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ABSTRACT 

Introduction 
Early detection of cardiovascular disease in children with End-stage renal disease is essen-
tial in order to prevent cardiovascular morbidity and mortality in early adulthood. Tissue 
Doppler imaging has shown to be a promising method to detect and quantify subtle abnor-
malities in diastolic function. We therefore compared assessment of diastolic function by 
conventional echocardiography and Tissue Doppler imaging. 

Methods 
We performed conventional echocardiography and Tissue Doppler imaging in 38 children 
with End-stage renal disease and 76 healthy controls. We compared outcomes on parame-
ters related to diastolic function (E/a ratio for conventional echocardiography and E/E’ ratio 
for Tissue Doppler imaging) for both groups using multiple linear regression analysis. Dia-
stolic dysfunction was defined as E/a ratio<1 or E/E’ ratio> 95th percentile for age. To assess 
the intra observer reproducibility the coefficient of variation was calculated.  

Results
Children with End-stage renal disease had on average a lower E/a ratio (p=0.004) and a 
higher mitral and septal E/E’ ratio (both p<0.001) compared to controls. Two children with 
End-stage renal disease (5%) had diastolic dysfunction according to the E/a ratio, 11 accord-
ing to the mitral E/E’ ratio (29%) and 16 according to the septal E/E’ ratio (42%) compared 
to none of the controls (p=0.109, p<0.001, and p<0.001 respectively). The coefficients of 
variation of the mitral (7%) and septal E/E’ ratio (4%), were smaller than the coefficient of 
variations of the E/a ratio (11%).   

Conclusions
Tissue Doppler imaging is a more sensitive and reliable method to detect diastolic dysfunc-
tion than conventional E/a ratio in children with End-stage renal disease. 
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INTRODuCTION   

Cardiovascular disease is the main cause of death in patients with End-stage renal disease 
since childhood 1. Left ventricular hypertrophy is an adaptive response to chronic pressure 
and volume overload, as occurs in End-stage renal disease. Chronic overload in combination 
with metabolic, electrolytic, and hormonal changes leads to maladaptive left ventricular 
hypertrophy  characterized by structural changes in the myocardium and diastolic dysfunc-
tion 2.  

Early detection of cardiovascular disease in children with End-stage renal disease  would 
therefore give an opportunity for targeted intervention in patients at higher risk in order 
to prevent cardiovascular morbidity and mortality in early adulthood. As a consequence, 
conventional echocardiography of the heart is currently recommended in children with End-
stage renal disease as the method of choice for early detection of cardiac disease 3. How-
ever, reports on the reproducibility and validity of this assessment in children are scarce. In 
an earlier study of the same cohort, we found conventional echocardiography to be insuf-
ficiently sensitive and accurate for a reliable diagnosis of left ventricular hypertrophy  4. 
Tissue Doppler imaging appears to be a promising method for the detection and quantifica-
tion of subtle abnormalities in diastolic ventricle function in adults 5. In order to investigate 
whether this method would also be useful in children with End-stage renal disease, we com-
pared the accuracy of 2 echocardiographic techniques, i.e. conventional echocardiography 
and Tissue Doppler imaging, to detect impairment of left ventricle diastolic function. The 
aims of this study were: to compare the prevalence of diastolic dysfunction in children on 
renal replacement therapy and healthy children using conventional echocardiography and 
Tissue Doppler imaging, to assess the intra-observer reproducibility of both types of mea-
surement, and to identify potential treatment related risk factors of diastolic dysfunction in 
children with End-stage renal disease. 

