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ABSTRACT 

Chronic Kidney Disease(CKD) is a progressive irreversible lossin renal function over a period 

of months or years.In pediatricage CKD has been increasing (National Kidney Foundation., 

2010).Children on hemodialysis have a high risk for cardiovascular  morbidity and mortality .Left 

ventricular dysfunctions are highly prevalent and are associated with poor cardiovascular outcomes 

(Foley et al., 2005). We aim to assess the diastolic Left and right ventricular function in regular 

hemodialysis children by conventional echocardiography and tissue Doppler study. Research Design 

and Methods: The study was carried out on 25 children on regular hemodialysis more than 3months 

.Patients was selected from those attend the pediatric nephrology and hemodialysis unite in Al-Zahraa 

University Hospital. Twenty five apparently healthy children of matched age and sex were included as 

control group. All patients were subjected to complete history, clinical examination, laboratory 

investigation &ECG. All studied groups were subjected to2-D,M-mode,pulse wave and tissue Doppler 

echocardiography .Early diastole was assessed using indices of left and right ventricular (LV&RV) 

relaxation derived from mitral and  tricuspid inflow added to tissue Doppler imaging(TDI) data were 

reported as the peak E/A wave ratio ,and septal mitral ,tricuspid annular velocities was determined 

using an index of LV&RV compliance(E/Em  &E/E' respectively). Results: Children on hemodialysis 

had worse diastolic LV function (lower E/A ratio for conventional echocardiography , Em and higher 

E/Em  for TDI ,p<0.001)than healthy children.LV relaxation(Em)was significantly related to IVSd (r=-

0.58,p=0.000)and LV compliance E/Em)was significantly associated with hemoglobin level(r=-

0.65,p=0.01) and serum phosphate(=0.56,p=0.05).Tricuspid E velocity ,E/A ratio, tricuspid annular E' 

and E'/A' ratio were lower in patients than controls(P=<0/001,P=<0.001,P=0.001and P=0.005 

respectively). Conclusion:  Diastolic dysfunction is present in children with CKD on hemodialysis. 

Impaired diastolic LV and RV function in our study suggest that children with advanced renal failure 

at risk for ultimate worsening of cardiac function over time. Tissue Doppler imaging is more sensitive 

method to detect diastolic dysfunction than conventional E/A ratio in children with end- stage renal 

disease. 
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INTRODUCTION 
Chronic Kidney Disease(CKD)is a multi-

systemic clinical condition characterized by 

irreversible of renal function and gradually 

progress to end-stage renal disease(ESRD).It 

involve all systems of body. ESRD and cardiac 

disease seem to be inextricably 

linked(Groothoff et al., 2005). 

Chronic kidney disease in children older 

than 6 years and now possess a public health 

challenge which is increasing in 

children,threatening to reach epidemic 

proportion over the next decade 

worldwide.CKD is a growing problem,with the 

associated cardiovascular disease contributing 

largely to mortality(Adiele et al., 2014). 

In adults, a strong association between 

chronic kidney disease and cardiovascular 

disease (CVD), termed cardio-renal syndrome, 

is well known. The cardio-renal syndrome 

frequently manifests as left ventricular 

hypertrophy (LVH) coupled with diastolic 

dysfunction .These abnormalities have been 

recognized as strong predictor for future CVD 

mortality in adult CKD.Children and young 

adults with advanced CKD also develop LVH 

which is severe. (Johnstone etal., 2002). 

 

THE AIM OF THIS STUDY 

was to evaluate the diastolic LV and RV 

function in children with chronic kidney disease 

on regular hemodialysis using conventional 

echocardiographicand Tissue Dopplerimaging 

parameters. 

 

PATIENTS AND METHODS 

This was a cross-sectional comparative 

study and a total of 25children on regular 

hemodialysis (15females, 10males; mean age 

9.88±3.92years) were recruited.Subject were 

selected from patient had been routinely treated 

in the nephrology and hemodialysis unite of Al-

Zahraa university Hospital fromJanuary2014 to 

September 2014 and received standardized 

prescription(polysulfone low flux membrane 

dialyzer; for 4 hours, 3sessions per week). 
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The age- and sex matched 25 apparently 

healthy children (13males, 12 females; mean 

age 10.72±2.88years) were enrolled as control 

group. 

