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Background: Hypertension is an emerging risk factor for developing heart failure with preserved
ejection fraction (HFpEF). Diastolic dysfunction most frequently associated with a subclinical
impairment of systolic function in patients with HFpEF. The aim of this study was to detect early
impairment of left ventricular function in hypertensive patients with preserved ejection fraction
using Tissue Doppler Imaging (TDI).
Methods: This cross-sectional study included a total 105 subjects who were divided into three
groups (group-1: 35 healthy control; group-2: 35 hypertensive patients without concentric left
ventricular hypertrophy, and group-3: 35 hypertensive patients with concentric left ventricular
hypertrophy having left ventricular ejection fraction (LVEF)>50% on 2D echocardiography). They
underwent TDI to measure systolic dysfunction by systolic annular velocity during systole (S´) and
diastolic dysfunction by diastolic filling pressure (E/E´).
Results: The results were obtained in 105 subjects: group-1 (40.63±5.0years; 34.4% male); group-2
(49.57±9.7years; 34.4% male) and group-3 (55.17±8.5years; 31.2% male). LVMI and RWT were
significantly higher (p<0.001) in both hypertensive groups. The presence of systolic dysfunction by
TDI as evidence by systolic annular velocity (S´) was significantly reduced (p<0.001) in both
hypertensive groups compared to controls (0.08±0.11 vs.06±0.01 vs. 0.05±0.01).The presence of diastolic
dysfunction by TDI as evidence by diastolic filling pressure (E/E´) were significantly higher (p<0.001)
in both groups of hypertensive patients. There was significant correlation between E/E´ and S´(r =
-593; p= <0.001).
Conclusion: TDI provided a new insight into impaired systolic function by detecting lower values
of S´ and impaired diastolic function by detecting higher values of E/E´ in hypertensive patients.
This study was a clear reflection of early impairment of LV function in hypertensive patients (with
or without C-LVH) and it might be helpful for identifying hypertensive patients who are at high risk
for heart failure.

(Cardiovasc. j. 2017; 9(2): 147-154)

Introduction:
Hypertension (HTN) or high blood pressure is a
major risk factor for cardiovascular disease.1
Globally approximately 7.6 million premature
deaths annually and 6% of the global burden of
disease is attributable to HTN. In the Framingham
Heart Study, about 90% of new cases of heart
failure (HF) had a history of previous hypertension.
HTN is highly prevalent in Bangladesh. It is

