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ABSTRACT 
Introduction 
Little attention has been paid to evaluating the right ventricle (RV), considered the forgotten side of 
the heart. Adenine DiMethyl Arginine (ADMA), growth differentiation factor15 (GDF-15), and 
highly sensitive (hs-CRP) may play a role in the development of RV dysfunction.  
Aim of the Study: To reveal right ventricular (RV) function via conventional echocardiography and 
the new echocardiography (ECHO) modality to reveal the long‐term impacts of hemodialysis (HD)on 
the RV in children on  HD patients and assess the relationship between RV dysfunction and (ADMA), 
(GDF-15) and hs-CRP.  
Methods: (ADMA, GDF-15, and hs-CRP) were analyzed in forty pediatric patients on HD and their 
forty controls. Also, the right ventricle was assessed by conventional Echo Doppler modalities, 
tissue Doppler imaging (TDI), and global RV strain by speckled tracking ECHO in the same line with 
routine laboratory investigations.   
Results Significantly higher levels of ADMA, GDF-15, and hs-CRP in HD children than controls. 
Reduced RV function was detected in 16 (40%) out of 40 children. Significantly lower RV ventricular 
functions – RV Ejection Fraction & RV Fractional area change (RVEF % and RVFAC) and higher TV 
A vel, and TV E A vel ratio were found in (HD) group than in controls. Significant decrease in TDI 
tricuspid annular velocities E´) with significantly decreased right ventricular strain detected by TDI as 
well as STE in hemodialysis children than in their controls.  
Conclusion:  RV dysfunction is not uncommon in HD children; 2D-FAC is a traditional ECHO 
parameter for detecting right ventricular dysfunction in HD children; moreover, STE-GLS of the 
RV is an easily feasible assessment method, especially in those patients. ADMA is  highly sensitive 
in predicting RV dysfunction in HD children.   
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INTRODUCTION 
 
        Cardiovascular risk is common, 
particularly with patients with end-stage 
renal disease on hemodialysis. Cardiac 
insufficiency due to uremia is, therefore, 
mainly due to   non-specific pathological 
changes rather than pure renal 
insufficiency. Many studies have shown 
that the risk of adverse cardiovascular 
events is significantly increased and 
persistent in all patients treated with HD, 
especially those who have just started 
HD treatment [1].  
        The pathogenesis of  CVD in 
hemodialysis patients is multifactorial, 
being related to traditional, known 
cardiovascular factors but also uremia-
specific processes (e.g., uremia, 
alterations in phosphate and calcium 
metabolism, severe anemia, arterial 
remodeling, and hemodynamic 
overload) [2]. Patients with end-stage 
renal disease have elevated levels of 
cardiac biomarkers, despite no apparent 
signs of cardiac dysfunction or radial 
damage; this is related to CKD 
comorbidities and reduced renal 
clearance per se [3, 4].  
        Traditional echocardiography may 
not be capable enough to detect early 
cardiac abnormalities in CKD patients 
[5]. There are no investigations of that 
concern to detect diagnostic tools to 
evaluate the right ventricular (RV) 
functionality in children on 
hemodialysis. In a comprehensive 
literature survey, no published study on 
pediatric patients addresses this issue.  
        In addition, only a few studies 
explore the importance of cardiac 
biomarkers in pediatric CKD patients 
[6–9]. Analyzing cardiac biomarkers and 
traditional and new ECHO modalities in 

children with CKD on maintenance 
hemodialysis may improve diagnostic 
accuracy and facilitate the prediction of 
CVD, mainly the RV, which may 
improve clinical outcomes. Therefore, 
the current study contributes new, 
valuable evidence to fill the scientific 
gap in assessing right ventricular 
dysfunction.  
   
METHODS  
 
        This is a case-control study 
conducted during the period from 
December 2021 to April 2022; it 
included 40 children recruited from the 
Pediatric Nephrology & Hemodialysis 
Unit, Al-Zahraa University Hospital 
(Cairo, Egypt); these are the patient’s 
numbers who attended the pediatric 
hemodialysis unit during the period of 
the study; they were dialyzed three times 
per week for 4 hours/setting with low 
flux polysulphone dialyzer on Fresenius 
4008S Classic machine [10]. 

