
The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

1 
 

 
                      

 
 
I would like to express my profound gratitude to Dr: Adel Mohamed Afifi 

Professor of Nephrology, Ain Shams University, for his continuous 
encouragement, stimulating suggestions, excellent advice and constant 

support. It is a great honour to work under his guidance and 
supervision. 

 
Also great appreciation to Dr:Mahmoud Abdulfatah Professor of 

Nephrology, Ain Shams University for his help 
 
I am greatly indebted to Dr. Mohsen Abdelhameed Gadallah             , 
Professor of public health , Ain Shams University, for his remarkable 

considerate attitude and help. 
 

Deep thanks  to Dr.  Khaled Hussein Abou seif , Professor of 
Nephrology,  Ain Shams University, without his help and 

encouragement, this work would have never been conducted. 
 

Profound gratitude to Dr: Iman Ibraheim Sarhan Professor of 
Nephrology,  Ain Shams University,  for her remarkable considerate 

attitude and help 
 
 
 
 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

2 
 

 
Great indebted to Dr: Magdy Mohamed Elsharkawy Professor of 

Nephrology,  Ain Shams University, 
for his stimulating suggestions and constant support 

Without his help this work would have never been conducted 
 
 

Special thanks  should be expressed to  Dr: Waleed Massoud  the head 
of nephrology department .Ahmad Maher Teaching Hospital for his 

unlimited help, support, and encouragement 
  

 
     many thanks also to Dr: Ahmad Taher and Dr: Ahmad Aziz                   

for their help and support 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

1 
 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
 

 

 
 

Chapter Contents 
 

Page 

- Acknowledgement - 

- Protocol  1 

I Chronic kidney disease 20 

II Residual Kidney function 81 

III Effect of Residual Kidney function 104 

IV Preserving Residual Kidney function 119 

V Aim of the study 135 

VI Patients and methods 137 

VII Results  150 

VIII Discussions 254 

IX Summary and conclusion 282 

X References 289 

XI Arabic summary 1 

 
Key words 

 
Chronic rkidney failure – Residual Kidney Function – 

haemodialysis  – urine output – glomerular filtration rate 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

2 
 

 
 

ACE inhibitor Angiotensin converting enzyme inhibitor 
ARBs Angiotensin receptor blockers 
AVF Arterial-venous fistula 
BUN      Blood urea nitrogen 
CANUSA Canada and USA study 
CKD Chronic Kidney Disease 
CRP C- reactive protein 
eGFR Estimated glomerular filtration rate 
HD Hemodialysis 
MDRD  Modification of Diet in Renal Disease 
PD Peritoneal Dialysis 
PTH Parathyroid hormone 
QOL Quality of life 
RKF Residual Kidney Function 
SGA Subjective global assessment 
TIBC Total iron binding capacity 
TSAT% Transferring saturation 
URR Urea reduction ratio 

 
 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

3 
 

 
 
 
 

 
 

Number  Table  
 

Page 

II-1 Factors affecting serum creatinine concentration 92 

II-2 Modification of diet in renal disease MDRD equation 94 

IV-1 Potential insults to residual kidney function in patients on dialysis 121 

VII-1 Age distribution among hemodialysis patients 150 

VII-2 Causes of kidney failure  152 

VII-3 Duration of dialysis 154 

VII-4 Descriptive statistics of BMI 155 

VII-5 Comparing the means of kidney functions of group 1and2 157 

VII-6 Comparing the means of dialysis adequacy of group 1and2 162 

VII-7 Comparing the means of anemia indices  of group 1and2 166 

VII-8 Comparing the means of nutritional indices of group 1and2 171 

VII-9 Comparing the means of  mineral metabolism of group 1and2 176 

VII-10 Comparing the means of  inflammatory markers of group 1and2 182 

VII-11 Comparing the presence of  co-morbid disease of group 1and2 186 

VII-12 Comparing the means of  QOL of group 1and2 187 

VII-13 Comparing the mortality of group 1and2 189 

VII-14 Comparing the means of  kidney functions of group 1A and 1B 191 

VII-15 Comparing the means of  dialysis adequacy of group 1A and 1B 196 

VII-16 Comparing the means of anemia indices of group 1A and 1B 200 

VII-17 Comparing the means of  nutritional status of group 1A and 1B 205 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