Exclusion criteria:Patients with 

congenital, structural or primary myocardial 

disease, patients not in sinus rhythm or patients 

with rheumatic valvular lesions, pericardial 

disease, and clinical signs of over hydration all 

were excluded from the study. 

The physical examination of all patients 

was undertaken on a day that they were not 

receiving hemodialysis. Blood samples were 

obtained in the morning after an overnight 

fasting(before starting hemodialysis in studied 

patients group).Blood pressure(BP),heart rate, 

demographic characteristics, clinical 

history,laboratory parameters and medications 

of the patients were recorded. Routine serum 

biochemical variables including complete blood 

picture (CBC), s. creatinine, calcium, 

phosphorus, sodium and potassium were 

analyzed using standard laboratory methods. 

Electrocardiography (ECG) 

Standard 12-lead ECG was recorded in all 

subjects at 25 mm/s and 1-Mv/calibration. QT 

interval was calculated and corrected for heart 

rate using Bazett, s formula (QTc=QT/R-R 

interval). 

Echocardiography 

Echocardiographic examination were 

performed in cardiology department with Matrix 

probe M3Smultifrequency attached to a Vivid -

7 echocardiography machine(GE, Horten, 

Norway).To avoid the effect of volume 

overload; echocardiography was done within 2-

4 hours after dialysis where patients weight is 

close to their target one .Single lead ECG was 

recorded continuously during the 

echocardiographic examination where patients 

in left lateral decubitus position. M-mode and 

two dimensional images, color, pulsed and 

continuous wave Doppler measurements and 

Tissue Doppler Imaging were acquired from all 

subjects compatible with standard 

echocardiographic application methods (Lang 

et al., 2006). 

Measurements: 

1-Assessment of left ventricular Functions: 

 On M-mode, linearmeasurements of LV 

cavity were obtained. Left ventricle end 

diastolic diameter (LVDD),left ventricle end 

systole(LVESD), walls( interventricular 

septum){IVS}and posterior wall{PW})and 

calculation ofLeft ventricular systolic function 

(EF) of all subjects were calculated by using 

biplane Simpson
'
s method and according to the 

recommendations of the American Society of 

Echocardiography(Devereux&Reichek,1977).T

ransmitral inflow velocities was obtained with 

pulsed wave Doppler at the leaflet tips; early 

diastolic inflow velocity(E),velocity during 

active atrial contraction(A). E/A ratio were 

measured. 

 In the early stage of diastolic dysfunction, 

impaired relaxation of the left ventricle 

predominates,and this decreases early diastolic 

filling(E), increases filling at atrial 

contraction(A) and thus decrease the E/A 

ratio(Frommelt .,2006). 

 The tissue Doppler velocities was recorded 

in the apical 4-chamber view with a sample 

volume positioned consecutively on the junction 

between the LV lateral and septal walls with the 

mitral annulus .The early (Em) and late (Am) 

diastolic mitral annulus velocities were analyzed 

and the Em/Am and E/Em(average of septal and 

lateral annulus sides) ratio were calculated 

((Bruch, et al., 2007).Diastolic dysfunction  

was defined as E/A ratio<1.0.In tissue Doppler 

imaging ,an impaired left ventricular relaxation 

and reduced  elastic recoil will lead to  a 

reduced flow propagation to the apex, and  a 

relative reduction of  Em. Diastolic dysfunction 

by TDI was defined as either septal E/Em 

ratio>95 percentile for age. 

2-Assessment of Right ventricular diastolic 

function (RV):  

 Tricuspid transvalvular flow was recorded 

in 4-chamber apical view with pulsed Doppler 

sampling volume positioned between the 

extremities of the tricuspid leaflet with E wave, 

Awave and E/A ratio was measured. Pulsed 

wave TDI was obtained by activating the 

machine's tissue Doppler imaging function and 

adjusted to eliminate transvalvular flow 

velocities and minimized noise. In the apical 4-

chamber view, a 5-10 mm sample volume was 

placed at the lateral side of the tricuspid annulus 

.Measurements were recorded during the end-

expiratory apnea in order to minimize the 

respiratory effect. TricuspidE' wave, A' wave 

velocities and E'/A' ratio were measured to 

evaluate diastolic function of RV. 

