
Role of on-line haemodiafiltration in improving 
cardiovascular morbidities in pediatric end stage 

renal disease patients 
 

Thesis  

Submitted for partial fulfillment of MD degree in Pediatrics 

 
By 

Ahmad Helmi Aon 
M.B.B.Ch & M.Sc. 

Faculty of Medicine, Cairo University 
 

Supervised by 
Prof. Dr. Fatina Ibrahim Fadel 

Professor of Pediatrics 
Faculty of Medicine, Cairo University 

 

Assist. Prof. Samuel Helmi Makar 
Assistant Professor of Pediatrics 

Faculty of Medicine, Cairo University 
 

 

 

 

Faculty of Medicine 

Cairo University 

2012 

Dr. Dina Hesham Ahmed 
Lecturer of Chemical Pathology 

Faculty of Medicine, Cairo University 

Dr. Hanan Zekri Khaled 
Lecturer of Pediatrics 

Faculty of Medicine, Cairo University 



 

 

لا عِلْمَ لَنَا إلا مَا عَلَّمْتَنَا  سُبْحَانَكَ﴿
﴾إنَّكَ أنتَ العَلِيمُ الحَكِيمُ  

  )٣٢الآية  -سورة البقرة (        

 

 

 

 

 

 

 

 



Acknowledgement 

First of all, thanks to ALLAH who gave me the will to start, the power to 
continue and the goal to reach. 

It’s a pleasure to express my deepest thanks and profound respect to my honored 
professor, Prof. Dr. Fatina Fadel, Professor of Pediatrics, Faculty of Medicine , 
Cairo University, for her continuous encouragement, valuable supervision and guidance 
throughout this work. It has been an honor and a privilege to work under her generous 
supervision.  

I would like to express my sincere appreciation to Assist. Prof. Dr. Samuel Makar, 
Assistant Professor of Pediatrics, Faculty of Medicine, Cairo University for his 
continuous guidance, supervision and valuable suggestions. No matter what I say could 
ever express my deepest thanks to him. 

Words cannot express my feelings of gratitude and respect to Dr .Hanan Zekri, Lecturer 
of Pediatrics, Faculty of Medicine, Cairo University.  She was (from the start) 
helping, encouraging and supporting. In the true meaning of words I can’t thank her 
enough for her time and her effort. 

I’m also deeply grateful and would like to express my sincere thanks and gratitude to Dr. 
Dina Hesham, Lecturer of Chemical Pathology, Faculty of Medicine, Cairo University 
for her continuous instructing guidance and sincere help and valuable support. 

I would also like to thank all the staff members of nephrology department, endocrinology 
lab unit, echocardiography lab and arrhythmia clinic who made my research easier with 
their generous help and cooperation. 

Last but not the least, I am deeply thankful and always indebted to my parents and my 
family, who were always supporting and encouraging me. 

 



Contents 

Topic 
Page 

number 

Abstract  i 

List of abbreviations ii 

List of figures vi 

List of tables vii 

Introduction and aim of the work 1 

R
ev

ie
w

 o
f 

li
te

ra
tu

re
 

CHAPTER 1: Uremic milieu in chronic 

kidney disease 
4 

CHAPTER 2: Homocysteine 30 

CHAPTER 3: Cardiovascular complications 

& chronic kidney disease 
43 

CHAPTER 4: On-line haemodiafiltration 57 

Subjects and methods  75 

Results  84 

Discussion  94 

Conclusion and recommendations 110 

Summary 113 

References 114 

Arabic summary  141 

 



i 
 

Abstract 

 

Background: Cardiovascular disease is an important cause of morbidity 
and mortality in patients undergoing maintenance dialysis. There is 
evidence supporting a direct role for the uremic milieu, and an indirect role 
as well, for enhanced cardiovascular complications. On-line dialysis 
modalities, such as on-line hemodiafiltration, raise particular concerns 
because not only small molecules are removed more effectively as 
compared to low-flux hemodialysis, but in addition, a considerable 

clearance of so-called middle molecular weight (MMW) substances is 
obtained including those involved in cardiovascular morbidities. 

 

Objectives: To assess the effect of on-line hemodiafiltration on removal of 
uremic toxins that cannot be removed during conventional hemodialysis, 
e.g. homocysteine, and improving the chronic inflammatory state 
associated with chronic kidney disease and the possible impact of these 
changes on myocardial function in chronic hemodialysis patients. 

 

Methods: In this study, we compared different clinical, lab and radiological 
data of 30 chronic hemodialysis pediatric patients on low-flux hemodialysis 
with the same data after 6 months of initiation of predilution on-line 
hemodiafiltration to clarify the possible impact of on-line hemodiafiltration 
on cardiovascular system in those patients. 

 

Key words: On-line hemodiafiltration, homocysteine, cardiovascular 
morbidities, chronic inflammatory state. 
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Introduction and aim of the work 
 

Introduction:  

Reviewing the current picture of uremic toxins reveals its complexity. 
Focusing on cardiovascular damage as a model of uremic effects resulting 
in substantial morbidity and mortality, most molecules with potential to 
affect the function of a variety of cell types within the vascular system are 
difficult to remove by conventional dialysis. Examples are the larger middle 
molecular weight molecules and protein-bound molecules. Recent clinical 
studies suggest that enhancing the removal of these compounds, whether 
through improving the removal of toxins or the search for pharmacologic 

strategies blocking responsible pathophysiologic pathways, is beneficial for 

survival of patients on maintenance hemodialysis (Vanholder et al., 
2008). 

 

Furthermore, repetitive exposure to cytokine-inducing substances 

(pyrogens) results in chronic inflammation, which may significantly 

contribute to some of the long-term complications in dialysis patients 

especially cardiovascular one (Canaud et al., 2001). 

 

On-line dialysis modalities, such as on-line haemodiafiltration, raise 
particular concerns because not only small molecules (<5 kDa) are 
removed more effectively as compared to low-flux hemodialysis, but in 
addition, a considerable clearance of so-called middle molecular weight 

substances (5–50 kDa) is obtained ( Van der Weerd et al., 2008). 
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Aim of the work : 

 

1- To assess the effect of on-line hemodiafiltration on: 

 Predialysis serum total Homocysteine level as a reflection of uremic 
toxins implicated in cardiovascular morbidities, and not commonly 
removed during conventional HD.  
 

 High-sensitivity C-reactive protein as a marker of chronic 
inflammatory state. 

 

2- to study the effect of on-line HDF on myocardial function (including left 
ventricular hypertrophy, systolic, and diastolic dysfunction) in chronic 
kidney failure patients on maintenance hemodialysis and the possible 
correlation with other clinical and lab parameters. 
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