MATERIAl AND METHODS

Participants 
All children, 0-19 years old, who were treated with chronic renal replacement therapy in 
the Emma Children’s Hospital AMC Amsterdam (the Netherlands) or the University Hospital 
Leuven (Belgium) between October 1, 2007 and January 1, 2012 were included. Children 
with congenital heart disease were excluded from the study. These two centres are involved 
in the RICH-Q project, in which all Dutch and Belgian centres that provide paediatric renal 
replacement therapy collaborate to improve the quality of care 6. We obtained ethical ap-
proval from the ethical institutional review boards of all participating hospitals and written 
informed consent from the parents of all participants and the participants themselves, if 
possible. The authors of this manuscript have certified that they comply with the Principles 
of Ethical Publishing in the International Journal of Cardiology 7. 
In this study, we reviewed 38 echocardiograms of patients included in RICH-Q in the two se-
lected hospitals and 76 echocardiograms of healthy control subjects from one of the centres 
offline. Controls were selected from healthy Dutch children without any medical history, 
evaluated at the cardiology department for a benign murmur, a positive family history for 
structural cardiac abnormalities or miscellaneous complaints that proved to be non-cardiac. 
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The 2 groups were matched for body surface area or, if height was not known, as was the 
case in 9 healthy children, for weight. 

Echocardiographic measurements 
Vivid 7 (GE Medical System, Wauwatosa, WI) device equipped with Tissue Doppler imaging 
technology was used for the standard, and pulsed tissue Doppler echocardiograms. The 
echocardiograms were made by paediatric cardiologists in the 2 centres between 2008 and 
2011. The two-dimensional directed M-mode echocardiograms were performed according 
to the Guidelines and Standards for Performance of a Paediatric Echocardiogram of the 
American Society of Echocardiography 8. Digital images were stored and analyzed offline, 
using EchoPac 108.1.5 (General Electric Medical Systems), by one independent paediatric 
cardiologist with more than 15 years of experience. Conventional parameters included: 
interventricular septum thickness in diastole (IVSd) in mm, left ventricular posterior wall 
thickness in diastole (LVPWd) in mm, left ventricular end diastolic diameter (LVEDd), early 
mitral valve ventricular filling velocity (E) in m/s, late (atrial) ventricular filling velocity (a) 
in m/s, and E wave Deceleration Time in milliseconds. Tissue Doppler imaging parameter 
peak early diastolic annular velocity (E′) was obtained at the cardiac base in the apical four-
chamber orientation from 2 locations: the lateral mitral annulus of the left ventricle (LV) and 
interventricular septum (IVS). Each variable was measured three times and the mean was 
calculated. Diastolic dysfunction is characterized by impaired relaxation of the left ventricle, 
which results in a decrease of the E/a ratio in conventional echocardiography due to an 
increased late filling (a) phase of end-diastolic volume relative to early filling (E). Diastolic 
dysfunction was defined as E/a ratio<1.0 9. In Tissue Doppler imaging an impaired left ven-
tricle relaxation and reduced elastic recoil will lead to a reduced flow propagation to the 
apex, and a relative reduction of E’ 10. Diastolic dysfunction as measured by Tissue Doppler 
imaging (DDTDI) was defined as either septal or mitral E/E’ ratio (i.e. E divided by IVS E’ or by 
LV E’, respectively) > 95th percentile for age 11. LV mass was calculated using the following 
equation: LV mass (grams) = 0.8 (1.04 ([LVEDd + IVSd + LVPWd]3 – [LVEDd]3)) + 0.6 g 12. To 
account for body size, the LV mass index (LVMI) was calculated by dividing LV mass by height 
raised to the power of 2.7 (g/m2.7). Severe left ventricular hypertrophy (LVH) was defined as 
LVMI > 51 g/m2.7 13. 
All statistical analyses were performed using SPSS 18.0 for Windows. Values are presented 
as mean ± SD unless stated otherwise. An independent samples sample t-test or Mann-
Whitney U test was used to compare the means of continuous variables when appropriate. 
Categorical values were compared using the chi-square test or Fisher’s exact test, where 
indicated. Parameters related to diastolic function, i.e. E/a ratio and E/E’ ratios were ana-
lysed for both End-stage renal disease and control group using multiple linear regression 
analysis to adjust for confounding. Potential confounders were; age, gender and weight. 
If the regression coefficient of the central determinant ‘End-stage renal disease’ changed 
>10% after addition of a particular determinant to the regression model, this determinant 
was considered to be a confounder and was kept in the final model. 