Statistical analysis: 

Data were collected, revised, coded and 

entered to the Statistical Package Social Science 

(IBM SPSS) version 20 .Continuous variables 

were presented as mean ± standard deviation 

and compare by Student t-test if normally 

distributed and compared by Mann- Whitney 

test if not compatible with normal 
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distribution.Categorical variables were 

summarized as percentages and compared with 

Chi-Square test.  Pearson test was used in 

correlation analysis between parametric 

variables. 

Spearman's p test was used in the 

correlation analysis of nonparametric variable. 

Correlation coefficient to test statistical 

significant correlation between different 

numerical values. The P-value was considered 

significant as:P<0.05,highly significantP<0.01 

and very highly significant as P<0.001. 

 

RESULTS 

The indications for hemodialysis in the 

children of studied group were polycystic 

kidney in 9(36%), glomerulonephritis in 

5(20%), obstructive uropathy (hydronephrosis& 

hydro ureter) in 4(16%), nephrocalcinosis in 

4(16%) and unknown causein 3(12%) patients. 

All patients had radial arteriovenous fistula. 

Groups were similar in terms of age and 

gender (9.88±3.92 vs10.72±2.88 P=0.392; 

15(60%) vs 12(48%) female, P=0.395. 

Furthermore, there's highly statistically 

significant decrease in Z-score for body mass 

index (BMI) in dialysis group compared to 

controls (-0.53±0.85 vs 0.51±0.88, P =0.000). 

Whereas, there was highly statistically 

significant difference between patients and 

controls with respect to systolic and diastolic 

Bloodpressure (125± 21.60 vs 102±8.30, 

P=0.000 and 84.00±14.36 vs 

62.00±7.07,P=0.000 respectively ). The ESRD 

patients had been on hemodialysis program for 

96 (mean 22.56± 19.88) months. In the 

laboratory tests ,there were significant increase 

blood urea, serum (creatinine, , potassium, 

sodium ,phosphate)and ESR levels;however, 

serum calcium , hemoglobin level , total 

leucocytic  count (TLC)hematocrit(Hct%) and 

platelets  were found to be lower in the dialysis 

patients than in control group(Table1). 

Table 1: Demographic characteristics and Laboratory results of study groups. 

Variables Dialysis(No=25) Control(No=25) P value 

Age 9.88±3.92 10.72±2.88 NS 

Female 15(60.0%) 12(48.0) NS 

Z(BMI) -0.53±0.85 51±0.88 0.000 

Systolic BP(mmHg) 125.60 102.20 0.000 

Diastolic BP 84.00 62.00 0.000 

Dialysis duration 97(22.56±19.88) - - 

HemoglobinHb(g/dL) 9.04±2.16 12.00±0.88 0.000 

RBCsx10
3
 3.33±0.72 4.77±0.40 0.000 

Hematocrit (%) 28.19±4.79 36.37±2.55 0.000 

TLCx10
3
 8.25±4.29 7.89±1.41 NS 

Plateletsx10
3
 248.36±95.57 292.24±52.97 0.050 

ESR(mm)1
st
hr 53.20±32.14 13.48±4.50 0.000 

Urea(mg/dL) 143±84.08 20.72±6.80 0.000 

Creat(mg/dL) 5.63±2.58 0.69±0.24 0.000 

Ca(mg/dL) 7.97±1.16 9.13±0.41 0.000 

Phosphate(mg/dL) 6.52±3.09 4.34±0.30 0.001 

K(mEq/L) 5.08±0.98 3.9±0.54 0.000 

Na(mEq/L) 140.92±3.55 135.48±1.05 0.000 

BMI: body mass index, BP: blood pressure, TLC: total leucocytic count. 

ECG data 

There was a significant increase in heart rate, QT and QTc while there's significant decrease in 

QRS duration in dialysis group than control group (P value =0.000).No detected abnormalities 

regarding other ECG findings between the studied two groupstable (2).  

Table 2: Comparison between dialysis and control group as regard mean± SD of ECG findings. 

