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Introduction
Cardiovascular morbidity and mortality are much prevalent in 
adults and children with end-stage renal disease (ESRD).1-4 
Impaired systolic function and left ventricular hypertrophy 
(LVH) occurred in young adults with ESRD even at the 
early stages of chronic kidney disease (CKD).5-9 There is an 
increased hazard of ischemic heart disease, arrhythmia, 
stroke, peripheral artery disease, cardiac arrest, and cardiac 
death in these patients.10 The systolic left ventricular (LV) 
function generally seems to be well preserved in children 
with ESRD as reported in previous studies with the use of 
2-dimensional (2D) echocardiography and tissue Doppler 
measurements.6-9,11,12

Speckle tracking echocardiography (STE) permits the eval-
uation of myocardial mechanics and eventually myocardial 
deformation.13-15 Speckle tracking echocardiography allows 
the study of myocardial speed and movement at more than 1 
point at the same time.16 By evaluating the myocardial defor-
mation in 3 myocardial layers (longitudinal strain [LS], cir-
cumferential strain [CS], and radial strain [RS]), STE was 
reported to have a part in the early detection of cardiac 

diseases.17 Speckle tracking echocardiography has been used to 
detect early changes in myocardial mechanics before the occur-
rence of the ejection fraction (EF) changes.

A study in children with muscular dystrophy reported that 
LS changes can be observed before the occurrence of EF 
changes.18 The same has been described in adults and children 
exposed to anthracyclines.19-21 A decreased longitudinal strain 
has been reported to be a significant risk factor for all-cause 
mortality in adults with ESRD,22 whereas the impairment in 
renal function as demonstrated by the estimated glomerular 
filtration rate (eGFR) has been reported to be linked to the 
decline in strain values,23,24 and our study aimed to detect the 
early changes in myocardial mechanics and the occurrence of 
myocardial deformation in pediatric patients with ESRD using 
the STE as an imaging modality.

Methods
Study population

Thirty Egyptian pediatric patients with advanced CKD (stage 
5 based on eGFR) according to the National Kidney 
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Foundation classification25 were included in the study. Children 
with ESRD were selected from the hemodialysis (HD) unit of 
the Center of Pediatric Nephrology and Transplantation, 
Children’s Hospital, Cairo University. Patients were on regular 
HD for more than 6 months. All patients were in sinus rhythm 
with the absence of primary myocardial disease. Children with 
congenital heart disease were excluded. Children were treated 
with standard bicarbonate-containing bath dialysis, for 3 to 
4.5 hours in each session, 3 times per week. The blood flow rate 
was 5 to 7 mL/kg, and the dialyzer surface area of polysulfone 
membranes was 1, 7, and 12 m2. Informed consent was taken 
from the parents of all participants, patients, and controls. The 
study was approved by the Ethics Committees of the National 
Research Center (NRC) and Faculty of Medicine, Cairo 
University. The prevalence of hypertension was assessed in 
patients, by definition of hypertension as a systolic blood pres-
sure (SBP) and/or diastolic blood pressure (DBP) that is 
>95th percentile on at least 3 occasions for sex, age, and height, 
irrespective of the use of antihypertensives.26

The control group included 30 healthy children matched 
for age and sex with the patients from the same geographic 
region, socioeconomic conditions, and ethnic background. 
They were collected from the outpatient pediatric clinic of 
Medical Research Centre of Excellence (MRCE) at the NRC, 
Egypt, for routine health examination and periodic checkup. 
The health status of all children was assessed by medical his-
tory and physical examination.27

Echocardiographic protocol

All images were obtained using a commercially available car-
diac ultrasound machine Vivid 5 Dimension (General Electric 
Healthcare Company, Milwaukee, WI, USA) using Doppler 
transducers and 3 and 5 MHz combined imaging. All echocar-
diographic studies were done 30 minutes pre-HD and 30 min-
utes post-HD. All images were taken after 20 minutes of rest 
during quiet respiration, in the left lateral decubitus position. 
In healthy controls, preload was not manipulated. Cardiac 
dimensions and LVEF were calculated according to the recom-
mendations of the American Society of Echocardiography.28

Speckle tracking echocardiography

Two-dimensional grayscale images were obtained in the par-
asternal apical 4-chamber view at a frame rate between 70 and 
90 frames per second.29 Three consecutive cardiac cycles were 
obtained. Offline analysis was done using an Echo-Pac work-
station (GE Medical Systems, Milwaukee, WI, USA). To be 
summarized, the endocardial border was manually traced at 
end-systole, starting at mid-septum for the short-axis view and 
the basal septum for the apical 4-chamber view. Tracking was 
automatically done, and the analysis was confirmed after a good 
inspection; also, the software should indicate adequate tracking. 
If tracking was suboptimal, the endocardial border was retraced. 

