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Guidelines for the management of anemia in chronic renal failure patients have been developed worldwide to help care takers of this population manage this problem that is has major impact on morbidity and mortality. The renal community in Saudi Arabia such guidelines that are timely required based on current surveys conducted by the Saudi Center for Organ Transplantation (SCOT).

  A committee of the distinguished leaders in the field of Nephrology in Saudi Arabia was formed by the SCOT to establish the guidelines for the management of anemia and their input is highly appreciated. We included in this supplement the prominent studies that were carried out in Saudi Arabia and categorized the guidelines into evaluation of anemia and its management in the light of international experience in this topic. We hope that this work guides the dialysis centers in Saudi Arabia to establish specific protocols to the treatment of anemia and look forward to update them regularly.
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Introduction
  Anemia is present in the majority of the chronic kidney disease (CKD) patients.1-3 It is associated with a number of physiologic abnormalities, including decreased tissue oxygen delivery and utilization,4-6 increased cardiac output, cardiac enlargement, ventricular hypertrophy, angina, congestive heart failure,7-14 decreased cognition and mental acuity,15 altered menstrual cycles,14-17 decreased nocturnal penile tumescence,18,19 and impaired immune responsiveness.20,21 Furthermore, the anemia may play a role in growth retardation and decreased intellectual performance in pediatric patients. 22,23 These abnormalities reduce quality of life 24 and opportunities for rehabilitation of CKD patients and decrease patient survival.25
  The primary cause of anemia in the CKD patients is insufficient production of erythropoietin (EPO) by the diseased kidneys.26 Additional factors that may contribute to the anemia include: iron deficiency,27 either related to or independent of blood loss from repeated laboratory testing, needle punctures, blood retention in the dialyzer and tubing, or gastrointestinal bleeding. Other factors to cause anemia in CKD patients may include severe hyperparathyroidism 28; chronic inflammatory conditions, 29 aluminum toxicity,30 folate deficiency,31 shortened red blood cell survival,32 hypothyroidism,33 and hemoglobinopathies such as A-thalassemia .34 If relevant, these potential contributing factors should be addressed.
  Recombinant human erythropoietin (r-HuEPO) has been used in the treatment of the anemia of CKD since 1986. 34,35 This recombinant hormone has been referred to by several names, including rHuEPO, EPO, Epoetin, Epoetin alfa, Epoetin beta, and erythropoietin. Epoetin alfa, which is available in Saudi Arabia as (Eprex® by Janssen Cilag), is the only approved r-HuEPO product available in the United States (Epogen® by Amgen, Inc). Epoetin beta, another r-HuEPO product with similar pharmacologic effects, has been available in Saudi Arabia and Europe for a long time (Recormon® by Roche pharmaceuticals) but is not available in the United States. Clinical trials with both r-HuEPO alfa and r-HuEPO beta have shown similar clinical effects though they differ in structure. 
  A new erythropoietin-like molecule, called novel erythropoietin stimulating protein (Aranesp) (manufactured by Amgen, Inc) has become available in Saudi Arabia. Aranesp is a glycoprotein similar to erythropoietin, but has 5 additional amino acids in its primary sequence and two extra N-linked carbohydrate side chains, giving it a longer plasma half-life. Currently, the study of Aranesp has concluded in Saudi Arabia and revealed efficacy and safety of the drug. A survey of opinion about the management of anemia in CKD patients in Saudi Arabia demonstrated the tendency to use this long-acting drug than other short-acting preparations. Throughout this booklet we will use the term ESA (erythropoiesis stimulating agent ) to encompass the short and long-acting erythropoietin.
  Iron is essential for hemoglobin formation. The iron status of the CKD patient must be assessed and adequate iron stores should be available when ESA therapy is initiated. Iron supplementation usually is essential to assure an adequate response to ESA in patients with CKD because the demands for iron by the erythroid marrow frequently exceed the amount of iron that is immediately available for erythropoiesis (as measured by percent transferrin saturation) as well as iron stores (as measured by serum ferritin). In most cases, intravenous iron will be required to achieve and/or maintain adequate iron stores. The available intravenous iron preparations consist of iron dextran, iron gluconate and iron sucrose. They are all available in Saudi Arabia. 
  Effective treatment of the anemia of CKD improves survival,36 decreases morbidity,37,38 and increases quality of life.24,39,40 These clinical practice guidelines, which cover the diagnosis, work-up, and management of the anemia of CKD, as well as possible sequelae related to its therapy, provide information that will help accomplish these goals. 
Treatment of Anemia in the CKD Patients in Saudi Arabia
1. The annual report of the Saudi Center of Organ Transplantation (SCOT) shows the current practices across the dialysis centers in the Kingdom of Saudi Arabia (KSA), Figure 1. The institutions in KSA have reasonable but not optimal treatment of anemia in comparison with the K-DOQI guidelines and the European Best Practice Guidelines for Anemia Therapy. 41-58. According to these statistics, there seems to be a need for increase of utilization of r-HuEPO in the dialysis population.
A survey about erythropoietin was conducted by the SCOT about the attitudes of the physicians towards the use of EPO in the dialysis centers in the KSA.59 The attitude of the physicians in Saudi Arabia towards the use of EPO in the hemodialysis patients was evaluated by a questionnaire to that was sent to181 physicians in the 147 active dialysis centers in The KSA; 110(74.9 %) centers in ministry of health (MOH), 14 (9.5%) in governmental non-MOH and 23 (15.6%) in private sector. This covered decision makers of EPO therapy for a population of more than 7300 chronic hemodialysis (HD) patients. The study was conducted from October-December 2004. There were 144 out of 181 (79.5%) physicians who answered the questionnaire from 135 (92.5%) dialysis centers that cover 7107 (97%) HD patients in the KSA. Of the 144 respondents, 99 (72.8%) would use r-HuEPO therapy for all new HD patients not guided by hemoglobin (Hgb) level < 100-110 g/l. Almost all of the respondents would start the patients on a weekly dose of <200 units/kg, while they would maintain the patients on a weekly dose of < 150 unit/kg. The written protocol to guide the administration of the EPO was available in only half of the dialysis centers. There were 83 (58%) respondents who would aim at a target Hgb of 110-120 g/l while 29(20.3%) would go higher to 121-130 g/l. There were 67(46.9%) respondents who would reach the target Hgb in 70-90% of the treated patients with EPO, while 22(15.4%) more would like to reach the target in 90-100%. There were 51(37.5%) respondents who considered the multidose vials of the drug a better saving. There were 35(24.8%) respondents who believed the type of r-HuEPO (alfa, beta) affected the development of the antibodies to r-HuEPO, while 84(59.6%) had no idea. Only 7(4.9%) respondents had suspected or encountered a case of pure red cell aplasia and 113 (80.1%) believed that the improper storage and mishandling of EPO could lead to increased risk of immunogenicity of the drug. After regrouping of the respondents according to their affiliation, there was a significantly less percentage of the MOH centers to cover > 70% of the dialysis patients with the drug in comparison with the non-MOH centers (81% vs 100%, respectively P<0.04) and there was a significantly less percentage of the MOH than the non-MOH centers to have a written protocol for administration of r-HuEPO (49.1% vs 95% respectively, P<0.0002).  In conclusion, a protocol to guide the r-HuEPO therapy in HD patients is lacking in many centers of the KSA indicating the need for increased awareness of the physicians working in those centers to the practical aspects of the use of this drug in the treatment of anemia in this population
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	Figure 1. Hemodialysis patients treated by erythropoietin and patients with hematocrit ≥30% According to health sector 2005. MOH: Ministry of health. 