4 
 

Number  Table  
 

Page 

VII-18 Comparing the means of  mineral metabolism of group 1A and 1B 210 

VII-19 Comparing the means of  inflammatory indices of group 1A and 1B 216 

VII-20 Comparing the presence of co-morbid disease  of group 1A and 1B 220 

VII-21 Comparing the means of  QOL of group 1A and 1B 221 

VII-22 Comparing the mortality of group 1A and 1B 223 

VII-23 Comparing the means of  kidney function of group 1 before and after 
six months 

226 

VII-24 Comparing the means of  dialysis adequacy of group 1 before and 
after six months 

231 

VII-25 Comparing the means of  anemia indices of group 1 before and after 
six months 

234 

VII-26 Comparing the means of  albumin of group 1 before and after six 
months 

237 

VII-27 Comparing the means of  mineral metabolism of group 1 before and 
after six months 

240 

VII-28a Comparing the presence of  CRP of group 1 before and after six 
months 

246 

VII-28b Comparing the means of  serum ferritin of group 1 before and after 
six months 

247 

VII-29 Correlations between Kt/v and dialysis outcome 250 

VII-30 Correlations between eGFR and dialysis outcome 252 

 
 
 
 
 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

5 
 

 
 

 

 
 

Number  Figure  
 

Page 

VII-1a Histogram of age distribution  151 

VII-1b Pie chart of age distribution  151 

VII-2 Causes of kidney failure 153 

VII-3 Histogram of duration of dialysis 154 

VII-4 Histogram of BMI 155 

VII-5/1a Histogram of eGFR of group 1 and group 2 158 

VII-5/1b Comparing the means of eGFR  of group 1 and 2 158 

VII-5/2a Histogram of serum creatinine of group 1 and group 2 159 

VII-5/2b Comparing the means of serum creatinine of group 1and2 159 

VII-5/3a Histogram of BUN of group 1 and group 2 160 

VII-5/3b Comparing the means of  BUN of group 1 and 2 160 

VII-5/4a Histogram of interdialytic weight gain of group 1 and group 2 161 

VII-5/4b Comparing the means of interdialytic weight gain of group 1 and 2 161 

VII-6/1a Histogram of  Kt/V of group 1 and group 2 163 

VII-6/1b Comparing the means of  Kt/V of group 1 and 2 163 

VII-6/2a Histogram of URR of group 1 and group 2 164 

VII-6/2b Comparing the means of URR of group 1and2 164 

VII-7/1a Histogram of  hemoglobin of group 1 and group 2 167 

VII-7/1b Comparing the means of  hemoglobin of group 1 and 2 167 

VII-7/2a Histogram of TSAT % of group 1 and group 2 168 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

