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Prevalence of anemia among hemodialysis patients treated with
recombinant human erythropoietin (rhEPO) in Gaza Strip
Abstract (English)
Background: Anemia is a major complication of chronic kidney disease
(CKD), it is common in all stages but is more pronounced at the end stage renal
disease (ESRD). Anemia in CKD has multifactorial etiology. However,
erythropoietin deficiency is the most significant cause of anemia in ESRD.
Despite use of recombinant human erythropoietin (rhEPO), anemia is a frequent
finding in hemodialysis patients in Gaza Strip
Objectives: The present study was undertaken to assess the prevalence of
anemia among patients on regular hemodialysis treated with recombinant human
erythropoietin (rhEPO) in Gaza Strip; to determine the dose of rhEPO; to
identify iron status of hemodialysis patient; and to study some of the modifiable
factors that affect anemia and response to rhEPO as vascular access type;
compliance to hemodialysis sessions; hospitalization and albumin level as
indicator for inflammation and malnutrition.
Methodology: To achieve this purpose, seventy four hemodialysis patients from
both genders aged between 18-60 years, diagnosed as an ESRD on hemodialysis
for more than two years and treated with rhEPO at Al Shifaa hospital, Shohadaa
Al Aqsa hospital and Nasir hospital, Gaza Strip-Palestine, were enrolled in this
retrospective, cross sectional study, in the period between Jan 2013 to Dec 2014.
A questionnaire interview was used to collect the different socio-demographic
factors as, age, gender, other comorbidities, duration and number of
hemodialysis sessions/week.
Data concerning the medical history as, primary cause of ESRD, exact time for
initiation hemodialysis, hospitalization and laboratory tests as hemoglobin (Hb),
platelet count, serum albumin, transferrin saturation, serum iron, calcium,
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phosphate and alkaline phosphatase, were collected by reviewing the medical
record of each patient.
Results: Anemia is a major finding among hemodialysis patients in Gaza Strip,
Most hemodialysis patients (85%) had mean Hb values below 11.0 g/dl, mean
differences of hemoglobin values decreased throughout the study period with
statistically significant value, the mean dose of erythropoietin used was 5702±71
IU/week (93.34 ±33.7 IU/kg/week). There was a variability in response to
erythropoietin among HD patients, transferrin saturation increased throughout
the study period with statistically significant value, 62% of hemodialysis
patients had transferrin saturation more than 20% and there was a statistically
significant decrease in the mean albumin level during the study period.
Factors that may contribute to progression of anemia among HD patients in
Gaza Strip include, unstable supply of rhEPO, dependence on central venous
catheters to maintain regular hemodialysis, increase hospitalization rate among
HD patients, 37% of patients dialyzed less than four hours, 63% had albumin
level less than normal (3.5g\dl), and 52% of patients had hyperphosphatemia.
Conclusions & Recommendations: The prevalence of anemia is high in HD
patients in Gaza Strip. Anemia management needs more attention, rhEPO should
be continuously available for HD patients, and its cost must be weighed against
the cost of anemia complication, strategies should be put in place to improve
patient adherence to erythropoiesis stimulating agents (ESAs), iron and dialysis,
regular periodic monitoring of hemoglobin, iron status and renal function tests
should be done for HD patients.
Keywords: End Stage Renal Disease (ESRD), Hemodialysis, anemia,
recombinant human erythropoietin (rhEPO), Gaza Strip.
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اﻧﺘﺸﺎر ﻓﻘﺮ اﻟﺪم ﺑﯿﻦ ﻣﺮﺿﻰ اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي اﻟﺬﯾﻦ ﯾﺘﻠﻘﻮن ﻋﻼج اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ اﻟﺒﺸﺮي اﻟﻤﺼﻨﻊ ﻓﻲ
ﻗﻄﺎع ﻏﺰة
ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
اﻟﻤﻘﺪﻣﺔ :ﻓﻘﺮ اﻟﺪم ھﻮ أﺣﺪ اﻟﻤﻀﺎﻋﻔﺎت اﻟﺮﺋﯿﺴﯿﺔ ﻟﻤﺮض اﻟﻘﺼﻮر اﻟﻜﻠﻮي اﻟﻤﺰﻣﻦ ،وھﻮ ﺷﺎﺋﻊ ﻓﻲ ﺟﻤﯿﻊ
ﻣﺮاﺣﻞ اﻟﻘﺼﻮر اﻟﻜﻠﻮي اﻟﻤﺰﻣﻦ ،ﻟﻜﻨﮫ أﻛﺜﺮ ﺷﯿﻮﻋﺎ ﻓﻲ اﻟﻘﺼﻮر اﻟﻜﻠﻮي اﻟﻤﺘﻘﺪم .أﺳﺒﺎب ﻓﻘﺮ اﻟﺪم ﻣﺘﻌﺪدة،
ﻟﻜﻦ أھﻤﮭﺎ ﻓﺸﻞ اﻟﻜﻠﯿﺔ ﻓﻲ ﺗﺼﻨﯿﻊ ھﺮﻣﻮن اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ ﻣﻤﺎ ﯾﺆدي إﻟﻰ ﻧﻘﺼﮫ ،ﻟﺬﻟﻚ إﻋﻄﺎء اﻟﻤﺮﺿﻰ
اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ اﻟﺒﺸﺮي اﻟﻤﺼﻨﻊ ھﻮ أﺳﺎﺳﻲ ﻓﻲ ھﺬه اﻟﺤﺎﻟﺔ ﻟﻠﺤﻔﺎظ ﻋﻠﻰ ﻣﺴﺘﻮى ﻣﻘﺒﻮل ﻟﻠﮭﯿﻤﻮﺟﻠﻮﺑﯿﻦ.
وﻟﻜﻦ ﺑﺎﻟﺮﻏﻢ ﻣﻦ اﺳﺘﺨﺪام اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ ،ﻣﺎ زاﻟﺖ ﻧﺴﺒﺔ ﻛﺒﯿﺮة ﻣﻦ اﻟﻤﺮﺿﻰ ﯾﻌﺎﻧﻮن ﻣﻦ ﻓﻘﺮ اﻟﺪم.
اﻟﮭﺪف :أﺟرﯾت ھذه اﻟدراﺳﺔ ﻟﺗﻘﯾﯾم ﻣﺪى اﻧﺘﺸﺎر ﻓﻘﺮ اﻟﺪم ﺑﯿﻦ ﻣﺮﺿﻰ اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي اﻟﺬﯾﻦ ﯾﺘﻠﻘﻮن ﻋﻼج
اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ اﻟﺒﺸﺮي اﻟﻤﺼﻨﻊ  ،ﺗﻘﯿﯿﻢ ﻣﺪى ﺗﺄﺛﯿﺮ اﻟﺠﺮﻋﺔ اﻟﻤﻌﻄﺎة ﻋﻠﻰ اﻟﻤﺮﯾﺾ وﻛﻔﺎﯾﺘﮭﺎ ،ﺗﻘﯿﯿﻢ ﻣﺴﺘﻮى
اﻟﺤﺪﯾﺪ وﺗﺄﺛﯿﺮه ﻋﻠﻰ اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ ،ودراﺳﺔ ﻣﺠﻤﻮﻋﺔ ﻣﻦ اﻟﻌﻮاﻣﻞ اﻟﻘﺎﺑﻠﺔ ﻟﻠﺘﻌﺪﯾﻞ واﻟﺘﻲ ﺗﺆﺛﺮ ﻋﻠﻰ
اﺳﺘﺠﺎﺑﺔ اﻟﻤﺮﺿﻰ ﻟﻠﻌﻼج ﻣﺜﻞ :ﻧﻮع اﻟﻮﺻﻠﺔ اﻟﻮرﯾﺪﯾﺔ -اﻟﺸﺮﯾﺎﻧﯿﺔ اﻟﻤﺴﺘﺨﺪﻣﺔ ،ﻣﺪى اﻟﺘﺰام اﻟﻤﺮﯾﺾ ﺑﺠﻠﺴﺎت
اﻟﻐﺴﯿﻞ ،ﻣﺴﺘﻮى اﻻﻟﺒﯿﻮﻣﯿﻦ ،اﻟﻔﻮﺳﻔﺎت ،واﻟﻜﺎﻟﺴﯿﻮم ﻋﻨﺪ ھﺆﻻء اﻟﻤﺮﺿﻰ.
ﻣﻨﮭﺠﯿﺔ اﻟﺪراﺳﺔ :ﻟﺘﺤﻘﯿﻖ ھﺬا اﻟﻐﺮض ،أرﺑﻌﺔ وﺳﺒﻌﻮن ﻣﺮﯾﺾ ﻣﺼﺎب ﺑﺎﻟﻔﺸﻞ اﻟﻜﻠﻮي اﻟﻤﺘﻘﺪم  ،ﺗﺘﺮاوح
أﻋﻤﺎرھﻢ ﺑﯿﻦ  ٦٠-١٨ﻋﺎﻣﺎ ،ﺧﻀﻌﻮا ﻟﻠﻐﺴﯿﻞ اﻟﻜﻠﻮي ﻟﻌﺎﻣﯿﻦ ﻋﻠﻰ اﻷﻗﻞ و ﺗﻠﻘﻮا ﻋﻼج اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ
اﻟﺒﺸﺮي اﻟﻤﺼﻨﻊ  ،ﺗﻢ دراﺳﺘﮭﻢ ﺑﺄﺛﺮ رﺟﻌﻲ ﻓﻲ اﻟﻔﺘﺮة ﻣﺎ ﺑﯿﻦ ﯾﻨﺎﯾﺮ  ٢٠١٣إﻟﻰ دﯾﺴﻤﺒﺮ  ٢٠١٤ﻓﻲ ﻣﺴﺘﺸﻔﻰ
اﻟﺸﻔﺎء ،ﻣﺴﺘﺸﻔﻰ ﺷﮭﺪاء اﻷﻗﺼﻰ وﻣﺴﺘﺸﻔﻰ ﻧﺎﺻﺮ ،ﻗﻄﺎع ﻏﺰة /ﻓﻠﺴﻄﯿﻦ.
وﻗﺪ ﺗﻢ ذﻟﻚ ﺑﺎﺳﺘﺨﺪام اﺳﺘﺒﯿﺎن ﻟﺠﻤﻊ اﻟﻌﻮاﻣﻞ اﻻﺟﺘﻤﺎﻋﯿﺔ واﻟﺴﻜﺎﻧﯿﺔ ﻣﺜﻞ :اﻟﻌﻤﺮ ،اﻟﺠﻨﺲ ،طﺒﯿﻌﺔ اﻟﻌﻤﻞ،
اﻟﻤﺴﺘﻮى اﻟﺘﻌﻠﯿﻤﻲ و اﻷﻣﺮاض اﻵﺧﺮى .أﻣﺎ اﻟﺒﯿﺎﻧﺎت اﻟﻤﺘﻌﻠﻘﺔ ﺑﺎﻟﺘﺎرﯾﺦ اﻟﻄﺒﻲ ﻟﻠﻤﺮﯾﺾ ﻣﺜﻞ :اﻟﺴﺒﺐ
اﻟﺮﺋﯿﺴﻲ ﻟﻠﻔﺸﻞ اﻟﻜﻠﻮي ،ووﻗﺖ ﺑﺪء اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي ،واﻟﻔﺤﻮﺻﺎت اﻟﻤﺨﺒﺮﯾﺔ ﻣﺜﻞ اﻟﮭﯿﻤﻮﺟﻠﻮﺑﯿﻦ ،اﻟﺼﻔﺎﺋﺢ
اﻟﺪﻣﻮﯾﺔ ،اﻷﻟﺒﻮﻣﯿﻦ ،اﻟﻜﺎﻟﺴﯿﻮم واﻟﻔﻮﺳﻔﺎت ﻓﻘﺪ ﺟﻤﻌﺖ ﺑﻤﺮاﺟﻌﺔ اﻟﺴﺠﻞ اﻟﻄﺒﻲ ﻟﻜﻞ ﻣﺮﯾﺾ.
اﻟﻨﺘﺎﺋﺞ :ﻓﻘﺮ اﻟﺪم ھﻮ ﻧﺘﯿﺠﺔ ﻣﻼﺣﻈﺔ ﺑﯿﻦ ﻣﺮﺿﻰ ﻏﺴﯿﻞ اﻟﻜﻠﻰ ﻓﻲ ﻗﻄﺎع ﻏﺰة ،ﻣﻌﻈﻢ ﻣﺮﺿﻰ اﻟﻐﺴﯿﻞ
اﻟﻜﻠﻮي ) (٪٨٥ﻛﺎن اﻟﮭﯿﻤﻮﺟﻠﻮﺑﯿﻦ ﻟﺪﯾﮭﻢ أﻗﻞ ﻣﻦ  ١١ج/دل ،اﻧﺨﻔﺾ ﻣﺘﻮﺳﻂ اﻟﻔﺮوق ﻟﻠﮭﯿﻤﻮﺟﻠﻮﺑﯿﻦ ﺧﻼل
ﻓﺘﺮة اﻟﺪراﺳﺔ ﺑﻘﯿﻤﺔ ذات دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ  ،ﺟﺮﻋﺔ اﻹرﯾﺜﺮوﺑﻮﯾﺘﯿﻦ اﻟﻤﺴﺘﺨﺪﻣﺔ ﻛﺎﻧﺖ  ٧١ ± ٥٧٠٢وﺣﺪة
دوﻟﯿﺔ/اﻷﺳﺒﻮع ) ٣٣.٧ ± ٩٣.٣٤وﺣﺪة دوﻟﯿﺔ  /ﻛﺠﻢ  /أﺳﺒﻮع( ،ﻛﺎن ھﻨﺎك ﺗﻔﺎوت ﻓﻲ اﺳﺘﺠﺎﺑﺔ ﻣﺮﺿﻰ
اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي ﻟﻠﻺرﯾﺜﺮوﺑﻮﯾﺘﯿﻦ  ،زادت ﻗﯿﻤﺔ ﺗﺸﺒﻊ اﻟﺤﺪﯾﺪ ﺧﻼل ﻓﺘﺮة اﻟﺪراﺳﺔ ﺑﻘﯿﻤﺔ ذات دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ،
 %٦٢ﻣﻦ اﻟﻤﺮﺿﻰ ﻛﺎﻧﺖ ﻧﺴﺒﺔ ﺗﺸﺒﻊ اﻟﺤﺪﯾﺪ ﻟﺪﯾﮭﻢ أﻛﺜﺮ ﻣﻦ  ،٪٢٠اظﮭﺮت اﻟﺪراﺳﺔ اﯾﻀﺎ اﻧﺨﻔﺎض ﺑﻘﯿﻤﺔ
ذات دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻓﻲ ﻣﺴﺘﻮى اﻷﻟﺒﻮﻣﯿﻦ ﻋﻨﺪ اﻟﻤﺮﺿﻰ ﺧﻼل ﻓﺘﺮة اﻟﺪراﺳﺔ.
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ﺗﻮﺻﻠﺖ اﻟﺪراﺳﺔ إﻟﻰ أن اﻟﻌﺪﯾﺪ ﻣﻦ اﻟﻌﻮاﻣﻞ ﺗﺴﮭﻢ ﻓﻲ ﺗﻄﻮر ﻓﻘﺮ اﻟﺪم ﺑﯿﻦ ﻣﺮﺿﻰ اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي ﻓﻲ
ﻗﻄﺎع ﻏﺰة ،ﻛﻌﺪم ﺗﻮﻓﺮ اﻟﺪواء ﺑﺸﻜﻞ داﺋﻢ وﻣﻨﻈﻢ ،اﻻﻋﺘﻤﺎد ﻋﻠﻰ اﻟﻘﺴﻄﺮة اﻟﻮرﯾﺪﯾﺔ اﻟﻤﺮﻛﺰﯾﺔ ﻟﻠﺤﻔﺎظ ﻋﻠﻰ
اﺳﺘﻤﺮارﯾﺔ اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي ،زﯾﺎدة ﻣﻌﺪل دﺧﻮل اﻟﻤﺴﺘﺸﻔﻰ ﻟﻤﺮﺿﻰ اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي ،ﻧﺴﺒﺔ ﻛﺒﯿﺮة ﻣﻦ
اﻟﻤﺮﺿﻰ ) (%٦٣ﻛﺎن ﻟﺪﯾﮭﻢ اﻧﺨﻔﺎض ﻓﻲ ﻣﺴﺘﻮى اﻻﻟﺒﯿﻮﻣﯿﻦ و  52%ﻣﻦ اﻟﻤﺮﺿﻰ ﻛﺎن ﻟﺪﯾﮭﻢ زﯾﺎدة ﻓﻲ
ﻣﺴﺘﻮى اﻟﻔﻮﺳﻔﺎت.
اﻟﻨﺘﺎﺋﺞ و اﻟﺘﻮﺻﯿﺎت :ﻣﻌﺪل اﻧﺘﺸﺎر ﻓﻘﺮ اﻟﺪم ﻣﺮﺗﻔﻊ ﻟﺪى ﻣﺮﺿﻰ اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي ﻓﻲ ﻗﻄﺎع ﻏﺰة ،وھﺬا ﻣﺪﻋﺎة
ﻟﻼھﺘﻤﺎم ﻣﻦ ﻗﺒﻞ اﻟﻤﺴﺆوﻟﯿﻦ ﻣﻦ ﺣﯿﺚ ﺗﻮﻓﯿﺮ اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ اﻟﺒﺸﺮي اﻟﻤﺼﻨﻊ ﺑﺎﺳﺘﻤﺮار ﻟﮭﺆﻻء اﻟﻤﺮﺿﻰ ،
واﻟﺴﻌﻲ ﻟﻮﺿﻊ اﻻﺳﺘﺮاﺗﯿﺠﯿﺎت اﻟﻼزﻣﺔ ﻟﺘﺤﺴﯿﻦ اﻟﺘﺰام اﻟﻤﺮﯾﺾ ﺑﺎﻟﻌﻼج  ،وﻋﻤﻞ ﺗﻘﯿﯿﻢ دوري و ﻣﻨﺘﻈﻢ
ﻟﻠﮭﯿﻤﻮﺟﻠﻮﺑﯿﻦ ،اﻟﺤﺪﯾﺪ ووظﺎﺋﻒ اﻟﻜﻠﻰ .
ﻛﻠﻤﺎت ﻣﻔﺘﺎﺣﯿﺔ :اﻟﻘﺼﻮر اﻟﻜﻠﻮي اﻟﻤﺘﻘﺪم ،اﻟﻐﺴﯿﻞ اﻟﻜﻠﻮي  ،اﻻرﯾﺜﺮوﺑﯿﻮﺗﯿﻦ اﻟﺒﺸﺮي اﻟﻤﺼﻨﻊ ،ﻓﻘﺮ اﻟﺪم،
ﻗﻄﺎع ﻏﺰة.
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Chapter I
Introduction
1.1. Background
Anemia is a condition in which the number of red blood cells (and consequently their oxygen
carrying capacity) is insufficient to meet the body’s physiologic needs (WHO, 2011).
Anemia is a common complication of chronic kidney disease (CKD) which is associated with
increased morbidity and mortality; it was first linked to CKD over 170 years ago by Richard
Bright (Bright, 1836).
The prevalence of anemia correlates with the severity of kidney impairment, affecting nearly
all patients with stage 5 CKD (Astor et al., 2002).
If left untreated, the anemia of CKD is associated with several abnormalities. These include
deterioration in cardiac function, decreased cognition and mental acuity, fatigue, and other
signs and symptoms. There are also associations with an increased risk of morbidity and
mortality, principally due to cardiac disease and stroke (Jeffrey et al., 2014).
Based on National kidney foundation, anemia in CKD is defined as Hb< 13.5 g\dl in men and
Hb< 12 g\dl in women (NKF/KDOQI, 2006).
Patients with CKD/ESRD develop anemia on the basis of factors that specifically relate to
their kidney disease, primarily the underlying deficiency of erythropoietin synthesis; however,
they may develop anemia on the basis of any etiology, including iron, vitamin B12 and folic
acid deficiency, inherited hemoglobinopathy, bleeding, hemolysis, medications, malignancy,
and bone marrow infiltration (Stevens et al., 2003).
1.2. Justification of the study
CKD constitutes an important health problem in Palestine. In 2014, renal failure was reported
as the 8th leading cause of death and accounts for 3.9% of deaths (MOH, 2014).
Currently, there are about 1600 patients who are maintained on regular hemodialysis in
Palestine; about 1100 patients are in the West Bank and about 550 in Gaza Strip.
Anemia as a major common complication of CKD has a multifactorial etiology particularly in
hemodialysis patients, because besides the central role of decreased erythropoietin production,
hemodialysis therapy may negatively affect production and survival of red blood cells.
Moreover, typical comorbidities associated with end stage renal disease (ESRD) also act as
causal factors of anemia, mainly bone disease (secondary to hyperparathyroidism) and high
inflammatory activity.
1