3. A survey about the attitude of the physicians and their current practices in the treatment of anemia, focusing on the methods of evaluation of iron stores and the use of iron preparations by the dialysis centers in KSA was conducted by the SCOT during 2002. 60 A questionnaire was sent to 174 physicians in the 133 active dialysis centers in the KSA. There were 149 out of 174 (85.6%) physicians who answered the questionnaire. Of the respondents, 90 (60.4%) had a protocol for intravenous (IV) iron administration, 117 (78.5%) utilized serum ferritin and 75 (50.3%) utilized transferrin saturation ratio (TS) in the evaluation of iron stores in their patients. There were 97 (88%) respondents who would initiate IV iron therapy during the induction therapy of r-HuEPO in case of absolute iron deficiency, 44 (54.3%) in case of borderline iron deficiency, 38 (48.1%) in case of functional iron deficiency and only eight (10.6%) in case the values of the ferritin and TS were higher than normal. There were 100 (76.3%) respondents who believed that IV iron supplement could decrease the dose of r-HuEPO and 123 (91.1%) believed that IV iron could improve the hematocrit response to r-HuEPO. Furthermore, there were 81 (69.8%) respondents who would discontinue IV iron in case both ferritin level reached > 300 ng/ml (µg/l) and TS >30%.  There were 95 (87.2%) respondents who would use iron saccharate as the iron preparation of choice and 70 (52.2%) believed that iron saccharate caused less hypersensitivity than iron dextran, while 84 (75%) had no idea about the cost of IV iron preparations. There were 74 (55.6%) respondents who would  administer high iron loading dose over a short period schedule ( 10 successive doses of 100mg each) and 87 (66.9%) would follow the guidance of the lab tests during the maintenance phase of the r-HuEPO replacement therapy. In conclusion, a protocol to guide the IV iron supplementation in dialysis in the KSA is lacking in many centers, and there is a clear need for increased awareness of the physicians working in those centers to the importance of treatment of functional and borderline iron deficiency with more aggressive approach. 
4. Shaheen et al 61 evaluated the effect of intravenous iron saccharate (i.v. Sach) on the EPO requirements during the initial phase of replacement therapy with r-HuEPO in adult chronic HD patients. Ninety-six patients who completed 12 weeks of treatment with EPO were studied. There were 69 (72%) males and 27 (28%) females with a mean age of 44 ( 10 years (range 24 to74 years). The patients were initiated on EPO at 50 units/kg body weight subcutaneously post-dialysis two to three times weekly. Intravenous iron was administered to maintain the ferritin levels and transferrin saturation ratio within normal range. There were 36 (37.5%) patients who received i.v. Sach at doses of 100 mg at the end of dialysis two or three times per week during the whole study period (total dose 2400-3600 mg). Of the 96 study patients, 91 (94.8%) responded to the EPO. The mean Hgb at entry to the study was 72 ( 84 g/L (range 52-88 g/L). There was a significant increase of the mean Hgb to 108 ( 10 g/L (range 70-120 grams/L) at the end of the study (P<0.0001). The mean total weekly dose per kg per patient per week of EPO was 149 ( 11 (range 100-225) units/kg/week and decreased significantly to 141 ( 24 units/kg/week at the end of the study (P<0.0006). The study patients were stratified by the baseline ferritin and transferrin saturation (TSAT) into three sub-groups: group I: patients with TSAT <0.2 and ferritin <100 ng/ml; group II: patients with TSAT >0.2 and ferritin <100 ng/ml; group III: patients with TSAT >0.2 and ferritin >100 ng/ml. There were 19 patients in group I (13 received i.v. Sach), 26 in group II (16 received i.v. Sach) and 44 in group III (seven received i.v. Sach). There was a group of seven patients who had TSAT <0.2 and ferritin >100 ng/ml, however, none received i.v. Sach and they were not included in the stratification. There was no significant difference in the mean Hb between patients who received and those who did not receive i.v. Sach in the sub-groups studied. However, there was a significant decrease in the mean weekly dose of EPO in the patients who received i.v. Sach. We conclude that routine use of i.v. iron supplementation in chronic HD patients receiving recombinant EPO may be beneficial in the initial phase of treatment in attaining the target Hb with lower doses of EPO, regardless of the status of the iron indices.

5. Huraib et al 62 assessed the efficacy and safety of low doses of subcutaneous (s.c.) EPO in continuous ambulatory peritoneal dialysis (CAPD) patients and particularly its effects on hemostasis. Seven CAPD patients were given s.c. erythropoietin for more than 1 year. Their mean age was 36.2 ± 9.2 years and their mean pretreatment hemoglobin (Hgb) was 70.5 ± 5.3 g/l. All patients were started on 20 U/kg, 3 times/week, to be doubled every 4 weeks if no response was obtained. Five patients had a good response and attained the target Hb of 100-120 g/l and were maintained on low doses of EPO (20 U/kg s.c., twice a week). A marked improvement in haemostatic function was noted when comparing the pre- with the post-treatment measurements. There was a significant reduction in the bleeding time, significant increases in fibrinogen and factor VIII clotting activity but not in von Willebrand factor antigen or ristocetin cofactor. There was also simultaneous enhancement of the platelet aggregation responses to adrenalin, collagen, arachidonic acid and ADP. In conclusion, long-term treatment with small doses of s.c. r-EPO is safe, convenient and effective in correcting anemia in patients on CAPD. Furthermore, EPO caused significant improvement of bleeding time which can be explained partly through the correction of anemia and in part by the improvement in hemostatic function. 

