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Abstract 

Introduction: our aim was to investigate the value 
of conventional echocardiography, pulsed Doppler 
and speckle tracking imaging (STI) analysis in the 
assessment of the left ventricular (LV) myocardial 
function in hemodialysis (HD) patients with 
preserved LV ejection fraction and to evaluate the 
effect of a single HD session on the LV systolic and 
diastolic functions. Methods: the study population 
consisted of 30 chronic HD patients. 
Echocardiography and Doppler studies were 
performed before and after HD. The LV global 
longitudinal, circumferential and radial strains 
were measured with two and three-dimensional 
STI. Results: after HD, LV dimensions, left atrium 
(LA) area, systolic pulmonary arterial pressure and 
inferior vena cava diameter decreased 
significantly. The peak mitral E velocity, the E/A 
ratio of the mitral inflow and the lateral E/E´ ratio 
decreased also significantly. The LV and LA 
volumes index and LV mass index (LVMi) decreased 
remarkably after HD. The 3D- LV and LA ejection 
fractions were unchanged after HD. Although, 3D-
estimated LVEF seemed to be preserved in the HD 
patients, the 2D and 3D- strain rates were 
decreased in all directions. The global strain values 
improved in all directions after a single HD session. 
Inverse correlations were found between the LVMi, 
serum BNP and LV global longitudinal strain. 
Conclusion: in HD patients with preserved LV 
ejection fraction, the STI analysis may add 
important information concerning the subclinical 
LV dysfunction. 

Introduction     

Chronic kidney disease (CKD) is a worldwide public 
health problem, which is associated with an 
increased morbidity and cardiovascular diseases. 
As compared with healthy individuals, mortality is 
increased by 10- to 20- fold in hemodialysis (HD) 
patients [1], and is especially due to ischemic heart 
disease and cardiomyopathy. Echocardiography is 
a feasible and non-invasive method to detect 
changes in cardiac structure and function in HD 

patients. The standard echocardiographic indices 
such as left ventricular fractional shortening 
(LVFS), left ventricular ejection fraction (LVEF), 
transmitral flow velocities are commonly used to 
study the cardiac status and to evaluate the LV 
function, but seem to be insufficient to detect LV 
impairment in CKD patients, who may present LV 
hypertrophy [2, 3]. Because of the impairment of 
the LV function is a major determinant of survival 
in HD patients [4], advanced echocardiography 
methods to evaluate the myocardial performance 
may be helpful, even if ejection fraction is still 
preserved. Tissue Doppler imaging (TDI) is non-
invasive tool which has improved the assessment 
of some structural and functional properties of the 
myocardium [5]. 

TDI is pretended to be a useful diagnostic method 
to detect the LV dysfunction and acute changes in 
LV function [6, 7]. But, it has some important 
limitations as the angle-dependence [8]. 
Therefore, some new tools such as speckle 
tracking imaging (STI) have emerged to quantify all 
aspects of myocardial deformation [9]. By 
measuring displacement between 2 different 
points in a myocardial segment, strain provides a 
means to determine myocardial deformation, 
which relates to fibrosis and contractile 
function [9]. The average strain in the various 
myocardial segments yields different strain 
parameters as global longitudinal strain (GLS), 
global radial strain (GRS) and global 
circumferential strain (GCS). These measures are 
reproducible and could help to better understand 
the ventricular function changes linked to HD 
treatment. The aim of our study was to investigate 
the value of conventional echocardiography, 
pulsed TDI and speckle tracking analysis in the 
assessment of LV myocardial function in HD 
patients with preserved LV ejection fraction and to 
evaluate the effect of a single HD session on LV 
systolic and diastolic function. 

Methods     

Study population: the study was performed in a 

tertiary care centre of cardiology between 01st 
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May 2014 and 28th June 2014. We enrolled 30 
chronic HD patients, who underwent maintenance 
HD treatment three times weekly. All patients 
were asymptomatic before inclusion. Patients with 
known coronary artery disease, cardiac 
arrhythmias, cardiomyopathy or severe valvular 
disease diagnosed by echocardiography were not 
included. All patients had preserved left 
ventricular ejection fraction (LVEF) of 50% or 
greater. All the study participants provided their 
consent before entering the study. After physical 
examination, different parameters were recorded 
for all patients before and after HD: height, 
weight, heart rate and blood pressure. Body 
surface area (BSA) was calculated by the Mosteller 
formula [10]. Blood analysis for serum electrolytes 
and Brain natriuretic peptide (BNP) was performed 
for all patients before and after HD session. Two 
and three - dimensional transthoracic 
echocardiography (TTE) and Doppler studies were 
also performed immediately before and after HD 
using a GE Vivid E9 ultrasound machine. 