Anemia must be highlighted among the main challenges and its management deserves special
attention and follow up because of its adverse effects on cardiovascular outcomes and quality
of life.
Now the use of eythropoiesis stimulating agents (ESAs) is widespread and considered as a
counterstone of therapy, as they can correct erythropoietin deficiency and control anemia
among hemodialysis patients to maintain hemoglobin levels over 11 g/dl, with an acceptable
target of 11 to 12 g/dl (NKF/KDOQI, 2007).
Despite the prevalent use of recombinant human erythropoietin (rhEPO), anemia is a frequent
finding in hemodialysis patients and a significant number of patients failed to respond to
therapy.
In Gaza strip, the problem is more complicated because there is a noticeable rise of unsteady
supply of rhEPO due to limited resources, leading patients to depend on blood transfusion for
anemia management.
There is no published study for anemia management among hemodialysis patients in Gaza
Strip. It is therefore justifiable to have this study, which describes the prevalence of anemia
and its association factors in hemodialysis patients, so the results obtained will help us in
designing appropriate recommendations for anemia management, in order to reduce
complications and morbidity among those patients and to improve their clinical outcome.
1.3. Hemodialysis Services
The hemodialysis services in Palestine were initiated in 1972; the growing number of patients
suffering from ESRD places a great demand on the health care resources due to the high cost
of dialysis and medication.
In 2001 there were 351 patients who were maintained on regular HD in Palestine, with 14
working hemodialysis centers; ten in the West Bank and four in Gaza Strip.
In 2011 the number of patients on regular hemodialysis in Gaza Strip was 360 patients (MOH,
2011). While, in 2013, there were about 428 patients on regular hemodialysis in Gaza Strip,
compared to 800 patients in West Bank (MOH, 2013).
Currently, there are about 550 HD patients in Gaza Strip, getting their hemodialysis services
in four centers; Al-Shifa hospital which has the largest dialysis center in Gaza Strip with 36
machines and about 24 nurses. Nasir hospital, the second large center with about 20
machines, Abu Yousef Najar which has 10 machines and Shohadaa Al Aqsa hospital which
cover patients in the middle governorate with 15 machines.
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Most hemodialysis machines are old and not enough to cover the expanding number of
patients, this limits efficiency of hemodialysis. Additionally, the dialysis units are crowded
with patients and most units have small working areas, as a result, poor follow up occur. The
distance between patients in dialysis units is less than 1.30 m, and this distance is not in
conformity with international standard specifications.
Most of HD patients started hemodialysis with central venous catheter not arteriovenous
fistula (AVF), which contributes to higher morbidity and mortality.
The political situation adds further complications, as Israeli siege affects the whole health
sector, including supply of some life saving medication.
1.4. The main objective
To study the prevalence of anemia among patients on regular hemodialysis treated with
recombinant human erythropoietin (rhEPO) in Gaza Strip. Moreover, the collected data will
give us an idea about factors that affect anemia as well as response to recombinant human
erythropoietin (rhEPO).
1.5. The Specific objectives of the study
1. To determine the effect of (rhEPO) dose on hemoglobin level.
2. To identify iron status of hemodialysis patient.
3. To determine patient characteristics that may affect response to treatment as age, sex,
etiology of ESRD and history of hemodialysis.
4. To identify modifiable factors that affect patient response to (rhEPO) as, vascular access
type, compliance to hemodialysis sessions, hospitalization and albumin level as indicator for
inflammation and malnutrition.

3

Chapter II
Literature Review
2.1. An overview to Kidney
2.1.1. Kidney Anatomy
The kidneys are essential organs in the body which function to remove water and waste
products. They also produce important hormones such as erythropoietin, Vitamin D, and
renin.
Kidneys receive about 20 percent of the blood coming from the heart .The rate of blood flow
through both kidneys is approximately 1.2 liters per minute. Arterial blood is supplied to the
kidneys via the renal arteries, which branch off the abdominal aorta, and venous blood is
conveyed to the inferior vena cava via the renal veins.
The basic functioning unit of the kidney is called the nephron. The kidneys together comprise
greater than two million nephrons, and each is capable of forming urine.
2.1.2. Kidney Functions
1. Urine Formation
Three processes are involved in forming urine: glomerular filtration, tubular reabsorption, and
tubular secretion.
Glomerular filtration involves the ultrafiltration of plasma in the glomerulus. The filtrate
collects in the urinary space of Bowman’s capsule and then flows downstream through the
tubule lumen.
Tubular reabsorption involves the transport of substances out of tubular urine. These
substances are then returned to the blood. Reabsorbed substances include ions, water,
important metabolites (e.g., glucose, amino acids), and some waste products (e.g., urea, uric
acid).
Tubular secretion involves the transport of substances into the tubular urine. Some substances
+

(e.g. H , ammonia) are produced in the tubular cells and secreted into the tubular urine
(Douglas et al., 2006).
2. Protein and polypeptide metabolism
The kidney is a major site for the catabolism of many small molecular weight proteins and
polypeptides, including many hormones such as insulin, parathyroid hormone and calcitonin
(Tanner, 2009).
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3. Drug and toxicant elimination
Many medications (e.g. penicillins, cephalosporins, diuretics, NSAIDs, and antivirals)
circulate in the plasma as small organic anions. These organic anions, which are often bound
to albumin, are actively eliminated by the proximal tubule of the nephron by an organic anion
transporter (OAT) system. The OAT system translocates drugs as well as endogenous
substances and toxins (Kumar et al., 2013).
4. Endocrine function
A. Renin–angiotensin system
The juxtaglomerular apparatus is made up of specialized arteriolar smooth muscle cells that
are sited on the afferent glomerular arteriole as it enters the glomerulus. These cells synthesize
prorenin, which is cleaved into the active proteolytic enzyme renin. Active renin is then stored
in and released from secretory granules.
Renin converts angiotensinogen in blood to angiotensin I. Angiotensin converting enzyme
(ACE) converts angiotensin I (decapeptide) to angiotensin II (octapeptide).
Angiotensin II has two major systemic effects; systemic vasoconstriction, sodium and water
retention. Both of these actions will tend to reverse the hypovolaemia or hypotension that is
usually responsible for the stimulation of renin release.
B. Erythropoietin
Erythropoietin is the major stimulus for erythropoiesis. It is a glycoprotein produced under
hypoxic conditions.
C. Vitamin D metabolism
Naturally occurring vitamin D (cholecalciferol) requires hydroxylation in the liver at position
25 and again by 1α- hydroxylase enzyme mainly in the distal convoluted tubule, the cortical
and inner medullary part of the collecting ducts and the papillary epithelia of the kidney to
produce the metabolically active 1,25-dihydroxycholecalciferol (1,25-(OH)2D3).
The 1α-hydroxylase activity is increased by high plasma levels of parathyroid hormone, low
phosphate and low 1,25-dihydroxycholecalciferol.
5. Autocrine function
A. Endothelins
The endothelins ET-1, ET-2 and ET-3 are a family of similar potent vasoactive peptides that
also influence cell proliferation and epithelial solute transport. They are produced by most
types of cells in the kidney (Kohan, 2013).
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B. Prostaglandins
Prostaglandins are unsaturated, oxygenated fatty acids, derived from the enzymatic
metabolism of arachidonic acid, mainly by constitutively expressed cyclo-oxygenase-1
(COX- 1) or inducible COX-2. COX-1 is highly expressed in the collecting duct, while COX2 expression is restricted to the macula densa. Both COX isoforms convert arachidonic acid to
the same product, the bioactive but unstable prostanoid precursor, prostaglandin H2 (PGH2).
PGH2 is converted to: PGD2, prostacyclin(PGI2) and thromoxane (Schneider et al., 2004).
C. Urodilatin: renal natriuretic peptide
A thirty two amino acids, atrial natriuretic-like peptide (ANP-like peptide), synthesized by
different post-translational processing of pro-ANP in the connecting and collecting ducts in
the kidney. ANP is primarily a regulator of the cardiovascular system through its vascular
effects and that renal natriuretic peptide participates in the intrarenal regulation of sodium and
chloride transport (Tanner, 2009).
D. Nitric oxide
Nitric oxide is formed by the action of three isoforms of nitric oxide synthase (NOS),
neuronal (nNOS), inducible (iNOS) and endothelial (eNOS). All three isoforms are expressed
in the kidney. Nitric oxide mediates the following physiological actions in the kidney:
regulation of renal haemodynamics and natriuresis (Kumar et al., 2013).
2.2. Acute Kidney Injury (AKI)
2.2.1. Definition and classification
Acute Kidney Injury (AKI) is a sudden and usually reversible decrease in the glomerular
filtration rate (GFR) occurring over a period of hours to days. ARF may occur in patients with
previously normal renal function or patients with chronic kidney disease (CKD).
The Acute Dialysis Quality Initiative (ADQI) has developed the Risk, Injury, Failure, Loss,
End-stage kidney disease (RIFLE) classification of AKI (Bellomo et al., 2004).
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Table 2.1. RIFLE classification for acute kidney injury (Bellomo, et al., 2004)

Stage

Glomerular filtration rate(GFR) Criteria Urine output (UO) Criteria
Serum Creatinine(SCr) increased 1.5-2
times baseline

Risk

UO < 0.5 ml/kg/h < 6 h

or
GFR decreased >25%
SCr increased 2-3 times baseline
or

Injury

UO < 0.5 ml/kg/h >12 h

GFR decreased >50%
SCr increased >3 times baseline
or
GFR decreased 75%

Failure

or
SCr ≥4 mg/dl

Loss of function
ESRD

UO < 0.3 ml/kg/h 24 h
(oliguria)
or
anuria 12 h

Persistent acute renal failure:
complete loss of kidney function >4 weeks (requiring dialysis)
Complete loss of kidney function >3 months (requiring dialysis)

The RIFLE classification conveys the concept that renal dysfunction is not only considered to
be significant when it reaches the stage of failure but also it is a spectrum that ranges from
early risk to long-term failure.
Therefore, the RIFLE criteria have a high sensitivity for the early diagnosis of ARF and
should allow detection of patients at risk to develop acute kidney injury (AKI) as well as
those patients with established ARF (Bellomo et al., 2004).
The Acute Kidney Injury Network (AKIN) has developed another specific criterion for the
diagnosis of ARF which is modified from RIFLE. The AKIN defines AKI as abrupt (within
48 hours) reduction of kidney function, manifested by any one of the following:
 An absolute increase in serum creatinine of 0.3 mg/dl or greater (≥26.4 µmol/L).
 A percentage increase in serum creatinine of 50% or greater (1.5-fold from baseline).
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 A reduction in urine output, defined as less than 0.5 ml/kg/h for more than 6 hours (Mehta
RL, 2007).
In 2012 the Kidney Disease Improving Global Outcomes (KDIGO) released their clinical
practice guidelines for acute kidney injury (AKI), which build off of the RIFLE criteria and
the AKIN criteria.
KDIGO defines AKI as any of the following:
 Increase in serum creatinine by 0.3mg/dL or more within 48 hours or
 Increase in serum creatinine to 1.5 times baseline or more within the last 7 days or
 Urine output less than 0.5 mL/kg/h for 6 hours (KDIGO, 2012)
2.2.2. Causes of acute kidney injury
1. Pre-renal: Occur due to renal hypoperfusion e.g., sepsis, congestive cardiac failure, liver
cirrhosis and renal artery stenosis.
2. Intrinsic: Occur due to response to cytotoxic, ischemic, or inflammatory insults to the
kidney, with structural and functional damage.
3. Post-renal: Occur due to urinary tract obstruction (Lameire, 2005).
The association between AKI and CKD was studied by Thakar, et al., 2011, who found a
strong association between episodes of acute kidney injury (AKI) and cumulative risk for the
development of advanced CKD in multiple hospitalized patients with diabetes mellitus. Any
AKI versus no AKI was a risk factor for stage 4 CKD, and each additional AKI episode
doubled that risk.
2.3. Chronic Kidney Disease (CKD)
2.3.1. Definition
CKD is an increasingly common clinical problem that raises patient’s risk for developing
several life-threatening medical conditions, including end stage renal disease (ESRD) and
cardiovascular disease (CVD).
Chronic kidney disease (CKD) is defined as kidney damage (defined by markers of kidney
injury) or glomerular filtration rate (GFR) <60 ml/min/1.73m2 for 3 months or more,
irrespective of the cause.
Markers of kidney damage include one or more of the followings:
• Albuminuria (An albumin excretion rate (AER) ≥ 30mg/24hrs; and albumin/creatinine ratio
(ACR) ≥ 30mg/g).
• Urine sediment abnormalities.
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• Electrolyte and other abnormalities due to tubular disorders.
• Abnormalities detected by histology.
• Structural abnormalities detected by imaging.
• History of prior kidney transplantation.
Major outcomes of CKD include progression to kidney failure and the complications of
decreased kidney function, including cardiovascular disease, anemia, and bone disease.
Fortunately, interventions are available to reduce the rate of progression of kidney disease and
treat the associated complications; but unfortunately, patients with CKD are underdiagnosed
and undertreated population (Weiner, 2007).
2.3.2. Classification
The National Kidney Foundation (NKF) classified the severity of CKD into five stages
according to the level of GFR, with stage 1 being the mildest and usually causing few
symptoms (GRF ≥ 90 ml/min/1.73 m2) and stage 5 being a severe illness with poor life
expectancy if untreated (GRF ≤15 ml/min/1.73 m2 or dialysis). Stage 5 CKD is also called
established CKD and is synonymous with the now outdated terms end-stage renal disease
(ESRD) or chronic kidney failure (CKF), (NKF, 2002).
Table 2.2 NKF staging system for CKD (NKF, 2002)

CKD

Description

GFR
ml/min/1.37m2

Stage
1

Normal or increased GFR

≥90

2

Mild reduction of GFR

60-89

3

Moderate reduction of GFR

30-59

4

Sever reduction of GFR

15-29

5

Chronic kidney failure, end-stage renal disease

≤ 15 or dialysis

(ESRD)

The latest 2012 KDIGO CKD classification recommends detailing the cause of CKD and
classifying into six categories related to glomerular filtration rate (G1 to G5, with G3 split
into 3a and 3b) but also based on three levels of albuminuria (A1, A2, and A3), each assessed
according to the urinary albumin-creatinine ratio.
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Table 2.3. KDIGO Classification by GFR

