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Objectives: To detect systolic dysfunction in heart failure with preserved ejection fraction (HFpEF) patients by using
global longitudinal strain (GLS).
Methods: This study included 46 heart failure patients: 24 with heart failure with reduced ejection fraction

(HFrEF) and 22 with heart failure with preserved ejection fraction (HFpEF), and 20 patients with similar risk factor
but no symptoms or signs of heart failure, matched for age and sex, as controls. All patients were screened by
echocardiography. The ejection fraction of left ventricle was measured using Simpson’s method and the GLS of
the left ventricle was measured by using two-dimensional speckle tracking.
Results: Left ventricular ejection fraction (LVEF) was 61.90 � 2.94% in the controls, 60.45 � 7.4% in the HFpEF

group (p = 0.421), and 32.75 � 8.45% in the HFrEF group (p = 0.001). The value of left ventricle (LV) GLS (con-
trols = �19.74 � 1.12%, HFpEF = �15.03 � 2.03%, HFrEF = �10.72 � 1.99%, p = 0.0001) was significantly impaired
in the HFpEF group despite normal LVEF.
Conclusion: There is significant left ventricular systolic impairment detected by GLS despite preserved LVEF.

� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Heart failure (HF) is a clinical syndrome

caused by a functional and/or structural
cardiac abnormality that results in a reduction of
cardiac output and/or elevation in cardiac filling
pressure. This syndrome is characterized by typi-
cal symptoms (e.g., fatigue, shortness of breath,
and ankle swelling) and may be accompanied by
signs (e.g., elevated jugular venous pressure, pul-
monary crackles, and leg edema) [1].
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Abbreviations

AFI Automated function image
AUC Area under the curve
BNP B type natriuretic peptide
GLS Global longitudinal strain
HF Heart failure
HFmrEF Heart failure with midrange ejection fraction
HFpEF Heart failure with preserved ejection fraction
HFrEF Heart failure with reduced ejection fraction
LA Left atrium
LAVI Left atrial volume index
LV Left ventricle
LVEF Left ventricular ejection fraction
LVMI Left ventricular mass index
LVOT Left ventricular outflow tract
MI Myocardial infarction
NT-proBNP N-terminal-proB type-natriuretic peptide
ROC Receiver operating characteristics
TDI Tissue Doppler image
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The prevalence of HF in the United States is
derived from the National Health and Nutrition
Examination Survey (NHANES). It is estimated
that 5.1 million Americans from age 20 years and
older have heart failure.
The European Society of Cardiology in their

guidelines published in 2016 recommended the
following conditions should be fulfilled for the
diagnosis of heart failure with preserved ejection
fraction (HFpEF) [2]: (1) the presence of symptoms
and/or signs of HF; (2) a ‘preserved’ ejection frac-
tion [(EF) defined as LVEF � 50% or 40–49% for
heart failure with midrange ejection fraction
(HFmrEF); (3) elevated levels of natriuretic pep-
tides [(NPs),B type natriuretic peptide (BNP).
35 pg/mL and/or N-terminal-proB type-
natriuretic peptide (NT-proBNP) 125 pg/mL); and
(4) objective evidence of other cardiac functional
and structural alterations underlying HF.
Because of the characteristics of noninvasive-

ness and availability, echocardiography plays a
major role in the diagnosis of left ventricle (LV)
diastolic dysfunction in patients with HFpEF.
There are several echocardiographic parameters,
such as Doppler study of mitral inflow pattern,
Doppler study of pulmonary veins inflow, and tis-
sue Doppler, that can be used to help in the diag-
nosis of diastolic dysfunction; however, none of
these are diagnostic. It is recommended that the
presence of multiple abnormalities is strongly
suggestive of diastolic dysfunction. Tissue Dop-
pler Image (TDI) has proven to be more accurate
than other parameters for detecting impaired
diastolic function in HFpEF patients. Key func-
tional alterations are an Early diastolic flow veloc-
ity/Diastolic flow velocity measured by tissue
Doppler (E/e0) �13 and a mean e0 septal and lat-
eral wall, 9 cm/s [3–6].
Speckle tracking echocardiography measures

the myocardial deformation (strain) and is supe-
rior to myocardial velocities in assessment of LV
systolic function because it is angle independent
and easy to calculate compared with tissue Dop-
pler counterpart. Global longitudinal strain
(GLS) is calculated from the mean of 18 cardiac
segments obtained from apical four-chamber,
three-chamber and two-chamber views [7], nor-
mal value of GLS from –18% to –21.5% [8].
2. Materials and methods