Intra- observer reproducibility 
To assess the intra-observer reproducibility of the diastolic function measurements by Tis-
sue Doppler imaging and conventional echocardiography, the paediatric cardiologist re-as-
sessed 25 echocardiograms offline, 10 from End-stage renal disease patients and 15 from 
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healthy controls, in a randomly different order after a period of at least two weeks to pre-
clude recollection. To assess intra-observer reproducibility, we calculated the Coefficient of 
Variation as the ratio of the standard deviation of the differences of the repeated measure-
ments to the mean of all measurements in all individuals (grand mean). The Coefficient of 
Variation gives an indication of the measurement error as a percentage of the mean value 
in the study population. 

Potential determinants of diastolic dysfunction
Data registered in the RICH-Q project were used for the analysis of possible renal replace-
ment therapy -related determinants of diastolic dysfunction. Data were collected from 
the medical records of the patients by trained local research nurses or by the participat-
ing paediatric nephrologists. The following data were used: duration of renal replacement 
therapy (years) current renal replacement therapy modality, primary cause of End-stage 
renal disease (acute or chronic onset), cardiovascular indicators (e.g. hypertension, calcium-
phosphate metabolism, anaemia and iPTH), and LV mass index and LVH. For the plasma 
concentrations and blood pressure measurements we used the mean of all available values 
of one year preceding the date of the echocardiogram. Hypertension was defined as either 
a systolic or diastolic blood pressure > p95 of the Task Force Report normal values corrected 
for age, gender and height 14. Primary causes of End-stage renal disease were classified into 
2 categories: acute (e.g. dense deposit disease, hemolytic uremic syndrome (HUS), tubu-
lar necrosis, tumor and nephrotic syndrome) and chronic onset (urine tract malformation, 
chronic renal failure, renal vascular disease, congenital diseases). Logistic regression analy-
sis was performed to investigate the association of these risk factors with DDTDI (mitral E/E’> 
95th percentile for age). Predicting factors were entered into a multivariable model one at a 
time in a preset order to maximize the explained variance.  

Results
The children’s characteristics and results of the echocardiographic measurements are shown 
in Table 1. At time of the echocardiogram, 11 children with End-stage renal disease were 
treated with haemodialysis, 8 with peritoneal dialysis and 19 children were transplanted. 
The children with End-stage renal disease were significantly older than their healthy con-
trols, matched for body surface area or weight, the mean difference [95% Confidence Inter-
val (CI)] being 3.3 [1.4 – 5.2] years (p=0.002). 
After adjustment for age, children with ESRD had a larger mean IVSd (mm) and LVPWd 
(mm). Severe LVH was diagnosed in 4 of the 38 children with ESRD (11%) and in none of 
the controls (p=0.03). Children with End-stage renal disease had a lower E/a ratio compared 
to control subjects (mean difference [95%CI]); 0.3 [0.1-0.6], p= 0.004). Diastolic dysfunc-
tion was diagnosed in 2 children (5%) with End-stage renal disease according to the E/a 
ratio (p=0.11). Children with End-stage renal disease had a lower mean value of E’ of both 
the mitral annulus of the left ventricle  (LV E’) and the interventricular septum (IVS E’), and 
consequently, a higher mitral and septal E/E’ ratio than the controls (both p< 0.001). Accord-
ing to the mitral and septal E/E’ ratio, 11 (29%) and 16 (42%) children with End-stage renal 
disease, respectively, and none of the controls were diagnosed with diastolic dysfunction 
measured by Tissue Doppler imaging (DDTDI), both p<0.001. In 10 children with End-stage 
renal disease, both septal and mitral E/E’ ratios were > 95 th percentile for age. In 6 children 
only the septal E/E’ratio was > 95th percentile for age and in 1 child only the mitral E/E’ ratio 
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TABlE 1. Characteristics of the study population and results of measurements of 
conventional echocardiography and Tissue Doppler imaging