6. Mitwalli et al 63 studied the effect of EPO on the renal function in 21 patients with chronic renal failure. They used in doses of 50 U/kg twice weekly for 4 weeks followed by 25 U/kg twice weekly for 8 weeks subcutaneously, a regimen substantially lower than current recommendations. This was associated with a significant increase in hematocrit (P < 0.05) and hemoglobin (P < 0.05), while serum creatinine and the reciprocal of the creatinine remained stable, with a tendency to improve rather than worsen (P = 0.06). They concluded that modest doses of EPO were both effective and safe in CKD patients.
7. Shaheen et al 64 administered EPO to two groups of patients with end-stage renal disease (ESRD) on maintenance hemodialysis. Each group consisted of 14 patients, all of whom had anemia secondary to chronic renal failure. EPO was given intravenous (i.v.) to group A and subcutaneous (s.c.) to group B, twice or thrice weekly. The initial dose by the i.v. route was 40 U/kg body weight and by the s.c. route, 20 U/kg. The dose was adjusted every four weeks according to prevailing Hgb level. The patients were carefully followed-up for the side effects of EPO. The hemogram of all the study patients showed considerable improvement after treatment. After three months of therapy, the mean Hgb level in the i.v. group increased from 6.4 ( 0.8 gm/dl to 10.2 ( 1.2 gm/dl and in the s.c. group from 6.2 ( 0.6 to 9.7 ( 0.8 gm/dl. Complications related to EPO were minimal in both groups. They concluded that s.c. administration of EPO was effective as well as safe and comparatively less costly, in view of the smaller dosage involved. 

8. Shaheen et al 65 evaluated the efficacy and safety of EPO in CKD patients, not yet initiated on dialysis treatment (pre-dialysis patients). Twenty-four patients were divided into two groups, each containing 12 patients. The first group was treated with EPO 40 Units/kg subcutaneously twice/week (EPO group), while the second group continued to receive treatment for anemia with hematinics only (control group). The mean creatinine clearance was 13.2 ( 5.3 ml/min in the EPO group and 13.7 ( 4.8 ml/min in the control group, and mean hematocrit (Hct) values were 24 ( 4.6% and 23.8 ( 1.9% in the EPO and control group, respectively. Both groups were followed up as outpatients for a period of 48 weeks. The Hct increased in the EPO group to a mean value of 31.8 ( 4.7% after eight weeks of treatment, while in the control group, it decreased to a mean value of 22.8 ( 1.8%. There was marked improvement in the general well being and day to day activities of the patients in EPO group. No difference in the rate of progression of renal failure was found between the two groups. At the end of the study the mean creatinine clearance values were 7.8 ( 3.1 ml/min in the EPO group and 7.9 ( 2.3 ml/min in the control group. They concluded that EPO improved the general well being and day to day activities of pre-dialysis patients by improvement of their anemia and ameliorated the complaints of fatigability in these patients. Furthermore, EPO was found safe in pre-dialysis patients with no risk of acceleration or progression of renal failure. 

9.  Souqiyyeh et al 66 studied 8 patients with established chronic renal failure (serum creatinine 400 to 816 (mol/L) and anemia of renal failure (hematocrit 24.5 ( 1.3%). The patients received EPO before they were initiated on regular renal replacement therapy (pre-dialysis patients). The drug was given subcutaneously, three times per week for 16 weeks or until they attained a hematocrit (Hct) of 35% and above. Then the dose was tailored as needed. Anemia improved remarkably after a short induction period of four to eight weeks. No acceleration in the progression of renal failure was found. Three patients needed increased doses of their anti-hypertensive medication. A fall in serum ferritin level, in spite of regular oral iron supplements, resulted in a delayed response to EPO in one patient. The response was also delayed in a patient who developed arthritis while on study. These observations demonstrated the efficacy of EPO in the predialysis patients. 

10.  Benieh at al 67 studied 40 patients with end-stage renal disease on maintenance hemodialysis. The patients were categorized into three groups depending upon the route of administration of EPO. Eighteen patients received i.v. EPO (group A), 11 were switched from i.v. to s.c. route (group B), and 11 other patients were started on s.c. EPO from the beginning of treatment (group C). They were studied to evaluate the efficacy of EPO and its dosage. The target hemoglobin was decided to be between 9 and 10.5 g/dl. The hemogram of all these patients showed considerable improvement after EPO treatment. The mean hemoglobin level increased from 7.0 ± 1.0 in all the groups to 9.0 ± 1.0, 9.1 ± 0.9 and 9.0 ± 0.9 g/dl in groups A, B, and C respectively. Mean dose of EPO to achieve target hemoglobin was 120 ± 42.2, 42.2 ± 16.2 and 36.6 ± 11.1U/KG/week in group A, B, and C respectively. These observations illustrate that once weekly s.c. EPO might be equally effective as i.v. EPO albeit at reduced dose and hence saving costs if administered substantially without compromising patient care. 

11. Shaheen et al 68 studied the efficacy and safety of the  conversion of stable hemodialysis patients from the current short-acting r-HuEPO (EPO alfa or beta) to the long-acting erythropoietin, darbepoetin. In addition, they verify the appropriateness of the current ratio of conversion of the short acting to the long-acting erythropoietin in an open label prospective multi-center study. The study design included 12 weeks of administration of darbepoetin. The conversion ratio was 200 IU of short acting r-HuEPO to 1 microgram of darbepoetin. they adjusted the dose of darbepoetin to maintain the hemoglobin levels between 110-120 g/L. There were 33 patients who satisfied the entry criteria. The study was from January-June, 2005. The study patients included 18 men and 15 women, the mean age was 50.4 ± 12.3 years and the mean duration on HD was 323 ± 51.9 days. There was a significant decrease of the mean dose of darbepoetin from 37.3 ± 12.9 ug/week at week 1 of the study to 20.8 ± 16.6 ug/week at the end of week 12 ( p< 0.00003) while the hemoglobin level was maintained within the set limits. The initial conversion ratio from short-acting erythropoietin to darbepoetin was 200 IU to 1 microgram. However, at the end of week 12, the mean dose of darbepoetin decreased to an equivalent conversion ratio to 361 IU: 1 microgram. This may reflects great savings in the cost of treatment. They concluded that their experience with darbepoetin revealed that darbepoetin was effective and safe for the treatment of anemia of patients on hemodialysis and had more convenient dosing schedule than short-acting erythropoietin. There was a decrease of the dose over time and savings are expected more than with short-acting erythropoietin with time.