Variables Dialysis group(n=25) Control group(n=25) P value 

HR 98.32±11.40 72.08±2.10 0.000 

QRS duration 0.05±0.01 0.07±0.01 0.000 

QT interval 0.34±0.06 0.25±0.05 0.000 

QTc 0.45±0.013 0.35±0.014 0.000 

Echocardiographic Findings 

Cardiac chambers dimensions  
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Dialysis patients showed significantly increased IVSd (interventricular septum diameter in 

diastole), LVPWd (left ventricular posterior wall diameter in diastole) and LVEDv (left ventricular end 

diastolic volume) than the control group (P 0.005, 0.000 and 0.007 respectively).No statistically 

significant difference was found between the two groups as regard other dimensions(table 3).  

Table3: The Mean ±SD of systolic parameters measured by M-mode echo Findings of Left 

ventricular dimensions 

Variables Dialysis group(n=25) Control group(n=25) P value 

IVSd(cm) 0.83±0.16 0.63±0.06 0.005 

IVSs(cm) 0.99±0.23 0.93±0.17 NS 

LVIDd(cm 3.84±0.68 3.7±0.60 NS 

LVIDs(cm) 2.40±0.59 2.30±0.49 NS 

LVPWd(cm) 0.80±0.12 0.67±0.10 0.000 

LVPWs(cm) 1.14±0.31 1.15±0.12 NS 

LV Ejection fraction% 62.08±11.09 65.36±3.60 NS 

Fraction shortening% 33.84±7.31 36.29±3.50 NS 

EDV(ml) 68.06±24.52 46.06±28.89 0.007 

ESV(ml) 23.97±10.54 20.23±7.98 NS 

Aortic root diameter 2.13±0.28 2.07±0.32 NS 

LA diameter(cm) 2.49±0.40 2.53±0.14 NS 

Indices of LV systolic function 

Ejection fraction and Fraction shortening Sm values did not differ between the dialysis and 

control groups.Also there is no significant correlation between systolic LV function with demographic 

and anthropometric measurements of the dialysis group(r=0.272, P=0.189 and r=0.208,P=0.319 

respectively).   

Indices of LV diastolic Function {Pulse wave Doppler and TDI Parameters (table 4)} 

Diastolic dysfunction was diagnosed in 10 (40%) dialysis patients according to E/A ratio (P< 

0.01) .Children on dialysis had lower mean value of Em of the mitral annulus at the basal part of both 

LVPW &IVS, and consequently increase E/Em than the controls (P<0.001). 

Table (4):Comparison between Dialysis &control groups regarding mitral inflow and TDI 

Parameters 

Variables Dialysis group(n=25) Control groups(n=25) PValue 

MV-E 0.80±0.23 1.01±0.18 0.01 

MV-A 0.59±0.15 0.52±0.12 NS 

E/A ratio 1.2±0.402 1.6±0.21 0.001 

TDI Em 9.1±3.2 13.3±3.23 0.001 

TDI E/Em 9.1±3.7 7.1±1.9 0.01 

The anthropometric measurements (BMI) are positively correlated with diastolic function in 

dialysis patients. (r=0.910; P=<0.01).There was no significant correlation between any of other 

laboratory variables and one of the echocardiographic variables. 

Indices of RV diastolic Function{Pulse wave Doppler and TDI (table 5)} 

In respect to RV diastolic function,tricuspid E velocity, A velocity and E/A ratio,Tricuspid 

annular E' velocity and E'/A' ratio were significantly lower in dialysis group (P =0.000, 

P=0.050,P=0.000,P=0.001 respectively).E/E' was higher in dialysis patients than controls (P=0.005). 

Table (5): Comparisonbetween Dialysis&Control groupregarding tricuspidinflowand TDI 

parameters 

Variables Dialysis group(n=25) Control group(n=25) P value 

TV Evel 0.62±0.11 0.57±0.06 0.000 

TV A vel 0.74±16 0.46±0.06 0.050 

TV E/A ratio 0.87±0.16 1.25±0.09 0.000 

TDI E' 8.4±3.5 11.0±2.8 0.001 

TDI E/E' 7.6±4.0 5.0±1.4 0.005 

In children with CKD on regular haemodialysis, no significant relationship was found between 

indices of RV diastolic function (E/A, E' or E/E') and blood pressure or laboratory parameters of 

studied patients group.   
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DISCUSSION 

Significant increase in cardiovascular 

morbidity and mortality is reported in patients 

undergoing dialysis. Cardiovascular disease is 

the most common cause of the death in this 

group of patients (MohiUd din  et al., 

2005).Although conventional cardiovascular 

risk factors occur less frequently in children, 

those related to uraemia may be present 

(scavarda et al.,2014). 