Lagrangian radial ε and strain rate (SR) curves and circumfer-
ential ε curves were obtained from the short-axis view with 
6-segment analysis: anteroseptal, anterior, lateral, posterior, 
inferior, and septum, whereas the longitudinal ε curves were 
obtained from the apical 4-chamber view with 6-segment anal-
ysis: basal septum, mid-septum, apical septum, apical lateral, 
mid-lateral, and basal lateral. Apical, mid, and basal segments 
were obtained from the 4-, 2-, and 3-chamber view of the LV, 
whereas the anterior, septal, and inferior segments were obtained 
from the short-axis view of the LV. End-systolic strain values 
were measured while the automated timing of aortic valve clo-
sure was used. Mean LS, RS, and CS were performed by the 
calculation of the average strain values measured in each myo-
cardial region. The LS represents shortening as it has a negative 
value. Less negative, that is, a “higher” value, indicates less short-
ening, which indicates a worse systolic LV function.

The same observer—blinded to the groups—reanalyzed 25 
echocardiograms, 10 from patients with ESRD and 15 from 
healthy controls, after 2 weeks to assess the intraobserver vari-
ability of the STE measurements.

Biochemical tests

Two milliliters of the venous blood sample was collected in 
EDTA for complete blood count, and 2 mL was collected for 
obtaining serum. Hemoglobin and creatinine were measured 
for all patients by automatic biochemistry analyzer.

Statistical Analysis
Statistical analysis was performed using SPSS 16 for Windows 
(SPSS 16, Inc., Chicago, IL, USA). All group data were reported 
as mean ± SD. To detect the normality of variables, the 
Kolmogorov-Smirnov test was used. Means ± SDs were used 
for the normally distributed data. The unpaired Student t test 
and Mann-Whitney U test were used to assess differences 
between 2 groups, whereas the Kruskal-Wallis H test was used 
to assess differences among different groups. Categorical values 
were compared using the χ2 test or Fisher exact test, where indi-
cated. A sample was sized using Power and sample calculation 
to give us approximately 80% power (α= 0.05, 2-tailed) to reject 
the null hypothesis of zero correlation. It was based on the 
results of the previous study.17 The intraclass correlation coeffi-
cient (ICC) method was used to assess the intraobserver repro-
ducibility and interobserver reliability for the values of 2D LS, 
RS, and CS. The clinical significance was categorized as follows: 
“excellent,” if the ICC was 0.80 or greater; “good,” if the ICC 
was between 0.61 and 0.79; “moderate,” if the ICC was between 
0.41 and 0.60; and “poor,” if the ICC was 0.4 or less.14 Values of 
P < .05 were considered as statistically significant.

Results
Study population

The clinical and the conventional echocardiographic findings 
are summarized in Tables 1 and 2.
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There were significant differences between pre-HD group 
and controls regarding hemoglobin (P = .000), serum creatinine 
(P = .000), and systemic blood pressure for both systolic and 
diastolic values (SBP: 129 ± 14 vs 100 ± 7, P = .001; DBP: 
86 ± 12 vs 61 ± 6, P = .001). Heart rate and interventricular sep-
tum were significantly increased in both pre-HD and post-HD 
groups than in controls (P = .000 and P = .000, respectively). The 
early diastolic velocity E of mitral inflow was significantly 
higher in the pre-HD group and significantly improved after 

HD compared with controls (P = .000). The E/A ratio of mitral 
inflow is significantly decreased in the post-HD group com-
pared with controls (P = .004).

Myocardial Deformation Parameters
Longitudinal strain assessment

There were statistically significant differences among the 3 
groups regarding longitudinal strain at 4-, 2-, and 3-chamber 

Table 1.  General characteristics of the studied population.

Variable Pre-HD Patients
(N = 30)

Controls
(N = 30)

P value

Age, y 11.4 ± 2.39
6-14

10.2 ± 3.29
6-14

.503

M/F 3/2 (60%:40%) 3/2 (60%:40%) .6

BMI, kg/m2 17.9 ± 2.8 18.2 ± 3.1 .403

SBP, mm Hg 129 ± 14 100 ± 7 .001**

DBP, mm Hg 86 ± 12 61 ± 6 .001**

Hemoglobin, mg/dL 10.57 ± 0.98 12.35 ± 0.94 .000**

Creatinine, mg/dL 6.32 ± 2.26 0.9 ± 0.17 .000**

Data presented as mean ± SD, percentage, or range. Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HD, hemodialysis; M/F, male to female ratio; 
SBP, systolic blood pressure.
**P < .01 highly significant.

Table 2.  Conventional echocardiographic measurements of the studied population.