        The patient’s ages ranged between 
4-18 years (23 males and 17 females), 
and another 40 healthy children in the 
control group (18 males and 22 females), 
the sample size is appropriate, the 
required sample is 36 cases [11]. 
Regarding the etiology of CKD in the 
patient’s group, acquired causes were 
found in 40%, then hereditary in 22.5%, 
then congenital in 15%, followed by 
metabolic in 2.5%. Still no known cause 
was detected in 20% of the cases. 
        Written consent was obtained from 
the participating parents in adherence to 
the guidelines of the ethical committee 
of AL-Zahraa University Hospital, Al 
Azhar University Faculty of Medicine 
(for Girls), Cairo, Egypt. This study was 
conducted with the participation of the 
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internal clinic's pediatric (nephrology 
and hemodialysis), clinical pathology, 
and cardiology departments. Children 
with structural heart diseases were 
excluded from the study. All study 
populations were subjected to entire 
history taking, including etiology, the 
onset of CKD, duration of hemodialysis, 
cardiac symptoms, medications, addition 
to routine and specific laboratory 
investigations and radiological 
investigation that assess the right 
ventricular function by traditional tissue 
doppler imaging and Speckle Tracking 
Echocardiography.  
 
Laboratory investigations Sampling  
 Blood samples were obtained (before 

starting a dialysis session in the 
morning after an overnight fast of at 
least 12 h. Blood was withdrawn using 
a vacuum system into three tubes; one 
containing EDTA and two gel vacuum 
tubes. A sample of EDTA was used to 
analyze CBC on the automated cell 
counter Swelab alpha. Another gel 
tube was used to measure urea, 
creatinine, calcium, phosphorous, 
potassium, cholesterol, and 
triglycerides. 

 The third tube was centrifuged, & 
serum was separated into three boxes, 
carefully labeled, & stored at -20⁰C 
until the assay of hsCRP, ADMA, & 
GDF15 by ELISA using the kits 
supplied by NOVA; Bioneovan Co., 
Ltd. 

 Assay range of hsCRP: 0.3ng/ml -10 
ng/ml [12]. 

 Assay range of ADMA: 2ng/ml -
150ng/ml [13].  

 Detection range of GDF-15:15.6 
pg/ml -1000pg/ml. www.bt- 
laboratory.com 

Radiological investigation  
ECHO Assessment 
 Trans-thoracic echocardiography 

(TTE) evaluation was performed in 
the Cardiology department using 
Vivid-7 GE system (GE Ultrasound; 
Horten, Norway) with tissue Doppler 
imaging capability. Cases were 
examined by multi-frequency (2.5 
MHz) matrix probe M3S.  2D Guided 
M-Mode, 2D, Conventional Doppler 
(pulsed and continuous wave), and 
color flow mapping in the standard 
views from all accessible windows 
were obtained with ECG physio signal 
displayed with all detected echo-
Doppler studies. The same 
investigator made all measurements 
over at least three cardiac cycles, and 
the average value for each parameter 
was calculated. 

 To avoid the effect of volume 
overload, echocardiography was done 
within 1-2 hours after dialysis when 
patients’ weight was close to their 
target one. All parameters were taken 
based on the American Society of 
Echocardiography standards [14].  

 Although all patients received a 
comprehensive evaluation of the size 
and function of all cardiac chambers, 
the current study reports only those 
concerning the RV systolic function 
and mechanics.       Four-chamber view 
focused on the RV (with the patient in 
left lateral decubitus position) to 
calculate distinct indicators of RV size 
and function, and then the offline 
analysis of the recorded images was 
done e using a computer.   

 Assessment of right ventricular 
systolic functions: 
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1- M-mode assessment for measuring 
tricuspid annulus plane systolic 
excursion (TAPSE): Right 
ventricular function is often assessed 
by measuring the upper-caudal 
excursion capability of the tricuspid 
valve annulus during ventricular 
systole by measuring (TAPSE). A 
value of less than 10mm is consistent 
with RV systolic dysfunction.TAPSE 
is defined by the distance of systolic 
excursion of the RV annular segment 
along its longitudinal plane from a 
standard apical 4-chamber window 
TAPSE index can be quickly 
evaluated on M-mode 
echocardiography [15].     

2- 2D evaluation of RV dimensions, 
volumes & fractional area change 
(FAC) : 

    Using 2D echo modality by tracing 
the endocardial border, we obtain the 
following measures:  

a- RV basal diameter, RV mid 
diameter, and RV longitudinal 
diameter. 
b- RV end diastolic and end systolic 

volumes from which RVEF is 
automatically calculated by the 
echo machine. 

c- Fractional area change (FAC) is 
defined as (end-diastolic area − end-
systolic area) / end-diastolic area × 
100. 