ESRD
n=38

Healthy 
controls     

n=76

Mean 
difference  

95%CI P value

Characteristics 

BSA (m2) 1.24 (0.4) 1.26 (0.4)^ 0.0 -0.2-0.2 0.86a

Weight (kg) 39.3 (16.3) 36.5 (19.6) 2.8 -4.6-10.2 0.46a

Male# 25 (66%) 46 (61%) . . 0.59b

Age (years) 12.4 (4.5) 9.1 (4.9) 3.3 1.4-5.2 0.002a

Conventional echocardiography Adjusted for age 

IVSd (mm) 6.8 (1.3) 5.4 (1.1) 1.0 0.6-1.4 <0.001d

LVPWd (mm) 6.9 (1.5) 5.7 (1.3) 0.6 0.2-1.0 0.007d

LVEDd (mm) 43.6 (6.5) 41.3 (7.2) 1.8 0.2-3.4 0.03

LVMI (g/m2.7) 36.0 (11.8) 26.7 (7.8) 11.3 7.4-15.1 <0.001d

LVH# 4 (11%) 0 (0%) . . 0.03c

E (cm/s)  95.5 (19.5) 97.8 (16.1) 1.4 -5.7-8.6 0.70d

a (cm/s) 56.1 (15.0) 50.9 (12.2) 7.5 2.1-12.8 0.006d

E/a ratio 1.8 (0.6) 2.0 (0.5) 0.3 0.1-0.6 0.004d

E wave Deceleration 
Time (ms) 

168.2 (33.2) 164.3 (30.0) 2.3 -10.1-14.7 0.72

Tissue Doppler Imaging Adjusted for age

LV E’ (cm/s) 14.2 (4.0) 18.1 (3.3) 4.4 3.0-5.9 <0.001d

Mitral E/E’ratio 7.1 (2.1) 5.6 (1.3) 1.9 1.3-2.5 <0.001d

IVS E’ (cm/s) 10.2 (2.0) 13.6 (2.1) 3.8 2.9-4.6 <0.001d

Septal E/E’ratio 9.6 (2.1) 7.3 (1.4) 2.5 1.9-3.2 <0.001d

Prevalence of diastolic dysfunction

DD conventional echo: 
E/a ratio < 1# 2 (5%) 0 (0) 5% 0-10% 0.11c

DDTDI: mitral E/E’ ratio> 
p95#

11 (29%) 0 (0) 29% 20-40% <0.001c

DDTDI: septal E/E’ 
ratio>p95#

16 (42%) 0 (0) 42% 30-60% <0.001c

Data are presented as mean (sd), #Data are presented as n (percentage), ^Body surface area (BSA) and therefore LVMI 
is missing in 9 healthy controls, a independent samples T- test,  b Chi2 test,  c Fisher’s exact test, dadjusted for age by linear 
regression analysis, ESRD= end-stage renal disease, IVSd= diastolic intraventricular septum thickness, LVPWd= diastolic 
left ventricular posterior wall thickness, LVEDd= left ventricle end diastolic diameter, LVH= left ventricle hypertrophy, 
E= early mitral valve ventricular filling velocity, a= late ventricular filling velocity, IVS= interventricular septum, LV= left 
ventricle, E’= peak early diastolic annular velocity, and DD= diastolic dysfunction, CI= confidence interval.
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TABlE 2. Intra- observer reproducibility (n=25)

Measurement 
1  Mean (SD)

Measurement 2  
Mean (SD)

Mean 
difference

95% CI CV

Conventional echocardiography 

E (cm/s) 97 (16.0) 97 (15.0) 0.21 -2.2-2.6 3%
a (cm/s) 52 (12.0) 53 (12.0) 0.62 -1.1-2.3 4%
E/a ratio 2.0 (0.5) 1.9 (0.5) 0.12 -0.1-0.3 11%
E wave 
Deceleration 
Time (ms) 