Pre-HD
(N = 30)

Post-HD
(N = 30)

Controls
(N = 30)

P value P value
Pre-HD vs 
control

P value
Post-HD vs 
control

P value
Pre-HD vs 
Post-HD

HR, bpm 92.8 ± 15.89 106.5 ± 17.28 86 ± 11.8 .000* .223 .001* .000*

LVEDD, mm 4.21 ± 0.76 3.90 ± 0.7 3.93 ± 0.34 .114 .262 .909 .000*

LVESD, mm 2.66 ± 0.55 2.54 ± 0.58 2.35 ± 0.36 .062 .110 .344 .034*

IVSs, mm 1.19 ± 0.19 1.17 ± 0.17 0.97 ± 0.13 .000* .002* .002* .5

IVSd, mm 0.89 ± 0.21 0.87 ± 0.17 0.52 ± 0.8 .005* .863 .834 .6

LVPWD, mm 0.77 ± 0.15 0.81 ± 0.16 0.64 ± 0.8 .362 .015* .003* .148

FS, % 36.8 ± 5.09 36 .8 ± 6.3 39.5 ± 4.09 .075 .138 .214 .0

EF, % 67.1 ± 6.61 66.73 ± 7.95 70 ± 5.06 .119 .213 .232 .699

E of mitral inflow, cm/s 125.5 ± 26.7 91.7 ± 28.8 102.7 ± 15.8 .0000* .015* .123 .000*

A of mitral inflow, cm/s 78.8 ± 21.5 73.6 ± 26.9 64.9 ± 19.46 .064 .078 .352 .415

E/A of mitral inflow 1.64 ± 0.36 1.28 ± 0.34 1.6 ± 0.41 .004* .860 .005* .000*

Data presented as mean ± SD or percentage. Abbreviations: A, late peak diastolic velocity; E, early peak diastolic velocity; EF, ejection fraction; FS, fraction shortening; 
HD, hemodialysis; HR, heart rate; IVSs, interventricular septum in systole; IVSd, interventricular septum in diastole; LVEDD, left ventricular end-diastolic diameter; 
LVESD, left ventricular end-systolic diameter; LVPWD, left ventricular posterior wall diameter.
*P < .05 was considered statistically significant.
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views. The LS was significantly reduced in pre-HD and post-
HD patients compared with controls (P = .000). The highest 
global longitudinal strain was shown in control groups. The 
global longitudinal strain was significantly reduced in patients 
before HD compared with controls and further decreased after 
HD (P = .000).

Regarding segmental analysis, significantly reduced values 
of the LS of anterior, posterior, and inferior segments (P < .05) 
were found in the pre-HD patient group and further decreased 
after HD (P < .01). Also, the segmental anteroseptal and lat-
eral longitudinal strain values were significantly reduced by 
HD (lateral more affected than septal) (Table 3).

Radial strain assessment

The RS measurements did not differ significantly among the 
studied groups except for the inferior segment that is insignifi-
cantly reduced after HD when compared with controls (P = .09) 
(Table 3).

Circumferential strain assessment

The posterior segment was significantly reduced in pre-HD 
and post-HD patients compared with the control group 
(P = .035). Also, the lateral segment was significantly lowered in 
pre-HD and post-HD patients compared with the control 

Table 3.  Peak systolic longitudinal, radial, and circumferential strains (%) according to segments in the studied groups.

Pre-HD
(N = 30)

Post-HD
(N = 30)

Healthy 
controls
(N = 30)

P value P value
Pre-HD vs 
control

P value
Post-HD vs 
control

P value
Pre-HD vs 
Post-HD

Longitudinal strain, %

Average –16.00 ± 3.50 –12.06 ± 10.01 –18.85 ± 1.18 .000* .004* .000* .043*

Anteroseptal –15.43 ± 5.99 –15.17 ± 5.59 –20.40 ± 2.32  .004* .002* .003* .806

Anterior –17.80 ± 7.15 –16.70 ± 6.74 –26.40 ± 5.10 .003* .002* .001* .728

Lateral –16.17 ± 7.08 –14.27 ± 7.14 –22.20 ± 8.85 .020* .020* .010* .313

Posterior –16.20 ± 5.45 –14.70 ± 5.44 –20.50 ± 4.17 .007* .013* .002* .272

Inferior –16.38 ± 5.57 –14.83 ± 5.31 –20.20 ± 2.94 .023* .057* .005* .290

Septum –14.30 ± 4.24 –14.90 ± 5.13 –17.70 ± 2.00 .093 .018* .148 .499

Radial strain, %

Anteroseptal 13.43 ± 10.06 12.83 ± 7.73 17.80 ± 8.40 .322 .163 .159 .994

Anterior 11.85 ± 9.90 12.73 ± 9.28 14.10 ± 8.79 .510 .257 .406 .614

Lateral 13.17 ± 10.24 14.50 ± 11.03 10.00 ± 2.94 .793 .730 .531 .657

Posterior 19.70 ± 16.49 15.77 ± 12.96 15.20 ± 8.78 .715 .696 .696 .441

Inferior 13.13 ± 8.38 12.37 ± 7.39 20.00 ± 10.17 .090 .050 .035* .894

Septum 14.13 ± 11.08 14.60 ± 23.68 13.50 ± 6.36 .430 .573 .199 .419

Circumferential strain, %

Anteroseptal –21.03 ± 14.04 –21.33 ± 12.99 –30.40 ± 11.95 .070 .026* .039* .894

Anterior –14.18 ± 7.73 –14.17 ± 9.72 –18.50 ± 6.57 .149 .089 .064 .673

Lateral –15.00 ± 1 5.30 –16.17 ± 7.26 –20.80 ± 3.71 .013* .002* .028* .504

Posterior –13.50 ± 5.93 –14.10 ± 7.92 –20.00 ± 5.08 .035* .007* .034* .935

Inferior –11.85 ± 9.88 –16.27 ± 9.01 –13.90 ± 6.54 .077 .246 .583 .027*

Septum –15.83 ± 6.71 –18.67 ± 9.31 –21.10 ± 5.11 .124 .034* .210 .366

Data presented as mean ± SD or percentage. Abbreviation: HD, hemodialysis.
*P < .05 was considered statistically significant.
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group (P = .013). The anteroseptal segment was also insignifi-
cantly affected by HD (P = 0.07) (Table 3).