These factors seem to contribute arterial 

dysfunction, atherosclerosis and myocardial 

ischemia as well as left ventricular hypertrophy 

(LVH), which may lead to systolic and diastolic 

dysfunction(Mitsnefes., 2012). 

In the present study we found that a 

statistically significant decrease in Z-score 

for(Wt,Ht and BMI) in the dialysis patients 

group than controls. Our study in agreement 

with Zaki et al., 2012 who found that there 

were growth deficit  in anthropometric 

parameters in dialysis children compare to 

healthy controls . 

In contradiction to our results, Chavers  

et al., 2011 found that there was no statistically 

difference between dialysis patients and controls 

regarding weight and height .This difference 

may be attributed to sample size, and short 

duration of dialysis patients group. 

In the present study there is a high 

statistically significant increase in systolic and 

diastolic blood pressure in the dialysis group 

compare to controls(P=0.000).Ourresults in 

agreement with Dillon, 2010 who explained 

these difficulties in blood pressure control in 

haemodialysis children primarily to chronically 

diseased kidney. However he reported that 

increasing time of each session, fluid restriction 

and kidney transplant are alternative solution to 

overcome this problem. 

Kale et al., 2001had found that 

hypertension was identified as important risk 

factor for all three LV disorder (LVH, diastolic 

&lastly systolic dysfunction).Systolic, diastolic 

and mean BP was separately and significantly 

associated with LV disease. 

In the present study, the CKD Patients 

were anaemic with significant decrease in 

haemoglobin and haematocrit level in dialysis 

patients than control (P=0.000).in agreement 

with our results Dery et al., 2003 who found 

that CKD patients(patients vs controls) 

presented by  anaemia with  significant lower 

HB(9.1gm/dLvs 12.04 gm/dL) and Hct(28.19% 

vs36.37%)with P value<0.001.Also Our study 

in agreement with Yilmaz et al., 2011 who 

found  that CKD patients presented with 

anaemia (renal anaemia) due to inappropriate 

levels of erythropoietin as main cause. 

In the present study, serum phosphate and 

potassium were significantly higher while serum 

calcium was significantly lower in dialysis 

group than controls (P<0.001).This findings in 

concordance with Ali et al., 2010who reported 

the same results. 

In haemodialysis patients Disturbed 

Phosphate –calcium metabolism may increase 

serum parathyroid hormone which may 

stimulate inflammatory markers, interleukin -6 

production in haemodialysis patients that 

contribute to cardiovascular morbidity and 

mortality by vascular calcification (Neven and 

Haese, 2011). 
In our study we found that increased heart 

rate, prolonged QT and QTc interval and 

decreased QRS duration in paediatric patients 

who had haemodialysis compared to controls. 

This findings coincided with the results reported 

by Covic et al., 2002 who mentioned 

thathaemodialysis increases the QTc interval in 

ESRD patients which is mainlyrelated to rapid 

changes in plasma electrolyte concentration. 

Kim et al., 2012 reported that QTc interval 

prolongation is one of the predictors of 

ventricular arrhythmia, may be associated with 

ESRD. 

Contrary to our results Vasangiacomo et 

al., 2007 who found no changes in QT, QTc 

interval related to haemodialysis, but this 

discrepancy may be related to small number of 

patients (9 cases) in their study. 

Our study showed that in dialysis group 

there was a statistically significant increase in 

IVSd(interventricular septum), LVPWd (left 

ventricular posterior wall) andLVED (Left 

ventricular volume)in diastole with p value 

=0.005, 0.000 and 0.007 respectively, compare 

to controls and these findings revealed that left 

ventricular hypertrophy (LVH) is predominant 

CKD on regular haemodialysis  .Our  findings 

were consistent with  Schoenmaker et al .,2013 

who reported  statistically significant increase in 

both IVSd& LVPWd  in 38 children with ESRD 

in comparison to 76 healthy controls. 

