in LVIDd, and because the
change in E is also small −1.91% and −3.69% for both groups young and old age groups respectively (Table 1)
then the change in the stiffness index is mainly due to the change in Ea as it has more changes than the two previous variables, −14.09% and −25.166% for young and old age group respectively than both LVIDd and filling
velocity E.
The advantage of TDE in defining the value of IMP is its ability to simultaneously record systolic and diastolic flows from the systolic-diastolic displacements of ventricular wall recorded at the level of the lateral mitral
annulus [23]. This site appears to be more reliable than others, according to Harada and coworkers [24].
A rapidly determined index of ventricular function has been derived by comparing the total systolic time from
mitral valve closure to mitral valve opening with the systolic time involved in actual aortic flow (ejection time).
Left ventricular relaxation time IVRT and contraction time IVCT are prolonged because of the increased
proportion of collagen fibers and the slow sequence of electrical repolarization that leads to non-uniform relaxation, which is in agreement with the previous study by Mario 2006 [25].
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As IMP is defined as the sum of IVCT and IVRT divided by ejection time ET, so slowing in the sequence of
the electrical re-polarization in the stiff myocardium can increase the IVCT and IVRT. IVRT measurement provides into the rate of early diastolic left ventricle relaxation. When the relaxation is prolonged, mitral valve
opening is delayed and IVRT is increased. Isovolumic relaxation time is an indicator of the rate of myocardial
relaxation. A major limitation is the fact that multiple factors influence the duration of the IVRT. Impaired relaxation lengthens IVRT, and IVRT increase with age and is sensitive to changes in both heart rate and systolic
function [26].
As a result, the change in IMP follows the increase in IVRT and IVCT with reduced ET, thus IMP will increase with the increase in the stiffness index as shown in the (Table 2). The increase in IMP is an indicator for
cardiac dys function, these results are in agreement with the previous study of Nixon et al. 1994 [27].
In Figure 2, the increase in the slope in the graph of patients and controls for the young age group indicates a
progressive deterioration in the cardiac muscle performance with the increase in the stiffness index. In the old
age 50 - 80, the graph of control was rising steeply with the increase in the stiffness index this can give the indication of fast deterioration in the old age controls when develop stiffness. As for controls of old age patients
the line of the graph is slightly descending or almost zero slope which is probably caused by the beginning of
pseudonormalization [28].

5. Conclusions
The diastolic stiffness was significantly higher in hypertensive patients compared to healthy subjects. This may
be due to the fact that patients with hypertension experienced certain morphologic and structural changes of the
left ventricle including left ventricular hypertrophy reducing LV compliance and increasing myocardial stiffness.
From the results, it can be concluded that IMP appears to be a good measure of global left ventricular function
(systolic and diastolic function), and is a sensitive and accurate evaluation of disease states depending on age.
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Abbreviations and Acronyms

Ea: Peak mitral annular early diastolic velocity
E/Ea: The ratio of early diastolic mitral inflow velocity to early diastolic tissue Doppler mitral annular velocity
TDI: Tissue Doppler Imaging
E: Peak mitral early filling velocity
A: Peak mitral atrial phase filling velocity
LV: Left Ventricular
LVIDd: Left Ventricular End Diastolic Diameter
LVIDs: Left Ventricular End Systolic Diameter
LVH: Left Ventricular Hypertrophy
IMP: Index myocardial Performance
IVCT: Isovolumetric Contraction time
IVRT: Isovolumetric Relaxation time
ET: Ejection Time
HT: Hypertension
BP: Blood Pressure
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