6 
 

Number  Figure  
 

Page 

VII-7/2b Comparing the means of TSAT % of group 1and2 168 

VII-7/3a Histogram of  serum ferritin of group 1 and group 2 169 

VII-7/3b Comparing the means of  serum ferritin of group 1 and 2 169 

VII-8/1a Histogram of  serum albumin of group 1 and group 2 172 

VII-8/1b Comparing the means of  serum albumin of group 1 and 2 172 

VII-8/2a Histogram of  BMI of group 1 and group 2 173 

VII-8/2b Comparing the means of  BMI of group 1 and 2 173 

VII-8/3a Histogram of  SGA of group 1 and group 2 174 

VII-8/3b Comparing the means of   SGA of group 1 and 2 174 

VII-9/1a Histogram of  serum calcium of group 1 and group 2 177 

VII-9/1b Comparing the means of   serum calcium of group 1 and 2 177 

VII-9/2a Histogram of  serum phosphorus of group 1 and group 2 178 

VII-9/2b Comparing the means of  serum phosphorus of group 1 and 2 178 

VII-9/3a Histogram of  Ca X ph product of group 1 and group 2 179 

VII-9/3b Comparing the means of  Ca X ph product of group 1 and 2 179 

VII-9/4a Histogram of  PTH of group 1 and group 2 180 

VII-9/4b Comparing the means of  PTH of group 1 and 2 180 

VII-9/5a Histogram of  alkaline phosphates of group 1 and group 2 181 

VII-9/5b Comparing the means of  alkaline phosphates of group 1 and 2 181 

VII-10/1a Histogram of  CRP of group 1 and group 2 183 

VII-10/1b Comparing the means of  CRP of group 1 and 2 183 

VII-10/2a Histogram of  serum ferritin of group 1 and group 2 184 

VII-10/2b Comparing the means of  serum ferritin of group 1 and 2 184 

VII-11 Histogram of  QOL of group 1 and group 2 188 

VII-12 Comparing the means of  QOL of group 1 and 2 188 

VII-13 Kaplan-Meier survival curve of group 1 and 2 189 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

7 
 

Number  Figure  
 

Page 

VII-14/1a Histogram of  eGFR of group 1A and group 1B 192 

VII-14/1b Comparing the means of  eGFR of group 1A and group 1B 192 

VII-14/2a Histogram of  serum creatinine of group 1A and group 1B 193 

VII-14/2b Comparing the means of  serum creatinine of group 1A and group 1B  193 

VII-14/3a Histogram of  BUN of group 1A and group 1B 194 

VII-14/3b Comparing the means of  BUNof group 1A and group 1B 194 

VII-14/4a Histogram of  inter-dialytic weight gain of group 1A and group 1B 195 

VII-14/4b Comparing the means of  inter-dialytic weight gain of group 1A and 
group 1B 

195 

VII-15/1a Histogram of   Kt/v of group 1A and group 1B 197 

VII-15/1b Comparing the means of  Kt/v  of group 1A and group 1B 197 

VII-15/2a Histogram of  URR  of group 1A and group 1B 198 

VII-15/2b Comparing the means of  URR  of group 1A and group 1B  198 

VII-16/1a Histogram of   hemoglobin of group 1A and group 1B 201 

VII-16/1b Comparing the means of  hemoglobin  of group 1A and group 1B 201 

VII-16/2a Histogram of   TSAT% of group 1A and group 1B 202 

VII-16/2b Comparing the means of  TSAT% of group 1A and group 1B  202 

VII-16/3a Histogram of  serum ferritin group 1A and group 1B 203 

VII-16/3b Comparing the means of  serum ferritin  of group 1A and group 1B 203 

VII-17/1a Histogram of   serum albumin of group 1A and group 1B 206 

VII-17/1b Comparing the means of  serum albumin of group 1A and group 1B 206 

VII-17/2a Histogram of   BMI of group 1A and group 1B 207 

VII-17/2b Comparing the means of  BMI of group 1A and group 1B  207 

VII-17/3a Histogram of  SGA  group 1A and group 1B 208 

VII-17/3b Comparing the means of  SGA  of group 1A and group 1B 208 

VII-18/1a Histogram of   corrected serum calcium of group 1A and group 1B 211 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

8 
 

Number  Figure  
 

Page 

VII-18/1b Comparing the means of  corrected calcium of group 1A and group 
1B 

211 

VII-18/2a Histogram of   serum phosphorus of group 1A and group 1B 212 

VII-18/2b Comparing the means of  serum phosphorus of group 1A and group 
1B  

212 

VII-18/3a Histogram of  calcium phosphorus product  group 1A and group 1B 213 

VII-18/3b Comparing the means of  calcium phosphorus product  of group 1A 
and group 1B 