In concordance with our study 

Levin,2002 who found in patients with ESRD, 

anaemia leads to a chronic increase in cardiac 

output and contribute to increase in LV-end 

diastolic volume and the development of LVH. 

In the present study, there is no 

statistically significant difference in the LV 

systolic function (Ejection fraction &fraction 

shortening), while there is significant decrease 

in the parameters associated with Diastolic 
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function asCompared to healthy subjects (MV 

E, MVE/A). In concordance with our results 

Schoenmaker et al., 2013 who found that 

diastolic dysfunction in 30-40% of children on 

regular haemodialysis. 

Unfortunately, the transmitral Doppler 

velocities, and therefore the E/A, are affected by 

several factors, including left atrial pressure and 

preload .This particularly important for patients 

with chronic renal failure, because many of 

them have abnormal volume status. In ourstudy 

the effect of preload corrected by using the 

combination of Tissue Doppler Imaging of the 

mitral annulus {Early diastolic myocardial peak 

velocities (Em)} and mitral inflow from 

conventional Doppler (E/Em) .In the same line 

of our study,Ommen et al., 2000suggested that 

E/Em ratio can be used as an index of LV filling 

pressure, and therefore to estimate myocardial 

compliance at end-diastole, especially in those 

patients with preserved systolic function. 

We found lower E/A ratio and higher 

E/Em ratios in dialysis patients than in controls. 

In agreement with our resultsMitsnefes et al, 

2004 and Ten Harkel et al, 2009who reported 

that higher prevalence of LV diastolic 

dysfunction is now a common finding in 

children with CKD. 

Hiarada et al., 2000 suggest that age and 

heart rate might affect indices of diastolic 

function measured by TDI. In our study, there 

was no significant difference in the age among 

groups. In addition, we found no association 

between Em or E/Em correlation analysis on 

either groups of the study.  Our results in 

concordant with Swami Nathan etal., 2003who 

found no relationbetween age and TDI indices 

of diastolic function. 

In our study Children on dialysis had 

higher heart rate than controls and no relation 

between heart rate and Em E/Em in control 

group. This finding is supported by the result of 

the study byNagueh et al., 1998 who validated 

use of TDI indices in patients with sinus 

tachycardia. 

The current study revealed that 

parameters associated with diastolic function 

was deteriorated either by conventional Doppler 

or TDI (increased TV E, TV A and decreased 

TV E/A, decreased E',E'/A' with increased E/E') 

in CKD undergoing haemodialysis as compared 

to healthy subjects. Our results in concordance 

with Yamamoto and Kon 2009 ,Rudhani et 

al., 2010who found reducedright ventricular 

diastolic function in haemodialysis patients  

andthey explained this changes bySeveral 

pathophysiologic mechanisms that  may 

adversely affect RV function and impair its 

adaptation mechanisms  due to  hyperkinetic 

circulation(volume overload ,renal anaemia 

added to arteriovenous fistula) .  

Our  results regarding RV diastolic 

function detected by TDI(low E' with higher 

E/E') in agreement with study  of  Arinc et 

al.,2005  who reported  RV diastolic velocities 

on TDI were not or minimally affected from 

preload reduction in haemodialysis patients. 

Drighil et al.,2008 showed that diastolic 

TDI velocities of the RV is preload dependent 

.It is known that E/E value is relatively less 

volume dependent variable.In our study, in 

order to minimize these changes, 

echocardiographic parameters were measured 

on the day of haemodialysis andthis is why we 

tried to purify the TDI variables from conflict 

affects volume load. 

 

CONCLUSION 
Diastolic dysfunction of LV and RV are 

disturbed in children on regular haemodialysis. 

Impaired diastolic ventricular function in our 

study suggests that children with advanced renal 

failure at risk for ultimate worsening of cardiac 

function over time.Tissue Doppler Imaging 

offers an easily obtained, quantitative 

reproducible measure of diastolic ventricular 

function inESRD children. 
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