2.1. Study population
In this study 66 patients were enrolled for eval-

uation of ejection fraction and GLS between Jan-
uary 2016 and December 2016. All participants
attended Al-Najaf Cardiac Center, Najaf, Iraq for
evaluation of chest pain, dyspnea, orthopnea,
paroxysmal nocturnal dyspnea, and/or leg edema.
Framingham criteria were used for clinical diag-
nosis of heart failure. Validated congestive heart
failure is considered if two major or one major
and two minor criteria are present concurrently.
Major criteria include: paroxysmal nocturnal dys-
pnea, orthopnea, elevated jugular venous pres-
sure, rales, third heart sound (s3), cardiomegaly,
or pulmonary edema. Minor criteria include:
peripheral edema, night cough, dyspnea on exer-
tion, hepatomegaly, pleural effusion, heart
rate > 120/min, weight loss � 4.5 kg in 5 days with
diuretic. Study population were classified into
three groups according to clinical and echocardio-
graphic findings: (1) Group 1: 24 patients with
overt heart failure (fulfilled Framingham criteria)
with LVEF < 40% (HFrEF); (2) Group 2: 22 patients
with symptoms and or signs of heart failure (ful-
filled Framingham criteria) with EF > 50% and left
atrial volume index (LAVI) 34 mL/m2 or a left ven-
tricular mass index (LVMI) � 115 g/m2 for males
and � 95 g/m2 for females and/or E/e0 �13 [ac-
cording to European Society of Cardiology (ESC)
criteria], and a mean e0 septal and lateral wall
9 cm/s (HFpEF). Diagnostic criteria for this group
did not include measurement of BNP, because
assessment of natriuretic peptides is not routinely
done in clinical practice [2]; and (3) Group 3: 20
patients with risk factor for heart failure who pre-
sented with atypical chest pain or mild dyspnea
who did not have specific symptoms and signs of
heart failure and echocardiography showed pre-
served LVEF > 50% with E/e < 8 with no structural
abnormality (considered as control group).
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2.2. Echocardiographic measures
All patients were examined at the Al-Najaf

Cardiac Center by a Vivid E9 GE healthcare
echocardiographic machine using a 3.5 MHz
probe; quantitative measure of LVEF, LV dimen-
sion, and LA dimension were performed accord-
ing to the recommendation of American
Echocardiographic Society [8]. All patients were
examined in the left lateral position. LVEF was
determined using Simpson’s method by measur-
ing LV volume in systole and diastole obtained
from apical four- and two-chamber views. LV
diastolic function was measured by using Pulse-
waved Doppler inflow examination for the assess-
ment of peak early flow velocity (E) and decelera-
tion time, the sample volume was placed
perpendicular on the tip of mitral valve. Tissue
Doppler Imaging (TDI) of mitral annulus was
measured from apical four chamber view, sample
volume was placed 1 cm at the septal and lateral
annulus of mitral valve, early diastolic peak E0

was measured at septal and lateral annulus of
mitral valve. The E/e0 ratio was measured from
the average of the septal and lateral E0. Two-
dimensional tissue speckle tracking images were
acquired in the apical four-chamber, apical
three-chamber, and apical two-chamber long axis
views at a frame rate of 40–90 frames/s.

2.3. Echocardiographic analysis

The analysis of data was done by the same car-
diologist using Automated Functional Images
(AFI) software from a vivid E9 GE Healthcare
echocardiographic machine (GE Healthcare,
USA). The endocardium was tracked algorithmi-
cally throughout the cardiac cycle in a single
Table 1. Demographic description and echo findings of the study
HFpEF group and control group.

Variable HFrEF (n = 20)

Age (y) 61 � 5
Sex, female 5 (25)
Body mass index (kg/m2) 26.10 � 3.78
Diabetes mellitus 14 (70)
Hypertension 18 (90)
Systolic blood pressure (mmHg) 154.00 � 12.10
Diastolic blood pressure (mmHg) 97.25 � 10.70
LVEF (%) 32.75 � 8.45
LV mass index (g/m2) 102.25 � 20.21
LA volume index (mL/m2) 34.85 � 3.94
LA parasternal (mm) 39.24 � 12.73
E/E‘ 13.42 � 1.92
GLS (%) �10.72 � 1.99

Data are presented as mean � standard deviation or n (%).
GLS = global longitudinal strain; HFpEF = heart failure with preserved ejectio
atrium; LV = left ventricle; LVEF = left ventricular ejection fraction.
frame. The area of interest was manually adjusted
to ensure that all layers of myocardium are
involved. The subendocardium and trabeculae of
the left ventricle are not included. By using AFI
software the value of longitudinal strain derived
from the apical three-chamber view, apical two-
chamber view, and apical four-chamber view were
automatically calculated and the average of the
three was regarded as left ventricular GLS. If
two segments were not visualized, AFI was con-
sidered not valid.