FAC is another parameter that offers a 
good perception of global RV systolic 
function; if the tracing is carefully done 
to include the apex, free wall, or 
trabeculae in the RV chamber, a value 
of less than 35% implies RV systolic 
decay [16].   
3- Conventional Doppler evaluation of 
tricuspid flow velocities for  
assessment of RV diastolic function: 

Using pulsed wave Doppler the 
following velocities were assessed: TV 
early diastolic velocity (TV E vel.) TV 
late diastolic velocity (TV A vel.) and 
E/A ratio. 
4- Tissue Doppler Imaging (TDI) for 

measuring tricuspid annular velocities 
and RV strain: 

 Pulsed wave tricuspid annular peak 
systolic velocity (S), early (E'), and 
late (A) peak annular diastolic 
velocities were recorded. 

 RV global TDI strain was evaluated 
using average measures of free wall 
and septal wall TDI strain of the RV. 

5-Assessment of RV Global 
Longitudinal Strain using 2-D 
Speckle Tracking Echocardiography: 

 Using a 2D greyscale image of a 
modified apical four-chamber view to 
proper visualization of the RV where 
the endocardial boundary was 
manually traced and automatically 
modified to accommodate the whole 
myocardium. The grayscale frame 
rate was kept between 60-90 frames/s; 
a minimum of three cardiac cycles 
were obtained for each loop. To 
guarantee appropriate tracking, the 
thickness of the myocardium was 
manually adjusted to the area of 
interest [17].      

 All images were stored in a cine-loop 
format, and data were transferred to 
the workstation for further offline 
analysis of RV-GLS using the 
EchoPAC software version 110-1.3 
for GE.E9 [18].     
  

STATISTICS  
Data were collected, revised, coded, and 
entered into the Statistical Package for 
the Social Science version 21(IBM 
Corp., Armonk, NY, USA).  
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  Spearman correlation coefficients 
were used to assess the correlation 
between two studied parameters in the 
same group. 

 The receiver operating characteristic 
(ROC) curve estimated the best 
cutoff point with sensitivity and 
specificity.  

 Interpretation of probability values 
was as follows: P >0.05 as 
nonsignificant, P <0.05 as significant.  

 
RESULTS  
 
       Regarding clinical and 
laboratory data:  
There was a significant increase in 
systolic blood pressure and serum (urea, 
creatinine, phosphate, cholesterol, 
triglyceride, and potassium in the 
patients-group compared to controls 
with no significant difference in the 
serum calcium level. There was also a 
more substantial increase in serum 
ADMA, GDF-15, and hsCRP in the 
patient’s group than in their controls, as 
seen in (Table 1).   
       Regarding RV function:  
The main objective of the current study 
is to evaluate RV function and the best 
diagnostic tool for assessment; Children 
on hemodialysis show significantly 
decreased 2D-RVFAC and 2D-RVEF 
than their controls. Meanwhile, in 
hemodialysis children, there is a 
significant increase in TV A vel and a 
decrease in TV E/A ratio than their 
controls; in addition, Tricuspid annular 
velocities show a considerable reduction 
in average E vel. with significant TDI RV 
strain in patients than their controls. Also, 
a substantial decrease in RV strain was 

detected by 2D- STE GLS in the 
hemodialysis group, as shown in (Table 
2), (Figure 1, 2, 3).    
        On evaluating the prevalence of 
RV dysfunction in children on 
hemodialysis, 16 patients (40%) out of 
40 patients had impaired RV function, 
as shown in (Table 3).   
        Correlations between laboratory 
markers and RV function Echo 
parameters:  
ADMA, GDF15, and hsCRP negatively 
correlated with 2D-RVFAC, TV A vel. , 
ADMA, and hsCRP are negatively 
correlated with   TDI average S. 
Meanwhile, ADMA is solely negatively 
correlated with TDI average E T. Annular 
as shown in (Table 4).   
       ROC curve analysis of the study 
biomarkers it revealed ADMA is a 
highly sensitive marker for RV 
dysfunction that based on FAC with a 
sensitivity of 93.8% and a specificity of 
73%; meanwhile, hs-CRP showed a 
sensitivity and specificity of 81.3 and 
73%, respectively, but GDF-15 had low 
sensitivity and specificity for the 
detection of RV  dysfunction at 68.8 % 
and 60%, respectively, as shown in 
(Table 5) and (Figure 4).    
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Table 1: Comparison between patients and the control group regarding anthropometric 
measurements, blood pressure, and laboratory data 