GFR
Categories

Description

GFR (ml/min/ 1.73
m2)

G1

Normal or high

> 90

G2

Mildly decreased

60-89

G3a

45-59

G4

Mildly to moderately
decreased
Moderately to severely
decreased
Severely decreased

G5

Kidney failure

< 15

G3b

30-44
15-29

Table 2.4. KDIGO Classification by albuminuria

Albuminuria
Categories

AER
(mg/24hrs)

ACR (mg/g)

Description

A1

< 30

< 30

Normal to mildly increased

A2

30-300

30-300

Moderately increased

A3

> 300

> 300

Severely increased

2.4. Risk Factors Associated with Chronic Kidney Disease
Nonmodifiable CKD risk factors
Age (older age), gender (generally worse in males) and ethnicity (generally worse in non
Caucasian).
Modifiable CKD risk factors
Systemic

hypertension,

proteinuria,

metabolic

factors,

cigarette

smoking,

alcohol

consumption, and drug use.
2.5. Etiology of Chronic Kidney disease (CKD) and End Stage Renal Disease (ESRD)
CKD can result from a wide array of distinct pathophysiologic processes associated with
abnormal kidney function and a progressive decline in GFR. The most common causes in the
U.S. are diabetic and hypertensive nephropathy (Levey et al., 2003).
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Other causes include glomerulonephritis, polycystic kidney disease, vasculitis, renal artery
stenosis, systemic lupus erythroma, malignancy, or obstruction as seen in nephrolithiasis or
prostate disease.
2.5.1. Diabetes Mellitus (DM)
The worldwide prevalence of diabetes mellitus (DM) is expected to be 366 million by the
year 2030, 2 times more than that from the year 2000 (Knowler et al., 2009).
In 2013, the total number of new reported cases of diabetes mellitus in the West Bank was
178.4 per 100,000 of population, while in 2014 the total number of new reported cases of DM
in the West Bank was 3,692 with incidence rate 145.7 per 100,000 of population (MOH
2014).
In the United States, it is estimated that 50% of diabetic patients will develop diabetic kidney
disease (DKD), (de Boer et al., 2011).
Moderately increased albuminuria (30–300 mg/24 h) is the earliest clinical sign of DKD and
is typically present in 20–30% of type one diabetics 15 years after the onset of DM.
Progression to macroalbuminuria (>300 mg/24 h) is associated with increased progression of
CKD and possibly, ESRD (Ekinci et al., 2013).
The natural history of DKD has been attenuated by the advent of agents that block the renin–
angiotensin–aldosterone system. However, if left untreated, there is progression through
phases of asymptomatic mesangial extracellular matrix accumulation, microalbuminuria,
macroalbuminuria, and finally, overt proteinuric nephropathy. This sequence occurs more
frequently in genetically predisposed individuals. DM and microalbuminuria represent
independent risk factors for cardiovascular diseases (CVD). In addition, nearly 70–80% of
diabetic CKD patients are hypertensive (Ekinci et al., 2013).
2.5.2. Hypertension (HTN)
Systemic hypertension is both a cause and consequence of CKD. The incidence of
hypertension increases as CKD advances. The prevalence of hypertension requiring treatment
in patients with stage 4 CKD is greater than 80% (Cohen et al., 2013).
The prevalence of hypertension (HTN) continues to increase. Aging and obesity are the two
most important reasons behind this increasing prevalence (Cohen et al., 2013).
The prevalence of hypertension in the United States is 73 million, which is approximately 1/3
of the adult population (USRDS, 2008).
In Saudi Arabia, HTN affects more than 25% of the adult population (Al-Nozha, et al., 2007).
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In fact, more patients develop HTN from CKD than develop CKD from HTN; for example
hypertensive nephrosclerosis (Segura, et al., 2004). Hypertensive nephrosclerosis is
reportedly the second most common cause of ESRD in white people (USRDS, 2011).
Hypertension in CKD is related to the primary function of the kidneys themselves. As the
absolute number of glomeruli decrease from any cause of injury, the remaining filters need to
incrementally increase their filtering function to keep net waste removal constant. One
mechanism to accomplish increases in filtration is to promote increases in BP. Increased BP
across glomeruli results in an increase in perfusion pressure and increased single nephron
glomerular filtration. In the short term, this is a successful adaptation, but overtime, exposure
to elevated BP causes progressive glomerular damage. The damage and loss of additional
glomeruli further exacerbates the situation such that remaining glomeruli may promote even
higher BP in order to maintain waste clearance (Segura et al., 2004).
Hypertension in CKD is considered as “resistant HTN”, treatment requires 3 or more
antihypertensive agents at maximally tolerated doses and one of which must be a diuretic. In
general, optimum blood pressure control (< 140/90) reduces renal disease progression and
cardiovascular morbidity and mortality (Cohen et al., 2013).
2.5.3. Glomerular Disease
Glomerular disease may have a wide variety of etiologies and clinical presentations. Some
glomerular diseases are given the generic title of glomerulonephritis, which implies an
immune or inflammatory pathogenesis.
Glomerulopathies are the third most common cause of end stage renal disease (after diabetes
and hypertension) in Europe and the USA.
glomerular diseases can broadly be divided into three groups:
A. Nonproliferative (without cell proliferation) glomerular diseases without glomerular
inflammation and without deposition of immunoglobulins (e.g., minimal change disease, and
segmental glomerulosclerosis) or with deposition of immunoglobulins, but without
glomerular

inflammation,

most

likely

because

of

subepithelial

localization

of

immunoglobulins (e.g., membranous nephropathy), (Cybulsky, 2000).
B. Proliferative glomerular diseases with deposition of immunoglobulins leading to
increased

cellularity

(e.g.,

lupus

nephritis,

IgA

nephropathy,

postinfectious

glomerulonephrites PIGN), or with severe glomerular injury and inflammation, but without
deposition of immunoglobulins (e.g., pauci-immune glomerulonephritis), (Cybulsky, 2000).
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C. heterogenous group of glomerular diseases, occurs in systemic diseases like glomerular
disease in diabetes, amyloidosis and paraproteinemia (Izzedine et al., 2004).
2.5.4. Polycystic kidney disease (PKD)
Polycystic kidney disease (PKD) is an inherited disorder characterized by cystic expansion of
the kidneys producing progressive kidney enlargement and renal insufficiency, in addition to
various extrarenal manifestations. The disease can be inherited in autosomal dominant and
recessive forms (Halvorson et al., 2010).
Autosomal dominant polycystic kidney disease (ADPKD) is characterized by slow but
progressive enlargement of the kidneys with renal failure occurring by the fifth to sixth
decade of life. The disease occurs in approximately 1:800 to 1:1,000 people and accounts for
2.5% of all cases of end-stage renal disease (Torres et al., 2007).
Clinically, ADPKD presents over the course of decades with hypertension, flank pain,
hematuria, and renal cyst infections in adults. Cyst development and growth is gradual, yet
despite the massive growth of the kidneys, the glomerular filtration rate (GFR) in these
patients is typically conserved until ages 30–40, followed by a rapid, linear decline after this
time. By the age of seventy, 50% of patients with ADPKD will require dialysis or kidney
transplantation (Halvorson et al., 2010).
ADPKD is genetically heterogeneous with two genes identified, PKD1 and PKD2.
Serum erythropoietin concentration in patients with autosomal dominant polycystic kidney
disease is, on average, twofold greater than in end-stage renal disease of noncystic origin. The
mechanisms by which cysts stimulate EPO production have not been resolved, although it is
conceivable that compression and remodelling of pericystic tissue lead to local hypoxia. In the
cyst walls of patients with autosomal polycystic kidney disease interstitial cells have been
shown to express EPO mRNA, and cysts derived from proximal, but not those derived from
distal tubules contain increased concentrations of bioactive EPO (Eckardt et al., 1989).
2.5.5. Aging
The biologic process of aging initiates various structural and functional changes within the
kidney. Renal mass progressively declines with advancing age, and glomerulosclerosis leads
to a decrease in renal weight. Histologic examination is notable for a decrease in glomerular
number of as much as 30-50% by age 70 years. The GFR peaks during the third decade of life
at approximately 120 ml/min/1.73 m2; it then undergoes an annual mean decline of
approximately 1 ml/min/year/1.73 m2, reaching a mean value of 70 ml/min/1.73 m2 at age 70
years (de Boer, 2012).
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Ischemic obsolescence of cortical glomeruli is predominant, with relative sparing of the renal
medulla. Juxtamedullary glomeruli see a shunting of blood from afferent to efferent arterioles,
resulting in redistribution of blood flow favoring the renal medulla. These anatomic and
functional changes in renal vasculature appear to contribute to an age-related decrease in renal
blood flow (Hallan et al., 2012).
There is also a greater prevalence of anemia of chronic kidney disease in those older than 60
years. This is probably secondary to the greater rate of chronic kidney disease in older
individuals, as well as the lower estimated glomerular filtration rates (GFRs) that are
associated with aging (Mallappallil et al., 2014).
2.6. Estimation of renal function
1. Creatinine
Historically, measurement of creatinine or urea in serum or plasma has been used to assess
kidney function. Serum creatinine is less sensitive than creatinine clearance and equations
used to calculate GFR in detecting reduced renal functions.
In addition, serum concentrations of creatinine are affected by various analytical
interferences, and depend critically on muscle mass. Other factors which affect creatinine
concentrations include age, sex, ethnicity, body habitus and diet (Levey, 1990; Levey et al.,
1999).
2. Equations for estimating renal functions
The glomerular filtration rate is used in establishing a diagnosis of CKD. It is defined as the
volume of plasma which is filtered by the glomeruli per unit time and it is usually measured
by estimating the rate of clearance of a substance from the plasma. Glomerular filtration rate
varies with body size and conventionally is corrected to a body surface area of 1.73 m2
(Levey et al., 2006).
Prediction equations improve the inverse correlation between serum creatinine and GFR by
taking into account confounding variables such as age, sex, ethnic origin and body weight.
The four-variable formula derived from the Modification of Diet in Renal Disease (MDRD)
study is used to estimate GFR and the most widely used of these prediction equations.
MDRD 4-variable equation
GFR (ml/min/1.73 m2) = 186 x (SCr)

-1.154

x (Age)

-0.203

x (0.742 if female) x (1.210 if

African-American)
The MDRD underestimates the measured GFR at levels above 60 ml/min/1.73 m2 (Levey et
al., 2006).
14

The Cockcroft-Gault formula for estimating creatinine clearance (CrCl) is used routinely as
a simple means to provide a reliable approximation of residual renal function in all patients
with CKD. The formulas are as follows:
CrCl (male) = ([140-age] × weight in kg)/ (serum creatinine × 72)
CrCl (female) = CrCl (male) × 0.85, (Cockroft, 1976).
3. Urinalysis
Urinalysis is performed to screen for hematuria and/or albuminuria, both of which are
markers of kidney damage. If this reveals any abnormalities or if the index of suspicion for
presence of microalbuminuria is high (e.g., screening for nephropathy in a diabetic patient),
follow-up with more specific urine tests (e.g., urine albumin-to-creatinine ratio and urine
microscopy) is recommended (Khan et at., 2005).
Urine microscopy is performed to screen for presence of eosinophiluria which is strongly
suggestive of allergic tubulointerstitial nephritis, casts which indicate active renal disease and
redcell casts which are highly suggestive of glomerulonephritis.
Urine biochemistry as 24-hour creatinine clearance which is useful in assessing the severity
of renal disease.
4. Ultrasound
Renal ultrasound may be considered in all patients with GFR < 60 both for evaluation and
establishing a baseline. Ultrasound is strongly recommended in a patient with any of the
following:
• Symptoms or signs consistent with obstruction.
• Family history of cystic kidney disease.
• Rapid progression of CKD (Di Lullo, 2014).
2.7. End stage renal disease (ESRD)
End stage renal disease (ESRD) occurs when the GFR is less than 15 ml/min/1.73 m2.
Histological findings of an end stage kidney include a reduction in renal capillaries and
scarring in the glomeruli. Atrophy and fibrosis are evident in the tubules. The mass of the
kidneys usually is reduced. At this final phase of renal failure, treatment with dialysis or
transplantation is necessary for survival (Stevens et al., 2010).
2.7.1. Epidemiology of ESRD
In 2005, incidence rates of 52 person per million populations and 200 persons per million
population were reported in Turkey and Egypt, respectively (Arıkan et al., 2005).
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In India, an estimated incidence of ESRD is 100 persons per million population.
Approximately (100,000) patients develop ESRD each year (Arıkan et al., 2005).
In 2006 it was estimated that prevalence of ESRD in the Arab world was as follows (Abboud,
2006).
Table2.5 Incidence of ESRD in the Arab world 2006 (Abboud, 2006)

ESRD Prevalence
Country

(per million population)

Egypt

235

Qatar

262

Saudi Arabia

462

Jordan

120

Lebanon

243

Kuwait

80

Yemen

320

Average

352

In 2013, estimates were that two million people worldwide suffer from ESRD, and the
number of patients diagnosed with the disease continues to increase at a rate of 5-7% per year.
Taiwan, Japan, Mexico, the United States, and Belgium currently have the highest prevalence
of ESRD. And while extensive data on worldwide mortality rates is lacking, a 2007 report
shows that U.S. mortality risk was 15% higher than in Europe and 33% higher than in Japan
on comparable treatment modalities (USRDS, 2013).
By the end of 2014, there were about 550 ESRD patients undergoing dialysis across four
centers in Gaza strip, among them twenty pediatric patients were dialyzed in Al Rantisi
Pediatric hospital.
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Table2.6 Distribution of hemodialysis patients in Gaza Strip

Residency

No of HD patients

Gaza and North

298

Middle Gaza

63

Governorates
Khanyouis

101

Rafah

60

2.7.2. Clinical Manifestations of ESRD
The clinical manifestations of ESRD include alteration in water, electrolyte, and acid-base
balance; mineral and skeletal disorders; anemia and coagulation disorders; hypertension and
alterations in cardiovascular function; gastrointestinal disorders; neurologic complications;
disorders of skin integrity; and immunologic disorders.
Impairment of the excretory function of the kidney results in an elevation in levels of blood
urea nitrogen (BUN), creatinine, and various protein metabolic products. Impairment in the
synthetic function results in a decrease in the production of erythropoietin (causing anemia)
and