Standard echocardiography: parasternal long-axis 
view was used for the M-Mode measurements of 
left atrial diameter, interventricular septal, LV 
posterior wall thickness (IVST and LVPWT), LV end-
diastolic and end-systolic dimensions (LVEDd and 
LVESd). In addition, left atrial area and volume 
were determined. LV fractional shortening (LVFS) 
was calculated as (LVEDd - LVESd)/LVEDd. LV 
ejection fraction (LVEFs) was calculated from LV 
volumes by the modified biplane Simpson rule and 
expressed as a percentage. 

The pulsed Doppler transmitral flow velocity 
profile was obtained from the apical four-chamber 
view by the sample volume positioned below the 
mitral leaflets. Different parameters were 
evaluated: peak transmitral flow velocity in early 
diastole (E), peak transmitral flow velocity in late 
diastole (A), mitral A wave duration (dAm), E/A 
ratio, and the E deceleration time (DT). The 
isovolumetric relaxation time (IVRT) was measured 
with a recording simultaneous mitral filling flow 
and aortic ejection flow. Analysis of pulmonary 
venous flow was realised at the right superior 

pulmonary vein. The amplitude of the S (peak S), D 
(peak D) waves, the ratio S/D and the duration of 
Ap wave (dAp) were measured. The difference 
between the pulmonary and mitral A waves 
duration (dAp-Am) was determined. 

Doppler tissue imaging (TDI) was performed in the 
four-chamber view, with the mitral and tricuspid 
annular planes perpendicular to the ultrasound 
beam. Pulsed TD sample volume was placed at the 
septal and lateral aspects of the mitral annulus, 
and at the lateral aspect of the tricuspid annulus. 
Measurements were made of peak systolic (S), 
peak early diastolic (E´), and late peak diastolic 
myocardial velocities (A´), and the E´/A´ratio at the 
lateral mitral annulus. The color M-mode Doppler 
flow propagation velocity (Vp) was obtained by 
combined color-flow Doppler and TM-mode 
interrogation of the mitral inflow during diastole. 

Speckle tracking imaging and three-dimensional 
echocardiography analysis: for the tracing of the 
endocardium and epicardium, the following views 
were displayed: the apical four-chamber view, the 
apical two-chamber view, the apical three-
chamber view and the three short-axis views, the 
apex of the LV, the midlevel of the LV, and the 
basal level of the LV. The LV endocardium and 
epicardium were traced automatically, and the 
tracings were refined with further adjustment. We 
performed two-dimensional strain analysis, 
including the global longitudinal strain (2D-GLS), 
radial strain (2D-GRS), and circumferential strain 
(2D-GCS) (Figure 1). ECG-gated subvolumes from 
six consecutive cardiac cycles were recorded from 
apical approach at end expiratory breath-hold for 
multi-beat reconstruction of the entire LV. 

To measure LV end- diastolic and end-systolic 
volumes (3D-LVEDV and 3D-LVESV), LA volume, LV 
ejection fraction (3D-LVEF) and mass, and to 
perform the 3D global strain analysis, dedicated 
software was used (4D Auto LVQ, GE Healthcare, 
Horten, Norway). The 3D LV mass (LVMi) was 
indexed to BSA. LV hypertrophy was defined as 
LVMi >91 g/m² [11]. At speckle tracking analysis, 
acceptance or rejection of LV segments were 
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guided by the software´s recommendations. After 
careful assessment of the segmental strain curves 
by the operator, patients who had more than 3 
rejected segments were excluded from the study. 
We defined global longitudinal (3D-GLS), radial 
(3D-GRS) and circumferential (3D-GCS) as the 
average peak systolic strain values of the 17 LV 
segments for the corresponding deformation 
parameters (Figure 2). 