169.6 (19.2) 165.1 (25.1) 4.5 -8.1-17.2 8%

Tissue Doppler Imaging

LV E’ (cm/s) 15.9 (3.3) 16.1 (3.6)  0.20 -0.6-1.0 6%
Mitral E/E’ ratio 6.4 (1.7) 6.4 (1.9) 0.00 -0.4-0.4 7%
IVS E’ (cm/s) 12.1 (2.0) 12.4 (2.0) 0.29 -0.1-0.7 5%
Septal E/E’ ratio 8.3  (1.9) 8.0 (1.9) 0.21 -0.1-0.5 4%

E= early mitral valve ventricular filling velocity, a=late ventricular filling velocity, LV= left ventricle,  E’= peak early 
diastolic annular velocity, Mitral E/E’ ratio = E divided by LV E’, IVS= interventricular septum, Septal E/E’ ratio= E 
divided by IVS E’, SD= standard deviation, CI= Confidence interval,  and CV= coefficient of variation 

was > 95 th percentile for age.  From the 11 children diagnosed with DDTDI according to the 
mitral E/E’ratio, only 2 children had severe LVH.  Three examples of mitral E’ measurements 
in a) child with ESRD and diastolic dysfunction, b) child with ESRD without diastolic dysfunc-
tion and c) healthy control are given in Figure 1.    

Intra- observer reproducibility
The results of the intra-observer reproducibility are shown in Table 2. There were no signifi-
cant differences between the repeated measurements for the conventional measurement 
(E, a, E/a ratio, and E wave Deceleration Time) or for the Tissue Doppler imaging measure-
ments (IVS E’, LV E’, mitral and septal E/E’ ratio).The Coefficients of Variation of the mitral 
and septal E/E’ ratio, 7% and 4% respectively, were smaller than the Coefficient of Variation 
of the E/a ratio (11%).   

Risk factors for diastolic dysfunction
Disease characteristics of ESRD children with and without diastolic dysfunction, defined as 
mitral E/E’ ratio > 95th percentile for age, are shown in table 3. The children with DDTDI 
(n=11) were on average [95%CI] 4.1 [1.1-7.0] years older than the children without DDTDI 
(n=27), p=0.008. There was a not-significant towards more males in the group with DDTDI 
compared to those with no DD (91% vs 56%: p=0.06). The mean (standard deviation) mitral 
E/E’ ratio for boys was 7.6 (2.3) and for girls 6.4 (1.5), 95%CI: 0.1 -3.0; p=0.036). Boys’ and 
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FIGuRE 1. Examples of E’= peak early diastolic annular velocity in Tissue Doppler 
Images of the mitral annulus from a) child with ESRD and diastolic dysfunction, b) 
child with ESRD without diastolic dysfunction and c) healthy control.

1a. Child with ESRD and diastolic dysfunction 

1b. Child with ESRD without diastolic dysfunc-
tion 

1c. Healthy control 
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girls’ ages were comparable. The primary diagnoses and mode of renal replacement therapy 
did not differ significantly between children with or without DDTDI or between boys and girls. 
The results of the logistic regression analysis to identify risk factors for DDTDI, defined as mi-
tral E/E’ ratio > 95th percentile for age are shown in table 4. The odds ratio  [95%CI] for boys 
compared to girls to develop DDTDI was 14.5 [1.3- 162.9] corrected for age. The multivariable 
logistic regression model containing age and gender explained 46% of the variance. None of 
the other risk factors showed a statistically significant association with DDTDI when analyzed 
as a single determinant. 