active

vitamin

D-3

(causing

hypocalcemia,

secondary

hyperparathyroidism,

hyperphosphatemia, and renal osteodystrophy). Impairment in synthetic function also results
in a reduction in acid, potassium, salt, and water excretion (causing acidosis, hyperkalemia,
hypertension, and edema) and in platelet dysfunction (promoting bleeding), (Kazmi et al.,
2012).
1. Uremic syndrome
The uremic syndrome is characterized not only by solute accumulation but also by hormonal
alterations such as decreased production of erythropoietin and calcitriol and decreased
clearance of insulin. The signs and symptoms vary from one patient to another, depending
partly on the rate and severity of the loss of kidney function.
Uremic toxins can be subdivided into three major groups based upon their chemical and
physical characteristics:
• Small, water-soluble, non-protein-bound compounds, such as urea.
• Small, lipid-soluble and/or protein-bound compounds, such as the phenols.
• Larger so-called middle-molecules, such as beta 2 microglobulin (Kazmi et al., 2012).
Other manifestations of uremia in end-stage renal disease (ESRD), many of which are more
likely in patients who are inadequately dialyzed or net yet on dialysis, include the following:
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 Uremic Pericarditis, which can be complicated by cardiac tamponade, possibly resulting in
death.
 Uremic Encephalopathy, which can progress to coma and death.
 Uremic gastritis, anorexia, nausea, vomiting, diarrhea.
 Fatigue, increased somnolence.
 Malnutrition.
 Erectile dysfunction, decreased libido, amenorrhea.
 Platelet dysfunction with tendency to bleed.
2. Metabolic acidosis and increased ammonium production
Metabolic acidosis is a common biochemical disturbance experienced by patients with renal
failure. As kidney function fails, excretion of hydrogen (H+) ions diminishes, leading to
systemic acidosis that results in a lower plasma pH and bicarbonate (HCO3–) concentration.
The symptoms of anorexia, lethargy, and nausea frequently observed in patients with uremia
may be due partly to this metabolic acidosis. Kussmaul’s breathing, a symptom caused by
acidosis, is a deep sighing respiration aimed at increasing carbon dioxide excretion and
reducing the metabolic acidosis (Metcalfe, 2007).
Ammonium (NH4+) excretion, decreased because of reduced nephron mass, is the most
important factor in the kidney’s ability to eliminate H+ and regenerate HCO3–.
The local accumulation of ammonia can directly activate complement, leading to secondary
tubulointerstitial damage (at least in experimental animals), (Metcalfe, 2007).
3. Hematologic Problems
Anemia, in CKD patients develop primarily as a result of decreased renal synthesis of
erythropoietin, manifests as fatigue, reduced exercise capacity, impaired cognitive and
immune function, and reduced quality of life. Anemia is also associated with the development
of cardiovascular disease, the new onset of heart failure, the development of more severe
heart failure, and increased cardiovascular mortality (Obrador et al., 2002).
Bleeding may be a significant problem in patients with end stage renal failure, and it has been
attributed to increased prostacyclin activity, increased capillary fragility, and a deficiency in
platelet factor (Markova et al., 2012).
The acquired qualitative platelet defect secondary to uremic toxins leading to decreased
platelet adhesiveness. In addition, the low hematocrit levels commonly found in uremic
patients negatively influence the rheologic component of platelet–vessel wall interactions.
Platelet defects secondary to uremia is best remedied by dialysis but is also treated
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successfully by cryoprecipitate or l-deamino-8-D-arginine vasopressin (DDAVP), tranexamic
acid and conjugated estrogen (Markova et al., 2012).
4. Bone disease
Renal osteodystrophy should be defined more broadly as a clinical entity or syndrome called
chronic kidney disease–mineral and bone disorder (CKD-MBD). The spectrum of skeletal
abnormalities seen in renal osteodystrophy includes the following:
 Osteitis fibrosa, a manifestation of hyperparathyroidism characterized by increased
osteoclast and osteoblast activity, peritrabecular fibrosis, and increased bone turnover.
 Osteomalacia, a manifestation of defective mineralization of newly formed osteoid most
often caused by aluminum deposition; bone turnover is decreased.
 Adynamic bone disease, a condition characterized by abnormally low bone turnover.
 Osteopenia or osteoporosis.
 Combinations of these abnormalities termed mixed renal osteodystrophy.
 Other abnormalities with skeletal manifestations (e.g., chronic acidosis, β2-microglobulin
amyloidosis), (Sprague et al., 2010; Post et al., 2007).
5. Psychological manifestations
Psychiatric illness is common among patients with chronic disorders, particularly in those
with ESRD. The psychological problems associated with CKD included affective disorders,
particularly depression, organic brain diseases, dementia, schizophrenia and other psychoses
and personality disorders (McQuillan et al., 2010).
2.7.3. Renal replacement therapy
The three primary treatment options for patients with end stage renal disease (ESRD) are
hemodialysis (HD), peritoneal dialysis (PD) and kidney transplantation.
As recommended by the National Kidney Foundation, planning for replacement therapy
should begin once the patient’s glomerular filtration rate (GFR) or creatinine clearance (CrCl)
drops below 30 ml/min per 1.73 m2 (NKF/KDOQI, 2006).
Kidney transplantation is the treatment of choice for ESRD; a successful kidney transplant
improves the quality of life and reduces the mortality risk for most patients, when compared
with maintenance dialysis (Garcia et al., 2012).
However, not all patients are appropriate candidates for a kidney allograft because of absolute
and/or relative contraindications to this procedure or the subsequent required medications
(Danovitch, 2009).
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2.8. Hemodialysis
Although hemodialysis was first successfully used in 1940, the procedure was not used
widely until in 1952. Permanent dialysis access was developed in the 1960s, which allowed
routine use.
Since the 1960s, hemodialysis became a practical treatment for kidney failure and is the most
common method used to treat advanced and permanent kidney failure (Foote et al., 2008). In
2011, more than 395,000 patients were treated with maintenance hemodialysis in the United
States (USRDS, 2013).
2.8.1. Principles of hemodialysis
Hemodialysis consists of the perfusion of blood and a physiologic salt solution on opposite
sides of a semipermeable membrane.
Multiple substances, such as water, urea, creatinine, uremic toxins, and drugs, move from the
blood into the dialysate, by either passive diffusion or convection as the result of
ultrafiltration (James et al., 2002).
Diffusion is the movement of substances along a concentration gradient; the rate of diffusion
depends on the difference between the concentration of solute in blood and dialysate, solute
characteristics, the dialyzer membrane composition, and blood and dialysate flow rates.
Ultrafiltration is the movement of water across the dialyzer membrane as a consequence of
hydrostatic or osmotic pressure, and is the primary means for removal of excess body water.
Convection occurs when dissolved solutes are drawn across a membrane with fluid transport
(as long as the pores in the dialyzer are large enough to allow them to pass).
Convection can be maximized by increasing the hydrostatic pressure gradient across the
dialysis membrane, or by changing to a dialyzer that is more permeable to water transport.
These two processes can be controlled independently, and thus a patient’s hemodialysis
prescription can be individualized to attain the desired degree of solute and fluid removal
(James et al., 2002).
2.8.2. Advantages
1. Higher solute clearance allows intermittent treatment.
2. Parameters of adequacy of dialysis are better defined and therefore underdialysis can be
detected early.
3. Technique failure rate is low.
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4. Eventhough intermittent heparinization is required; hemostasis parameters are better
corrected with hemodialysis than peritoneal dialysis.
5. In-center hemodialysis enables closer monitoring of the patient (Foote et al., 2008).
2.8.3. Disadvantages
1. Requires multiple visits each week to the hemodialysis center.
2. Disequilibrium, dialysis hypotension, and muscle cramps are common.
3. Vascular access is frequently associated with infection and thrombosis.
4. Decline of residual renal function is more rapid compared to peritoneal dialysis (Foote et
al., 2008).
2.8.4. Vascular Access
One important step before starting hemodialysis is preparing a vascular access. A vascular
access should be prepared weeks or months before starting dialysis. It allows easier and more
efficient removal and replacement of blood with fewer complications.
2.8.5. Types of Vascular Access
1. The native AV fistula created by the anastomosis of a vein and artery (ideally the radial
artery and cephalic vein in the forearm). The native (AVF) has many advantages over other
access methods. Fistulas have the longest survival of all blood-access devices and are
associated with the lowest rate of complications such as infection and thrombosis. In addition,
patients with fistulas have increased survival and lower hospitalization rates compared to
other hemodialysis patients. Finally, the use of AV fistulas is the most cost-effective in terms
of placement and long-term maintenance. Ideally, the most distal site (the wrist) is used to
construct the fistula. This fistula is the easiest to create, and in the case of access failure, more
proximal sites on the arm are preserved. Unfortunately, fistulas require one to two months or
more to mature before they can be routinely utilized for dialysis. In addition, creation of an
AVF may be difficult in elderly patients, in patients with peripheral vascular disease as in
diabetes and in patients with severe heart failure (Hayashi et al., 2006).
2. Synthetic AV grafts are another option for permanent AV access, made of
polytetrafluoroethylene. In general, grafts require only 2 to 3 weeks to endothelialize before
they can be routinely used. The primary disadvantages of this type of access are the shorter
survival, and the fact that they have higher rates of infection and thrombosis than do AVF
(Vanholder, 2002).
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3. Central venous catheters are the least-desirable hemodialysis access, which unfortunately
are commonly used in chronic HD patients. Venous catheters can be placed in jugular,
femoral or subclavian vein, or. The main advantage of catheters is that they can be used
immediately. Catheters are often used in small children, diabetic patients with severe vascular
disease, morbidly obese and other patients who have no viable sites for permanent AV access.
Late referrals to a nephrology specialist and delayed placement of a more appropriate
longterm access contribute to the overuse of venous catheters in chronic HD patients. The
major problem with all venous catheters is they have a short life span because they are more
prone to infection and thrombosis than either AV grafts or fistulas. Furthermore, some
catheters are not able to provide adequate blood flow rates, which can limit the amount of
dialysis delivered (Besarab et al., 2001).
A. Nontunneled central line: a central venous catheter that is fixed in place at the point of
insertion and travels directly from the skin entry site to a vein and terminates close to the
heart or one of the great vessels, typically intended for short term use (Foote et al., 2008).
B. Tunneled central line: a central venous catheter that travels a distance under the skin from
the point of insertion before entering a vein, and terminates at or close to the heart or one of
the great vessels (Foote et al., 2008).
2.8.6. Session duration
Hemodialysis is traditionally prescribed three times weekly for 3 to 5 hours. The mean
dialysis treatment session duration in the United States in 2005 was 3.6 ± 0.5 hours (Pierratos
et al., 2005).
2.8.7. Complication of hemodialysis
1. Intradialytic Complications
The most common complications that occur during the hemodialysis procedure include
hypotension, cramps, nausea and vomiting, headache, chest pain, back pain, and fever or
chills.
A. Hypotension
Hypotension is the most common complication during HD and is primarily related to the large
amount of fluid removed, although other causes, includes hypovolemia and excessive
ultrafiltration, antihypertensive medications prior to dialysis, diastolic dysfunction, and meal
ingestion prior to dialysis (Levin et al., 2002).

22

Intradialytic hypotension is more common in the elderly and patients with diabetes. Other
symptoms such as nausea and cramping are often present during acute hypotensive episodes
(Sherman, 2002).
B. Hypertension
Intradialytic hypertension occurs in 8% to 30% of treatments (Chen et al., 2006).
Hypertension during or immediately after HD constitutes an important risk factor for
cardiovascular mortality. Moreover, an intradialytic increase in systolic blood pressure is
associated with an increased risk of hospitalization or death. In most circumstances, an
intradialytic elevation of blood pressure indicates significant volume overload (Inrig et al.,
2007).
C. Skeletal muscle cramps
Although the pathogenesis of cramps is multifactorial, plasma volume contraction and
decreased muscle perfusion caused by excessive ultrafiltration are frequently the initiating
events; it is also due to electrolyte and acid–base imbalance (Foote et al., 2008).
2. Complications of Vascular Access
A. Thrombosis and Infection
Vascular access thrombosis is a major problem in chronic HD. Although thrombosis occurs in
grafts, and to lesser extent fistulas, thrombosis associated with central venous catheters is the
most problematic.
Thrombi that occur after approximately one week can be outside the catheter (extrinsic) or
within the catheter (intrinsic). Intrinsic thrombosis is the major cause of catheter failure and
can occur within the lumen of the catheter, at the tip of the catheter, or can present as a fibrin
sleeve surrounding the catheter. Fibrin sleeves can obstruct the catheter and be a nidus for
infection (Saad et al., 2004).
B. Infections
Infections of the vascular access are also a significant problem in patients on HD. The most
common cause of access infection is Staphylococcus aureus (which is often methicillinresistant) although gram-negative organisms are common and other organisms can be
isolated. The type of access is one of the most important risk factors for infection.
AV fistulas have the lowest rate of infection followed by grafts, tunneled catheters, and
nontunneled temporary catheters (Piraino, 2000).
Catheter- related infections can cause catheter-related bacteremia. Patients with diabetes,
immunosuppression, a history of bacteremia, and those with S. aureus nasal carriage are at

23

highest risk for catheter related bacteremia. Bacteria can seed distant sites and cause
endocarditis, osteomyelitis, and septic arthritis.
Clinically, patients present with fever and chills. If fever and chills occur after catheter
manipulation, it is highly suggestive of catheter-related bacteremia (Piraino, 2000).
2.9. Anemia of Chronic Kidney disease(CKD) and End Stage Renal Disease (ESRD)
2.9.1. Overview
Anemia is a common complication of CKD that develops early in the course of the disease
increasing; its prevalence and severity increase with increasing severity of CKD.
According to the National Kidney Foundation, anemia is defined as a deficiency in circulating
red blood cells and should be diagnosed when the hemoglobin is <13.5 g/dl in adult males and
<12.0 g/dl in adult females (NKF/KDOQI, 2006).
The European Best Practice Guidelines for the management of anemia in patients with CKD
recommends that a diagnosis of anemia in these patients should be considered when Hb
concentration falls below 11.5 g/dl in women, 13.5 g/dl in adult men and 12.0 g/dl in men
older than age 70 (Locatelli et al., 2004, 2009).
The incidence of anemia is less than 2 % in CKD stages 1 and 2, about 5% in CKD stage 3,
44% in CKD stage 4 and more than 70% in the end stage renal disease (ESRD), (Astor et al.,
2002).
The anemia of these patients is, mainly, due to decreased kidney's secretion of erythropoietin
(EPO). In CKD patients, there is a failure in increasing the EPO levels in response to hypoxia,
as occurs in others types of anemia. These patients present an EPO deficiency, rather than an
absolute lack, as EPO remains detectable even in the most advanced stages of CKD (Artunc et
al., 2007).
2.9.2. Etiology of renal anemia
1. Data from animal models and early human studies demonstrated that anemia in CKD was
primarily due to relative erythropoietin deficiency resulting from a loss of endogenous
erythropoietin production. This link was confirmed by human studies demonstrating a
dramatic improvement in Hb levels with administration of exogenous erythropoietin
(Winearls et al., 1986).
2. An important factor in many anemic patients with CKD is iron deficiency. Iron deficiency
can be categorized as absolute or functional; absolute iron deficiency is defined by a reduction
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in bone marrow reticuloendothelial iron, and is suggested by a ferritin level of <100 ng/ml
(<200 ng/ml for hemodialysis patients) or transferrin saturation (TSAT) <20 % (Wish, 2006).
Clinically, absolute iron deficiency results from iron utilization in response to erythropoiesisstimulating agent (ESA) therapy, impaired gastrointestinal iron absorption, due to chronic
bleeding from uremia-associated platelet dysfunction, frequent phlebotomy, and blood
trapping in the dialysis apparatus (Besarab et al., 2007).
Functional iron deficiency is defined as the presence of adequate bone marrow iron stores, but
an impaired ability to mobilize these stores for erythropoiesis in the presence of the
stimulating effect of an ESA; it is typically diagnosed when (TSAT) is < 20% but serum
ferritin levels are normal or elevated. Functional iron deficiency often occurs in patients with
underlying malnutrition and systemic inflammation (Drueke, 2001).
3. The retention of various waste products in uremia can, in different ways, lead to anemia.
Circulating uremic inhibitors of erythropoiesis contribute to the anemia by shortening
erythrocyte survival (from normal 120 to 60-90 days), and disordered iron homeostasis by
promoting functional iron deficiency or through other mechanisms (Vos et al., 2011).
These factors include various polyamines, parathyroid hormone, tumor necrosis factor-alfa
(TNFα), and interferon-gamma (IFNγ), (Wang et al., 1995, Macdougall, 2001).
TNFα is believed to cause the destruction of RBC precursors and decrease the number of
erythropoietin receptors on progenitor cells (Means, 2003).
4. Nutritional deficiencies, such as folate and vitamin B12, due to anorexia or dialysate losses,
hyperparathyroidism and chronic inflammation are conditions that are commonly well-known
suppressors of erythropoiesis (Macdougall, 2001).
5. Other secondary factors include hypothyroidism, hyperparathrodism, aluminum toxicity,
acute and chronic inflammatory conditions and hemoglobinopathies
2.9.3. Manifestation of anemia
Anemia in CKD is associated with deprived general health, manifested as fatigue, dizziness,
shortness of breath, reduced exercise capacity and quality of life, these symptoms occur when
hemoglobin is less than 10 g/dl (Lankhorst et al., 2010).
Anemia has been found to be a risk factor for left ventricular dilatation and hypertrophy, if
severe, will lead to a compensatory left ventricular hypertrophy (LVH) which leads to
congestive heart failure (CHF) causing a decline in blood perfusion to the kidneys, resulting
in further kidney damage. Furthermore LVH and CHF are strong predictors of mortality
among hemodialysis patients.
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Many studies were conducted to correlate anemia with LVH and mortality. Levin et al., 1996,
estimated that for every 1.0 g decrease in hemoglobin concentration, there is an increased 6%
risk of LVH in patients with chronic kidney disease.
In a study conducted among dialysis patients with anemia, Parfrey et al., 1996, demonstrated
that the degree of anemia present was independently associated with left ventricular
hypertrophy and left ventricular dilatation.
Foley et al.,1996, estimated that such a 1-g decrease in hemoglobin concentration also
translated into a 42% increase in left ventricular dilatation in patients with stage 5 chronic
kidney disease. They found that among hemodialysis patients, anemia was independently
associated with mortality and it seems that a hemoglobin level around 10-11g\dl is critical as
mortality increases exponentially with fall in hemoglobin beneath this level.
Another study have examined whether achieved Hb level is associated with mortality among
hemodialysis patients, Madore et al., 1997, found that a higher baseline Hb up to a level of 11
g/dl was associated with improved survival, but that further increments in Hb did not appear
to confer additional benefits.
2.9.4. Erythropoietin
Erythropoietin is a glycoprotein hormone, of a molecular weight of 30 400 D. The gene for
erythropoietin is on chromosome 7 and codes for a 165 amino acids extensively glycosylated
polypeptide.
The erythropoietin gene is one of a number of genes that is regulated by the hypoxic sensor
pathway. The 3′-flanking region of the erythropoietin gene has a hypoxic response element,
which is necessary for the induction of transcription of the gene in hypoxic cells.
Erythropoietin stimulates an increase in the proportion of bone marrow precursor cells
committed to erythropoiesis, and erythroid progenitor cells are stimulated to proliferate and
differentiate (Wenger, 2002).
Erythropoietin is produced by the peritubular interstitial cells of the kidney; in addition, some
extrarenal production can occur in certain situations, mainly by the hepatocytes, which
accounts for 10% of endogenous erythropoietin, liver is the predominant production site
during fetal life, and in some species also in early postnatal life. Its production is regulated
mainly by tissue oxygen tension. Production is increased if there is hypoxia from whatever
cause for example, anemia, cardiac or pulmonary disease (Fisher et al., 1996; Wenger, 2002).
Normally, the production is regulated by a feedback mechanism involving an oxygen sensor
that monitor the oxygen level in the vicinity of the erythropoietin producing cells.
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The key mediator in this system is hypoxia inducible factor (HIF), a transcription factor
produced in the kidney and the liver (Kapitsinou et al., 2010). Hypoxia leads to increased
level of HIF by stimulating the production and inhibiting the degradation, which in turn
stimulates EPO production (Haase, 2010).
The erythropoietin receptor is expressed primarily on the surface of erythrocyte precursor
cells in the bone marrow. To a lesser degree, erythropoietin receptors are also present on nonhematopoietic tissues, such as the endothelium, heart, brain, and kidney. When erythropoietin
binds to its receptor, it activates a Janus kinase-2- mediated signal transduction cascade that
induces the proliferation of precursor erythroid cells and differentiation into mature
erythrocytes (Wenger, 2002).
2.10. Erythropoiesis-stimulating agents (ESA)
Anemia management was revolutionized in the late 1980s with the introduction of
recombinant human erythropoietin. This and related erythropoiesis-stimulating agents (ESAs)
greatly benefited patients by improving their debilitating symptoms, and freeing them from
dependence on blood transfusions with their associated complications (secondary iron
overload, infections, and sensitization impeding transplantation). In 1960, erythropoietin was
obtained from plasma of anemic sheep, and a decade later from urine of anemic humans. It
was then purified and finally cloned, making it possible to produce biologically active
recombinant human erythropoietin (Babitt et al., 2012).
Epoetin beta was the first ESA to be used. It was presented in 1987 and approved by the Food
and Drug Administration (FDA) in 1989. Since then, other ESAs appeared, with similar
actions, differing in their half life (US Food and Drug Administration, 2007).
There are several EPO preparations and all shares an identical amino acid sequence with the
native hormone, but differ slightly from it and each other in terms of glycosylation (Locatelli
et al., 2009).
Structural analogs of epoetin include darbepoetin alfa and methoxyglycol epoetin.
Darbepoetin alfa is a structural analog of epoetin alfa, which contains a 5-aminoacid
substitution as well as hyperglycosylation, whereas methoxyglycol-epoetin beta is a
chemically synthesized analog of erythropoietin (Egrie et al., 2003).
ESAs available in the United States include epoetin alfa (Epogen®) and darbepoetin
alfa (Aranesp®).
Methoxy polyethylene glycol-epoetin beta (Mircera®) is a third-generation, pegylated epoetin
(PEG-EPO) beta under the new category of a continuous erythropoietin receptor activator
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(CERA) that was approved by the FDA in 2007 for the treatment of anemia of chronic kidney
disease.
Peginesatide (Hematide®) is a pegylated, peptidic ESA (also called an erythropoietin mimetic
[EPO mimetic]) that was approved in the United States in March 2012 for treatment of
anemia of chronic kidney disease, but was discontinued in February 2013 following
postmarketing reports of severe hypersensitivity, including fatalities (US Food and Drug
Administration , 2013).
2.10.1. Clinical efficacy of erythropoiesis-stimulating agents (ESAs)
ESAs have beneficial effects by correcting anemia and their associated symptoms (fatigue,
dizziness, shortness of breath), and improving the quality of life of these patients. ESAs also
reduce the need for blood transfusions, thereby reducing transfusion side effects
(immunological sensitization, transmission of infectious agents and iron overload),
(Finkelstein et al., 2009).
In the early clinical trials of erythropoietin performed in the late 1980s, the mean baseline Hb
concentration was about 6 to 7 g/dl, and this progressively increased to about 11 or 12g/dl
after treatment. Patients subjectively felt much better, with reduced fatigue, increased energy
levels, and enhanced physical capacity, and there were also objective improvements in cardiorespiratory function (Macdougall et al., 1990).
Papatheofanis et al., 2006, found that among predialysis patients with anemia, epoetin
treatment was associated with a statistically significant increase in achievement of target Hb
(>11 g/dl) at weeks 4, 8, and 12, transfusion frequency and adverse event rates were not
reported.
Several studies report the synergy between anemia correction and left ventricle hypertrophy
(LVH) and that the use of ESAs for anemia correction (Hb target of approximately 11 g/dl) is
associated with an improvement in heart failure symptoms and a reduction in LVH (Parfrey,
2009).
2.10.2. Mechanism of action
Erythropoiesis-stimulating agents (ESA), binds to the erythropoietin receptors found on the
cell membrane of colony-forming-unit erythroid cells and erythroblasts in the bone marrow.
By activation of these receptors, erythropoietin prevents apoptosis of these cells, making them
able to continue the differentiation toward mature erythrocytes (Elliott et al., 2008).
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2.10.3. Dose of Erythropoiesis-stimulating agents
Initial epoetin dose is between 50-100 IU/kg IV, if administered on a three times weekly
basis, or 75-150 IU/kg if administered SC on a weekly basis are commonly used; a less
frequent dosing every ≥ two weeks is also possible in many patients.
Darbepoetin alfa is commonly started at a dose of 0.45 μg/kg weekly, administered either IV
or SC, or 0.75 μg/kg SC every other week. The response to ESA is dose-dependent, but the
dose variation is huge, both between individuals and within a given individual (Fishbane et
al., 2005).
The initial dose of EPO should vary based upon the baseline hemoglobin level, overall
clinical setting, mode of administration, and the target hemoglobin level. A large number of
studies have found that there is wide interpatient variability, as the dose of EPO required to
reach hemoglobin levels above 11 g/dl among hemodialysis patients ranges from less than 50
to more than 300 IU/kg three times per week.
In general, at a starting dose of 100 IU/kg given intravenously three times per week, 90
percent of patients will attain a hemoglobin level of 11 to 12 g/dl, compared to 70 percent,
who will reach this level with 50 U/kg given intravenously three times per week. The logic of
starting with the higher dose and then titrating down is that a month of therapy may be wasted
on the non-responders if the lower dose is used initially. In addition, titrating up from a
smaller initial dose allows the hematocrit to rise more smoothly and more economically than
with titrating down (Portolés et al., 2006).
2.10.4. Side effects of Erythropoiesis-stimulating agents
The most common adverse effects associated with ESA therapy are hypertension and
thromboembolic complications. The Food and Drug Administration (FDA) issued a warning
for increased risk of a thrombotic event in patients with CKD or cancer whose Hb is greater
than 12 g/dl (US Food and Drug Administration 2007).
In 2011, the FDA published an additional safety alert warning on all ESAs of increased risk
of death, cardiovascular events, and stroke in CKD patients with Hb levels > 11 g/dl (US
Food and Drug Administration, 2011).
Patients receiving hemodialysis and epoetin alfa or darbepoetin may require increased
anticoagulation. Hypertension occurs in about 20-30% of patients receiving ESA therapy and
usually occurs as a result of a rapid increase in hematocrit. Blood pressure may be controlled
by ultrafiltration in dialysis patients, by reducing the ESA dose or by increasing
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antihypertensive therapy. ESAs should not be used in patients with preexisting uncontrolled
hypertension (Miyashita et al., 2004).
Headache, tachycardia, edema, shortness of breath, nausea, vomiting, diarrhea, injection site
reaction, and flu-like symptoms (e.g., arthralgias and myalgias) have also been reported in
patients receiving ESA therapy (AHFS Drug Information, 2013).
Allergic reactions to ESAs have been infrequent. Darbepoetin is contraindicated in patients
with hypersensitivity to albumin or mammalian cell-derived products.
There have been a small number of cases of pure red cell aplasia (PRCA) accompanied by
neutralizing antibodies to erythropoietin alfa (Lankhorst et al., 2010).
2.11. Intravenous iron
Iron is an essential ingredient for heme synthesis, and adequate amounts of this mineral are
required for the manufacture of new red cells. Thus, under enhanced erythropoietic
stimulation, greater amounts of iron are needed.
An intravenous iron supplementation, as adjuvant therapy, should be administrated to prevent
iron deficiency and minimize the dose of ESA needed to achieve the target range of Hb levels
(Locatelli et al., 2009).
Examples of intravenous iron replacement therapies include the following:


Iron dextran complex (Dexferrum)



Iron sucrose (Venofer)



Ferric fluconate (Ferrlecit)

2.12. Hemoglobin Target
The National Kidney Foundation has published guidelines for use of erythropoietin
stimulating agents in patients with anemia associated with chronic renal diseases. It was stated
that ESAs are effective in achieving and maintaining target Hb levels in patients with chronic
kidney disease (CKD). KDOQI recommends the decision to initiate ESA therapy should
include careful consideration of potential benefits and potential harms (life threatening
cardiovascular and thrombotic adverse events).
According to the guidelines, target hemoglobin range in dialysis and nondialysis patients with
CKD receiving ESA therapy, should be 11-12 g/dl and should not exceed 13 g/dl
(NKF/KDOQI, 2007).
In June 2011, the FDA released more conservative recommendations for using the ESAs in
patients with anemia of chronic kidney disease resulting from data showing that using ESAs
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to target a hemoglobin level of >11 g/dl increased the risk cardiovascular events, without
providing any additional benefit to patients. FDA recommends that for patients with anemia
of chronic kidney disease who are not on dialysis, ESA treatment can be considered when the
hemoglobin level is <10 g/dl and the dose should be reduced or interrupted when hemoglobin
exceeds 10 g/dl. For patients with anemia of chronic kidney disease currently on dialysis,
ESA treatment should be initiated when the hemoglobin level is <10 g/dl and the dose should
be reduced or interrupted when hemoglobin approaches or exceeds 11 g/dl (Food and Drug
Administration, 2011).
Several prospective randomized trials have been conducted. The results of these studies have
been disappointing, patients randomized to normal hemoglobin levels (13-15 g/dl) have been
found to have increased rate of cardiovascular complications and mortality compared to
patients randomized to low hemoglobin levels (10-11.5 g/dl), (Singh et al., 2006).
In a random trial, 603 patients with an estimated glomerular filtration rate (GFR) of 15.0 to
35.0 ml/min/1.37m2 and mild-to-moderate anemia (hemoglobin level, 11.0-12.5 g\dl) were
randomized to a target hemoglobin value in the normal range (13.0-15.0 g\dl, group 1) or the
subnormal range (10.5 to 11.5 g\dl, group 2). Subcutaneous erythropoietin (epoetin beta) was
initiated at randomization (group 1) or only after the hemoglobin level fell below 10.5 g\dl
(group 2). The result showed that in patients with chronic kidney disease, early complete
correction of anemia did not reduce the risk of cardiovascular events and hypertensive
episodes, headaches were more prevalent in group one (Drüeke, 2006).

2.13. Resistance to erythropoietin treatment
Patients requiring erythropoietin doses of 150 - 300 IU/kg IV three times weekly (or
equivalent) are termed ESA hyporesponsive; those failing to achieve adequate Hb levels
despite such ESA doses are termed ESA resistant.
According to the European best practice guidelines for the management of anemia in patients
with chronic renal failure, resistance to ESAs is defined as a failure to achieve target Hb
levels (11– 12 g/dl) with doses lower than 300 IU/kg/week of epoetin or 1.5 μg/kg/week of
darbopoietin-α. Most often, ESA hyporesponsiveness/resistance is caused by absolute or
functional iron deficiency (Ribeiro et al., 2013).
Patients with CKD on HD treatments may lose up to 3gr of iron each year because of frequent
blood losses, so they are at particularly high risk of iron store depletion with subsequent iron
deficiency anemia (Locatelli et al., 2004).
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A serum ferritin concentration of 100-500 ng/ml is the target during oral and intravenous iron
therapy for pre-dialysis and peritoneal dialysis patients, but use of the IV route of
administration and a target serum ferritin concentration of 200-500 ng/ml is recommended for
HD patients (Grabe, 2007).
However, clinicians must be aware that ferritin is an acute phase reactant that can be elevated
in states of chronic infection or inflammation. Therefore, an elevated ferritin does not
necessarily imply iron store adequacy or overload. Current guidelines recommend against use
of iron products when ferritin is 500 ng/ml or greater.
Additional causes include:
1. Chronic, systemic inflammation (possibly due to enhanced cytokine production).
2. Hospitalization. Blood loss
3. Bone disease due to secondary hyperparathyroidism.
4. Uremic solutes.
5. Advanced age, and diabetes.
6. Occult malignancy and unsuspected hematologic disorders.
7. Hemoglobinopathies, as patients with sickle cell disease or trait may have an inadequate
response to the administration of EPO.
8. The administration of angiotensin converting enzyme inhibitors and/or angiotensin II
receptor antagonists.
9. Development of pure red cell aplasia associated with the presence of neutralizing
antierythropoietin antibodies in patients treated with EPO alfa by the subcutaneous route
10. Aluminum toxicity.
11. Vitamin B12 or folate deficiency.
12. Hemolysis.
13. Carnitine deficiency (Lankhorst et al., 2010).
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Chapter III
Methodology
3.1. Study design
This study is a retrospective descriptive cross-sectional study, conducted among chronic
hemodialysis patients receiving recombinant human erythropoietin (rhEPO), at Al Shifaa
hospital, Shohadaa Al Aqsa hospital and Nasir hospital, Gaza strip-Palestine.
3.2. Study setting
The study was conducted at the hemodialysis ward of Al-Shifa hospital, which is considered
as the biggest dialysis center in Gaza Strip with 36 machines and more than 240 patients,
Nasir hospital the second largest center with about 20 machines and Shohadaa Al Aqsa
hospital which covers patients in the middle governorate with 15 dialysis machines, in the
period between Jan 2013 to Dec 2014.
3.3. Study population
All hemodialysis patients from both genders, aged between 18-60 years, diagnosed as an
ESRD, treated with regular hemodialysis for more than two years, and received erythropoietin
for management of renal anemia.
3.4. Sample and sampling
A total of 74 patients with ESRD on regular, chronic hemodialysis were randomly selected
according to specific inclusion and exclusion criteria, from Al Shifaa, Shohadaa Al Aqsa and
Nasir hospital.
The total sample size was calculated according to Epi Info program, 2008, with an expected
frequency of 30%, a worst acceptable frequency of 20%.
3.5. Eligibility Criteria
3.5.1. Inclusion Criteria
Hemodialysis patients from both genders aged between 18-60 years old diagnosed as an
ESRD on hemodialysis for more two years, treated with recombinant human erythropoietin
(rhEPO) were enrolled in the study.
3.5.2. Exclusion Criteria
1. Patients younger than 18 years and older than 60.
2. Patients on hemodialysis for less than two years.
3. Patients who didn't receive recombinant human erythropoietin (rhEPO).
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4. Psychiatric, mentally incompetent patients.
3.6. Data collection
3.6.1. Questionnaire interview
Face-to-face structured interviews have been used to collect data from participants. Questions
were one of two types: the multiple choice questions which offer several fixed alternatives;
and yes or no questions which offer a dichotomous choice.
The researcher explained to all individuals the importance, aim and purpose of the research
study. Also all questions were ideally asked in the same way during the data collection to
achieve a high degree of validity and reliability.
The questionnaire’s aim was to collect the different socio-demographic determinants about
hemodialysis patients. These determinants included: age, gender, occupation, level of
education, marital status, place of residence, possible comorbidities, duration and number of
hemodialysis sessions/week (Annex No.1).
3.6.2. Medical Records data
Data concerning the medical history and laboratory tests in different time interval were
collected by reviewing the medical record of each patient; for example, primary cause of
ESRD, exact time for initiation hemodialysis, hospitalization, hemoglobin, platelet count,
serum albumin, ferritin, iron, calcium, phosphate, alkaline phosphatase and transferrin
saturation. All documented tests were performed in the Ministry of health laboratories (Annex
No.2).
3.7. Definitions of terms used in this study
3.7.1. Dry weight
Dry weight in dialysis patients is the weight at the end of hemodialysis treatment (after
removing excess water and wastes); an electronic weighing scale was used to obtain the
weight, the scale was placed in the hemodialysis ward.
3.7.2. Hemoglobin target
Target hemoglobin range in dialysis patients receiving ESA therapy, should be 11-12 g/dl and
should not exceed 13 g/dl (NKF/KDOQI, 2007).
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3.7.3. Transferrin saturation percentage (TSAT)
Transferrin saturation, a more useful indicator of iron status than just serum iron or total iron
binding capacity (TIBC) alone.
Calculation of transferrin saturation
Transferrin saturation percentage = (serum iron divided by TIBC) x 100
Transferrin saturation (TSAT) percentage less than 20% indicates iron deficiency while
(TSAT) more than 50 % indicates iron over load (Wish, 2006).
3.8. Pilot study
Before starting the data collection process, a pilot study was carried out on 7 patients to
enable the researcher to examine the tools of the study in term of acceptability, applicability
and time frame. Questionnaire was modified according to the result of the pilot study.
3.9. Statistical analysis
The collected data was analyzed by using Statistical Package for Social Sciences (SPSS)
version 19 program and Microsoft Excel program.
Data analysis was carried out as follows:
• Defining variables.
• Data entry.
• Data cleaning.
• Data analysis.
• Significant tests: Pearson chi square test was used to compare categorized variables.
P.value less than 0.05 was used for statistical significance.
Wilcoxon signed-rank test is a non-parametric statistical hypothesis test used when
comparing two related samples, matched samples, or repeated measurements on a single
sample to assess whether their population means ranks differ.
3.10. Obstacles of the Study
1. Lack of recent reports or statistical data from the Ministry of Health (MOH) regarding
Gaza Strip.
2. Some information was missed from patients' medical records.
3. Incorrect information from some patients regarding their medical history.
4. Several factors influencing hemoglobin values such as the presence of infection,
inflammatory states, blood loss and parathyroid hormone values were not evaluated.
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5. Absence of protocol, evidence base and adequate research on the management of renal
anemia in Gaza Strip.
3.11. Ethical consideration
1. Approval was obtained from Faculty of Pharmacy (Annex No.3)
2. Approval was obtained from Dean of Postgraduate Studies at AL-Azhar University-Gaza.
3. Approval from Helsinki committee was obtained (Annex No.4).
4. Approval letter from the Palestinian MOH was obtained (Annex No.5).
5. Patients were given a full explanation about the purpose of the study.
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Chapter IV
Results