SR Assessment
Four-chamber view

The SR values of the patients’ groups and controls at the 
4-chamber view are shown in Table 4. The control group had 
statistically significantly lower global peak A (peak late diastolic 
strain) SRs at the septal and lateral segments, and the pre-HD 
and post-HD groups had statistically significantly lower peak E 
(peak early diastolic strain) at septal and lateral segments com-
pared with controls (P < .01). Regarding segmental analysis, 
statistically significant reduced values of peak systolic SR (peak 
S) of the lateral and septal segments (P < .05) were found in the 
patient groups. The most negative peak S value was −1.30 ± 0.44 
in the lateral segment of the post-HD patient group and 
1.28 ± 0.48 in the lateral segment of the control group (P = .039).

Two-chamber view

The control group had statistically significantly lower global 
peak A SRs at the anterior segment, and the pre-HD and post-
HD patients had statistically significantly lower peak E at the 
inferior and anterior segments (P < .05). Regarding segmental 
analysis, statistically significant reduced values of peak S of the 
anterior segment (P < 0.05) were found in the patient groups. 
The most negative peak LS value was −1.58 ± 0.53 in the ante-
rior segment of the pre-HD patient group and −2.13 ± 0.39 in 
the anterior segment of the control group (P = .005) (Table 4).

Three-chamber view

The control group had statistically significantly lower global 
peak A SRs at the anteroseptal segment, and the pre-HD and 
post-HD patients had statistically significantly lower peak E at 
the posterior and anteroseptal segments (P < .01). Regarding 
segmental analysis, statistically significant reduced values of 
peak S of the posterior segment (P < 0.05) were found in the 
pre-HD and post-HD groups. The most negative peak LS 
value was −1.34 ± 0.58 in the posterior of the post-HD patient 
group and −1.57 ± 0.78 in the posterior segment of the control 
group (P = .022) (Table 4).

Interobserver and intraobserver reproducibility

The intraobserver ICCs were above 0.8, that is, they ranged 
between 0.81 and 0.9 for all the deformation parameters. The 
intraobserver and interobserver reproducibility were acceptable 
for the mean measurements of the LS, CS, and RS in all seg-
ments of the 3 levels of LV.

Discussion
This study gives more understanding of the acute effects of 
HD on LV myocardial deformation parameters and the LV 
cardiac function in ESRD pediatric patients with maintained 

EF. With the use of echocardiographic features of the 3 types 
of strain (LS, RS, and CS) and the different SRs, myocardial 
mechanics were demonstrated in a pediatric cohort of patients 
(before and after HD), encompassing significant impairment 
in cardiac function and further deterioration following HD. 
This study displayed that assessment of myocardial deforma-
tion using deformation imaging was simple, convenient, and 
extremely reproducible.

Tissue Doppler echocardiography and speckle echocardiog-
raphy (strain and SR) are comparatively new echocardiographic 
techniques and substantial models to evaluate asymptomatic 
patients.30,31 Tissue Doppler imaging permitted an itemized 
examination of the cardiac function and is greatly used to assess 
children with several conditions.31-34 Our previous study dem-
onstrated that early diastolic dysfunction is detected using tis-
sue Doppler echocardiography in children with ESRD on HD. 
Despite its accuracy, tissue Doppler echocardiography cannot 
evaluate the regional deformation or its abnormalities.35

Strain and SR echocardiography succeeded in dealing with 
the hardness of tissue Doppler imaging such as angle depend-
ency, preload effects, and translational motion of the heart, so 
were adopted as novel tools in the evaluation of myocardial per-
formance and properties of regional deformation.31-33 Speckle 
tracking (strain imaging), mainly, allowed an evaluation of myo-
cardial motion and deformation regardless of the angle and 
geometry, enabling an improvement in the examination of the 
myocardial mechanics.33 Two-dimensional strain and SR echo-
cardiography can also evaluate several clinical morbidities such 
as Marfan syndrome, obesity, hypertension, post-exercise hypo-
tension, and healthy children and infants.32-34,36