DISCuSSION 

Depending on the exact outcome measure, we found between 30 and 40% of the children 
with End-stage renal disease to have signs of diastolic dysfunction as measured by Tissue 
Doppler imaging, depending on the outcome measure. These findings are consistent with 
those of several other studies 15-17. Early detection of cardiac disease in End-stage renal dis-
ease children is important, given the extremely high cardiac mortality rate in young ado-
lescent patients with paediatric End-stage renal disease. In a follow-up study of patients 
with End-stage renal disease since childhood, a mortality rate of 25% before the age of 30 
was reported. Forty percent of these patients died of cardiovascular disease 1;18. Children 
with End-stage renal disease and diastolic dysfunction are thought to have a particularly 
increased risk for ventricular systolic dysfunction, leading to congestive heart failure, and 
early cardiac death 16. Hypertension, anaemia, increased PTH secretion, hyperphosphatemia 
and hypercalciemia and prolonged dialysis have been recognized in adults with End-stage 
renal disease as potential risk factors for cardiovascular mortality 19. These factors can be 
influenced by intensifying the treatment. In adult onset End-stage renal disease therapeutic 
interventions, such as an increase of the dialysis frequency, a stricter control of hyperten-
sion, hyperphosphatemia and anaemia all have shown to be effective in reducing cardiac 
mortality after left ventricular hypertrophy  is established 20. It is therefore important to de-
tect cardiovascular disease in End-stage renal disease children at an early stage so that tar-
geted interventions can be started in time to prevent cardiovascular morbidity and mortality 
in early adulthood. In contrast with the studies of Mitsnefes et al. 16 and ten Harkel et al. 17 
the main objective of the present study was not only to assess the prevalence of diastolic 
dysfunction in children with ESRD, but also to assess accuracy and reproducibility of the 
different echocardiographic techniques. Just like Mitsnefes et al. and Ten Harkel et al., we 
found lower E/a ratios and higher E/E’ ratios in children with ESRD than in healthy children. 
In addition, we found that TDI is more reproducible than conventional echocardiography.
Although 30-40% of these children were diagnosed with DDTDI, only 5% were diagnosed 
with severe LVH. This suggests that DD measured by TDI is detected earlier than LVH mea-
sured in these children. This finding is supported by those of Borges et al 19. They showed 
that diastolic dysfunction was already present in hypertensive adults whose left ventricular 
mass index was still within the clinically defined normal range. This suggests that both the 
contractile and relaxing myocardial function may already be hampered with normal LV mass 
values, and supports the potential value of using TDI velocities in the evaluation of cardiac 
function. However, the definition of LVH is a matter of ongoing controversy 21;22, especially 
in possibly growth-retarded children 23;24. A different definition of LVH will probably lead to a 
different prevalence of LVH.  Furthermore, Tissue Doppler imaging measurements detected 
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TABlE 3. Association between diastolic dysfunction and possible determinants

ESRD with DDTDI            
(n= 11)

ESRD without 
DDTDI (n=27)

Mean 
difference  

[95%CI]

p value

Mean (sd) age in years 15.2 (2.4) 11.2 (4.6) 4.1 [1.1-
7.0]

0.008a

Male n (%) 10 (91%) 15 (56%) - 0.06b

Primary cause of ESRD: 
chronic onset                                        

7 (64%) 18 (67%) - 1.00b

Mode of RRT at time of echocardiography n (%) 

- Haemodialysis 
- Peritoneal dialysis 
- Transplantation

4 (36%) 
1 (9%)

6 (55%)

7 (26%) 
7 (26%) 

13 (48%) 

0.49b

Dialysis as mode of RRT at 
time of ultrasound n (%)                                                                                       

5 (45%) 14 (52%) - 0.72b

Median (range) duration RRT 
in months

37.2 (0-97) 21.7 (0-192) - 0.22c

Median (range) duration 
dialysis in months#  

11.3 (0-66) 5.6 (0-192) - 0.28c

More than 2 years of RRT n 
(%) 

7 (64%) 12 (26%) - 0.48b

More than 2 years of dialysis 
n (%) 