estimated that 12 million people living with HTN
in Bangladesh.2This is emerging that the high
prevalence of HTN contribute to a large percentage
of heart failure with preserved ejection fraction
(HFpEF).3Recent research on heart failure with
normal ejection fraction (EF) has demonstrated
that diastolic dysfunction most frequently
associated with a subclinical impairment of systolic
function. 4 Population based epidemiological
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echocardiographic studies report that
approximately 40% to 50% of all HF cases have
HFpEF which accounts for the morbidity and
mortality similar to that of patients with reduced
ejection fraction (HFrEF).5The conventional 2D
echocardiography can detect changes in left
ventricular (LV) diastolic dysfunction but the
systolic dysfunction has been unrevealed due to
presence of preserved ejection fraction (EF) in the
early stage of hypertensive heart disease (HHD).
Early detection of LV systolic dysfunction in
hypertensive patients with preserved EF is one of
the current interest.6 The pathophysiological model
of HFpEF focuses on the presence of diastolic
dysfunction due to abnormalities of relaxation and
/ or increased of LV stiffness. LVEF is the most
widely used index to assess cardiac systolic function
but it is influenced by preload, post load, heart
rate, myocardial contractility and dyssynchrony.7
The distribution of myocardial fibers is not uniform
throughout the LV wall. The bundles of
subendocardial and subepicardial muscles are
arranged longitudinally, while the fibers located
in the middle of the wall are aligned
circumferentially. This group of muscle fibers is
primarily responsible for LV radial axis contraction.
As the fibers of the longitudinal axis be measured
by the movement of the heart base correspond to
the atrioventricular ring (AR), change in the
longitudinal axis can be measured by the
movement of the AR ring through TDI (S´).8
Structural changes in the in the myocardium, such
as altered collagen and myocardial cells, are
probably the mechanism of diastolic dysfunction
which were associated with impaired diastolic
tissue Doppler parameters.9 TDI, has recently
provides a useful index, which can detect even very
slight impairment of LV function that cannot be
identified by EF.TDI has emerged as an
echocardiographic technique for bedside
noninvasive analysis of measuring the changes in
the longitudinal axis by the movement of the AR
ring through TDI (S´) which has a good relationship
with global systolic functions.8For the detection
of diastolic dysfunction the ratio between the transmitral E velocity and pulsed tissue Doppler derived
LV filling index by early diastolic velocity( the E/
E´ ratio)has been identified as the most accurate
for the detection of heart failure with preserved
EF.10
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Methods:
A cross -sectional control study was conducted from
November 2014 to October 2015 with essential
hypertensive patients without sign or symptom of
heart failure with normal ejection fraction
(LVEF>50%) with no regional wall motion
abnormality (RWMA) at rest by conventional 2D
echocardiography during the course of
hospitalization or visiting cardiology outpatient
department (OPD) at National Heart Foundation
Hospital and Research Institute, Dhaka. Patients
with secondary hypertension, significant valvular
heart disease (more than mild) and congenital heart
disease and patient with associated disease (DM,
CKD, IHD, CLD, Arrhythmia, and Malignancy)
were excluded. Control groups were selected from
the patient visiting cardiology OPD and the
volunteer control from doctors, nurses and their
relatives having no significant disease after going
through clinical evaluation. The study population
divided after performing 2D Echocardiography into
3 groupsGroup-1 (35 subjects): Normotensive volunteers /
Healthy control and the hypertensive patients then
divided into two subgroups according to the
echocardiographic criteria of LVH: Group-2 (35
subjects) included hypertensive patients without
LVH, and group-3(35 subjects) included
hypertensive patients with LVH. Informed consent
was taken from each subject before enrolment.
Meticulous history and detailed clinical
examination was performed in each subjects.
Demographic data such as age, sex, height (cm),
weight (kg), BMI (kg/m2) and BSA (m²) were
calculated by a standard transthoracic
echocardiography (TTE). Before TTE, blood
pressure of the subjects was measured using a
conventional sphygmomanometer in sitting
position. Baseline 12 lead ECG of the subjects was
performed.
Conventional 2D M Mode Echocardiography:
Conventional
Two-dimensional
(2D)
echocardiography was performed with grayscale
harmonic images were obtained in the left lateral
position using a commercially available ultrasound
system Vivid E9 (GE health care, Horten, Norway)
equipped with a cardiac 3.5-MHZ transducer in
the parasternal (long and short axis images) and
apical (2 and 4 chamber image) views and connected
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to single lead ECG. 2D and color Doppler imaging
were performed to screen for wall motion
abnormalities, mitral annular calcification,
valvular stenosis and regurgitation. LV wall
thickness, diameters, volumes and EF (Teichholz
method) were measured at M-mode according to
the American Society of Echocardiography (ASE)
recommendations.
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was calculated. Data was collected in a
predesigned data collection form. The
research was approved by the Ethics Committee
of NHF& RI, Dhaka.

Assessment of concentric hypertrophy was based
on LVMI (g/m²) and RWT (%).The end-diastolic
relative wall thickness (RWT) was also calculated,
and a cut-off value of ≥0.42 was taken into account
to define a concentric hypertrophy. The LV mass
index calculated as ratio LV mass/BSA (g/m²). The
diagnosis of LV hypertrophy was based on a LV
mass index (LVMI) >115 g/m² in men and >95 g/m²
in women.12 Trans-mitral pulsed-wave Doppler
recorded with early diastolic filling (E), late
diastolic filling (A), and E/A ratio and early diastolic
flow deceleration time (DT) was calculated to
measure diastolic function.
Color TDI acquired at both four- and two-chamber
views, obtained at end-expiratory apnea, were
digitally stored. Gain was minimized to have a
clear tissue signal with minimal background noise.
To acquire the highest tissue velocities, the angle
between the Doppler beam and mitral annulus
adjusted to a minimal level (<20º). A Pulsed Wave
Doppler sample was set, at the level of the septal
corner (apical four-chamber view) of mitral
annulus. The peak of systolic mitral annular
velocity (S´), early diastolic velocity (E´) and late
diastolic velocity (A´) were calculated and E/É ratio