2.4. Ethical considerations
Formal approval was obtained from the commit-

tee of the Iraqi Board of Medical Specializations,
and legal agreements were obtained from related
offices. Informed consent was obtained from par-
ticipants after clear explanation of the purpose of
the study and the type of data required, and
respondents were assured of data confidentiality
and anonymity.

2.5. Statistical analysis

SPSS software version 23.0 (SPSS Inc., Chicago,
IL, USA) was used for performing statistical anal-
ysis. Continuous data are presented as
mean � standard deviation and qualitative data
are presented as n (%). Comparison of study
groups were carried out using Student t test. Pear-
son product–moment correlation coefficient was
also used to compute the relationship between
continuous variables. A p value < 0.05 was consid-
ered statistically significant. Power calculation for
estimation of sample size was used, it was calcu-
lated that analysis of variance (ANOVA) with
three different groups, given the power of 0.9
subjects. The p value was obtained using comparison between

HFpEF (n = 20) Control (n = 20) p

60 � 7 56 � 4 0.068
8 (60) 9 (45) 0.749
27.41 � 4.14 25.90 � 3.21 0.204
6 (30) 12 (60) 0.057
12 (60) 17 (85) 0.077
149.40 � 15.25 145.50 � 10.12 0.347
94.35 � 10.21 88.25 � 6.54 0.030
60.45 � 7.40 61.90 � 2.94 0.421
115.85 � 11.08 92.40 � 4.44 <0.001
35.80 � 3.19 29.00 � 2.25 <0.001
42.75 � 4.10 20.75 � 17.72 <0.001
13.87 � 1.13 6.74 � 1.08 <0.001
�15.03 � 2.03 �19.74 � 1.12 <0.001

n fraction; HFrEF = heart failure with reduced ejection fraction; LA = left



Table 2. Comparison of echo findings and GLS value between HFrEF and HFpEF group.

Variable HFrEF (n = 20) HFpEF (n = 20) p

LVEF (%) 32.75 � 8.45 60.45 � 7.40 <0.001
LV mass index (g/m2) 102.25 � 20.21 115.85 � 11.08 0.012
LA volume index (mL/m2) 34.85 � 3.94 35.80 � 3.19 0.407
LA parasternal (mm) 39.24 � 12.73 42.75 � 4.10 0.248
E/E0 13.42 � 1.92 13.87 � 1.13 0.378
GLS (%) �10.72 � 1.99 �15.03 � 2.03 <0.001

Data are presented as mean � standard deviation.
GLS = global longitudinal strain; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; LA = left
atrium; LV = left ventricle; LVEF = left ventricular ejection fraction.
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and effect size of 0.5 with a significance level of
0.05 the sample size would be 17.91, therefore, 20
participants were studied in each of the three
study groups (total of 60 participants).
Figure 1. Scatter diagram showing the relationship between LVEF
and GLS value in HFpEF group, HFrEF group, and Control group.
GLS = global longitudinal strain; HFpEF = heart failure with pre-
served ejection fraction; HFrEF = heart failure with reduced ejection
fraction; LVEF = left ventricular ejection fraction.

Figure 2. Receiver operating characteristics curve analysis for the
accuracy of GLS in differentiating HFpEF group from control group.
AUC = area under curve; GLS = global longitudinal strain;
HFpEF = heart failure with preserved ejection fraction.
3. Results

This research included 66 patients: 22 with
HFpEF, 24 with HFrEF, and 20 controls. All
patients had undergone echocardiography, but
six patients were excluded (2 with HFpEF, 4 with
HFrEF) due to inadequate images for reliable
AFI analysis. Characteristics of the patients are
represented in Table 1.
Comparison between Group 1 (HFrEF) and