12 Souqiyyeh et al 69 studied the attitude of physicians towards the anemia treatment strategies in chronic kidney disease (CKD) patients in the Kingdom of Saudi Arabia (KSA). They sent a questionnaire to 153 physicians; the heads of the 148 active dialysis centers in the KSA and seven more consultants working in them. This covered decision makers in 109/148 (73.6 %) centers in ministry of health (MOH), 18/148 (12.2%) centers in governmental (non-MOH) and 21/148 (14.2 %) centers in private hospitals that care for a population of more than 7900 chronic dialysis patients. The study was performed between April and June, 2006. There were 137 out of 153 (89.5%) physicians who answered the questionnaire from 129 (87.1%) of the dialysis centers that covered 7052 (89.2%) of the dialysis patients in the KSA. There were 104 (75.9%) respondents who stage their CKD patients in clinic according to GFR level, 43 (35.5%) respondents who the calculated GFR method and 58(47.9%) who used the 24-hour creatinine clearance for estimation of GFR. The estimated mean prevalence of each stage of CKD in the respondents' clinics was 15%, 19%, 29%, 22%, and 29% for the Stages 1,2,3,4, and 5 respectively. However, only a mean of 69 (48%) respondents answered this question. There were 123(89.8%) respondents who believed that nephrologists should be involved in the follow-up of patients besides the internist or GP at early stages of CKD; mostly at stages 1, 2, and 3. The means of estimated prevalence of anemia (hemoglobin <110 g/L) in the different stages of CKD according to the opinion of the respondents were 11%, 17%, 38%, 59%, and 78% in stage 1, 2, 3, 4, and 5 respectively. However, only a mean of 69 (48%) respondents answered this question. Sixty-seven (50.4 %) respondents believed that any patient with Hgb < 110g/L should receive r-HuEPO if it occurred at any CKD stage, and 133 (99.3%) believed that correction of anemia in the CKD patients has documented impact on  morbidity and mortality. In case of the availability of a long acting r-HuEPO such as darbepoetin, 88 (66.2%) respondents would use it as their first choice than the current short acting drug. Finally, 102 (74.5%) respondents who would you choose a long acting r-HuEPO preparation, darbepoetin for peritoneal dialysis patient. There were no statistically significant differences among the respondents according to their affiliations (MOH, non MOH and private sector) on any of the issues in the questionnaire. They concluded that the current practices concerning anemia management in the CKD patients in the dialysis centers in the KSA may not be satisfactory. There are many centers that do not have estimated prevalence of CKD patients or anemia in them. There should be more studies to explore the quality of services rendered to the CKD patients. Furthermore, there should be guidelines for the management of anemia in the CKD patients that including darbepoetin as the best available therapy of anemia for this population. 

I. Work-up and Treatment of Anemia
1. Work-up of a patient for the diagnosis of anemia
  A work-up for a diagnosis of anemia should be considered in patients with CKD when:
· The Hgb concentration is < 115 g/l in adult female patients.
· The Hgb concentration is < 135 g/l in adult male patients.
· The Hgb concentration is < 120 g/l in adult male patients aged >70 years. 
2. Evaluation of anemia in CKD patients
A. Evaluation of anemia in uremic patients begins with a general clinical evaluation to assess both the possible causes (e.g. gastrointestinal blood loss or uterine losses of blood in pre- menopausal women, hypothyroidism, hemoglobinopathy and nutritional deficiencies) and the clinical impact of anemia. This evaluation should include the quantity of dialysis received in those patients on dialysis, and the nutritional status. 
B. Basic laboratory evaluation of anemia should consist of measurement of the following:
· Hgb concentration

· Red blood cell indices (mean corpuscular volume and mean corpuscular Hgb)

· Absolute reticulocyte count on a standardized machine. 
· Iron stores by measurement of the serum ferritin concentration.
· Iron supply for erythropoiesis by the measurement of the transferrin saturation (TSAT), measured on more than one occasion or percentage red cell hypochromia and reticulocyte Hgb content, if available.
· C-reactive protein (CRP). 
  This work-up should be completed before consideration is given to starting treatment with ESA.
A. Work-up should also include the following, as indicated; elements of this work-up will be necessary if there is clinical suspicion of primary hematological disorder (hemolysis, marrow dysphasia), macrocytosis, aluminum poisoning or occult blood loss:
· Serum B12 and red cell folate concentrations.
· Differential white blood count.
· Tests for hemolysis (haptoglobin, lactate dehydrogenase, bilirubin, Coombs' test).
· Serum and/or urine protein electrophoresis/ immunoblotting, Hgb electrophoresis.
· Serum aluminum.
· Bone marrow examination in selected cases.
· Assessment of occult gastrointestinal blood loss. 
3. Diagnosis of anemia in chronic renal failure patients
  Anemia is most probably the result of erythropoietin deficiency if:
· No cause for anemia other than CKD is detected by the work-up   

AND
· Impairment of renal function is present as indicated by GFR.
  Measurement of the plasma erythropoietin concentration is not usually indicated.
4. Indications for starting treatment with ESA
A. Not all patients with CKD will require treatment with ESA. Many patients in advanced CKD and a proportion of patients on dialysis (20% of those on hemodialysis and 40% of those on peritoneal dialysis) can maintain Hgb concentration > 100 g/l (hematocrit > 30%) provided they are well dialyzed, well nourished and their iron stores are supplemented. Some of these patients will have polycystic kidney disease. However, very few patients with CKD can maintain Hgb concentration >120 g/l without ESA treatment. 
B. ESA treatment should be considered when the Hgb concentration is consistently less than 110 g/l (hematocrit < 33%) on repeated testing, and when other possible causes of anemia have been excluded. Individual decisions are required for each patient according to the clinical effect of the anemia. This applies to the dialysis and predialysis CKD patients.
C. It may not be necessary to start ESA therapy during the first three months after beginning peritoneal dialysis, because an increase in the Hgb concentration (average 10-20 g/l) often occurs during this period.
5. Target hemoglobin concentration for the therapy of anemia
A. The target for the CKD patients is to have 85% of the patient population with Hgb concentration > 110 g/l (hematocrit > 33%). If this minimum concentration is achieved, it is likely that the mean or median for the total patient population will be 120-125 g/l. For patients on HD, Hgb concentra​tion should be determined from a sample taken prior to the dialysis session.

B. Exact target Hgb concentrations > 110 g/l should be defined for individual patients, taking gender, age, ethnicity, activity and co-morbid conditions into account. In HD patients, pre-dialysis Hgb concentrations above 140 g/l are not desirable due to the risks associated with the effects arising from postdialysis hemoconcentration.
C. Variations in the target Hgb concentration may be required in patients with co-morbidity:
i. Hgb concentrations within the normal range are not recommended for patients with cardiovascular disease. In these patients, 110-120 g/l should be aimed for, unless severe symptoms (e.g. angina) dictate otherwise.

ii. Patients with CKD and sickle cell disease (homozygotes) should be maintained at a total Hgb concentration between 70 and 90 g/l. In patients receiving ESA, the aim should be to titrate the dose of ESA to prevent the level of hemoglobin S (Hgb S) from becoming much greater than 30%.
iii. The optimal target Hgb concentration may vary in patients with significant co-morbidity:

· Until data become available, we should be cautious not to raise Hgb concentrations to levels > 120 g/l in patients with diabetes, especially with concomitant peripheral vascular disease.

· Patients with chronic hypoxemic pulmonary disease may benefit from a higher Hgb target.
iv. d. The recommended target Hgb concentrations should not be used as an indication for blood trans​fusion therapy. 

II. Evaluation and Repletion of Iron Stores

1. Treatment strategies to achieve the target
A. CKD patients should be in iron balance and have sufficient iron to achieve and maintain the Hgb concentration at least above or equal 110 g/l (hematocrit of at least 33%). 