Statistical analysis:
After processing of all available data were presented
with summarized descriptive tables and figures and
statistical analysis was done with the help of
computer based SPSS (Statistical programme for
social science) programme version 16.0. P-value
of <0.05 was considered significant. Continuous
variable with normal distribution were expressed
as Mean ± Standard deviation by one way analysis
of variance (ANOVA). An additional post-hoc
analysis by Bonferroni’s correction was done for
comparison between groups. Categorical variables
were expressed in absolute number and percentage
and were analyzed by Chi-square test and Fisher’s
exact test. Pearson´s coefficient was used.
Results:
Over the one year, total 105 subjects fulfilling the
inclusion and exclusion criteria were underwent
TDI. The main demographic and clinical
characteristics of study population are presented
in Table-I. In hypertensive patients with preserved
ejection fraction we observed an elder group
(40.63±5.01 vs. 49.57±9.79vs 55.17±8.55). There was
significant difference among the three groups
regarding systolic and diastolic blood pressure
(p<0.001) There was no statistically significant
difference regarding sex among three groups of
study populations (p=0.548).

Table-I
Distribution of the study population according to demographic and clinical characteristics (n=105).
Variables

Age( yrs)
Height(cm )
Weight(Kg )
BSA(M2)
BMI(Kg/M2)
SBP(mm Hg)
DBP(mm Hg)

Group-1 (n=35)
Normotensive
healthy
control
Mean ±SD
40.63±5.01
160.89±9.43
63.46±8.79
1.67±0.14
24.54±1.87
112.71 ±9.87
74.57±6.79

Group-2 (n=35)
Hypertensive
without
concentric
hypertrophy
Mean ±SD
49.57±9.79
162.00±10.72
67.91±14.13
1.74±0.27
25.65±3.13
129.86±10.60
84.57±5.19
149

Group-3(n=35)
Hypertensive
With concentric
hypertrophy
Mean ±SD
55.17±8.55
159.69±9.65
66.14±11.11
1.68±0.17
25.78±3.64
134.29±12.72
86.71±6.17

*P

<0.001S
0.624NS
0.272NS
0.394NS
0.165NS
<0.001S
<0.001S
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The assessment of LV systolic function in the
longitudinal axis by measuring systolic annular
velocity (S´) were statistically significant (p<0.001)
among three groups in our study (0.08 ±0.0%, vs.
0.06 ±0.0% vs. 0.05 ±0.0%) which was shown in TableIII. The values of systolic annular velocity (S´) among
study population were shown in Figure-1.

Table-II displayed the 2D M-mode
echocardiographic parameters. The global systolic
function was measured through LVEF and there
were no difference between study population when
systolic function were assessed in the radial axis
by measuring the LVEF (64.25±2.83
vs64.52±4.29vs64.54±4.34; p=0.939). Expectedly,
there were statistically significant difference
(p<0.001) were observed among three groups in
respect to LVPWTD (9.00 ±1.0mm vs. 10.14
±1.0mm vs. 12.65 ±1.0mm) and IVSTD (8.97 ±1.0
mm vs. 10.11 ±0.9 mm vs. 12.77 ±1.1 mm).
Meanwhile, our study showed that the mean
LVMI were 71.10±11.84gm/m², 83.31±14.63gm/m²
and 132.41±23.50gm/m² in group-1, group-2, and
group-3 respectively which was statistically
significant (p<0.001). There were statistically
significant difference (p<0.001) in relative wall
thickness (0.41 ±0.0% vs. 0.46 ±0.0% vs. 0.57
±0.0%).

Diastolic dysfunction was present in 11.4% in
group-1, 91.4% in group-2 and 97.1% in group-3,
which were statistically significant (p<0.001) shown
in Figure-2.In Table-4 indicated that the LV
diastolic impairment was common in hypertensive
patients, as shown by decrease of the E/A ratio
(1.45±0.26 vs1.12±0.27 vs0.79± 0.18; p< 0.001).LV
diastolic function evaluated by TDI were
significantly different for parameters that assess
LV filling pressure E/E‘ ratio (7.64±1.14 vs.
10.45±1.92 vs. 11.86±1.93). There was an increase
value of E/E‘ ratio, in both hypertensive groups in
comparison to control, although it was more
evident in hypertensive with concentric LVH.