Our study showed that LS of LV was significantly reduced 
in pediatric patients with ESRD before HD and further dete-
riorated following HD compared with normal controls. The 
global LS was significantly reduced after HD. Controls showed 
the highest global longitudinal strain. Regarding segmental 
analysis, statistically significant reduced values of end-systolic 
LS of most segments were found in the pre-HD group and 
further decreased after HD. The RS measurements were not 
significantly different between the patient groups and the con-
trols except for the inferior segment that is significantly reduced 
after HD. The posterior segment of CS was significantly 
reduced in pre-HD and post-HD patients. Also, the lateral and 
the anteroseptal segments of CS were significantly affected by 
HD. These results propose that STE reveals longitudinal 
deformation changes and diastolic dysfunction in children with 
ESRD with preserved LVEF. Our results were in agreement 
with a recent study by Rakha et al that reported that after HD 
significant decline in LVEF and global and segmental strains 
can be diagnosed in ESRD pediatric patients using 2D speckle 
tracking, despite the nonsignificant changes in systolic func-
tions obtained from the conventional echocardiography. This is 
considered additional evidence of the deleterious effect of HD 
on myocardial functions, particularly in the pediatric age.30 
However, Amoozgar et  al31 recently reported that HD with 
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volume reduction in children with ESRD decreases LV vol-
ume, with no significant changes in regional strain or SR.

The sum of all the regional shortening in the LV is 
reflected by the LVEF, and regional wall motion impairment 
may lower the LVEF only when several segments are involved. 

The diastolic dysfunction in these patients groups may be 
heterogeneous, but the heart could be affected globally in the 
long term. Early disclosure of longitudinal strain impairment 
may help the physician to recognize high-risk patients with 
future unfavorable cardiovascular situations.

Table 4.  Values of strain rate according to segments obtained from the 4-, 2-, and 3-chamber images in the studied groups.

Pre-HD
(N = 30)

Post-HD
(N = 30)

Healthy 
controls
(N = 30)

P value P value
Pre-HD vs 
control

P value
Post-HD vs 
control

P value
Pre-HD vs 
Post-HD

Four-chamber view

Peak systolic strain rate (Peak S)

  Septum –1.12 ± 0.24 –1.15 ± 0.29 –1.28 ± 0.22 .037* .222 .362 .904

 L ateral –1.20 ± 0.37 –1.30 ± 0.44 –1.28 ± 0.48 0.039* .205 .020* .092

Peak early diastolic strain rate (Peak E)

  Septum 1.51 ± 0.63 1.45 ± 0.59 2.37 ± 0.62 .002* .001* .001* .959

 L ateral 2.19 ± 1.17 2.13 ± 1.13 2.24 ± 1.32 .004* .002* .002* .773

Peak late diastolic strain rate (Peak A)

  Septum 1.32 ± 0.78 1.31 ± 0.73 0.72 ± 0.36 .037* .022* .013* .917

 L ateral 1.72 ± 1.21 1.61 ± 1.70 1.16 ± 0.41 .028* .022* .007* .844

Two-chamber view

Peak systolic strain rate (Peak S)

  Inferior –1.03 ± 0.39 –1.09 ± 0.52 –1.37 ± 0.32 .060 .021* .038* .859

  Anterior –1.58 ± 0.53 –1.57 ± 0.59 –2.13 ± 0.39 .005* .002* .003* .847

Peak early diastolic strain rate (Peak E)

  Inferior 1.32 ± 0.66 1.22 ± 0.74 2.17 ± 0.60 .002* .001* .002* .464

  Anterior 2.26 ± 1.48 5.65 ± 20.69 5.07 ± 1.47 .000* .000* .000* .351

Peak late diastolic strain rate (Peak A)

  Inferior 1.50 ± 1.8 1.19 ± 0.66 0.97 ± 0.51 .639 .881 .501 .459

  Anterior 1.09 ± 0.78 1.25 ± 0.66 0.66 ± 0.39 .036* .104 .012* .188

Three-chamber view

Peak systolic strain rate (Peak S)

  Posterior –1.15 ± 0.71 –1.34 ± 0.58 –1.57 ± 0.78 .022* .013* .040* .040*

  Anteroseptal –1.32 ± 1.19 –1.32 ± 0.81 –1.83 ± 0.91 .064 .027* .089 .395

Peak early diastolic strain rate (Peak E)

  Posterior 1.53 ± 0.93 1.20 ± 0.97 2.32 ± 1.05 .016* .035* .011* .113

  Anteroseptal 2.33 ± 1.54 1.74 ± 1.56 4.00 ± 2.20 .005* .017* .007* .046*

Peak late diastolic strain rate (Peak A)

  Posterior 1.17 ± 0.69 1.28 ± 0.70 1.03 ± 1.14 .061 .082 .019* .385

  Anteroseptal 1.11 ± 0.64 1.20 ± 0.77 0.59 ± 0.36 .057 .020* .036* .698

Data presented as mean ± SD or percentage. Abbreviation: HD, hemodialysis.
*P < .05 was considered statistically significant.
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Diastolic dysfunction usually occurs before systolic function 
in hypertensive patients,37 and this has been previously reported 
in pediatric ESRD.8,35 The diastolic dysfunction could be 
linked to volume status or declare the lowered LV compliance 
or may be due to an inflammatory response induced by uremic 
toxins or be linked to the maladaptive hypertrophic response 
that happened to these particular patients.35 However, a 
decrease in preload could also cause a reduction in E wave, 
independent of diastolic dysfunction. Several factors can affect 
E/A ratio, including preload and left atrial pressure.38