B. In all patients, we should achieve and maintain this target Hgb concentration by administering sufficient iron to maintain serum ferritin > 100 µg/l AND TSAT > 20 % (or hypochromic red cells < 10%); to achieve these minimum criteria, we should aim for optimal levels of: serum ferritin 200-500 µg/1; TSAT of 30-40% (or hypochromic red cells < 2.5%).  
C. Many predialysis CKD patients and some peritoneal dialysis patients, usually not receiving ESA, can be maintained on oral iron because blood loss and the degree of anemia are less severe than in patients on hemodialysis, since intravenous iron therapy may not be logistically convenient in such patients.
D. However, almost none of the patients on hemodialysis can be maintained in iron balance using oral iron.

E. In patients with:
i. TSAT > 20% (or hypochromic red cells < 10%) and serum ferritin > 100 µg/l, yet the Hgb concentration is < 110 g/l,

AND/OR

ii. Requirement of comparatively large doses of ESA to maintain an Hgb concentration of 110-120 g/l (hematocrit 33-37%), The following should be looked for:

a) Check occult intestinal blood loss.
b) Search for increased CRP.

  If either parameters are negative or within the normal range, the dose of ESA should be increased by 50%.

F. In patients with TSAT < 20% (or hypochromic red cells > 10%) and serum ferritin > 100 µg/l, yet the Hgb concentration is <110 g/l, 1000 mg of intravenous iron should be given over a short period. The patient's response to 1000 mg intravenous iron over a period of 6-10 weeks should be observed.

G. CKD patients are unlikely to respond to iron if the percentage of TSAT increases to > 50% (or hypochromic red cells decreases to < 2.5%) and/or serum ferritin increases to > 800 µg/l.

2. Frequency of monitoring iron stores
A. Iron stores should be assessed regularly by measurement of serum ferritin, and iron supply by TSAT and/or hypochromic red cells. 
B. In CKD patients with a stable Hgb concentration, iron stores should be determined every 3-6 months. Sustained reduction in the Hgb concentration and a decrease in the mean corpuscular volume are indications for investigation.

C. During initiation of ESA therapy, the percentage of TSAT (or hypochromic red cells) and the serum ferritin should be checked every 4-6 weeks in patients not receiving intravenous iron and at least once every 3 months in patients receiving intravenous iron, until the target Hgb concentration is reached.

D. Following attainment of the target Hgb concentration, percentage TSAT (or hypochromic red cells) and serum ferritin should be determined at least once every 3-6 months.

E. Intravenous iron therapy must be discontinued for at least one week (if the individual dose is > 100 mg) prior to performing these measurements.

F. TSAT should not persistently exceed 50% or serum ferritin 800 µg/1 if iron toxicity is to be avoided. 

3. Administration of supplemental iron
A. Supplemental iron should be administered to prevent iron deficiency and to maintain adequate iron stores, so that CKD patients can achieve and maintain Hgb concentration > 110 g/l with or without ESA therapy.

B. Most patients on hemodialysis will require at least one dose of intravenous iron every two weeks to achieve and maintain the Hgb concentration > 110 g/dl (hematocrit > 33%). The intravenous iron should be given by slow infusion during the last 2 hours of dialysis.

· There is a variety of iron formulations and dosing schedules that can be used for administration of intravenous iron. 
· When selecting a source of supplementary iron, the tolerability profile of different sources of iron must be considered.
· Iron sucrose is generally considered to be the safest form of i.v. administered iron, followed by iron gluconate.
· Due to the risk of life-threatening/serious acute reactions associated with iron dextran, this form of iron therapy is not generally recommended. 

· If iron dextran is to be used, a test dose must be administered. In addition, special caution should be exercised in patients with multiple drug allergies/ intolerance.
C. Most patients in whom the serum ferritin concentration is > 800 µg/1, and TSAT is >20% (and/or the percentage of hypochromic red cells is < 10%) will achieve or exceed the Hgb concentration of 110 g/l (hematocrit 33%). A few patients with spuriously elevated serum ferritin concentrations (e.g. from inflammation or liver disease) will require low doses of iron and frequent monitoring.

D. If the serum ferritin level is > 800 µg/1 (and/or TSAT is >50%), intravenous iron should be withheld for up to three months, as long as there are no signs of functional iron deficiency (percentage of hypochromic red cells is < 10%), at which time the iron parameters should be re-measured before intravenous iron is resumed.

E. When the serum ferritin has declined to < 800 µg/1 (or TSAT to < 50%) and the percentage of hypochromic red cells has increased to >10%, intravenous iron can be resumed at a dose reduced by one-third to one-half.

F. Once optimal Hgb concentrations and iron stores are attained; the required maintenance dose of intravenous iron in the hemodialysis patients may vary from 25 to 100 mg/week. The goal in hemodialysis patients is to provide a weekly dose of intravenous iron that will allow the patients to maintain the target Hgb concentration at a safe and stable iron level.
G. Oral iron is not dependable in the CKD patients receiving maintenance doses of intravenous iron; since iron absorption is negligible once the serum ferritin is increased to, or greater than, normal.

H. CKD patients with progressive renal insufficiency not yet receiving dialysis, and those on peritoneal dialysis, can be given oral iron in the form of ferrous salts at a daily dose of 100-200 mg of elemental iron for adults (usually 200 mg elemental iron in three divided doses or a single dose at night), and 2-3 mg/kg for pediatric patients in 2-3 divided doses, without concomitant food or other medicines.

I. Some CKD patients with progressive renal insufficiency, and others on peritoneal dialysis, particularly if they are receiving ESA, will not be able to maintain adequate iron stores with oral iron. Therefore, iron must be administered intravenously and repeated as required. Intravenous iron should be administered slowly (30 min-2 h), using veins that will not be used for hemodialysis vascular access.
III. Management of ESA
1. Route of administration 

A. ESA should normally be administered subcutaneously in pre- dialysis CKD and peritoneal dialysis patients since this is almost always more convenient, especially in case of self-administration. 

B. ESA can be administered either subcutaneously or intravenously in patients on regular hemodialysis, but the subcutaneous route will usually require lower doses of ESA in case of the short-acting ESA but not the long-acting darbepoetin; in general, this route is preferable and more than 50% cost saving. 
C. When ESA is given subcutaneously, the site of injection should be rotated with each administration. Patients using the subcutaneous route should be encouraged to self-administer ESA whenever possible. 
D. Since darbepoetin can be used once a month the injections can be administered more conveniently during the monthly clinic visits if this preparation is used in CKD patients in stages 2-4.
E. In a few peritoneal dialysis patients in whom both subcutaneous and intravenous administration of ESA is not feasible, e.g. in some pediatric patients, intraperitoneal administration may be considered. Intraperitoneal administration must be given into a dry abdomen, which should remain dry for at least 6-8 hours. Intraperitoneal ESA dose requirements may be higher than those associated with intravenous and subcutaneous administration.