Table-II
2D M-Mode Echocardiographic parameters of the study population (n =105).
Parameters

Group-1 (n=35)
Normotensive
control

LVEDD (mm)

Mean ±SD
43.02±3.2

Group-2 (n=35)
Hypertensive
without
concentric
hypertrophy
Mean ±SD
42.77±4.4

Group-3(n=35)
Hypertensive
with
concentric
hypertrophy
Mean ±SD
43.20±5.5

*P

0.923NS

LVPWTD (mm)

9.00±1.02

10.14±1.03

12.65±1.05

<0.001S

IVSTD (mm)

8.97±1.07

10.11±0.99

12.77±1.11

<0.001S

RWT (%)

0.41±0.04

0.46±0.06

0.57±0.09

<0.001S

LVEF (%)

64.25±2.83

64.52±4.29

64.54±4.34

0.939NS

LVMI (gm/m2)

71.10±11.84

83.31±14.63

132.41±23.50

<0.001S

Table-III
Distribution of study population according to systolic function by Color Doppler and TDI (n=105).
Parameters

S’(m/s)

Group-1 (n=35)
Normotensive
control

Group-3 (n=35)
Hypertensive
with concentric
hypertrophy
Mean ±SD

*P

Mean ±SD

Group-2 (n=35)
Hypertensive
without concentric
hypertrophy
Mean ±SD

0.08 ± 0.11

0.06 ± 0.01

0.05 ± 0.01

<0.001S
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Fig-1: Distribution of systolic annular velocity (S´) among study population using Color Doppler and TDI.
Table-IV
Distribution of the study population according to diastolic function by color Doppler and TDI (n=105)
Parameters

E/A ratio
E/E´ ratio

Group-1 (n=35)
Normotensive
control
Mean ±SD
Mean±SD
1.45±0.26
7.64±1.14

Group-2 (n=35)
Hypertensive patient
without concentric
hypertrophy
Mean ±SD
Mean±SD
1.12±0.27
10.45±1.92

Group-3 (n=35)
Hypertensive
with concentric
hypertrophy
Mean ±SD
Mean±SD
0.79±0.18
11.86±1.93

*P

<0.001S
<0.001S

(r=- 0.593; p<0.001) revealing a strong link between
LV contraction and relaxation with normal EF in
hypertensive patients.

Fig-2: Distribution of the study population
according to diastolic dysfunction using Color
Doppler and TDI (n=105).
Figure-3 showed that there was a linear
correlation between the systolic function (S´) and
diastolic dysfunction (E/E´). Our finding also showed
that systolic annular velocity (S´) correlated
significantly with diastolic filling pressure (E/E‘)

Fig-3: Linear Correlation of systolic and diastolic
parameters by S´and E/ E´ using Color Doppler
and TDI.
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Discussion:
The principal objective of this study was to detect
early impairment of LV function in hypertensive
patients (with or without C-LVH) with preserved
ejection fraction using TDI.
In this study, the parameters of LVMI and RWT
were significantly higher in hypertensive groups
with preserved EF. Patients with hypertensive
heart disease usually present with concentric
remodeling or concentric LVH but have a normal–
sized LV chamber and normal EF.13PrzewlockaKosmala, et al., stated that, LVMI, IVSTD and
LVPWTD were significantly higher hypertensive
patients than control.14
Due to the orientation of LV muscle fibers, when
the LV contracts, it promotes a rotational motion
that builds energy and during diastole, the energy
stored is released, promoting a diastolic suction
that contributes to the LV filling in the next cardiac
cycle. Even small changes in the systolic function,
not detected by LVEF measurement, may change
ventricular contraction leading to a decreased
relaxation and loss of suction that affects quick
LV filling. New mechanistic discussions by the
means of TDI that assess mechanisms of LV
contraction and relaxation, allow a better
understanding of the link between systole and
diastole in the normal heart with preserved EF.15