Statistical analysis: statistical analysis was 
performed using Statistical Package for Social 
Sciences version 20.0 (SPSS, Chicago, IL, USA). 
Continuous variables with normal distribution 
were presented as the mean (standard deviation, 
SD). Qualitative variables were given as percent. 
Correlations between continuous variables were 
assessed using Pearson´s or Spearman´s 
correlation analysis. To compare variables before 
and after HD, paired t test (for the parametric 
variables) and Wilcoxon test (for the non-
parametric variables) were performed. A p-value 
under 0.05 was considered as statistically 
significant. 

Results     

Clinical characteristics: the baseline demographic 
and clinical features of the study population are 
summarized in Table 1 and Table 2. The mean age 
was 44.93 ± 13.46 years, and 19 (63.3%) of the 
patients were male. The results of relevant 
laboratory tests before and after HD are shown in 
Table 2. After HD session, systolic and diastolic 
blood pressures, body weight, BSA, urea, 
creatinine and phosphorus levels decreased (all 
p < 0.01). BNP levels decreased also significantly 
after HD (253.33 (222.90) vs 221.56 (197.79) 
pg/mL, p < 0.01). 

Echocardiographic characteristics 

MM and two-dimensional echocardiographic 
parameters: M-mode and two-dimensional 
echocardiographic changes are shown in Table 3. 
After HD, LV end-diastolic and end-systolic 
dimensions, LA area, systolic pulmonary arterial 

pressure (PAPS) and inferior vena cava diameter 
decreased significantly (Table 3). However, there 
was no significant difference in the LVFS and 
LVEFs. 

Doppler parameters: Table 4 summarizes the 
measured LV Doppler findings. After HD, the peak 
mitral E velocity and the E/A ratio of the mitral 
inflow decreased significantly (p <0.01). The 
systolic wave velocities (S), early diastolic 
velocities (E´), late peak diastolic velocities (A´) at 
the lateral side of the mitral annulus and the E´/A´ 
ratio remained unchanged. Finally, the E/E´ ratio 
at the lateral side of the mitral annulus decreased 
significantly after HD (p = 0.01). 

Three-dimensional volumetric parameters and 
STI analysis: LV and LA end-diastolic and systolic 
volumes index and LV mass index decreased 
remarkably after HD. The 3D- LV and LA ejection 
fractions were unchanged after HD (3D- LVEF: 
58.46 (7.14)% vs 58.90 (7.03)%, p = 0.74, 3D- LAEF: 
37.66 (17.65) vs 39.65 (13.32), p = 0.53). Although, 
3D-estimated LV ejection fraction seemed to be 
preserved in the hemodialysis patients, the 2D and 
3D- strain rates were decreased in all directions. 
The global strain values improved in all directions 
after a single HD session (Table 5). LVEF was 
determined by the deformation parameters and 
their correlation became stronger after HD 
(Table 6). Inverse correlations were found 
between the left ventricular mass index (LVMi), 
two and three-dimensional global longitudinal 
strain (r = -0.418, p = 0.02 and r = -0.777,  
p < 0.01). The serum BNP levels were inversely 
correlated with the three-dimensional global 
strain rate (r = -0.673, p < 0.01). The Calcium × 
Phosphorus showed also inverse correlations with 
the global longitudinal strain (r = -0.722, p = 0.02). 
However, there were no correlation between 
impaired strain rate, hemoglobin, parathyroid 
hormone and blood pressure. 

Discussion     

The changes in cardiac function and structure 
remains incompletely characterized in patients 
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with chronic kidney disease (CKD) undergoing 
hemodialysis (HD). In fact, the myocardial effects 
of uremia and HD are difficult to determine, 
because micro- and macro-vascular ischemia in 
CKD patients significantly deteriorates myocardial 
mechanics and results in LV remodelling [12, 13]. 
Furthermore, fluid retention, volume and pressure 
overload, anaemia, abnormalities of calcium 
phosphate metabolism and hyperparathyroidism 
may cause cardiac dysfunction and changes in HD 
patients such as myocardial hypertrophy [14, 15]. 
Imbalance in myocardial perfusion, diastolic and 
systolic dysfunction can all be evident 
consequences of pathological hypertrophy. The 
relaxation impairment is usually the first sign of 
the deterioration of LV mechanics in the presence 
of increased LV mass [16]. The LV remodelling, 
coronary artery disease and myocardial fibrosis 
may also contribute to LV dysfunction in uremic 
patients with apparently preserved LVEF [17]. 