4 (36%) 8  (30%) 0.71b

Mean (sd) LVMI in g/m2.7 35.8 (12.9) 36.1 (11.6) 5.4 [-3.4-
14.2]

0.22d

LVH 2 (18%) 2 (7%) - 0.56b

Hypertension, before 
ultrasound n (%) 

5 (31%) 10 (45%) - 0.38b

Mean (sd) haemoglobin 
(mmol/l)  

6.8 (1.0) 7.1 (0.7) 0.4 (-0.2-
1.5)

0.16d  

Mean (sd) phosphate 
(mmol/l) 

1.52 (0.4) 1.54 (0.3) 0.0 (-0.2-
0.3)

0.85d

Mean (sd) calcium (mmol/l) 2.41 (0.3) 2.38 (0.2) 0.0 (-0.1-
0.2)

0.66d

Median (range) iPTH  
(pmol/l)* 

11.4 (4.5-28.1) 17.0 (2.7-90.5) - 0.57c

DDTDI is defined as mitral E/E ratio> p95 for age. a= Independent samples t test, b=Chi square/ Fischer’s exact test, 
c=Mann Withney-U test. d= adjusted for age by linear regression. ESRD= end-stage renal disease, RRT= chronic 
renal replacement therapy, LVMI= left ventricular mass index, LVH= left ventricular hypertrophy, CI=confidence 
interval, * iPTH bloodvalue is missing for 6 children without DD (n=21) and 2 children with DD (n=9). 
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24 to 37% more diastolic dysfunction in our study population than conventional echocar-
diography, by which only 5% of these children were diagnosed. Our findings are consistent 
with a study in adults with chronic kidney disease, in which Tissue Doppler imaging demon-
strated impaired diastolic function in patients with left ventricular hypertrophy that was not 
detected by conventional echocardiography 25. 
To date, the E/a ratio, measured by conventional echocardiography has generally been used 
to evaluate left ventricular diastolic function 26;27. However, this method has several limita-
tions, since it is directly influenced by both the left atrial pressure and the preload. This is es-
pecially important for patients on dialysis because of their abnormal hydration status. Tissue 
Doppler imaging measurements are relatively independent of loading conditions, and thus 
may be superior to conventional echocardiography to detect diastolic dysfunction in End-
stage renal disease patients [28]. Furthermore, in our study, the intra-observer reproducibil-
ity of the E/E’ ratio was better than of the (conventional) E/a ratio. Reproducibility studies 
for Tissue Doppler imaging measurements in children are scant. Eidem et al assessed the 
intra and inter observer reproducibility of Tissue Doppler imaging measurements in healthy 
children 11. The reproducibility was expressed as the mean absolute percentage difference 
between 2 observers. Intra- and inter-observer measurement error of E’ measured at in-
terventricular septum, left and right ventricle ranged from 1.6% - 2% and from 2.2 - 3.4%, 
respectively. They concluded that Tissue Doppler imaging offers an easily obtained, quan-
titative, reproducible echocardiographic measure of left ventricular function in children 11. 