Groups Control group Patients group Mann Whitney test 
Variables No. = 40 No. = 40 t P-value 

Age (years) 10.83 ± 4.19 11.95 ± 3.37 -1.313• 0.193 
z-Wt  0.17 (-0.52 – 0.74) -0.49 (-0.74 – 0.14) -2.368 0.018 
z-Ht  0.52 (-0.39 – 1.05) -0.13 (-0.91 – 0.39) -2.893 0.004 
z-BMI  0.01 (-0.54 – 0.35) -0.25 (-0.63 – 0.23) -1.179 0.238 
z- Systolic blood pressure IQR -0.8 (-1.15 –    (- 0.34 ) 0.74 (0.20-1.28) 7.435 0.001 
z-Ddiastolic  blood pressure) -0.92 (-092-  (-0.55) 0.55 (0.55-1.29) -7.464 0.001 
Urea (mg/dl) 24.75 ± 7.07 161.15 ± 67.13 -12.781• 0.001 
     

Creat (mg/dl) 0.64 ± 0.17 2.96±1.87 -7.806• 0.001 

Ca (mg/dl) 10.14 ± 0.76 10.03±1.91 0.361• 0.719 
Phos (mg/dl) 3.96 ± 0.34 5.85±1.19 -9.626• 0.001 
K (mEq/l) 3.96±1.04 4.42 ± 0.46 2.552• 0.013 
Cholesterol (mg/dl) 116.68 ± 10.88 135.9±25.5 -4.386• 0.001 
TG(mg/dl) 120.15 ± 10.75 136.75±13.82 -5.998• 0.001 
 Median (IQR) ADMA (ng/ml) 25 (20-30) 72.5(55-93.7) -7.227 0.001 
Median (IQR) GFD-15 (pg/ml) 130 (91.5-169) 650 (415.5-794.5) -7.520 0.001 
Median (IQR)  hs-CRP (ng/ml)  4.05 (3.60-4.75) 13.05 (9.90-16.95) -7.695 0.001 

 
Table 2: Comparisons between the controls and patients group regarding RV parameters by conventional 

Echo Doppler and STE  

                                                          Groups 
Variables 

Control group 
No. (40) 

Patients group 
No. (40) 

Independent t-test 

Mean ± SD Mean ± SD t P-value 

RV Basal Diameter 30.0 ± 8.0 29.5±8.9 -.293 0.770 
RV Mid Diameter 26.9 ± 9.2 27±9.1 .066 0.947
RV Longitudinal Diameter 47.6 ± 14.2 52.4 ±15.0 1.862• 0.05* 
2D-RVEDV 25.2 ±  13.1 27.2 ±14.8 .557 0.579 
2D-RVESV  10.6 ± 2.9 12.5 ±7.3 .952 0.344 
2D-RVFAC  50.05 ± 12.5 40.9 ±15.5 -3.245• 0.002* 
2D-RVEF  59.5 ± 15.3 52.5 ±12. -2.433 • 0.017* 
TAPSE 19.0 ± 4.9 17.5  ±5.6 -1.263 0.210 
 TV E vel. 0.53 ± 0.2 0.56 ± 0.18 .557 0.579
TV A vel.  0.42 ± 0.1 0.6 ±0.24 5.475• 0.001*
TV E/A ratio 1.2 ±  0.4 0.9 ±0.46 -3.363• 0.001* 
Average TDI  
tricuspid annular velocities 

Average S  7.4 2.3 6.8± 2.4 77 .077 
Average E 10.1 3.1 6.7± 2.7 51.96• 0.001 

Average TDI RV strain 26.5 7.5 18.2± 8.3 50.6• 0.005 
RV 2D-STE-GLS 24.0± 5.4 17.2± 4.1 76.3• 0.001 

.  

 
Figure 1: Demonstrates marked enlargement of RV dimension (related to age) in one of the hemodialysis patients. 
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Figure 2: Demonstrates markedly reduced RV-free wall GLS in one of the hemodialysis patients.  
 

 
Figure 3: Demonstrates markedly reduced FAC in one of the hemodialysis patients. 

 
Table 3: The incidence of RV Dysfunction in the hemodialyzed group vs. the control group. 

Total cases   (40) No. % 

RV  function status 
Normal 24 60.0% 

Impaired 16 40.0% 
 

Table 4: Correlation between GDF-15, ADMA, and hsCRP with RV parameters by conventional Echo 
Doppler and STE.  