In this study, the systolic and diastolic LV functions 
throughout the cardiac cycle using standard TTE, 
Doppler, three-dimensional volumetric 
parameters and speckle tracking analysis were 
investigated before and after a single HD session 
in asymptomatic patients with apparently 
preserved LVEF. The main results of this study are: 
(1) the LV diastolic and systolic function were both 
impaired in HD patients; (2) although the global 
systolic LVEF estimated by conventional TTE 
methods seemed to be normal, longitudinal, radial 
and circumferential strain rates were decreased 
indicating that LV function was really impaired; 
(3) the LV volumetric parameters and function 
were improved after a single HD session. 

Our study showed that HD induced significant 
changes in diastolic LV function. In several 
previous studies, the HD induced significant 
decrease in peak E of the mitral inflow and E/A 
ratio without any significant changes of peak A 
and DT [5, 18, 19]. Indeed, the conventional 
parameters of LV diastolic function were pre-load 
dependent and HD really reduced the pre-load 
resulting in decreased peak early filling velocities 
that may reveal delayed relaxation not apparent 

prior to HD. In our study, HD revealed delayed 
relaxation in 3 patients whose mitral inflow was 
pseudo-normal. After HD, different responses of 
TDI-derived diastolic velocity measurements were 
reported in the previous studies using TDI. In our 
study, after HD, there was no significant reduction 
in peak early diastolic (E´), late peak diastolic 
myocardial velocities (A´), and the E´/A´ ratio at 
the lateral mitral annulus. This was in accordance 
with some previous findings in which the TDI-
derived measurements were not significantly 
affected after HD [7, 18, 20]. 

In contrast, Abid et al. [5], Dincer et al. [21] and 
Agmon et al. [22] related a significant reduction of 
TDI-derived indices of diastolic LV function after 
HD. Hung et al. [19] demonstrated also that TDI-
derived velocities of LV function changed 
depending on the extent of the loading 
alterations. Ie et al. [23], in a study comparing CKD 
patients before and after HD, found also that 
volume overload before HD resulted in an 
underestimation of the degree of diastolic 
dysfunction. Hence, the LV diastolic function 
should be assessed in a normovolemic state, 
specifically at the end of the HD session. There 
was also a significant reduction of the E/E´ ratio 
after HD according to our results and some other 
previous data [5, 7, 19]. Therefore, these different 
findings suggest that TDI parameters of LV 
diastolic function are pre-load dependent. The 
disparity in these results may result in the 
difference of the methodology of different studies, 
the variation of the heart rate, the degree of 
change in pre-load and after-load, the clinical 
conditions of the studied population and the 
patients age. Furthermore, these previous studies 
have used only conventional echocardiographic 
indices of myocardial systolic function such as 
ejection fraction and fractional shortening, which 
are frequently found to be normal in CKD 
patients [24]. In fact, these methods were quite 
limited because of the major dependence with 
load-conditions variation [24]. These parameters 
frequently overvalue the LV function in 
hypertrophic cardiomyopathy [25]. In another 
side, the global LV function reflects the sum of all 
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of the regional shortening in the left ventricle, and 
regional wall motion impairment may not reduce 
the LVEF unless several segments are 
involved [17]. So that, some studies focused on 
the use of TDI-derived velocities of systolic 
myocardial function and showed a significant 
increase of the peak systolic myocardial velocity 
(S´) reflecting the improvement of the myocardial 
contractility after HD [18, 24]. 