In this study, interventricular septum in systole and LV pos-
terior wall diameter were significantly increased in both pre-
HD and post-HD groups than in controls, with a preserved 
systolic function detected with conventional echocardiography. 
Speckle-tracking echocardiography demonstrated a decreased 
LS in our pediatric patients on HD, proposing that the longi-
tudinal function is lowered in the patient group, whereas the 
radial and circumferential functions are mildly affected. The 
possible causes for this result are the augmented LV wall thick-
ness and cross-fiber shortening, which exert their effects as the 
interaction between a contraction and a systolic increase in the 
cross-sectional area of all differently aligned myocardial layers, 
and also, the curvature radius of the circumferentially oriented 
myocardial fibers is smaller than that of the longitudinal fibers, 
which may entail lower stress and consequently delay the 
appearance of functional abnormalities.30 In addition to that, 
myocardial deformation happens in 3 dimensions and can be 
detected in the longitudinal direction, as well as in the circum-
ferential and radial directions. Subepicardial fibers are impor-
tant components in both the RS and the LS, and subendocardial 
fibers play a major role in CS.34 The subepicardiam is more 
susceptible to myocardial ischemia and stiffness than the sub-
endocardium. So, myocardial stiffness might be 1 factor that 
causes changes in the function of LV long axis earlier than in 
the function of short axis in patients with ESRD.

Left ventricular concentric hypertrophy is mostly developed 
due to the hypertrophic response in the mid-myocardial layers, 
which are mostly circumferentially oriented. This can compen-
sate for the longitudinal function reduction and can explain the 
maintained LVEF. In hypertensive patients, the changes are 
most evident in the basal parts. An impairment in longitudinal 
function usually happens before the changes occurred in cir-
cumferential and radial function in patients with LVH as a 
result of pressure overload, whereas in patients with hyper-
trophic cardiomyopathy or systemic disease, also radial strain 
can be diminished.39 The impairment in longitudinal function 
with maintained LVEF has been reported in other diseases, 
mostly in patients with LVH.39 Hothi et al40 reported a low-
ered LS in children on HD with preserved global function.

In patients with ESRD, hypertension and uremic toxins are 
independently connected with the occurrence of LVH and 
ventricular dysfunction.9,41 In adult patients with ESRD, sys-
tolic dysfunction may develop at a relatively early stage, mostly 

due to direct response to uremic toxins or due to myocardial 
fibrosis developed by chronic inflammation. Although the 
nature of these toxins is mostly unknown, some factors in ure-
mic plasma had potentially negative inotropic and chrono-
tropic effects.13 This fibrosis is a substantial stimulus of the 
myocardial electrical instability and consequently arrhythmia.9 
Also, another hallmark of ESRD, endothelial dysfunction, may 
progress to an insufficient vasodilatory response in the thick-
ened LV and eventually local ischemia, further enhancing the 
occurrence of fibrosis.1,42,24

Limitations

Some limitations of this study should be noted. First, the sam-
ple size was small, which limited the statistical power of analy-
sis. Second is the lack of detailed information on measurements 
of ventricular volumes or LV mass index. Moreover, we did not 
correlate the results of 2-dimensional STE analysis with dialy-
sis-related variables.

Conclusions
Two-dimensional STE analysis offers a useful tool for predict-
ing the myocardial dysfunction of the LV in ESRD children on 
HD in the absence of systolic dysfunction. We found a signifi-
cant LS impairment precedes the RS and CS impairments and 
could be an early predictor of systolic dysfunction in pediatric 
ESRD patients with preserved EF. The long-term significance 
of these results and whether the LS reduction can be used as a 
specific early predictor of cardiovascular morbidity and mortal-
ity in children with ESRD need further larger studies. Two-
dimensional STE and LS might be sensitive predictors of LV 
global and regional systolic dysfunction.

Author Contributions
MFE, FAM, IAESS .AMB & YAEMAER carried out all 
patients work up, IAESS had performed the echocordiographic 
measurements, MFE had interpreted the data, performed the 
statistical analysis and had written the manuscript, All authors 
read and approved the final manuscript.

Ethical Approval
All procedures performed in studies involving human partici-
pants were following the ethical standards of the institutional 
and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical 
standards.

Informed Consent
Informed consent was obtained from all individual participants 
included in the study.

ORCID iD 
Manal F Elshamaa  https://orcid.org/0000-0001-8795-0946

https://orcid.org/0000-0001-8795-0946


8	 Clinical Medicine Insights: Cardiology ﻿

References
	 1.	 Groothoff J, Gruppen M, de Groot E, Offringa M. Cardiovascular disease as a 

late complication of end-stage renal disease in children. Perit Dial Int. 
2005;25:S123-S126.