Whether early detection of diastolic dysfunction using Tissue Doppler imaging can be used 
as a specific predictor of cardiovascular morbidity and mortality in children remains to be 
established. Longitudinal studies in children on renal replacement therapy are necessary to 
evaluate the role of DDTDI in the risk assessment of developing heart failure later in life. In 
adults the prognostic significance of an increased mitral E/E’ ratio has been established in 
various studies 29-32. In adults with heart failure the mitral E/E’ ratio was shown to be associ-
ated with cardiac mortality and hospitalization for heart failure (odds ratio 1.92 [1.45–3.88] 
per unit increment of E/E′ ratio, p = 0.001) 30. Wang et al. recommend that mitral E/E’ ratio 
should be measured during echocardiographic examination for additional prognostication 
in patients with End-stage renal disease 32. The role of the septal E/E’ratio is less clear. 
Although in this study children with DDTDI were older than children without DDTDI, we found 
no significant influence of disease and therapy characteristics on outcomes with respect to 
DDTD. From other studies it is known that diastolic dysfunction already develops at the time 
of mild to moderate chronic renal insufficiency and progresses as renal function deterio-
rates 16;33. Unfortunately, we have no echocardiographic information from before the start 
of renal replacement therapy in these children. The difference that we found between boys 
and girls may be a real signal, or it may have been due to chance. One explanation could be 
that these boys had chronic kidney disease for a longer period before developing End-stage 
renal disease than girls. An earlier study in healthy children found no gender differences in 
E/E’ ratio 11. Additional studies are needed to either confirm or refute this gender difference 
in End-stage renal disease children. Unfortunately, we did not find significant associations 
between mitral E/E’ ratio and other possible determinants (e.g. mean LVMI, LVH, phosphate, 
haemoglobin, iPTH, blood pressure) in this small study population.  
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TABlE 4. Results of logistic regression to identify risk factors for diastolic 
dysfunction in 38 children with End-stage renal disease

OR 95% CI

Models with one determinant  
Gender (male vs female)
Age (years) 
Cause of ESRD (acute vs chronic) 
Duration RRT (years) 
Current RRT modality (transplantation vs dialysis) 
Mean LVMI (g/m2 .7)
LVH 
Hypertension 
Mean haemoglobin (mmol/l) 
Mean phosphate (mmol/l) 
Mean calcium  (mmol/l) 
Mean iPTH (pmol/l)* 

8.0 
1.4
1.1
1.1
1.3
1.0
2.8 
1.4
0.6
0.8
2.4
1.0

0.9-71.6
1.1-1.8
0.3-5.0
0.9-1.3
0.3-5.3
0.9-1.1

0.3-22.7
0.3-5.9
0.2-1.4
0.1-6.3

0.1-90.8
0.9-1.0

Multivariable model  

1. Gender (male vs female) 14.5 1.3-162.9

2. Age (years) 1.5 1.1-2.0

Diastolic dysfunction is defined as mitral E/E’ ratio > P95 for age.  ESRD= end-stage renal disease,  RRT= 
chronic renal replacement therapy, LVMI= left ventricular mass index, LVH= left ventricular hypertrophy,*intact 
Parathyroid hormone (iPTH) blood value is missing for 8 children. OR= odds ratio, CI= confidence interval

Limitations
The results of this study are limited by the small sample size in the End-stage renal disease 
group. The study was limited to 2 hospitals because Tissue Doppler imaging measurements 
in these hospitals were assessed with the same echocardiography machine (Vivid 7), using 
comparable methods and therefore suitable for offline analysis. Furthermore, this was a 
cross-sectional study, including dialysis and transplanted patients. We decided not to distin-
guish between these 2 modalities because all children had End-stage renal disease and most 
of the transplant patients had been on dialysis before. 

Recommendations  
Early detection of cardiovascular disease in children with End-stage renal disease might give 
an opportunity for targeted intervention in patients at higher risk in order to prevent cardio-
vascular morbidity and mortality in early adulthood. Tissue Doppler imaging measurements 
could be of great value to detect diastolic dysfunction in children with End-stage renal dis-
ease at an early stage, therefore Tissue Doppler imaging should be performed in addition 
to the conventional echocardiography. Longitudinal studies are necessary to evaluate the 
progression of cardiac dysfunction in these children.  
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In conclusion, diastolic dysfunction is found in many children with End-stage renal disease. 
TDI is more sensitive in the early detection of diastolic dysfunction than conventional echo-
cardiography in children with End-stage renal disease. Furthermore, Tissue Doppler imaging 
has better intra-observer reproducibility than the conventional echocardiography. Provided 
that the specificity of this technique in children is confirmed, Tissue Doppler imaging could 
be of great value to detect early onset of diastolic dysfunction in children with End-stage 
renal disease.  
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