Nevertheless, TDI has some important limitations. 
Actually, if the angle of interrogation between the 
tissue motion and ultrasound beam is greater than 
20°, the peak values will be significantly reduced. 
Additionally, TDI is unable to resolve the 
difference in motion of a myocardial segment that 
may be actively contracting or simply being 
displaced due to the tethering effect from the 
adjacent segment. Reverberations and side lobes 
can also introduce error that may overestimate or 
underestimate the myocardial deformation [8]. So, 
more recent studies focused on the regional and 
global strain analysis for the assessment of the LV 
regional function. The strain analysis is an 
echocardiographic method based on tracking of 
characteristic speckle patterns created by 
interference of ultrasound beams in the 
myocardium, and has the advantage of measuring 
tissue velocities and deformation in an angle-
independent fashion. The technique allows for 
simultaneous qualification in the long and short 
axes and quantification of regional wall motion 
abnormalities in all the myocardial segments [8]. 
Before HD, longitudinal, radial and circumferential 
strains were all reduced in our patients and a 
single HD session resulted in an immediate 
decrease in the LV mass and an improvement of all 
volumetric parameters and analysed myocardial 
deformation directions. Previous data in the 
literature showed a similar decrease in uremic 
patients [8, 17, 26]. Similarly, strain analysis 
demonstrated early decrease in global 
longitudinal, radial and circumferential strain in 
patients with hypertrophic cardiomyopathy [25] 
and hypertensive cardiomyopathy [27]. Thereby, 
LV hypertrophy could have potentially a role in the 
etiology of the abnormalities identified by the 

strain study. In our patients, the early myocardial 
deformation alterations may have been caused by 
the LV hypertrophy as presumed from the strong 
correlations found between strain values and the 
LVMi. 

There were different responses to the strain 
analysis after HD. As comparable to our data, 
Kovács et al. [28] and Yan et al. [8] reported a 
significant increase in all myocardial strain 
directions after HD. But, the strain values still 
altered comparing with strain values in the control 
groups. The improvement of myocardial 
deformation may be explained by the removal of 
overhydration gained during the interdialytic 
period [28]. Fagugli et al. [29] showed that daily 
HD allows optimal control of the volume fluid, 
blood pressure and a reduction in the LVM. 
Although LV hypertrophy can be a normal adaptive 
response to increased pressure and volume 
overload, it demonstrates pathophysiological 
changes in uremic patients, such as cardiomyocyte 
apoptosis, fibrosis and myocardial calcifications. 
Overhydration and accumulation of uremic toxins 
may influence the development of LV hypertrophy 
and LV dysfunction in CKD [8]. This suggests that 
hemodialysis could improve cardiac function. Our 
results are substantially in accordance with these 
findings. One of the aims of this study was to 
determine the ability of strain analysis to detect 
latent LV impairment in HD patients with 
apparently preserved EF. It showed that these new 
echocardiographic parameters could identify LV 
dysfunction in HD patients early in the evolution of 
their disease. The careful monitoring of systolic 
dysfunction may help in the selection of the type 
of appropriate renal corrective therapy to reduce 
the occurrence of cardiovascular disease and also 
to improve survival in these patients [30]. 

Study limitations: this study had several 
limitations. First of all, the relatively small number 
of patients may present a limitation for the 
validation of the efficiency of the methods and 
data. The temporal and spatial resolutions are 
relatively lower in the 3D-STI than in the 2D-STI. 
Therefore, several patients had to be excluded 
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because the image quality in 1 or more segments 
was insufficient for the STI analysis. Furthermore, 
there was no control group to compare the 
different echocardiographic findings. Finally, our 
study was an observational study and did not 
include the long-term cardiovascular event rates 
or survival assessment of the HD patients, the 
relationship between the results and the 
cardiovascular prognosis didn´t be evaluated. 

Conclusion     

In CKD asymptomatic patients with preserved 
LVEF, the STI analysis may add important 
information concerning the LV myocardial 
function. In fact, subclinical LV deformation and 
dysfunction exist in HD patients and STI offers a 
new tool to detect and predict the LV myocardial 
function changes. After a single HD treatment, the 
myocardial LV deformation improved in all 
directions. This could be due to optimal control of 
the volume fluid, blood pressure and a reduction 
in the LVM. Finally, the strain assessment may 
contribute to better vascular risk stratification and 
survival improvement in HD patients. 

What is known about this topic 

• Many clinical studies in medical literature 
evaluated the effects of hemodialysis on 
left ventricular myocardial systolic and 
diastolic functions; 

• The echocardiographic findings remained 
controversial in the assessment of 
myocardial function, and identifying early 
subclinical changes in hemodialysis 
patients; 

• The speckle tracking echocardiography is a 
relatively new non-invasive imaging 
technique that allows an objective 
assessment of the regional and global 
myocardial function. 