	 2.	 Groothoff JW. Long-term outcomes of children with end stage renal disease. 
Pediatr Nephrol. 2005;20:849-853.

	 3.	 Gruppen MP, Groothoff JW, Prins M, et al. Cardiac disease in young adult 
patients with end-stage renal disease since childhood: a Dutch cohort study. Kid-
ney Int. 2003;63:1058-1065.

	 4.	 Elghoroury EA, Fadel FI, Elshamaa MF, et al. Klotho G-395A gene polymor-
phism: impact on progression of end-stage renal disease and development of car-
diovascular complications in children on dialysis. Pediatr Nephrol. 2018;33: 
1019-1027.

	 5.	 Chinali M, de Simone G, Matteucci MC, et al. Reduced systolic myocardial 
function in children with chronic renal insufficiency. J Am Soc Nephrol. 2007;18: 
593-598.

	 6.	 Matteucci MC, Wuhl E, Picca S, et al. Left ventricular geometry in children 
with mild to moderate chronic renal insufficiency. J Am Soc Nephrol. 2006;17: 
218-226.

	 7.	 Mitsnefes MM, Kimball TR, Border WL, et al. Impaired left ventricular dia-
stolic function in children with chronic renal failure. Kidney Int. 2004;65: 
1461-1466.

	 8.	 Mitsnefes MM, Kimball TR, Kartal J, et al. Progression of left ventricular 
hypertrophy in children with early chronic kidney disease: 2-yearfollow-up 
study. J Pediatr. 2006;149:671-675.

	 9.	 van Huis M, Schoenmaker NJ, Groothoff JW, et al. Impaired longitudinal 
deformation measured by speckletracking echocardiography in children with 
end-stage renal disease. Pediatr Nephrol. 2016;31:1499-1508.

	10.	 Schiffrin EL, Lipman ML, Mann JF. Chronic kidney disease: effects on the car-
diovascular system. Circulation. 2007;116:85-97.

	11.	 Gheissari A, Dehghan B, Ghaed Sharafi B, et al. The importance of mean plate-
let volume in predicting cardiac mechanics parameters and carotid-intima media 
thickness in children with end stage renal disease and comparison with healthy 
children. Ther Apher Dial. 2019;23:451-459.

	12.	 Cheang MH, Barber NJ, Khushnood A, et al. A comprehensive characterization 
of myocardial and vascular phenotype in pediatric chronic kidney disease using 
cardiovascular magnetic resonance imaging. J Cardiovasc Magn Reson. 2018; 
20:24.

	13.	 Karakurt C, Çelik S, Selimoğlu A, Varol I, Karabiber H, Yoloğlu S. Strain and 
strain rate echocardiography in children with Wilson’s disease. Cardiovasc J Afr. 
2016;27:307-314.

	14.	 Mondillo S, Galderisi M, Mele D, et al. Speckle-tracking echocardiography: a 
new technique for assessing myocardial function. J Ultrasound Med. 2011;30: 
71-83.

	15.	 Gallippi CM, Trahey GE. Adaptive clutter filtering via blind source separation 
for two-dimensional ultrasonic blood velocity measurement. Ultrason Imaging. 
2002;24:193-214.

	16.	 Mor-Avi V, Lang RM, Badano LP, et al. Current and evolving echocardio-
graphic techniques for the quantitative evaluation of cardiac mechanics: ASE/
EAE consensus statement on methodology and indications endorsed by the Japa-
nese Society of Echocardiography. Eur J Echocardiogr. 2011;12:167-205.

	17.	 Edwards NC, Hirth A, Ferro CJ, Townend JN, Steeds RP. Subclinical abnor-
malities of left ventricular myocardial deformation in early-stage chronic kidney 
disease: the precursor of uremic cardiomyopathy? J Am Soc Echocardiogr. 2008;21: 
1293-1298.

	18.	 Mertens L, Ganame J, Claus P, et al. Early regional myocardial dysfunction in 
young patients with Duchenne muscular dystrophy. J Am Soc Echocardiogr. 
2008;21:1049-1054.

	19.	 Fallah-Rad N, Walker JR, Wassef A, et al. The utility of cardiac biomarkers, tis-
sue velocity and strain imaging, and cardiac magnetic resonance imaging in pre-
dicting early left ventricular dysfunction in patients with human epidermal 
growth factor receptor II-positive breast cancer treated with adjuvant trastu-
zumab therapy. J Am Coll Cardiol. 2011;57:2263-2270.

	20.	 Poterucha JT, Kutty S, Lindquist RK, Li L, Eidem BW. Changes in left ventric-
ular longitudinal strain with anthracycline chemotherapy in adolescents precede 
subsequent decreased left ventricular ejection fraction. J Am Soc Echocardiogr. 
2012;25:733-740.

	21.	 Sawaya H, Sebag IA, Plana JC, et al. Early detection and prediction of cardio-
toxicity in chemotherapy-treated patients. Am J Cardiol. 2011;107:1375-1380.