2. Initial ESA administration
A. ESAs should be given to all CKD patients with Hgb levels consistently (i.e. measured twice at least 2 weeks apart) below 110 g/L after excluding all the other causes of anemia. This applies equally to:

· Patients with CKD (stages 1-5) developing anemia.
· Patients with CKD stage 5 treated with HD or PD.
· Transplant patients with chronic renal insufficiency and anemia.

B. Higher initial doses of ESA maybe used if the patient has either complicating disorders leading to anemia, or severe anemia (Hgb concentration < 8 g/dl).

a. Short acting ESAs:

i. 1.A. The starting dose of the short-acting ESA should be 50-150 IU/kg/week (typically 4000-8000 IU/week), depending on body weight, the total ESA requirement and the need to utilize the whole vial or prefilled injection with some preparations. 
ii. 1.B.When short-acting ESA is administered subcutaneously, doses in the lower dosing range should be used, 2-3 times per week. For intravenous administration, the starting dose should be in the upper range (typically 9000 IU/week).
iii. 1.C. when the in HD patients receiving i.v. epoetin alfa or epoetin beta, the drug should be given three times per week during both correction and maintenance phases. Evidence does not support the use of i.v. epoetin alfa or epoetin beta once weekly. However, the dosing frequency of epoetin beta may be reduced to once or twice weekly when administered s.c. in some HD patients. 
iv. 1.D.  In CKD, PD and transplant patients, epoetin beta can be given s.c. three times per week during the correction phase and once per week during the maintenance phase of treatment.

v. 1.E. Pediatric patients younger than 5 years of age may require greater doses of short acting ESA on a body weight basis (up to 300 IU/kg/week) than older pediatric patients and adults.

b. Long-acting ESAs

i. 2.A. During the correction (induction) phase, darbepoetin should be given once per week either i.v. or s.c. in HD patients, and once per week s.c. in CKD, PD and transplant patients. The optimal starting weekly dose is 0.45-0.75 µg/kg (35-50 µg).
ii. 2.B. During the maintenance phase, darbepoetin can also be given less often (e.g. every 4 weeks in CKD and PD patients and 2 weeks in HD patients) either s.c. or i.v.

iii. 2.C. Darbepoetin can be given once every 2-4 weeks either s.c. or i.v. to patients previously given s.c. epoetin alfa or beta once weekly. For conversion from the epoietin alfa or beta to darbepoetin the ratio of 300-400 IU to one microgram can be used.

C. Titration of dosage: ESA doses in the upper range can be reached progressively by decreasing the interval between subcutaneous injections. Intravenous injection should be continued thrice weekly with a dosage increase. If the patient requires less than the starting dose to maintain the target Hgb concentration, either the intervals between subcutaneous doses can be extended, or thrice weekly intravenous doses decreased. In the correction phase, the starting dose for epotin should normally be 20-30% higher than the maintenance dose
3. Monitoring of hemoglobin concentration during ESA treatment
A. The Hgb concentration should be measured every 1-2 weeks following initiation of treatment or following a dose increase or decrease, until a stable Hgb concentration and ESA dose have been reached. The target should be to increase the Hgb concentration by 10-20 g/l per month. 
B. Once a stable target Hgb concentration and ESA dose have been reached, the Hgb concentration should be monitored every 4-6 weeks in both HD and PD patients and less often in the other CKD patients, unless intercurrent diseases occur that may influence the Hgb concentration.

4. Titration of ESA dosage
A. If the increase in Hgb concentration after initiation of ESA therapy or after a dose increase has been < 10 g/L (hematocrit < 2%) over a 2-4 week period, the dose of ESA should be increased by 50%.

B. If the absolute rate of increase of Hgb concentration after initiation of ESA therapy or after a dose increase is > 25 g/L (hematocrit > 8%) per month, or if the Hgb concentration exceeds the target Hgb concentration, the weekly dose of ESA should be reduced by 25-50%.

C. When the weekly ESA dose is being increased or decreased, a change may be made in the amount administered in a given dose and/or in the frequency of dosing (if given subcutaneously). It is preferable to round off the dose to the nearest whole vial to prevent wastage.

5. ESA dosage perioperatively, during intercurrent illness and after transplantation
A. ESA should not be discontinued in patients who undergo surgery, who develop significant acute intercurrent illness or who require transfusion of red blood cells for acute blood loss. In some patients, the dose may need to be increased.

B. No evidence is yet available to make a recommendation as to whether ESA should be continued until the allografted kidney demonstrates normal function. ESA should be restarted if acute allograft rejection results in irreversible graft failure. 
C. Patients with a slowly failing transplant (e.g. from chronic rejection) should be treated exactly as other CKD patients. The dosage required will often be greater than usual compared to the other CKD patients.
IV. Insufficient Response to ESA and Side Effects
1. Causes of an inadequate response to ESA treatment
A. Resistance to ESA is either failure to achieve the target Hgb concentration while receiving more than 300 IU/kg/week of ESA subcutaneously, or a continued need for such dosage to maintain the target. An adequate response depends on a number of patient variables as well as on the initially selected dose.
B. The most common cause of an incomplete response to ESA is absolute or functional iron deficiency. In the iron-replete patient who has an inadequate response to ESA, one should first consider noncompliance of the patient to the treatment.
C. Dialysis should be adequate to ensure effective treatment of renal anemia. To maximize the effects of ESA, Kt/V should be >1.2 in a three times weekly HD program and >1.8 in a weekly PD program. 

D. With the exceptions of iron and pharmacological doses of certain vitamins, the benefits of adjuvant therapies are not well established and are not widely recommended in routine clinical practice. However, some forms of adjuvant therapy may benefit individual patients
· In patients with CKD, routine, vitamin supplementation does not increase Hgb levels. However, therapeutic doses of specific vitamins may improve control of anemia, when combined with ESA therapy. 
· Treatment with vitamin E may lessen oxidative stress, which is associated with resistance to treatment with ESA. A single dose of oral vitamin E (1200 IU) given 6h before HD session, along with intensive i.v. iron, may protect against oxidative stress-related complications in the long-term. 
· Correction of impaired vitamin C status can reduce resistance or response to ESA therapy and potentiate the effect of vitamin.

E. High-dose i.v. vitamin C requires monitoring.
· Routine folic acid or vitamin B12 supplementation of HD patients receiving an adequate mixed diet is generally not necessary.

· A subpopulation of CKD patients on main​tenance HD may benefit from carnitine supplemen​tation, but this form of adjuvant therapy is not recommended for routine use. 
· Androgen therapy may be used to stimulate erythropoiesis in some patients.

· In men aged >50 years on continuous ambulatory peritoneal dialysis, intramuscular nandrolone decanoate 200 mg once weekly may alleviate symptoms of anemia and is associated with beneficial effects on nutritional status. The risk of serious side effects may preclude the use of androgens in most other CKD patients. 
· Reduced glutathione and other antioxidant treatments may reduce resistance to erythropoetic protein therapy through the reduction of oxidative stress.
· Nutritional status should be monitored in CKD patients who are at high risk of developing protein-energy malnutrition (PEM), which may contribute to anemia. Adequate nutrition and dialysis in patients on maintenance dialysis treatment is a key component in preventing and treating PEM in CKD patients. 