What this study adds 

• The present study highlights the 
importance of the echocardiographic study 
to detect progressive changes in the 

hemodialysis patients before and after a 
single hemodialysis session; 

• The conventional echocardiography can 
detect some differences in hemodialysis 
patients but it is incapable to reveal 
differences in intrinsic myocardial 
functions: thereby, the evaluation of 
speckle tracking echocardiography can be 
useful for identifying previously undetected 
differences and subclinical changes before 
and after a single hemodialysis session. The 
present study showed the 2D and 3D- strain 
rates were decreased in all directions in the 
study population; the global strain values 
improved in all directions after 
hemodialysis; inverse correlations were 
found between the left ventricular mass 
index, serum BNP and left ventricular 
global longitudinal strain; 

• Considering our results and the large 
heterogeneity of echocardiographic pattern 
generally found in hemodialysis, several 
possible clinical applications of deformation 
parameters approach can be advised. 
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Tables and figures     

Table 1: baseline characteristics of the study 
population (30 patients) 
Table 2: variables before and after hemodialysis in 
the study population 
Table 3: comparison of MM and 2D-
echocardiographic parameters before and after 
hemodialysis in the study population 
Table 4: comparison of Doppler indices before and 
after hemodialysis in the study population 
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Table 5: comparison of the three-dimensional 
volumetric findings and the 2D and 3D- strain 
parameters before and after hemodialysis in the 
study population 
Table 6: correlations between strain values, LVEF, 
BNP and LVMi before and after hemodialysis 
Figure 1: demonstration of two-dimensional 
speckle tracking imaging (2D-STI) analysis; after 
the reference points are set, the software shows 
the endocardial border tracking in different views; 
a) the apical 4-chamber view (the endocardial 
tracking is performed automatically through the 
entire cardiac cycle by 2D-STI); b) the LV 
longitudinal time velocity curves obtained from 
the apical 4- 3- and 2- chamber views in 
hemodialysis patients 
Figure 2: demonstration of three-dimensional 
speckle tracking imaging (3D-STI) analysis; after 
the reference points are set, the software shows 
the endocardial border tracking in different views; 
apical 4-chamber view, apical 2-chamber view, 
apical left ventricular longitudinal view; and three 
short-axis views from apex to base; the 
endocardial tracking is performed automatically 
through the entire cardiac cycle by 3D-STI 
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Table 1: baseline characteristics of the study population (30 patients) 

Variable Number, % 

Age (years (SD)) 44.93 (13.4) 

Male 19 (63.3%) 

Systemic hypertension 13 (43.3%) 

Diabetes 4 (13.3%) 

Dyslipidaemia 10 (33.3%) 

Average duration of chronic HD (years (SD)) 7.14 (5.9) 

Fluid removal (L (SD)) 2.26 (0.5) 

Cause of end-stage renal disease   

Interstitial nephritis 6 (20%) 

Glomerulonephritis 4 (13.3%) 

Vascular nephritis 3 (10%) 

Diabetic nephritis 2 (6.7%) 

Hereditary 2 (6.7%) 

Unknown 13 (43.3%) 

HD: hemodialysis 
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Table 2: variables before and after hemodialysis in the study population 

Variable Pre-HD Post-HD p-value 

Clinical variables 

Systolic BP (mmHg) 126.97 (16.09) 116.93 (15.10) < 0.01 

Diastolic BP (mmHg) 80.23 (8.15) 73.27 (8.02) < 0.01 

Heart rate (bpm) 78.46 (13.68) 75.36 (10.98) 0.247 

Body weight (kg) 62.31 (9.56) 60.55 (9.61) < 0.01 

BSA (m²) 1.68 (0.15) 1.65 (0.15) < 0.01 

Laboratory tests 

BNP (pg/mL) 253.33 (222.90) 221.56 (197.79) < 0.01 

Urea (mmol/L) 22.53 (5.07) 5.27 (2.99) < 0.01 

Creatinine (µmol/L) 849.43 (147.90) 246.17 (103.87) < 0.01 

Calcemia (mmol/L) 2.23 (0.20) 2.55 (0.20) < 0.01 

Phosphoremia(mmol/L) 1.67 (0.50) 0.66 (0.30) < 0.01 

Data are presented as mean (SD) BP: blood pressure, BSA: body surface area, BNP: brain natriuretic peptide 