	22.	 Rumman RK, Ramroop R, Chanchlani R, et al. Longitudinal assessment of 
myocardial function in childhood chronic kidney disease, during dialysis, and 
following kidney transplantation. Pediatr Nephrol. 2017;32:1401-1410.

	23.	 Yildirim U, Gulel O, Eksi A, Dilek M, Demircan S, Sahin M. The effect of dif-
ferent treatment strategies on left ventricularmyocardial deformation parame-
ters in patients with chronic renal failure. Int J Cardiovasc Imaging. 2018;34: 
1731-1739.

	24.	 Lagies R, Beck BB, Hoppe B, et al. Inhomogeneous longitudinal cardiac rota-
tion and impaired left ventricular longitudinal strain in children and young 
adults with end-stage renal failure undergoing hemodialysis. Echocardiography. 
2015;32:1250-1260.

	25.	 National Kidney Foundation. K/DOQI clinical practice guidelines for chronic 
kidney disease: evaluation, classification, and stratification. Am J Kidney Dis. 
2002;39:S1-S266.

	26.	 National High Blood Pressure Education Program Working Group on High 
Blood Pressure in Children and Adolescents. The fourth report on the diagnosis, 
evaluation, and treatment of high blood pressure in children and adolescents. 
Pediatrics. 2004;114:555-576.

	27.	 Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC growth charts for the 
United States: methods and development. Vital Health Stat 11. 2002;246:1-190.

	28.	 Lang RM, Bierig M, Devereux RB, et al. Recommendations for chamber quan-
tification: a report from the American Society of Echocardiography’s guidelines 
and standards committee and the chamber quantification writing group, devel-
oped in conjunction with the European association of echocardiography, a 
branch of the European Society of Cardiology. J Am Soc Echocardiogr. 
2005;18:1440-1463.

	29.	 Korinek J, Wang J, Sengupta PP, et al. Two dimensional strain—a Doppler-
independent ultrasound method for quantitation of regional deformation: valida-
tion in vitro and in vivo. J Am Soc Echocardiogr. 2005;18:1247-1253.

	30.	 Rakha S, Hafez M, Bakr A, Hamdy N. Changes of cardiac functions after 
hemodialysis session in pediatric patients with end-stage renal disease: conven-
tional echocardiography and two-dimensional speckle tracking study. Pediatr 
Nephrol. 2020;35:861-870.

	31.	 Amoozgar H, Naghshzan A, Basiratnia M, Ahmadipoor M. Effect of hemodi-
alysis on global and regional cardiac function in children with end-stage. Iran J 
Kidney Dis. 2018;12:48-52.

	32.	 Friedberg M, Mertens L. Echocardiographic assessment of ventricular syn-
chrony in congenital and acquired heart disease in children. Echocardiography. 
2013;30:460-471.

	33.	 Forsey J, Friedberg M, Mertens L. Speckle tracking echocardiography in pediat-
ric and congenital heart disease. Echocardiography. 2013;30:447-459.

	34.	 Biswas M, Sudhakar S, Nanda N, et al. Two- and three-dimensional speckle 
tracking echocardiography: clinical applications and future directions. Echocar-
diography. 2013;30:88-105.

	35.	 Mostafa FA, Sad Inas AES, Elshamaa MF, et al. Left ventricular dysfunction by 
conventional and tissue Doppler echocardiography in pediatric hemodialysis 
patients: relation with plasma brain natriuretic peptide levels. Arch Med Sci Ath-
eroscler Dis. 2018;3:e18-e28.

	36.	 Mizariene V, Grybauskiene R, Vaskelyte J, Jonkaitiene R, Pavilioniene J, Jurkev-
icius R. Strain value in the assessment of left ventricular function and prediction 
of heart failure markers in aortic regurgitation. Echocardiography. 
2011;28:983-992.

	37.	 Schoenmaker NJ, Kuipers IM, van der Lee JH, et al. Diastolic dysfunction mea-
sured by tissue Doppler imaging in children with end-stage renal disease: a 
report of the RICH-Q study. Cardiol Young. 2014;24:236-244.

	38.	 Mitter SS, Shah MJ, Thomas JD. A test in context: E/A and E/e′ to assess dia-
stolic dysfunction and LV filling pressure. J Am Coll Cardiol. 2017;69: 
1451-1464.

	39.	 Cikes M, Sutherland GR, Anderson LJ, Bijnens BH. The role of echocardio-
graphic deformation imaging in hypertrophic myopathies. Nat Rev Cardiol. 
2010;7:384-396.

	40.	 Hothi DK, Rees L, McIntyre CW, Marek J. Hemodialysis induced acute myo-
cardial dyssynchronous impairment in children. Nephron Clin Pract. 
2013;123:83-92.

	41.	 Santos M, Shah AM. Alterations in cardiac structure and function in hyperten-
sion. Curr Hypertens Rep. 2014;16:428.

	42.	 Malík J, Tuka V, Mokrejsová M, Holaj R, Tesar V. Mechanisms of chronic heart 
failure development in end-stage renal disease patients on chronic hemodialysis. 
Physiol Res. 2009;58:613-621.