Variables 
GDF-15 ADMA Hs CRP 

r P-value r P-value r P-value 

RV Basal Diameter -0.080 0.488 0.097 .398 -0.054 0.640 
RV Mid Diameter -0.023 0.838 -0.018 0.875 0.002 0.986 
RV Longitudinal Diameter 0.127 0.267 0.163 .154 0.079 0.492 
2D-RVEDV 0.086 0.453 0.025 .830 -0.070 0.544 
2D-RVESV 0.131 0.253 0.067 .558 0.041 0.724
2D-RVFAC -0.251 0.027 -0.277 .014 -0.308 0.006
2D-RVEF -0.136 0.235 -0.238 .036 -0.295 0.009 
TAPSE -0.110 0.336 -0.148 .192 -0.109 0.337 
TV E vel. 0.101 0.375 0.015 .894 -0.011 0.922 
TV A vel. 0.389 0.001 0.335 .003 0.253 0.025 

TV E/A ratio -0.275 0.014 -0.259 0.021 -0.351 0.002 

Average TDI T. Annular 
velocities 

Average S -0.055 0.074 -0.240 0.033 -0.368 0.021 
Average E 0.232 0.155 -0.376 0.001 0.291 0.073 

Average TDI RV  strain -0.376 0.001 -0.383 0.001 -0.431 0.001 
STE RV GLS -0.523 0.001 -0.497 0.001 -0.501 0.001 
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Table 5:  The Cut-off point, sensitivity, and specificity of  ADMA, hs CRP, and GDF-15 as 
predictors of RV dysfunction in  children  on hemodialysis  
Variables Cut off point AUC Sensitivity % Specificity % 

ADMA ng/ml > 52.5 0.852 93.8 73 
Hs CRP ng/ml > 980 0.779 81.3 73 
GFD-15(pg/ml) > 415 0.81 68.8 62.8 

 

 
Figure 4: ROC curve for sensitivity and specificity of ADMA, hs CRP, and GDF-15 in detecting RV 
dysfunction. 
 
DISCUSSION  
 
        Most of the published studies are 
concerned with LV assessment in 
hemodialysis children. The current 
study analyzed the right ventricular 
performance in those patients. RV 
function was judged by conventional 
echocardiographic methods and by the 
recent echo modality 2D-STE; in 
addition, it detected its associations with 
hs CRP, ADMA, and GDF15 
concerning the structural and functional 
abnormalities of the right ventricle. In 
the current study results, 16 (40%) out of 
40 cases were associated with RV 
dysfunction; this is a significant 
proportion among those cases, and the 
reasons and treatment must be sought.  
        Published reports concluded that 
RV dysfunction is a predictor of adverse 
outcomes in many heart diseases; 
however, there is a lack of data 
regarding the changes in RV geometry 

and function in pediatric patients on HD. 
RV systolic dysfunction was relatively 
common (27%) in HD patients and was 
a significant predictor of mortality [19], 
studied nondiabetic normotensive HD 
patients and found that both RV systolic 
and diastolic functions were reduced 
compared with healthy subjects [20].      
        In addition, [21-23] reported RV 
dysfunction is common in HD  patients, 
but unfortunately, these findings are 
recorded in the adult population. 
Moreover, RVD could also affect LV 
filling via interventricular interaction 
[24]. Conversely, LV dysfunction did 
not significantly influence RV 
parameters [25].     
     Right ventricle dysfunction is a 
significant marker of poor prognosis, 
regardless the degree of left ventricular 
dysfunction [26].  Therefore, an accurate 
and effective method was required for 
the RV assessment. The complex shape 
of the RV, and the relatively large 
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element of trabeculations, make its 
function more challenging to be 
assessed as compared to the left 
ventricle (LV) when using 
echocardiography [27].  The current 
study revealed a significant decrease  in 
RV FAC in the hemodialysis group that 
estimates the global RV systolic 
function [28].  
        RV dysfunction may result from 
arteriovenous fistula [29], which may 
share in LV dysfunction in dialysis 
patients, triggering LV dysfunction 
through right-to-left ventricular 
interdependence. Moreover, the 
hemodynamic changes in the internal 
environment in hemodialysis patients 
are complicated, including body‐fluid 
fluctuation, electrolyte disorder, 
hyperparathyroidism, and uremic toxins 
[30].  These unfavorable factors lead to 
prolonged active contraction and 
increased oxygen consumption of 
cardiomyocytes, eventually causing LV 
and RV dysfunction [31].      
   We reported a significant increase in 
TV A vel m/s and a decrease in TV E/A 
ratio; in children on hemodialysis than 
in healthy controls that denote diastolic 
dysfunction in the hemodialysis group. 
These results are similar to the data 
published by other authors. Tamulėnaitė 
et al. reported in a case-control study 
that impaired right ventricular diastolic 
function might be explained by the 
presence of left ventricular overload and 
increased pressure on the right heart and 
intravascular volume [32].  Also, a study 
on ESRD patients reported a significant 
reduction in the E/A ratio in 
hemodialysis patients compared to 
controls [33].       