 

 

Table 3: comparison of MM and 2D-echocardiographic parameters before and after hemodialysis in the 
study population 

Parameter Pre-HD Post-HD p-value 

LA diameter (mm) 38.93 (5.28) 36.30 (4.19) < 0.01 

LA area (cm²) 19.27 (3.29) 17.00 (3.45) 0.03 

LA volume (ml/m²) 38.90 (14.52) 36.74 (12.70) < 0.01 

LVEDd (mm) 53.20 (6.44) 48.60 (4.47) < 0.01 

LVESd (mm) 31.20 (4.44) 28.76 (4.38) < 0.01 

IVST (mm) 11.03 (2.02) 10.86 (2.06) 0.67 

LVPWT (mm) 12.73 (2.34) 12.40 (2.22) 0.36 

LVMi (g/m²) 134.37 (49.10) 111.56 (34.83) < 0.01 

2D-LVEDVi (mL/m²) 60.04 (12.89) 56.38 (11.99) < 0.01 

2D-LVESVi (mL/m²) 23.53 (6.71) 20.52 (4.70) < 0.01 

LVFS (%) 41.06 (4.83) 40.13 (6.67) 0.49 

LVEFs (%) 61.36 (7.87) 62.36 (8.51) 0.53 

Inferior vena cava diameter (mm) 13.16 (3.38) 10.23 (3.49) < 0.01 

Data are presented as mean (SD) LA: left atrial, IVST: interventricular septal thickness, LVPWT: left ventricular 
posterior wall thickness, LVEDd: left ventricular end-diastolic dimension, LVESd: left ventricular end-systolic 
dimension, LVMi: left ventricular mass index, 2D-LVEDVi: two-dimensional left ventricular end diastolic 
volume index, 2D-LVESVi: two-dimensional left ventricular end systolic volume index, LVFS: left ventricular 
fractional shortening, LVEFs: left ventricular ejection fraction calculated by biplane Simpson method. 
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Table 4: comparison of Doppler indices before and after hemodialysis in the study population 

Parameter Pre-HD Post-HD p-value 

Mitral inflow 

Peak E (cm/sec) 96.06 (21.86) 80.00 (21.32) < 0.01 

Peak A (cm/sec) 84.16 (19.87) 80.00 (20.32) 0.07 

E/A ratio 1.20 (0.35) 1.04 (0.32) < 0.01 

DT (msec) 174.96 (41.76) 189.00 (46.85) 0.08 

IVRT (msec) 89.20 (17.87) 88.13 (18.51) 0.75 

Lateral mitral annulus 

Systolic wave (cm/sec) 10.60 (3.53) 11.43 (3.42) 0.15 

E’ peak velocity (cm/sec) 12.70 (3.98) 12.00 (3.59) 0.16 

A’ peak velocity (cm/sec) 11.43 (3.61) 10.66 (3.51) 0.10 

E’/A’ ratio 1.23 (0.62) 1.26 (0.70) 0.63 

Venous pulmonary inflow 

Peak S (cm/sec) 68.20 (13.64) 61.90 (15.10) 0.03 

Peak D (cm/sec) 57.20 (10.04) 50.50 (12.40) < 0.01 

S/D ratio 1.21 (0.29) 1.26 (0.33) 0.51 

LV filling pressure 

E/E’ (lateral) 8.18 (2.84) 7.12 (2.46) 0.01 

Vp (cm/sec) 78.50 (24.76) 68.56 (23.70) 0.14 

E/Vp 1.31 (0.44) 1.24 (0.44) 0.41 

dAp-Am (msec) -43.53 (35.00) -37.30 (26.01) 0.26 

PAPS (mmHg) 34.63 (8.67) 27.40 (6.74) < 0.01 

Elevated LV filling pressure 10 (33.3%) 1 (3.33%) < 0.01 

Data are presented as mean (SD) 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.panafrican-med-journal.com


Article  
 

 

Salma Charfeddine et al. PAMJ - 38(45). 15 Jan 2021.  -  Page numbers not for citation purposes. 13 

Table 5: comparison of the three-dimensional volumetric findings and the 2D and 3D- strain parameters 
before and after hemodialysis in the study population 