213 

VII-18/4a Histogram of  PTH of  group 1A and group 1B 214 

VII-18/4b Comparing the means of  PTH of group 1A and group 1B 214 

VII-18/5a Histogram of  alkaline phosphates  group 1A and group 1B 215 

VII-18/5b Comparing the means of  alkaline phosphates  of group 1A and 
group 1B 

215 

VII-19/1a Histogram of   CRP of group 1A and group 1B 217 

VII-19/1b Comparing the means of  CRP of group 1A and group 1B 217 

VII-19/2a Histogram of   serum  ferritin of group 1A and group 1B 218 

VII-19/2b Comparing the means of  serum ferritin of group 1A and group 1B  218 

VII-20 Histogram of   QOL of group 1A and group 1B 222 

VII-21 Comparing the means of  QOL of group 1A and group 1B  222 

VII-22 Kaplan-Meier survival curve of group 1A and 1B 223 

VII-23/1a Histogram of   eGFR  of group 1 before and after  six months 227 

VII-23/1b Comparing the means of  eGFR  of group 1 before and after  six 
months 

227 

VII-23/2a Histogram of   serum creatinine  of group 1 before and after  six 
months 

228 

VII-23/2b Comparing the means of  serum creatinine  of  group 1 before and 
after  six months 

228 

VII-23/3a Histogram of  BUN  of  group 1 before and after  six months 229 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

9 
 

Number  Figure  
 

Page 

VII-23/3b Comparing the means of  BUN  of group 1 before and after  six 
months 

229 

VII-23/4a Histogram of  inter-dialytic weight gain of  group 1 before and after  
six months 

230 

VII-23/4b Comparing the means of  inter-dialytic weight gain of group 1 before 
and after  six months 

230 

VII-24/1a Histogram of   Kt/v  of group 1 before and after  six months 232 

VII-24/1b Comparing the means of   Kt/v  of group 1 before and after  six 
months 

232 

VII-24/2a Histogram of   URR  of group 1 before and after  six months 233 

VII-24/2b Comparing the means of  URR  of  group 1 before and after  six 
months 

233 

VII-25/1a Histogram of   hemoglobin  of group 1 before and after  six months 235 

VII-25/1b Comparing the means of   hemoglobin  of group 1 before and after  
six months 

235 

VII-25/2a Histogram of   TSAT% of group 1 before and after  six months 236 

VII-25/2b Comparing the means of   TSAT%  of group 1 before and after  six 
months 

236 

VII-26/2a Histogram of   serum albumin  of group 1 before and after  six 
months 

238 

VII-26/2b Comparing the means of  serum albumin of  group 1 before and after  
six months 

238 

VII-27/1a Histogram of   corrected serum calcium  of group 1 before and after  
six months 

241 

VII-27/1b Comparing the means of  corrected serum calcium  of group 1 before 
and after  six months 

241 

VII-27/2a Histogram of   serum cphosphorus  of group 1 before and after  six 
months 

242 

VII-27/2b Comparing the means of  serum  phosphorus  of  group 1 before and 
after  six months 

242 



The effect of Residual Kidney function on outcome in hemodialysis patients 
 
 

10 
 

Number  Figure  
 

Page 

VII-27/3a Histogram of   calcium phosphorus product  of  group 1 before and 
after  six months 

243 

VII-27/3b Comparing the means of  calcium phosphorus product  of group 1 
before and after  six months 

243 

VII-27/4a Histogram of  PTH of  group 1 before and after  six months 244 

VII-27/4b Comparing the means of  PTH of group 1 before and after  six 
months 

244 

VII-27/5a Histogram of   alkaline phosphates  of group 1 before and after  six 
months 

245 

VII-27/5b Comparing the means of   alkaline phosphates   of group 1 before 
and after  six months 

245 

VII-28a Histogram of   serum ferritin  of group 1 before and after  six 
months 

248 

VII-28b Comparing the means of   serum ferritin   of group 1 before and after  
six months 