In this chapter the main results of the study will be presented according to the corresponding
outcome variable. We will present the main results of the study variables that attained the
study objectives.
The present study was conducted to describe the pattern of anemia among hemodialysis
patients who have been treated with rhEPO in Gaza Strip governmental hospitals using
specific tests to explore that.
The first part shows the distribution of study population based on their demographic and
socioeconomic factors. The second part examines possible associations between the different
variables.
4.1. Descriptive Statistics
4.1.1. Sociodemographic Variables
The study sample consisted of 74 hemodialysis patients aged 18-60 years old.
Table 4.1 shows the frequency and percent distribution of patient gender, age category,
marital status, occupation, residency and education.
Both sexes were represented roughly the same with 36 males (48.6%) relative to 38 (51.4%)
females (Table 4.1).
The age category 46-60 years old was about 42 persons out of 74 persons, representing
(56.8%), the rest, 32 patients; representing (43.2%) were aged between 18-45 years old. This
indicates that the development of chronic kidney disease increases with age (Figure 4.1).
The married proportion of the selected group was about 53 respondents representing (71.6%),
while 21 respondents, presenting (28.4%), were not married (single, divorced and widows).
Regarding the patients occupation, most of respondents 39 were unemployed representing
(52.7%) of the study population, where the ex-worker respondents were 29 representing
(39.2%) and the rest of the study respondents 6 representing (8.1%) still work. This probably
reflects the effect of the disease on patients' ability to work and practice their daily activities
as each patient needs hemodialysis two to three times a week for 4 hours each, resulting in
many complications due to either the procedure or as side effects to the concurrent use of
several medications.
About (60%) of the study sample were from Gaza city and the rest of study respondent
distributed in the other study areas as North Gaza 14 respondent (18.9%), Middle Gaza
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governorate 8 respondent representing (10.8%) and South Gaza (Khan Yonis) 7 respondents
representing (9.5%) of study population. Patients from Gaza city and North Gaza were getting
their hemodialysis services in Al Shifaa hospital.
Regarding the patients’ level of education, only three, about (4%) were without any previous
formal education, while the largest stratum of HD patients had secondary education (29.7%),
17 (23%) had a university degree, 18(24.3%) had a preparatory education, 14 (18.9%) had a
primary education.
Table 4.1 Distribution of the study population by demographic socioeconomic variables

Variables

Categories

Frequency

Percent %

Gender

Male
Female

36
38

48.6
51.4

Age Category

18-31
32-45
46-60
Not-Married
Married

16
16
42
21
53

21.6
21.6
56.8
28.4
71.6

Patient Occupation

Yes (work)
Ex Worker
No

6
29
39

8.1
39.2
52.7

Patient Residency

Gaza North
Gaza
Middle Gaza
South Gaza (Khan Yonis)

14
45
8
7

18.9
60.8
10.8
9.5

Patient Education

Illiterate
Primary
Preparatory
Secondary
University Degree

3
14
18
22
17

4.1
18.9
24.3
29.7
23

Marital status
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Figure 4.1 Percent distribution of study respondents by age group.

Table 4.2 shows the distribution of study respondents with the primary cause of end stage
renal disease (ESRD). Among study population, the primary cause of ESRD was hypertension
representing about (24%). The second main cause of ESRD was Diabetes Mellitus (21.6%),
followed by congenital malformation representing (14.9%). Other causes, that is less
commonly associated with ESRD were; glomerular disorders, polycystic kidney disease
(PKD), and obstruction (Figure 4.2).
Table 4.2 shows the distribution of study respondents with some common comorbid diseases
such as DM and Hypertension, which revealed that 29 respondents were diabetic representing
(39.2%) of the study population.
It was also noticeable that 51 (about 70 %) of the study respondents were originally chronic
hypertensive patients. Another 20 respondents (27%) were post dialysis hypertensive patients,
in this group of respondents the main cause of CKD was not hypertension as it may be
diabetes mellitus or any other cause such as glomerular disorders or polycystic kidney disease
(PKD).
Post dialysis hypertension can also occur due to hypervolemia that results from inadequate
dialysis or decrease compliance to hemodialysis, treatment with erythropoietin, or other
causes. With respect to smoking habits, higher percentage of patient (62.2%) did not smoke
while (20.3%) were smoking.
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Physicians prescribe the frequency of HD sessions for each patient according to patient’s
condition. Hemodialysis session ranges from two to three sessions per week.
The collected data shows that, most patient (85%) were maintained on hemodialysis three
times weekly, also the percentage of patients on hemodialysis for 4 hours/session were
(62.2%) while those on hemodialysis less than 4 hours/session represented (37.8%).
Hospital admission is considered as a risk factor for this group of patients due to their
decreased immunity compared to healthy individuals. The study shows that 33 patients
(44.6%) were admitted to hospital due to different reasons, for instance, infected central
catheters, surgical procedures, sever hypertension, anemia, volume overload and other
complication related to their renal disease.

Figure 4.2 Percent distribution of the primary cause of end stage renal disease (ESRD)
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Table 4.2 Distribution of study population with comorbidities, cause of ESRD, smoking, hospitalization,
number and duration of each HD session

Variables

Categories

Diabetes Mellitus

Yes
No

Frequency

Primary cause of Hypertension
Diabetes Mellitus
ESRD
Congenital
Glomerular Disorders
PCK
Obstruction
Others

Percent%

29
45

39.2
60.8

18
16
11
10
9
7
3

24.3
21.6
14.9
13.5
12.2
9.5
4.1

Hypertension

Yes (Predialysis)
Yes (Postdialysis)
No

51
20
3

68.9
27
4.1

Patient Smoking

Yes
Ex-smoker
No

15
13
46

20.3
17.6
62.2

Twice a week
Thrice a week

11
63

14.9
85.1

4 hours
Less than 4 hours

46
28

62.2
37.8

Yes
No

33
41

44.6
55.4

History
No of HD session
per week
Duration of HD
session
Hospitalization

Construction and maintenance of the vascular access is a crucial factor in hemodialysis. Table
4.3 shows that 58 of study respondents (78.4%) had a permanent vascular access (AV fistula
or graft), while about 16 study respondents (21.6 %) had the mixed way of vascular access
which means, that they depended on a temporary access as a central venous catheter at a time
of study period to maintain hemodialysis.
The researcher found that 47 study respondents (63.5%) have been on hemodialysis for 7
years or less, while 19 study respondents (25.7%) have been on hemodialysis for 7-12 years
and 8 study respondents (10.8%) have been for 13-18 year on regular hemodialysis.
According to study findings, half of the respondents 37 study respondents (50%) took
antihypertensive drugs, Calcium supplement, Alpha D3 and proton pump inhibitors, and about
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five study respondents (6.8%) took a modified combination, containing antihypertensive
drugs, calcium, alpha D3, omeprazole, iron and other food supplements such as multivitamins.
Table 4.3 Distribution of study respondents with type of vascular access, history of hemodialysis and
medication

Variable
Type of Vascular
Access

Categories

Frequency

Percent %

Permanent (AVF or AV graft)

58

78.4

16

21.6

Less than 7 Years

47

63.5

7-12 Years

19

25.7

13-18 Years

8

10.8

37

50

22

29.7

5

6.8

4

5.4

3

4.1

3

4.1

Temporary (venous catheter
or permicath)

Duration of
hemodialysis

Antihypertensive drugs +
Ca+2 + AlphaD3+
Omeprazole
Antihypertensive drugs +
+2

Ca + AlphaD3
Antihypertensive drugs +
Ca+2 + AlphaD3+
Drugs used by

Omeprazole + Fe+

patients

supplements
Calcium + Alpha D3
Antihypertensive drugs +
Ca+2 + AlphaD3+
Omeprazole + Fe+
Antihypertensive drugs +
Ca+2 + AlphaD3+Fe
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4.2. Deferential Statistics
4.2.1. Distribution of the study population by anemia
Table 4.4 shows that 63 of study population representing (85.1%) had hemoglobin value
below 11 g/dl and a small portion of population; 11 representing (14.9%) had hemoglobin
value between 11-13 g/dl, which is the target range recommended by KDOQI guideline
(NKF/KDOQI, 2007).
Table 4.4 Distribution of study population according to hemoglobin level (g/dl)

Variable

Frequency

Percentage %

(N)
Hemoglobin ˂11 g/dl

63

85.1

Hemoglobin (11-13g/dl)

11

14.9

The mean and standard deviation for the study period is explained in the following table
Table 4.5.
Table 4.5 Hemoglobin level (g/dl) during study period

Period

Minimum Hb Maximum Hb

Mean Hb

SD

g/dl

g/dl

g/dl

Feb, 2013

6.2

16.4

9.143

1.6512

Mar, 2013

5.6

12.7

8.655

1.2983

May,2013

5.6

12.2

8.722

1.4091

Jul, 2013

6.2

12.6

8.555

1.4057

Nov, 2014

6.1

12.9

8.635

1.6555

P Value*

0.011

* Wilcoxon signed-rank test

Table 4.5 shows that there was a statistically significant value for the mean differences of
hemoglobin level during the study period; this was due to the decrease of the mean
hemoglobin by the end of the study time, which the researcher referred to erythropoietin
discontinuity in the ministry of health hospitals.
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The means for several months during study period was compared in the following figure, in
order to monitor hemoglobin level during 2013 and 2014 (Figure 4.3).

10.5
9.143

8..722

8.655

9.99
8.635

8.555
7.9

Feb, 2013

Mar, 2013

May,
May,2013

Jul, 2013

Nov, 2013

Dec,2013

May, 2014

Nov, 2014

Figure 4.3 Hemoglobin values (g/dl) during study period

From the previous figure, the
he researcher concluded that hemoglobin level decreased through
study period, there was a remarkable decrease between Feb
Feb 2013 and Mar 2013, then there
was a little fluctuation, as it was 9.14 in Feb 2013, 8.66g/dl
8.
in Mar 2013, 8.72 gg/dl in May
2013, 8.56 g/dl
dl in Jul 2013 and 8.63g/dl
8.63g in Nov 2014, which could be due to decreased supply
of erythropoietin.
4.2.2. Erythropoietin dose during study period
The weekly prescribed dose of erythropoietin in the study population was between 4000
4000-6000
IU/week.
week. Erythropoetin was provided at the end of hemodialysis session, all patients were
given 2000 IU per session.
Hemodialysis patient requires initially 50-100
50 100 units/kg IV three times weekly, and then the
dose should be adjusted until hemoglobin reaches the recommended target (US Food and
Drug Administration, 2007).
Results regarding dose showed that, the number of study participants who matched initial
recommended dose was 6 patients (8%), indicating that most patient received a dose less than
that recommended, and this could be a reason of low hemoglobin level among our study
population, (Initial recommended
ecommended erythropoietin dose was calculated as: patient dry weight x
50 IU x 3). However, such significance was not observed between dose and hemoglobin
response (P. values > 0.05).
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Table 4.6 The percentage distribution of hemoglobin categories versus recommended dose categories

Hemoglobin categories
Dose
Recommended dose

Less than recommended dose

Total

Total

˂11 g/dl

11-13 g/dl

4

2

6

66.6%

33.3%

100.0%

59

9

68

86.7%

13.3%

100.0%

63

11

74

85.1%

14.9%

100.0%

P value*

0.107

*Pearson's chi-squared test

4.2.3. Iron status of study population (Distribution of study population by Serum iron
level and Transferrin saturation)
Table 4.7 shows that, serum iron was nearly stable and there wasn't significant change during
study period (45±10.9 μg/dl in Jun. 2013, 44±12.09 μg/dl in Sep. 2014, p value=0.180)
For patients whom transferrin saturation (TSAT) values were recorded, the searcher found
that the mean of TSAT increased throughout study period with statistically significant value
(22.2± 1.3% in Jun. 2013, 28.36±9.67% in Sep. 2014, p value=0.009), indicating that, there
was a sufficient supplementation of intravenous iron to hemodialysis patients.
Table 4.7 Means of serum iron and Transferrin saturation during the study period

Mean ± SD
Variable

Jun. 2013

Sep.2014

P value*

Serum iron level

45±10.99

44±12.09

.180

22.2± 1.3

28.36±9.67

.009

(μg/dl)
Transferrin
saturation (%)

* Wilcoxon signed-rank test
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Table 4.8 shows that the 80% of patients who had TSAT more than 20% didn't achieve target
hemoglobin level; and this explains the greater demand of iron while receiving erythropoietin.
Table 4.8 Percent distribution of hemoglobin categories versus TSAT categories

Hemoglobin category
Variable

Less than 20%

than

˂11 g/dl

11-13 g/dl

Total

24

2

26

92.3%

7.7%

100.0%

37

9

46

Transferrin

More

saturation %

20%

80.4%

19.6%

100.0%

Total

61

11

72

84.7%

15.3%

100.0%

P value*

0.158

* Pearson's chi-squared test

4.2.4. Patient characteristics that may affect anemia management
The researcher divided the patients' factors into two categories nonmodifiable factors, which
have been insufficiently explored and modifiable factors, the nonmodifiable factors included,
age, sex, marital status, residency, primary cause of renal disease, history of initiation HD and
smoking.
The researcher performed chi square test for hemoglobin and the entire nonmodifiable factor,
all of them did not have a significant value except patient residency and smoking, indicating
that, nonmodifiable factors didn't alter hemoglobin level in these patients.
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Table 4.9 Distribution of hemoglobin categories with residency

Residency

Hemoglobin category

Total

Hb˂11d/dl

Hb 11-13 g/dl

14

0

14

100.00%

0.00%

100.00%

41

4

45

91.10%

8.90%

100.00%

Middle

3

5

8

Gaza Camps

37.50%

62.50%

100.00%

South Gaza

5

2

7

(Khan Yonis )

71.40%

28.60%

100.00%

63

11

74

85.10%

14.90%

100.00%

P value*

Gaza North

Gaza

0.001

Total

* Pearson's chi-squared test
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Table 4.10 Distribution of hemoglobin categories Vs cause of ESRD and History of hemodialysis (years)

Hemoglobin
Variable

Hb ˂11g\dl

Hb 11-13g\dl

P value*

Cause of ESRD
DM

Hypertension

Glomerular Disorders

PKD

Obstruction

Congenital

Others

15

1

93.8%

6.2%

14

4

77.8%

22.2%

10

0

100%

0%

7

2

77.8%

22.2%

4

3

57.1%

42.9%

11

0

100%

0%

2

1

66.7%

33.3%

0.091

Duration of Hemodialysis
Less than 7 Years

7-12 Years

13-18 Years

32

4

88.9%

11.1%

24

4

85.7%

14.3%

7

3

70%

3%

*Pearson's chi-squared test
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0.261

Table 4.11 percent distribution of hemoglobin categories with some nonmodifiable factors

Hemoglobin category
Variable

˂11g\dl

P value

11-13 g/dl

Age Category
13

3

81.2%

18.8%

13

3

18-31 Years

32-45 Years

46-60 Years

0.714

81.2%

18.8%

37

5

88.1%

11.9%

Patient Gender
30

6

86.3%

13.6%

33

5

85.1%

14.9%

Male

0.461

Female

Smoking
Yes

No

13

1

92.9%

7.1%

62

11

48.9%

15.1%

49

0.057

4.2.5. Modifiable factors that affect anemia managment
The modifiable factors were duration of hemodialysis session, frequency of dialysis,
hospitalization, type of vascular access, biochemical markers of bones as calcium, phosphate,
alkaline phosphatase, and albumin as indicator of inflammation and malnutrition.
The researcher followed serum calcium, phosphate, alkaline phosphatase, albumin and
platelets count throughout the study period (Table 4.12).
Table 4.12 Mean of Calcium, Phosphate, Alkaline Phosphatase, Albumin and Platelets during the study
period

Variable
Serum Calcium

Phosphate

Time period

Mean

SD

P value*

Mar, 2013 Ca

8.27

1.04

0.213

Nov, 2014 Ca

8.137

0.75

Mar, 2013 Phosphate

7.80

1.2

Nov, 2014 Phosphate

5.44

5.51

Alkaline

Jul, 2013 Alk Phos.

295.77

233.71

phosphatase

Nov, 2014 Alk Phos.