        RVFAC and right ventricular 
ejection fraction (RVEF) can change 
with a change in load without any actual 
change in myocardial contractility and 
therefore do not reflect innate 
myocardial function [34].       
        In the current study, the TDI 
evaluation of the RV is not affected by 
loading conditions in those patients, 
revealing a significantly low early 
diastolic velocity (a) that represents the 
velocities of the myocardial wall 
movement during the rapid early filling 
of the ventricle without significant (s) 
changes. In addition, a significant 
reduction in global RV TDI strain is 
recorded in the HD group, consistent 
with [32]. Who reported similar findings 
in adult HD patients.   
        The present study demonstrated 
significantly reduced 2D- STE derived 
RV -GLS.in the hemodialysis group 
that denotes impaired RV deformation 
due to increased RV preload and filling 
pressure. A few articles adopted 2D-
STE as a tool to appraise the right 
ventricular (RV) functionality in 
subjects with ESKD [35].       
On [A5] assessing ADMA, GDF 15 and 
hsCRP as markers of RV dysfunction in 
children on HD, significantly increased 
their levels than the controls and 
negatively correlated with 2D-RVFAC, 
TV E/A ratio, and TDI RV strain.  
       Moreover, these markers had a 
strong negative correlation with 2-D 
STE-derived RV GLS; in light of such 
evidence, it can be postulated that the 
serum ADMA, GDF 15, and hs-CRP 
levels may be associated with (RV) 
dysfunction, but ADMA is a highly 
sensitive and specific marker for RV 

dysfunction in comparison with GDF 
15, and hs-CRP. In addition, other 

studies reported ADMA association 
with LV dysfunction [36-37]. To the 



geget (2022) Volume 17 – Issue 2                       Print ISSN : 1687 - 613X - Online ISSN : 2636 -3666 
 

 Copyright 2022. All rights reserved © ESPNT ( geget )   
19 

 
 

best of our knowledge, the current 
study is the first report concerned with 
the association of the present study 
markers with RV dysfunction. 
       GDF15 level is increased during 
CVD development and progression and 
can prognosticate disease progression, 
but it cannot be used as a reliable 
diagnostic test for routine clinical use 
[38]. Regarding hs-CRP, many studies 
concerned and detecting the association 
as a marker of left ventricular 
dysfunction [39]. 

        In the current study, although RV 
FAC, TAPSE, and RVEF are traditional 
echocardiographic tools used for the 
assessment of RV function, the use of 
the up-to-date STE modality can detect 
the subtle change in RV function even 
before the development of overt 

geometric and structural abnormalities 
of the RV in those population, being its 
angle independent and not affected by 
loading conditions, further research is 
recommended in the future.  
 
CONCLUSIONS 
         
        RV dysfunction is not uncommon 
in HD children. There is a significant 
RV systolic and diastolic dysfunction 
with no substantial change in RV 
structure. In addition, there was a 
significant association between   
ADMA, GDF 15, and hs-CRP and RV 
dysfunction; but ADMA is the most 
sensitive and specific indicator for it. 
RV assessment could be a part of 
routine ECHO in children on 
hemodialysis.   

 ABBREVIATIONS 
ADMA 
CKD 
CVD 
ECHO 
EDTA 
FAC 
GDF-15 
HD 
hsCRP 

Adenine DiMethyl Arginine 
Chronic Kidney Disease 
Cardiovascular Disease 
Echocardiography 
Ethylenediaminetetraacetic acid 
Fractional area change 
growth differentiation factor15 
 Hemodialysis 
High sensitivity C reactive protein 

RV 
RVEF 
RVFAC 
TAPSE  
TDI 
TTE 
TV E vel 
TV A vel 

Right Ventricle 
RV Ejection Fraction  
 RV Fractional area change Tricuspid 
anomalies plane systolic excussions 
Tissue Doppler Imaging 
Transthoracic Echocardiography 
TV early diastolic velocity  
TV late diastolic velocity  
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