248 

VII-29a Correlation between Kt/v and serum albumin 251 

VII-29b Correlation between Kt/v and URR 251 

VII-30a Correlation between eGFR and serum creatinine  253 

VII-30b Correlation between eGFR and urinary volume 253 

VII-30c Correlation between eGFR and measured GFR 254 

VII-30d Correlation between  urine volume and measured GFR  254 

 
 
 



Thesis Submitted for partial fulfillment 
 of M.D degree in Nephrology 

 
The effect of Residual Kidney Function on  

Outcome in hemodialysis patients 
UBy 

 
Dr: Enass Sayied Mohamed 

M.Sc, Nephrology Ain Shams University 
 

USupervised by 
 

Dr: Adel Mohamed Afifi 
Professor of Nephrology 

Faculty of Medicine Ain Shams University 
 

Dr: Mohsen Abdelhameed Gadallah 
Professor of Public Health 

Faculty of Medicine Ain Shams University 
 

Dr: Khaled Hussein Abou seif 
Professor of Nephrology 

Faculty of Medicine Ain Shams University 
 

Dr: Iman Ibraheim Sarhan 
Professor of Nephrology 

Faculty of Medicine Ain Shams University 
 

Dr: Magdy Mohammad Elsharkawy 
Professor of Nephrology 

Faculty of Medicine Ain Shams University 
 

______________________ 
Faculty of Medicine 

Ain Shams University 
(2011) 



 
The effect of Residual Kidney Function on outcome in 
hemodialysis patients 
 
 

 1 

The effect of Residual Kidney Function 
on outcomes in hemodialysis patients 
 
*Introduction: 

 Preserving residual renal function has 
always been the primary clinical goal for every 
nephrologist managing patients with chronic 
kidney disease. There is no reason why this 
important goal should not extend to patients with 
stage 5 chronic kidney disease receiving dialysis. .1 

 During the past few years, it has become 
increasingly evident that residual renal function 
(RRF) is an important and independent predictor 
of poor outcome in patients with chronic kidney 
disease (CKD)..2 

 Initiation of dialysis is associated with 
gradual loss of RRF over time. As compared with 
hemodialysis, peritoneal dialysis is reported to be 
associated with a slower decline of RRF. Also, 
RRF depends on several factors that may affect its 

http://www.nature.com/ki/journal/v69/n10/full/5000382a.html#bib1#bib1
http://www.nature.com/ki/journal/v69/n10/full/5000382a.html#bib2#bib2
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decline independent of dialysis. The analysis of 
RRF decline on dialysis is therefore complex. .3 

 The important association between residual 
renal function and survival in dialysis patients was 
first reported in the mid 1990s by Maiorca et al.4 
They evaluated residual renal function as a 
separate factor and showed that the persistence of 
residual renal function conferred survival benefit 
in peritoneal dialysis patients. .4 Several 
subsequent cohort studies observed similar 
findings that residual renal function but not the 
dose of peritoneal dialysis was a powerful 
predictor of survival in patients on peritoneal 
dialysis.5 

 

 The importance of residual renal function 
(RRF) during dialysis is increasingly being 
recognized. In dialysis patients, RRF is an 
independent predictor of actuarial patient survival. 
Each 1 mL/min of RRF [measured as the 
glomerular filtration rate (GFR)] is associated 
with a nearly 50% reduction in the rate of 
mortality.6 

http://www.nature.com/ki/journal/v69/n10/full/5000382a.html#bib2#bib2
http://www.nature.com/ki/journal/v69/n10/full/5000382a.html#bib2#bib2
http://www.nature.com/ki/journal/v69/n10/full/5000382a.html#bib2#bib2
http://www.nature.com/ki/journal/v69/n10/full/5000382a.html#bib2#bib2
http://www.nature.com/ki/journal/v69/n10/full/5000382a.html#bib2#bib2