F. The following conditions should be evaluated and, if modifiable, treated:

· Chronic blood loss (gut, uterus).
· Infection/inflammation (access infections, surgical inflammation, tuberculosis, systemic lupus erythematosus, chronically rejecting allografts, AIDS).
· Hyperparathyroidism/osteitis fibrosa.
· Aluminum toxicity.
· Hemoglobinopathies (e.g. alpha and beta thalassemias, sickle cell anemia).
· Folate or vitamin B12 deficiency.
· Multiple myeloma, myelofibrosis.
· Other malignancy.
· Malnutrition.
· Hemolysis.
· Drug intake (e.g. high dose ACE inhibitor or angiotensin receptor antagonist therapy.
· Inadequate dialysis. 

  In the absence of the above abnormalities or deficiencies, a bone marrow examination is indicated.

2. Management of patients resistant to ESA
A. Anemia in ESA-resistant patients should be fully investigated, including referral to a hematologist. Thereafter, if no other cause is identified and there is failure to respond to dosages of epoietin alfa or beta > 300 IU/kg/week or darbepoetin of >1.5µg/kg/week, patients may be treated in a manner similar to that in which CKD patients were treated before ESA was available, including initiation or optimizing dialysis, and more nutrition support; except treatment with androgens, which are not currently recommended because of lack of effect and toxicity. 
B. Red blood cell transfusions in patients with chronic renal failure are indicated in:

i. The severely anemic patient with recognized symptoms or signs of anemia, e.g. the patient with acute blood loss associated with hemodynamic instability, the patient with severe angina.

ii. The ESA-resistant patient with blood loss whose Hgb concentration decreases to critical levels.

3. Side effects of ESA treatment

A. Hypertension

i. Blood pressure should be monitored closely in all patients with CKD, particularly during initiation of ESA therapy until the target hemoglobin has been reached. In pre-dialysis patients, the target blood pressure should be within the low normal range.

ii. Increased ultrafiltration during dialysis, adjustment of antihypertensive therapy and reduction in ESA dose are recommended in case of a rapid increase in Hgb concentration to control an increase in blood pressure related to ESA therapy. Ultrafiltration will have to be used with caution in HD patients whose pre-dialysis Hgb concentration is already within the normal range.

B. Access thrombosis

i. There is no need for increased surveillance for the prevention of access thrombosis in hemodialysis patients with either native fistulae or synthetic grafts when patients are treated with ESA. Such patients seem to be at no extra risk of thrombosis if the Hgb concentration is increased to 100-120 g/L; however, at Hgb concentrations within the normal range, these patients have an excess of thrombosis. The risk level is lower for any given Hgb concentration in patients with arteriovenous fistulae.
ii. In patients with fistulae made from artificial materials (e.g. PTFE), anti-platelet therapy with agents other than aspirin can be considered.

iii. Pure red cell aplasia (PRCA) should be strongly suspected if a patient treated with ESA for > 4 weeks has:

a) Sudden, rapid decline in Hgb concentration of ~ 5-10 g/L/week  despite  ongoing epotin therapy, or requires transfusion of 1-2 units of red blood cells per week to maintain Hgb level AND normal platelet and white cell counts AND a reticulocyte count <10 x 109/L Otherwise, look for other causes of resistance to ESA therapy.

b) A confirmed diagnosis of PRCA due to anti-erythropoietin antibodies requires the presence of the following:

· Severe non-regenerative anemia.   

· Evidence of erythroid hypoplasia from bone marrow aspirate with normal cellularity AND < 5% erythroblasts AND evidence of a red cell precursor maturation block AND demonstration of anti-ESA antibodies in patient serum.
iv. If antibody-mediated PRCA is confirmed, all forms of ESA therapy should be stopped and immunosuppressive therapy considered. Blood transfusions should be given to patients with complications and/or severe anemia.

References

1. Eschbach JW, Adamson JW: Anemia of end-stage renal disease (ESRD). Kidney Int 28:1-5, 1985

2. Valderrabano F, Horl WH, Macdougall IC, Rossert J,Rutkowski  B,  Wauters  JP.  Pre-dialysis survey on anaemia management. Nephrol Dial Transplant 2003; 18; 89-100

3. Horl WH, Macdougall IC, Rossert J, Rutkowski B, Wauters JP, Valderrabano F. Predialysis survey on anemia management: patient referral. Am J Kidney Dis 2003; 41: 49-61

4. Horina JH, Schwaberger G, Brussee H. Sauseng- Fellegger G, Holzer H, Krejs GJ: Increased red cell 2,3- diphosphoglycerate levels in haemodialysis patients treated with erythropoietin. Nephrol Dial Transplant 8:1219-1222, 1993

5. Braumann KM, Nonnast-Danie! B, Boning D, Bocker A, Frei U: Improved physical performance after treatment of renal anemia with recombinant human erythropoietin. Nephron 58:129-134, 1991

6. Mayer G, Thum J, Cada EMT Stummvol! HK. Graf H: Working capacity is increased following recombinant human erythropoietin treatment. Kidney Int 34:525-528, 1988

7. Wizemann V. Schafer R. Kramer W: Follow-up of cardiac changes induced by anemia compensation in normotensive hemodialysis patients with left-ventricular hypertrophy. Nephron 64:202-206. 1993

8.  Foley RN, Parfrey PS, Morgan J et al. Effect of haemoglobin levels in haemodialysis patients with asymptomatic cardio-myopathy. Kidney Int 2000; 58: 1325-1335

9. Xue JL, St Peter WL, Ebben JP, Everson SE, Collins AJ. Anemia treatment in the pre-ESRD period and associated mortality in elderly patients. Am J Kidney Dis 2002;40:1153-1161

10. Harnett JD. Foley RN. Kent GM. Barre PE. Murray D. Parfrey PS: Congestive heart failure in dialysis patients: Prevalence, incidence, prognosis and risk factors. Kidney Int 47:884-890, 1995

11. Wizemann V, Kaufmann J, Kramer W: Effect of erythropoietin on ischemia tolerance in anemic hemodialysis patients with confirmed coronary artery disease. Nephron 62:161-165.1992

12. Cannella G, La Canna G. Sandrini M. Gaggiotti M, Nordio G, Movilli E, Maiorca R: Renormalization of high cardiac output and of left ventricular size following long-term recombinant human erythropoietin treatment of anemic dialyzed uremic patients. Clin Nephrol 34:272-278. 1990

13. Macdougall IC. Lewis NP. Saunders MJ. Cochlin DL. Davies ME. Hutton RD, Fox KAA. Coles GA. Williams JD: Long-term cardiorespiratory effects of amelioration of renal anemia by erythropoietin. Lancet 1990;335:489-493. 