581.42

631.15

Albumin

Mar, 2013 Albumin

4.24

0.52

Nov, 2014 Albumin

3.25

0.502

Mar, 2013 Platelet

210.08

80.30

Nov, 2014 Platelet

202.54

81.82

Platelet (x109/L)

˂0.001

˂0.001

˂0.001

0.231

*Wilcoxon signed-rank test

From the preceding table, the researcher noticed that there was a decrease in means of serum
calcium and albumin which was largely matched with the decrease of hemoglobin level.
There was also a statistically significant increase of alkaline phosphatase level during the
study period with a concurrent significant decrease in serum Phosphate level for the same
period.
Our study findings showed no statistical difference in the mean level of platelet count during
study period (210.08±80.30 x109/L in Mar 2013, 202.54±81.82 x109/L in Nov 2014, p
value=0.231).
Table 4.13 shows the correlation between hemoglobin categories and vascular access type,
hospitalization, number and duration of hemodialysis sessions. Evaluation of the modifiable
factors on hemoglobin level showed a little influence of these factors on HD patients.
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Table4.13 Distribution of hemoglobin categories Vs vascular access types, hospitalization, number of
sessions per week and duration of session

Hemoglobin level
Variable

P value
Less than

11-13g\dl

11g\dl
Vascular Access
Perminant

Temporary

50

9

84.7%

15.2%

13

2

86.6%

13.3%

0.608

Hospitalization
Hospitalized

Not hospitalized

28

4

87.5%

12.5%

35

7

83.3%

16.7%

0.437

No of sessions per week
Twice

Three times

9

0

100%

0%

54

11

93.1

16.9%

0.214

Duration of session
Four hours

Less than 4 h

41

5

89.1%

10.9%

22

6

78.6%

21.4%

0.183

Pearson's chi-squared test

Table 4.14 shows the correlation between Hb categories and some biochemical test. Results
reveal that hemoglobin level was not associated with serum albumin, calcium, phosphate and
alkaline phosphatase levels as shown in table 4.14.
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Table 4.14 Distribution of hemoglobin categories with Calcium, phosphate, alkaline phosphatase and
albumin level

Hemoglobin level
Variable

Less than 11g\dl

11-13g\dl

P value

Albumin Categories

Hypoalbuminemia

Normal albumin level

38

9

80.9%

19.1%

25

2

92.6%

7.4%

0.125

Serum Calcium level

Hypocalcemia

Normal Ca level

13

4

76.5

23.5

3

2

60%

40%

0.419

Serum Phosphate level

Normal

Hyperphosphatemia

15

3

83.3%

16.7%

31

8

79.5%

20.5%

0.519

Serum Alkaline phosphatase

Normal

High

0

1

0%

1%

63

10

86.3%

13.7%

52

0.149

Chapter V
Discussion
Anemia is a common complication in patients with end stage renal disease treated with
regular maintenance hemodialysis. Hemoglobin level below 11.0 g\dl is associated with
impairment in quality of life, reduced energy, decrease exercise capacity, increased costs,
morbidity, and mortality (Locatelli et al., 2004). The cause of anemia in these patients is
mainly related to a deficiency in the synthesis of endogenous erythropoietin (EPO).
Anemia guidelines on hemoglobin target have recommended a general range of 11–12 g\dl
and never over 13 g\dl in dialysis and non-dialysis patients with CKD receiving ESA therapy
(NKF/KDOQI, 2007).
Apart from anemia management, several factors can be accounted for causing low Hb level
among others, inflammatory and infectious diseases, blood loss, hyperparathyroidism,
hospitalizations and dialysis-related incidents, whether they occur during or between HD
sessions (Fishbane et al., 2005).
In this study, we aimed to assess prevalence of anemia, characteristics of patient who matched
the Hb range of 11–13g\dl, and factors that may affect anemia management by exogenous
erythropoietin administration.
A Seventy four patients (48.6 % men, mean age 45.94±13.4 years, mean weight 68.66±20.0
kg) receiving maintenance hemodialysis at three governmental hospital in Gaza Strip were
included in this retrospective study. All patients received treatment with EPO at a mean dose
of 5702±71 IU/week by the intravenous route, at the end of hemodialysis sessions during the
study period.
The mean age of the study population was 45.94±13.4 years, which was similar to that seen in
studies carried out in Nigeria and Indonesia 45.0+15.0 and 47.0+2.0 years respectively (Suega
et al., 2005; Chinwuba et al., 2010). This indicate that increasing age is a considerable risk
factor for developing CKD, as age increases, GFR decreases, therefore CKD is more common
in elderly people.
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The most common comorbid diseases in our patients were diabetes mellitus (39%) and
hypertension (70%). Among hypertensive patients a good percentage (27%) developed
hypertension post hemodialysis.
This result agrees with a study conducted in the West Bank, where the most common
comorbidities were diabetes mellitus (46.4%) and hypertension (50.8%), (Basheer, 2011).
Most ESRD patients undergoing maintenance hemodialysis require ultrafiltration during HD
in order to maintain an euvolemic status.