Group 2 (HFpEF) regarding the echocardiographic
finding have shown that there was significant dif-
ference in LVEF and LV mass index but there was
no significant difference in LA volume index and
LA dimension and E/e0 ratio (Table 2).
The comparison of echocardiographic change

between Group 2 (HFpEF) and control Group 3
have shown no significant difference in LVEF
but there was significant difference in LA volume
index, LA dimension, and E/e0 ratio (Table 1).
Regarding GLS value there was significant dif-

ference between Group 1 (HFrEF) and Group 2
(HFpEF) despite normal LVEF, however the
reduction was severe in Group 1 (Table 2),
whereas study of GLS value in Group 2 (HFpEF)
and Group 3 (control) revealed significant impair-
ment of GLS in Group 2 in comparison with con-
trol Group 3 despite normal LVEF (Table 1).
A Pearson product–moment correlation coeffi-

cient was computed to assess the relationship
between the LVEF and GLS value in both HFpEF
group and control group. There was a negative
correlation between the two variables in HFpEF
(r = �0.69, n = 20, p = 0.001). A scatter diagram
summarizes the results (Fig. 1).
There was also a negative correlation between

the two variables in the control group (r = �0.55,
n = 20, p = 0.011) summarized in the scatter dia-
gram in Fig. 1. Receiver operating characteristics
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(ROC) curve analysis was performed, with area
under the curve (AUC) of 0.9875 (Fig. 2).
4. Discussion

In this study it was observed that the patients
with HFpEF have LV systolic dysfunction detected
by GLS. GLS decrement in patients with HFpEF
probably caused by regional decline in longitudi-
nal strain of left ventricle. By using GLS of the left
ventricle HFpEF can be distinguished from the
control. AFI is good and accurate for measuring
of GLS of the left ventricle with a higher diagnos-
tic value than other echocardiographic parameters
such as LVEF and E/E0 ratio in assessment of
patients with HFpEF and in differentiation
between patients with HFpEF from controls [7,9].
It is controversial whether impairment in the

systolic function can be detected in patients with
HFpEF. Several studies have found a reduction
in global or regional systolic peak velocities in
patients with HFpEF [10–11].
Yip et al. [12] demonstrate that there was LV

systolic dysfunction measured by TDI of mitral
annular peak velocity and amplitude in patients
with HFpEF and LV hypertrophy.
Wang et al. [11] found a reduction in LV longitu-

dinal and radial strain in patients with HFpEF.
Although there is a significant difference in the
GLS between patients with HFpEF and normal
control groups, the control group were younger
than HFpEF and did not have any risk factors such
as ischemic heart disease (IHD), diabetes mellitus,
and hypertension which could result in reduction
in the value of GLS between the group [11]. It
could not be ascertained that the reduction in
the GLS was due to heart failure, aging, or from
other concomitant risk factor. In this study the
GLS was measured by speckle tracking echocar-
diography and calculated using AFI in patients
with HFpEF and compared with age- and sex-
matched control group.
There was no difference in LVEF between the

HFpEF group and control group but there was sig-
nificant difference in the GLS value between these
groups i.e., higher in the control group.
Based on (single syndrome) hypothesis of heart

failure [13,14] HFpEF and HFrEF are regarded to
be different phenotypes of the same disease, thus
patients with HFpEF presented with regional dys-
function in the function of longitudinal axis and
diastolic dysfunction [15].
Patients with HFpEF are usually old, obese, and

have multiple comorbidity i.e., hypertension, dia-
betes mellitus, ischemic heart disease. These dis-
eases can result in micro- and macrovascular
dysfunction as well as muscle fibrosis.
Because the endocardium of the left ventricle is

more sensitive to the harmful effect of ischemia or
hypertrophy, the decreased LV longitudinal func-
tion can be detected early by using GLS [11,16].
All patients with HFpEF have a reduction in the

GLS value of the left ventricle. This indicates that
impairment of LV systolic function can be
detected by AFI in those with HFpEF whether
ischemia is present or not, the longitudinal fiber
of the subendocardial layer in position making
them more liable for ischemia, ventricular hyper-
trophy, and any abnormality in contraction and
relaxation [17,18].
In this study all layers of myometrium were

assessed by AFI for measuring LV GLS, so that
despite subendocardium ischemia and hypoper-
fusion that play a role in systolic dysfunction of
the left ventricle, the other mechanisms are not
yet recognized [15,19]. The exact mechanism
requires further investigation.
The study has some limitations. Measurement

of BNP or pro-BNP were not performed for the
study participants and diagnosis was based on
clinical history, physical examination, electrocar-
diogram, and echocardiography. ESC guidelines
suggest measuring circulating NP levels for
patients, however, if NP level was not available;
it is indicated to perform echocardiography for
the patient.
5. Conclusion

GLS can be considered a significant measure for
diagnosis of left ventricular systolic dysfunction in
patients with symptoms of heart failure with nor-
mal LVEF.
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