Parameter Pre-HD Post-HD p-value 

3D- volumetric findings 

3D-LVEDVi (mL/m²) 59.67 (19.53) 54.49 (15.09) 0.04 

3D-LVESVi (mL/m²) 24.57 (9.48) 21.93 (5.74) 0.04 

3D-LAESVi (mL/m²) 35.60 (12.25) 31.23 (10.12) <0.01 

3D-LAEDVi (mL/m²) 22.53 (11.82) 19.06 (7.96) 0.01 

3D-LVEF (%) 58.46 (7.14) 58.90 (7.03) 0.74 

3D-LAEF (%) 37.66 (17.65) 39.65 (13.32) 0.53 

LVMi (g/m²) 99.13 (18.06) 80.82 (18.27) <0.01 

Strain parameters 

2D-GLS (%) -16.43 (1.73) -18.49 (1.92) <0.01 

2D-GRS (%) 23.94 (9.25) 30.41 (14.10) 0.02 

2D-GCS (%) -20.23 (3.42) -21.46 (4.92) 0.11 

LAS (%) 31.55 (9.53) 34.77 (10.88) 0.04 

3D-GLS (%) -15.30 (3.23) -17.16 (2.75) <0.01 

3D-GRS (%) 22.46 (6.27) 27.15 (9.10) 0.03 

3D-GCS (%) -19.43 (4.52) -21.26 (3.72) 0.04 

Data are presented as mean (SD) 3D-LVEDVi: three-dimensional left ventricular end diastolic volume index, 
3D-LVESVi: three-dimensional left ventricular end systolic volume index, 3D-LAEDVi: three-dimensional left 
atrial end diastolic volume index, 3D-LAESVi: three-dimensional left atrial end systolic volume index, 3D-
LVEF: three-dimensional left ventricular ejection fraction, 3D-LAEF: three-dimensional left atrial ejection 
fraction, LVMi: left ventricular mass index, 2D-GLS: two-dimensional global longitudinal strain, 2D-GRS: two-
dimensional global radial strain, 2D-GCS: two-dimensional global circumferential strain, LAS: left atrial strain, 
3D-GLS: three-dimensional global longitudinal strain, 3D-GRS: three-dimensional global radial strain, 3D-GCS: 
three-dimensional global circumferential strain. 

 

 

Table 6: correlations between strain values, LVEF, BNP and LVMi before and after hemodialysis 

  GLS GRS GCS 3D-GLS 

  Pre-HD Post-HD Pre-HD Post-HD Pre-HD Post-HD Pre-HD Post-HD 

LVEF -0.421* -0.537** -0.410* -0.580** -0.261 -0.278 -0.433* -0.619** 

LVMi -0.418* -0.406* -0.372 -0.366 -0.176 -0.216 -0.777** -0.685** 

BNP -0.433* -0.456* -0.275 -0.331 -0.216 -0.318 -0.673** -0.713** 

*p < 0.05, **p < 0.01 LVEF: left ventricular ejection fraction, LVMi: left ventricular mass index, BNP: brain 
natriuretic peptide, GLS: two-dimensional global longitudinal strain, GRS: two-dimensional global regional 
strain, GCS: two-dimensional global circumferential strain, 3D-GLS: three-dimensional global longitudinal 
strain. 

https://www.panafrican-med-journal.com


Article  
 

 

Salma Charfeddine et al. PAMJ - 38(45). 15 Jan 2021.  -  Page numbers not for citation purposes. 14 

 

Figure 1: demonstration of two-dimensional speckle tracking imaging (2D-STI) analysis; after the 
reference points are set, the software shows the endocardial border tracking in different views; a) the 
apical 4-chamber view (the endocardial tracking is performed automatically through the entire cardiac 
cycle by 2D-STI); b) the LV longitudinal time velocity curves obtained from the apical 4- 3- and 2- 
chamber views in hemodialysis patients 

 

 

 

Figure 2: demonstration of three-dimensional speckle tracking imaging (3D-STI) analysis; after the 
reference points are set, the software shows the endocardial border tracking in different views; 
apical 4-chamber view, apical 2-chamber view, apical left ventricular longitudinal view; and three 
short-axis views from apex to base; the endocardial tracking is performed automatically through 
the entire cardiac cycle by 3D-STI 
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