LV relaxation (E´) as well as elevated LV filling
pressure (E/E´) through TDI. Combining
transmitral flow velocity with annular velocity (E/
E´) might be an index for estimating the LV filling
pressure to detect diastolic dysfunction in the
presence of preserved EF. The majority of
hypertensive patients with elevated LV end
diastolic filling pressure in the presence of normal
EF as determined in several studies by invasive
pressure-volume loops and had an E/E´ ratio
between 8 and 15 by TDI.13There were significant
differences in diastolic dysfunction among the
three groups (control, hypertensive without LVH
and hypertensive with hypertrophy) using the
tissue Doppler measurement of E/E´. 17 The
findings of this present study indicated that the
LV diastolic impairment was common in
hypertensive patients, as shown by decrease of the
E/A and higher values of E/E´ in comparison to
control, although it was more evident in
hypertensive with concentric LVH.
In asymptomatic hypertensive patients with
preserved EF, there was a reduction in the systolic
tissue velocity of the long axis (S´) which can be
identified associated with diastolic dysfunction.10S´
has the advantage of simple measurement, which
is easily detectable in most patients and has high
reproducibility. Most studies point out to the
relative independence of pre and post load in S´
and S´ is a marker of early systolic dysfunction in
hypertension.18 Yip, et al. observed that the peak
systolic mitral annular velocity by TDI was lower
in patients with LV hypertrophy and diastolic
dysfunction as compared with normal subjects
which were similar to our study. 19 The mean
systolic annular velocities (S´) were significant
lower among the hypertensive groups in our study.
This study highlighted the advantage of TDI in
early identifying the longitudinal LV systolic
function impairment. The finding was consistent
with the results of a recent study of asymptomatic
HF patient with hypertension, where LV
longitudinal systolic function progressively
deteriorates from NYHA Class I to IV and that
circumferential systolic impairment occurs only
in symptomatic patients (NYHA Class III and IV).4

High blood pressure promotes a gradual diastolic
dysfunction along with the progression of
concentric remodeling and hypertrophy. Various
studies had suggested that complex interactions
between cellular hyperplasia, cell death, fibrosis
and reduced calcium uptake, together with
increased myocardial stiffness, may be responsible
for diastolic dysfunction in hypertensive individuals,
particularly hypertensive patients with LVH while
other authors argued that diastolic dysfunction
may be an early marker of hypertensive heart
disease. These results were in agreement as
reported by Federico, et al., who also noted that
LV diastolic dysfunction in patients with
hypertension may occur before the development
of hypertrophy and provided evidence that LVH is
a pathological condition and constitute a major risk
factor for subsequent heart decompensation and
chronic heart failure.16

Nikitin et al. evaluated patients with heart failure
and normal global systolic function, E´ and S´ were
lower, whereas E/É ratio was higher as compared

LV diastolic function evaluated by early diastolic
mitral annular velocities can reflect an abnormal
152
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with normal subjects which were similar to our
result. 20 Redfield, et al. also concluded with
impaired diastolic function with decrease systolic
annular velocity in hypertensive with preserved
ejection fraction.14 Our results were similar to
those of Tan, et al. which showed that patients
HFpEF have abnormalities of LV systolic and
diastolic function and HFpEF is not an isolated
disorder of diastolic function.21Assessment of
systolic and diastolic dysfunction in hypertensive
patients with preserved EF by TDI may provide
important diagnostic information in this study.
Global systolic function assessed in the radial axis
is preserved in the hypertensive patients with
preserved EF, as noted by the LVEF above 50%.In
the present study, there was a reduced contractility
in the longitudinal axis measured by significant
lower values of S´ identifying subclinical left
ventricular systolic dysfunction and diastolic
dysfunction was present as evidenced by higher
values of E/E´ in hypertensive patients (with or
without C-LVH) with preserved EF. The limited
sensitivity of global EF as demonstrated by
Edvardsen et al. who stated that the apparently
normal systolic function in heart failure with
preserved EF.14 These findings were a clear
reflection of presence of LV remodeling process in
hypertensive heart disease and an early
impairment of LV function in asymptomatic
hypertensive patients despite EF was maintained
within normal range.
Study Limitation:
Data was collected from single tertiary hospital
and may not reflect the general population in
Bangladesh and the measurements of TDI were
angle dependent.
Conclusion:
The present study provided a new insight into
impaired systolic function by detecting lower values
of S´ and impairment of diastolic function by
detecting higher values of E/E´ which help to detect
subclinical LV dysfunction of hypertensive patients
with preserved ejection fraction and identify
hypertensive patients who are at high risk for
development of heart failure. This study will
provide a prognostic validation for heart failure
staging in hypertensive patients without C-LVH
are being in stage A (risk factor) or hypertensive
153
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patients with C-LVH are being in stage B
(asymptomatic ventricular dysfunction).
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