A proportion of HD patients experienced

postdialysis blood pressure rise which is mainly volume-dependent hypertension and can be
corrected by fluid removal (Yang et al., 2012).
The two main disease conditions, considered as underlying causes for ESRD in this study
were hypertension (24.3%) and diabetes mellitus (21.6%).
Many researchers stated that diabetic nephropathy is the leading cause of ESRD worldwide.
In Jordan for example; the main causes of renal failure were diabetes mellitus and
hypertension (Batieha et al., 2007).
In Malaysia, it was reported that DM was the most common cause of ESRD; however, the
number of dialysis patients with DM showed a decline in 2005 compared to the number in the
previous 10 years. The second most common cause of ESRD was hypertension, while the
underlying cause remained unknown in 20% of cases (Hooi et al., 2005).
In other countries the causes of renal failure were cited as diabetes mellitus ranging from
10.6% in Egypt to 51% in Saudi Arabia, where hypertension ranges from 4.4% in Emirates to
49.3% in Saudi Arabia (Gouda et al., 2011; Al Saran et al., 2012).
In a study conducted at two hemodialysis centers in Riyadh, Saudi Arabia, the primary cause
of end stage renal failure was determined to be diabetic nephropathy (22%). Hypertension
was the most common comorbidity (76%), followed by diabetes (36%), (Al-Ageel et al.,
2012).
Educational level usually has an impact on patient’s compliance, our results showed that
about 50% had education level below secondary, for this reason efforts should be made to
increase patient’s knowledge about their essential disease and its complication particularly
anemia.
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Regarding to employment, about half (52.7%) of our hemodialysis patients were unemployed,
this is also seen in the west bank, where (49.8 %) of hemodilysis patients were unemployed
(Basheer, 2011). One important factor affecting employment is comorbid conditions such as
anemia. Untreated anemia leads to fatigue, which can negatively affect a person's ability to
work. Another factor is dialysis modality; hemodialysis usually requires at least two sessions
per week, each session lasting 3 to 4 hours, typically during the work day (Muehrer et al.,
2011).
5.1. Prevalence of anemia
Results of this study support the hypothesis that, anemia is a major finding among
hemodialysis patients. We found that mean hemoglobin level was 8.74 g/dl. Only eleven
patients (14.9%) had mean Hb values between 11.0 and 13.0 g/dl, the target range
recommended by KDOQI guideline, where sixty three patients (85.1%) had mean Hb values
below 11.0 g/dl.
Different studies carried out on patients with end stage renal disease demonstrate that Hb
values lower than 10 g/dl have a negative impact on the quality of life and are associated with
an increase in morbidity and mortality in these patients. However, the upper Hb target
recommended for these patients remains controversial. Some randomized controlled studies
have compared full and partial anemia correction in ESA-treated hemodialysis patients. The
Canadian European study failed to demonstrate a beneficial effect on the left ventricular size
and other functional parameters of a higher Hb target (13.5–14.5 g/dl) compared with a lower
target (9.5–11.5 g/dl),( Parfrey et al., 2005).
Two randomized trials published in 2006 were conducted in non-dialysis patients with CKD,
in the United States (Singh et al. 2006) and Europe (Dru¨eke et al., 2006) also showed that
complete correction of anemia was not associated with a significant reduction of
cardiovascular events, and only one of them showed an improvement in quality of life in the
high-Hb group (Dru¨eke et al., 2006).
In 2007, the National Kidney Foundation (KDOQI) guidelines for anemia in CKD
recommended that, hemoglobin should be between 11 and 12 g/dl; however hemoglobin
targets greater than 13 g/dl may increase the risk for serious adverse effects and are not
recommended (NKF/KDOQI, 2007).
Similar to our result, results of a study conducted by Ebben et al., 2006, to evaluate the
frequency with which patients maintain stable hemoglobin levels below, within, and above
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the hemoglobin range (11-12.5 g\dl), they found that only 18 patients (10.3%) maintained
stable Hb levels during a six months study and only 6.5% were in the target range.
The percentage of patients with elevated Hb concentrations (>12 g/dl) was lower in our study
compared to the result of a study conducted at Riyadh, Saudi Arabia (15% vs 45%), where
they used a weekly prescribed dose of erythropoietin of mean 8099 ± 5946 IU/week
compared to 5702±71 IU/week, which was given with no consistency in our study (Al-Ageel
et al., 2012).
In a retrospective study conducted to determine the achievements of the practice guidelines in
the management of anemia in adult patients with end stage renal disease in six Arabian Gulf
countries including Saudi Arabia, Kuwait, Bahrain, Oman, United Arab Emirates and Qatar, it
was found that, the mean Hb level was 11.5 ± 1.5 g/dl; 28% had Hb levels ≥11.0 g/dl, 38%
had a Hb levels ≥ 12.0 g/dl, and 16% had Hb levels <10.0 g/dl. There was a wide variation
between countries with regard to the proportion of patients who had a hemoglobin
concentration of ≥11.0 g/dl. When all patients were included, only one country achieved this
Hb level in >75% of patients (Bahrain), while three countries (UAE, Oman and Qatar)
achieved it in <65% of patients. The mean epoetin dose in the different countries was
variable, with the highest mean dose reported in Qatar and Kuwait and the lowest in Oman
(Alsuwaida et al., 2003).
The European Survey of Anemia Management 2003 (ESAM 2003) was a conducted to assess
anemia management in dialysis patients. The survey included 8100 patients from 11 European
countries and Israel. Results showed that mean (±SD) hemoglobin concentration participants
was 11.5±1.4 g/dl. Of these, 66.1% had a hemoglobin concentration of 11.0 g/dl (Jacobs et al.,
2003).
In our study, a statistically significant difference was found in the mean hemoglobin level
during the study period, which decreased at the end of the study. The observed lower
hemoglobin level in our study could be attributed to number of reasons, among them the
discontinuation of erythropoietin in the MOH at the end of study period, iron deficiency,
hyperparathyrodism and inadequate dialysis which leads to uremia.
A crucial factor for achieving a satisfactory Hb level is stable and adequate supplying of EPO
to meet patient needs. The high cost of these agents restricts their availability in some
countries where patients and/or health care systems are able to afford it.
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In Gaza Strip, the unstable supply of erythropoietin plays a major role in progression of
anemia, increase dependence on blood transfusion and may cumulate to poorer survival rate.
Many studies were conducted to evaluate the benefit of erythropoietin compared to its cost. In
a randomized clinical trial conducted in Canada to evaluate the impact of erythropoietin on
medical care cost, it was found that erythropoietin therapy reduces blood requirements by
nearly 10 units per patient annually and hospital stay by 8 days per year. In addition,
increased transplant success because it might result in 150 fewer patient months of dialysis
treatments each year (Sheingold et al., 1992).
5.2. Effect of EPO dose on hemoglobin level
The mean dose used in our study population was 5702±71 IU/week (93.34 ±33.7
IU/kg/week), the dose was given when the drug was available by IV route at the end of the
hemodialysis session which is the favored route of administration in hemodialysis patients
according to KDOQI guideline, it was not a weight based dose, so it was insufficient enough
to correct renal anemia.
The inadequate dose was one among factors that contribute to the progression of anemia,
which leads to the bad general condition of patients due to the dependence on blood
transfusion.
The present study showed that only six patients (8.2%) met the recommended initial dose (50100 IU\kg\three times weekly) compared to sixty eight patients (91.8%) who received lower
than the recommended initial dose.
Our study findings showed no significant correlation between hemoglobin target range (11-13
g\dl) and recommended dose, meaning that even patients who received the correct dose didn’t
achieve the target hemoglobin level, indicating that patients needed a higher dose than initial
dose (50 IU\kg\3 times week).
Our results also confirmed that the dose required to achieve anemia correction varies among
individuals, patients with inadequate response rate to erythropoietin should undergo
evaluation to identify possible causes of suboptimal response to erythropoietin, and
individualized strategies for managing anemia should be implemented.
Different studies have been conducted and showed different result, Al-Ageel et al., 2012,
studied the anemia management among 87 HD patients, results showed that only 45% of
patients had hemoglobin at the target range, in spite of the dose used (135 ±99 IU/kg/week).
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In a study conducted by Arogundade et al., 2006, it was found that, 70% of patients treated
with erythropoietin (2000 IU to 4000 IU three times weekly) achieved the target hemoglobin
range; the poor response in others included was due to, inadequate dialysis and iron
deficiency.
In another prospective study, where known causes of erythropoietin hyporesponsiveness were
taken into account in the studied sample, for example all the patients were screened and
treated appropriately for iron, infection, and adequacy of haemodialysis was closely
monitored and ensured throughout the study period. At time of inclusion, all patients were
anemic with mean Hb of 6.74g/dl ± 0.70, after ten weeks of treatment with erythropoietin (50150 IU/kg/week). All patients responded to treatment and the mean Hb value was raised from
6.74g/dl ± 0.70 to 11.64g/dl ± 0.37(Abdu et al., 2009).
In a multicenter, countrywide, prospective, cohort study (the MAR study), 1710 hemodialysis
patients were included to provide a description of anemia management in Spain, the
fulfillment of the guidelines and the factors involved in the response to treatment, patients
received treatment with EPO, with mean dosage of 111.6 ± 70.6 IU/kg per week. Only 67.9%
of prevalent HD patients attained a hemoglobin level above 11 g/dl (Portolés et al., 2006).
In the European survey of anemia management (ESAM 2003), Jacobs et al., 2003, showed
that, a considerable variation in the mean epoetin dose between countries was found, with the
highest mean dose given in Belgium (15 996 IU/week), Sweden 21 389 (IU/week) and Israel
(15 519 IU/week) and the lowest in Poland (5810 IU/week).
In the Gulf survey for anemia management, the dose of EPO used (IU/week) was 8624 in
Saudi Arabia; 8274 in Kuwait; 7537 in Bahrain; 7259 in Oman; 9723 in United Arab
Emirates and 11270 in Qatar. The percent of patients achieved target hemoglobin range was
70%, 73%, 80%, 27%, 34% and 33% respectively (Alsuwaida et al., 2003).
Maintaining a narrow target (11-12 g\dl) is a clinical challenge, as hemoglobin concentration
tends to fluctuate. The goal of individualized treatment is to achieve the hemoglobin target at
the lowest ESA dose, while avoiding significant fluctuations in hemoglobin concentrations
and persistently low or high concentrations. This may require changes to the ESA dose and
dosing frequency over the course of treatment (de Francisco, 2010).
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5.3. Patient characteristics
Many studies have been focused on modifiable factors that affect dose and response to EPO,
where nonmodifiable factors such as age, gender, race...Etc were insufficiently explored.
Our study addressed some of nonmodifiable factors that affect anemia management, such as
age, sex, marital status, primary cause of renal disease, duration of hemodialysis and smoking.
The study findings didn't show any correlation among these factors except for place of
residency and smoking.
A small number of uncontrolled studies have reported that uremic anemia is usually more
severe in children than adults; these observed differences have been attributed to ageassociated variations in relative distribution of fat, bone, and red marrow in the bones (Muller
et al., 1988).
In a cross sectional study performed in order to evaluate if immutable patient characteristics
determine rhEPO dose requirements among 215 patients on hemodialysis (HD), it was found
that, despite a similar dose of rhEPO, women had lower mean hemoglobin (11.1 ±1.5 vs 11.6
± 1.7 g/dl, p = 0.0258) than men, and with regard to dose requirements of EPO, higher dose
was needed in patients with etiology of primary glomerulonephritis compared to those with
the other etiologies (p value= 0.037), ( Gascón et al., 2004).
The European Survey of Anemia Management (ESAM) has also shown that women are more
likely to be classified as poor responders to epoetin (haemoglobin ≤11.0 g\dl and epoetin≥219
IU\kg\week), (Jacobs et al., 2003).
The MAR study, 2006, showed that women not only had lower Hb (11.4 ± 1.5 vs. 11.8 ± 1.6
g/dl, p value <0.001), but they were more likely to have a hemoglobin level below target
range (26.7%, vs 37.6%, p value <0.001). Patients with Hb >11 g/L on inclusion were mainly
younger men, with fewer comorbid conditions, and with a higher prevalence of polycystic
disease (Portolés et al., 2006).
In a different study, MitraMahdavi et al., 2009, aimed to assess the relationships between
compliance and therapeutic goals with marital status and sex in patients receiving
hemodialysis in Tehran, (Iran). Results showed that the mean dose of EPO was not
significantly different between the two genders, but it was shown that the mean dose of EPO
in married males was 113.2±45.0 vs. 93.2±19.0 IU/kg/week in singles (P value <0.001) and
similarly, in married females in comparison with singles (116.4±37.9 IU/kg/week vs.
105.6±22.3 IU/kg/week, P value<0.001).
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5.4. Iron Status
Iron deficiency is the most frequent cause of suboptimal response to recombinant human
erythropoietin (rhEPO). Carefully assessing iron status is very important in chronic kidney
disease patients prior to or during rhEPO therapy.
Hemodialysis patients must be iron replete in order to achieve optimal hemoglobin level at
minimum possible dose of EPO. It was found that intravenous (IV) iron in patients with serum
ferritin 500–1000 and (TSAT) ≥25% led to a significant increase in Hb and decline in EPO
dose (Coyne et al., 2007).
Our study findings showed that, the mean serum iron level among study population was
decreased through study time with no statistical significance, where transferrin saturation
(TSAT) increased throughout the study period with statistically significant value.
The present study showed that, the mean transferrin saturation value was 25.2 %, 62% of our
hemodialysis patients, had transferrin saturation more than 20%, meaning that most patients
had adequate iron stores.
The findings of this current study were in agreement with the European survey of anemia
management 2003 (ESAM 2003), where the mean (TSAT) was 25.9% and 31.0% had TSAT
values below 20% (Jacobs et al., 2003), the Gulf survey for anemia management where, 69%
of patients had (TSAT) more than 20% (Alsuwaida et al., 2003), and MAR study where
76.7% of patients had transferrin saturation more than 20% (Portolés et al., 2006).
Many Studies involving patients with renal failure had established the connection between
low transferrin saturation and poor response to EPO.
Our study showed no significance between transferrin saturation > 20% and target
hemoglobin level where the (P values > 0.05), similar to our results, Ifudu et al., 1996,
showed that transferrin saturation above 20% didn't have a significant correlation with
hematocrit.
This indicates greater need for iron in the EPO-stimulated erythroid progenitor cells, and
transferrin saturation levels should be maintained over 30% for HD patients. Confirming this
hypotheses, a retrospective study of 209 hemodialysis patients received epoetin alfa, were
evaluated for iron stores, inflammation, dialysis adequacy, nutritional status, and
hyperparathyroidism as a modifiers of the erythropoietic response. Results showed that
maximum Hb response to EPO was achieved for serum ferritin between 350 and 500 ng/ml,
and transferrin saturation greater than 30% (Gaweda et al., 2010).
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Furthermore, the results of our study showed that 44.6% of the study population had been
hospitalized during the study period, this unfortunately affect their iron status. Iron status
should be checked to assess the effect of hospitalization on iron stores. Frequent blood
sampling in the hospital as well as surgical blood loss may contribute to induce severe iron
deficiency. Adequate treatment with iron after hospitalization will help to stabilize recovery
of anemia.
5.5. Modifiable factors
This part focuses on some factors that are considered as potential determinants of anemia
management as well as response and dose modification of erythropoietin.
5.5.1. Type of Vascular Access
The construction and maintenance of vascular access (VA) constitutes one of the common
problems in hemodialysis. A suboptimal VA can compromise the effectiveness of HD and
lead to infections, hospitalization, and other complications with the potential to affect the
quality of life (NKF/KDOQI, 2006).
In the United States, these complications account for 15 to 36% of all hospitalizations, at a
cost of more than 700 million dollars (USRDS, 2001).
Several options exist for permanent and temporary dialysis access including native
arteriovenous fistula (AVF), artificial arteriovenous graft (AVG), tunneled dialysis catheter
and nontunneled central venous catheters.
AV fistulae is the preferred choice of hemodialysis access because they last longer, require
less maintenance and result in a lower mortality than AV grafts or central venous dialysis
catheters. In contrast, dialysis catheters adversely impact patient outcomes and significantly
increase patient morbidity and mortality (Dhingra et al., 2001).
In our clinical setting, the problem of vascular access is more likely result from the fact that
most of the patients elected for hemodialysis did not have permanent vascular access at the
initiation of hemodialysis, those patients usually have access through catheters inserted into
subclavian, jugular and femoral vein. This is very crucial in view of the K/DOQI vascular
access guideline, which recommends referral for vascular access surgery within one month of
commencing dialysis or when creatinine clearance (CrCl) is less than 25ml/min (Saad et al.,
2004).
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In our study 21.6% had access through central venous catheter besides native AVF or AV
graft during our study period; this finding explains the decreased hemoglobin level over the
study period.
Our findings didn't show a significant correlation between hemoglobin target and vascular
access type, this is maybe due to shortage of enough data regarding the time of placing a
temporary central catheter during the study period.
The Morbidity-and-mortality Anemia Renal (MAR) study, established the influence of
vascular access and their relationship with anemia management. On inclusion, 9.6% had a
catheter, 80.3% had a native arteriovenous fistula, and 10.1% had a polytetrafluoroethylene
(PTFE) graft, it was found that, the dosage of EPO needed was 109.1 ± 70.6 IU/kg\week in
patients with an AVF, 120.4 ± 74.9 IU/kg\week in those with a PTFE graft, and 125.5 ± 60.
IU/kg\week in those with a catheter (P value < 0.002) to obtain Hb values of 11.7 ± 1.4, 11.6
± 1.5, and 11.4 ± 1.5 g/dl, respectively (P value < 0.03), this indicates that a greater dose of
erythropoietin is needed for patients who have central venous catheter to obtain target
hemoglobin level.
Another study compared the permanent types of vascular access and showed that HD patients
with polytetrafluoroethylene grafts require both a higher rhEPO dose and increased
intravenous iron to attain equivalent hematocrit comparing to those patients with native
arteriovenous fistulas. The authors attributed this to increased blood loss and possibly
recurrent infections (Goicoechea et al., 2001).
Roberts et al., 2004, also showed that higher rhEPO doses may be required to maintain similar
or slightly lower mean hemoglobin values among chronic hemodialysis patients with higher
numbers of catheter insertions and VA infections.
The type of VA seems to act as a risk marker for inadequate response to treatment for anemia.
This effect was clearest in patients with a central venous catheter, who needed larger dosages
of EPO to achieve smaller corrections in hemoglobin level (López-Gómez, 2007; Portolés et
al., 2007).
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5.5.2. Hospitalization
In the US, dialysis patients account for 529,000 hospitalizations annually, and this population
averages 14.5 inpatient days per patient year (USRDS, 2007).
Numerous studies have demonstrated that hospitalized patients with ESRD usually experience
a decline in serum hemoglobin values despite continued erythropoietin stimulating agent
(ESA) therapy (Shdaifat, 2012).
Our study findings showed that 44.6% of HD patient have been hospitalized, mostly due to
infected central venous catheters, however there has't been a correlation between hemoglobin
target and hospitalization, which may be the result of poor anemia management policy.
In a retrospective study conducted by, Yaqub et al., 2001, a sixty five hospitalized patients
undergoing hemodialysis were studied, it was found that mean hemoglobin values decreased
from 11.4 g/dl prehospitalization to 10.7 g/dl at 2 months posthospitalization, despite mean
increase of 44% in ESA dosage (128 ± 14 vs. 185 ± 21 U/kg/week, p < 0.0001).
Reasons for worsening anemia during hospitalization are numerous and include blood loss
both from surgical procedures and frequent phlebotomy as well as conditions associated with
erythropoietin resistance as inflammation, infection, poor nutritional status, and iron
deficiency, which are more common in hospitalized patients with ESRD than in those not
requiring hospitalization.
5.5.3. Albumin Level
Anemia of CKD is often referred as an inflammatory anemia. Indeed, inflammation is a
common feature in CKD patients, mainly in those under hemodialysis. Inflammatory process
has a contribution in the development of anemia in chronic hemodialysis patients. Also, it is
recognized as one cause to hyporesponsiveness to ESA therapy (Panichi et al., 2011).
Several markers including serum C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR) and serum albumin are considered as measures of inflammation, and are usually used
for the assessment of inflammatory state and prediction of treatment response. Among the
parameters of inflammation, low serum albumin is of particular importance, because it is a
reflection of nutritional status and inflammation, and it was also used because of easy
availability.
In patients under dialysis, the main causes of protein energy malnutrition include low intake
of nutrients; muscle loss due to increased protein catabolism and decrease in their synthesis;
insulin resistance; loss of nutrients by dialysis and oxidative stress. The inflammatory process
is also a major cause of protein energy malnutrition, which may occur in 13–51% of patients
receiving hemodialysis (Avesani et al., 2006).
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When we followed serum albumin level among our study population, we found that 64.86%
of HD patients had albumin level below 3.5 g\dl and there was a statistically significant
decrease in albumin level during the study period (4.24 ± 0.52g\dl in Mar 2013 to 3.25 ±
0.502g\dl in Nov 2014, P value < 0.001), this decrease was largely matched with the decrease
of hemoglobin, which possibly was due to suboptimal response to EPO in hypoalbuiminemic
patients.
Several studies reported an association between high levels of inflammatory markers and ESA
resistance in hemodialysis patients. In a retrospective study conducted in Iran, a total of 82
patients (50% females) with mean age of 55±16.8 years and mean dialysis duration of 5.2±4
years were followed-up for an average period of 8-11 months, at the time of inclusion, 48
patients had normal serum albumin and 34 patients had low serum albumin. At baseline, the
two groups were similar regarding hemoglobin levels (9.8±1.2 g/dl vs 9.16±1.6 g/dl, P
value=0.95). At the endpoint, prevalence of anemia in the normal albumin group was
significantly lower than that in the low albumin group (P value=0.005), (Heidari et al., 2015).
5.5.4. Frequency and duration of hemodialysis session
From the beginning of the dialysis era, the issue of optimal dialysis dose and frequency had
been a central topic in the delivery of dialysis treatment.
Successful hemodialysis depends on four factors, fluid restriction, dietary guidelines,
medication prescriptions, and attendance at hemodialysis sessions. Attendance at the
prescribed dialysis sessions implies both regular attendance (no skipping of sessions) and full
completion of the sessions (no shortening of a session), (Saran et al., 2004).
Shortening dialysis sessions decreases the delivered dialysis dose and thus the adequacy of
the dialysis. The dose is assessed by using the following indicators: Kt/V (K = dialyzer
clearance of urea, t = dialysis time and V = patient's total body water), (Saran et al., 2004).
According to the (NKF/KDOQI, 2015) guidelines for patients under hemodialysis, the Kt/V
target is ≥1.4, and in patients under peritoneal dialysis the target is ≥1.7/week.
Shortening frequently more than 10 minutes (3 times per month) also has been associated
with increased mortality. Inadequate dialysis may result in malnutrition, anemia, and
functional impairment, resulting in frequent hospitalizations that escalate the cost of health
care (Saran et al., 2003).
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Our study findings showed that 37% were dialyzed for less than four hours; however there
wasn't a significant difference between frequency and duration of hemodialysis sessions and
hemoglobin level.
Many patients request a reduction in their time on hemodialysis because the procedure
routinely produces on toward clinical complications such as a sense of feeling poorly,
symptomatic hypotension, or muscle cramps.
Regarding to frequency of HD we found that, sixty three patients, representing (85%) were
dialyzed three times weekly, where (15%) were dialyzed twice weekly.
Similar to our findings were seen in Saudi Arabia, where, 13.4% dialyzed twice per week and
85.1% patients dialyzed three times per week (Al-Garni, 2006), and in Turkey where 70% of
patients were dialyzed three time per week (Erek et al., 2002).
In Qatar, 32% were dialyzed twice per week. In Tripoli, 57% were dialyzed thrice per week
(Buargub, 2008).
In Jordan, about 35% of renal failure patients were dialyzed two times per week, four hours
each session. In Baghdad, 70% of patients were dialyzed two sessions per week (Al-Saedy et
al., 2011).
The international renal associations in US, British, Canada and European countries have
recommended that, the minimal adequate dose of hemodialysis is given three times per week
for renal disease, form 2.5 to 5 hours each session.
5.5.5. Serum calcium, phosphate and alkaline phosphatase
The total calcium test is frequently used to evaluate calcium status especially in patients with
kidney diseases. The NKF/KDOQI recommends that, in CKD patients with kidney failure
(Stage 5) and those treated with hemodialysis, the serum levels of calcium should be
maintained between 8.4 - 9.5 mg/dl (NKF/KDOQI, 2002).
Hypocalcemia and hyperphosphatemia with secondary hyperparathyroidism are characteristic
of end stage renal disease (ESRD). Phosphate overload is a dramatic consequence in ESRD
patients. Recent studies have well documented, that abnormalities in mineral and
bone metabolism in these patients are associated with increased cardiovascular morbidity and
mortality. Elevated serum phosphate and calcium phosphate product levels play an important
role in the pathogenesis of secondary hyperparathyroidism and extra-skeletal calcification in
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dialysis patients resulting in cardiovascular calcification, decreased immunity, endocrine
disturbance and decreased erythropoiesis (Magnusson et al., 2001).
Serum Alkaline phosphatase is a biochemical marker of bone turnover and is used to monitor
the metabolic bone disease associated with renal insufficiency; high serum alkaline
phosphatase indicates high internal bone activities (Magnusson et al., 2001).
Our study findings showed that, there were a significant increase in serum alkaline phosphase
level and a significant decrease in serum phosphate level over the study period; however,
there wasn't a significant correlation between those markers and hemoglobin target level.
In a study involving 38,328 ESRD patients treated with hemodialysis, Kalantar-Zadeh et al.,
2009, reported a positive association between serum alkaline phosphatase level and ESA
hyporesponsiveness.
A different study was conducted to evaluate whether hyperphosphataemia cause an increased
oxygen delivery to tissues which result in increased dosing requirements for intravenous
erythropoietin (EPO) to hemodialysis patients, researchers concluded that, there was a
significant direct correlation between dry weight, age, intact parathyroid hormone level
(PTH), and serum phosphate with EPO dose (Diskin et al., 2006).
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Chapter VI
Conclusions And Recommendations
6.1 Conclusions
Anemia is a well recognized complication of end stage renal disease (ESRD); it is associated
with increased morbidity and mortality, principally due to cardiovascular diseases.
The main cause of the anemia in hemodialysis patients is reduced production of
erythropoietin by the failed kidneys, so it can be managed successfully with recombinant
human erythropoietin (rhEPO), which is associated with improvements in their clinical
outcome.
This is a cross sectional study, conducted among hemodialysis patients and aimed to provide
an insight about anemia, its association factors and the practice in its management in Gaza
Strip.
From this study we conclude the followings:
 Anemia is a major finding among hemodialysis patients in Gaza Strip.
 There was a statistically significant value for the mean differences of hemoglobin level
during the study period, meaning that Hb decreased throughout the study period (Jan 2013Dec 2014).
 Most HD patients (85%) had mean Hb values below 11.0 g/dl, where only (15%) had mean
Hb values between 11.0 and 13.0 g/dl, the target range recommended by KDOQI guideline.
 The mean dose of erythropoietin used in our study population was 5702±71 IU/week (93.34
±33.7 IU/kg/week), it was given by IV route at the end of dialysis session; it was not weight
based dose, so it was insufficient to correct renal anemia.
 The present study showed that only six patients (8.2%) met the recommended dose (50-100
IU\kg\three times weekly) compared to sixty eight patients (91.8%) who received a lower
dose than that recommended by FDA.
 There was variability in response to erythropoietin, and the response to erythropoietin was
not only dose dependent.
 Transferrin saturation increased throughout the study period with statistically significant
value, 62% of hemodialysis patients had transferrin saturation more than 20%; however,
there was not a statistical significant difference between hemoglobin and transferrin
saturation above 20%, which reflects a greater need for iron during treatment with
erythropoietin.
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 There was a statistically significant decrease in the mean albumin level during the study period, and
about 63% of HD patients had albumin level below 3.5 g\dl.
 There was a significant increase in serum alkaline phosphatase level and a significant
decrease in serum phosphate level over the study period.
 Many factors might contribute to progression of anemia among hemodialysis patients in
Gaza Strip, include:
a. Unstable supply of recombinant erythropoietin due to its high cost.
b. 38% had transferrin saturation less than 20%.
c. 20% of our study population depended on central venous catheters to maintain
their regular hemodialysis.
d. 43% of patients had been hospitalized during the study period
e. 37% of patients dialyzed less than 4 hours.
f. 63% had albumin level less than 3.5g\dl.
g. 52% of patients had hyperphosphatemia.
h. About 100% of patients had high alkaline phosphatase level.
6.2. Recommendations
 To improve renal anemia, there should be more attention to improve the quality of
hemodialysis, this could be achieved by increasing the number of qualified staff and
improve the dialysis machines and increase their number.
 The cost of EPO therapy must be weighed against the cost of renal anemia complication for
example, complication associated with blood transfusion.
 Carefully assessing iron status is of paramount importance in hemodialysis patients prior to

or during rhEPO therapy.
 Further clinical research is needed to explore the impact of anemia on the outcome of the
hemodialysis patients.
 Routine monitoring of hemoglobin, iron status and renal function for hemodialysis patients.
 Monitoring and improving nutritional status of HD patients.
 Periodic monitoring of serum parathyroid (PTH), calcium and phosphorus of the
hemodialysis patients, and this require supplying the central laboratory with the necessary
kits, particularly PTH kits.
 Strategies should be put in place to improve patient adherence to ESA, iron, dialysis and
other treatments.
 Incrementally adjusting ESA dose prior to and/or immediately after hospitalization.
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 Certain medications impact erythropoiesis, in such cases, considering alternative
medications that do not impact erythropoiesis, reducing the dose or discontinuing
medication if appropriate.
 Intensive education for patient about the importance of being adhered to prescribed
hemodialysis dose by nephrologists especially the duration of dialysis procedure, over
weight, nutritional status and other various issues.
 It is recommended to do similar studies with a larger sample size and for longer follow up
periods, to evaluate anemia management at all stages of CKD and to study different factors
related to anemia.
 The role of clinical pharmacist in the hemodialysis ward should be activated.
 Raising awareness of CKD and KDOQI guidelines among renal physicians, the staff dealing
with hemodialysis patients and the patients themselves.
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Annexes
Annex (1) Questionnaire

Prevalence of anemia among hemodialysis patients treated with
recombinant human erythropoietin (rhEPO) in Gaza Strip
Serial number……..

Name ………………

Identity card number………

Residency………..

Mobile number……………..

Marital status………

Age ……………

Education level……………..

Does the patient work

Yes

No

Smoking

Yes

No

Weight (dry) ……………. Kg
Cause of chronic kidney disease (CKD) ……….
Hypertension

Yes

No

DM

Yes

No

History of initiation of hemodialysis…………….
Number of hemodialysis sessions per week……….
Duration of session………
Medication………………
Type of vascular access………
Administration to medical ward…………
Administration to ICU………….
Blood transfusion per month…………….
Other information………………….
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Annex (2) Medical records data
Lap tests

date

Date

Date

date

date

RBCs
Hb
HCT
MCV
MCH
PLT
PT, INR,
Aptt
Fe
TIBC
TSAT
Weight(dry)
Urea
Creat
UA
Na
K
Ca
Phosphate
Alk Ph
AST
ALT
LDH
Protein
Dose of
EPO
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Date

date

date

date

date

date

date

Annex (3) Approval from Faculty of Pharmacy
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Annex (4) Helsinki approval

90

Annex (5) MOH approval
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