14. Pascual J. Teruel JL. Moya JL. Liano F. Jimenez-Mena M. Ortuno J: Regression of left ventricular hypertro​phy after partial correction of anemia with erythropoietin in patients on hemodialysis: A prospective study. Clin Nephrol 35:280-287, 1991

15. Wolcott DL, Marsh JT, La Rue A. Carr C. Nissenson AR: Recombinant human erythropoietin treatment may improve quality of life and cognitive function in chronic hemodialysis patients. Am J Kidney Dis 1989;14:478-485. 

16. Eschbach JW. Adamson JW: Recombinant human erythropoietin: Implications for nephrology. Am J Kidney Dis 1988;11:203-209.
17. Ramirez G, Bittle PA, Sanders H, Rabb HAA, Bercu BB: The effects of corticotropin and growth hormone releasing hormones on their respective secretory axes in chronic hemodialysis patients before and after correction of anemia with recombinant human erythropoietin. J Clin Endocrinol Metab 1994;78:63-69.
18. Schaefer RM, Kokot F, Heidland A: Impact of recombinant erythropoietin on sexual function in hemodialysis patients. Contrib Nephrol 76:273-282,1989

19. Sobh MA, Abd el Hamid IA, Atta MG, Refaie AF: Effect of erythropoietin on sexual potency in chronic haemodialysis patients: A preliminary study, Scand J Urol Nephrol 26:181-185.1992

20. Gafter U, Kalechman Y, Orlin JB, Levi J, Sredni B: Anemia of uremia is associated with reduced in vitro cytokine secretion: Immunopotentiating activity of red blood cells. Kidney Int 45:224-231, 1994

21. Vanholder R, Van Biesen W, Ringoir S: Contributing factors to the inhibition of phagocytosis in hemodialyzed patients. Kidney Int 44:208-214, 1993

22. Scigalla P, Bonzel KE, Bulla M, Burghard R, Dippel J, Geisert J. Leumann E, von Lilien T, Muller-Wiefel DE, Offner G. Pistor K, Zoellner K: Therapy of renal anemia with recombinant human erythropoietin in children with end-stage renal disease. Contrib Nephrol 76:227-241, 1989

23. Burke JR: Low-dose subcutaneous recombinant erythropoietin in children with chronic renal failure. Pediatr Nephrol 9:558-561, 1995

24. Evans RW, Rader B, Manninen DL, Cooperative Multicenter EPO Clinical Trial Group: The quality of life of hemodialysis recipients treated with recombinant human erythropoietin. JAMA 263:825-830, 1990

25. Lowrie EG, Ling J, Lew NL, Yiu Y: The relative contribution of measured variables to death risk among hemodialysis patients, in Friedman EA (ed): Death on Hemodialysis: Preventable or Inevitable? 13. Boston, MA, Kluwer Academic Publishers, 1994, pp 121-141

26. Eschbach JW: The anemia of chronic renal failure: Pathophysiology and the effects of recombinant erythropoietin. Kidney Int 35:134-148, 3989

27. Parker PA, Izard MW, Maher JF: Therapy of iron deficiency anemia in patients on maintenance dialysis. Nephron 23:181-186, 1979

28. Potasman I, Better OS: The role of secondary hyperparathyroidism in the anemia of chronic renal failure. Nephron 33:229-231, 1983

29. Adamson JW, Eschbach JW: Management of the anemia of chronic renal failure with recombinant erythropoietin. Q J Med New Series 73:1093-1101. 1989

30. Kaiser L. Schwartz KA: Aluminum-induced anemia. Am J Kidney Dis 6:348-352, 1985

31. Hampers CL, Streiff R, Nathan DG, Snyder D, Merrill JP: Megaloblastic hematopoiesis in uremia and in patients on long-term hemodialysis. N Engl J Med 276:551-554,1967

32. Eschbach JW, Funk DD, Adamson J, Kuhn K, Scribner BH, Finch CA: Erythropoiesis in patients with renal failure undergoing chronic dialysis. N Engl J Med 276:653-658, 1967

33. Eschbach JW: The future of r-HuEPO. Nephrol Dial Transplant 10:96-109, 1995 (suppl 2)

34. Winearls CG, Oliver DO, Pippard MJ, Reid C, Downing MR, Cotes PM: Effect of human erythropoietin derived from recombinant DNA on the anemia of patients maintained by chronic haemodialysis. Lancet 2:1175-1178, 1986

35. Eschbach JW, Egrie JC, Downing MR, Browne JK, and Adamson JW: Correction of the anemia of end-stage renal disease with recombinant human erythropoietin: Results of a combined phase I and II clinical trial.  N Engl J Med 316:73-78, 1987

36. Collins AJ. Influence of target hemoglobin in dialysis patients on morbidity and mortality. Kidney Int 2002; 61 [Suppl 80]: S44-S48

37. Locatelli F, Conte F, Marcelli D. The impact of haematocrit levels and erythropoietin treatment on overall and cardiovascular mortality and morbidity-the experience of the Lombardy dialysis registry. Nephrol Dial Transplant 1998; 13:1642-1644

38. Locatelli F, Pisoni RL, Combe C et al. Anaemia in five European countries and associated morbidity and mortality among haemodialysis patients: results from the Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial Transplant 2004; 19: 121-132

39. Tonelli M, Winkelmayer WC, Jindal KK, Owen WF, Manns BJ. The cost-effectiveness of maintaining higher hemoglobin ith erythropoietin in hemodialysis patients. Kidney Int 2003; 64: 295-304

40. Movilli  E, Pertica N, Camerini C et al. Predialysis versus postdialysis hematocrit evaluation during erythropoietin therapy. Am J Kidney Dis 2002; 39: 850-853

41. European best practice guidelines for the management of anemia in patients with chronic renal failure. Nephrol Dial Transplant 1999; 14:suppl 5: 9 

42. European best practice guidelines for the management of anemia in patients with chronic renal failure. Nephrol Dial Transplant 1999; 14:suppl 5: 21 

43. National Kidney Foundation K/DOQI clinical practice guidelines 2000 update. Am Jour Kid Dis 2001; (37) suppl 1:207 

44. Locatelli F. Revised European best practice guidelines for the management of anemia in patients with chronic renal failure. Nephrol Dial Transplant  2004; 19 suppl 2: 16 

45. Brimble KS, Rabbat CG, McKenna P, Lambert K, Carlisle EJ. Protocolized anemia management with erythropoietin in hemodialysis patients: a randomized controlled trial. J Am Soc Nephrol 2003; 14(10): 2654-61  

46.  European best practice guidelines for the management of anemia in patients with chronic renal failure. Nephrol Dial Transplant 1999; 14:suppl 5: 11 

47. National Kidney Foundation K/DOQI clinical practice guidelines 2000 update. Am Jour Kid Dis 2001; (37) suppl 1:191 

48. Locatelli F. Revised European best practice guidelines for the management of anaemia in patients with chronic renal failure. Nephrol Dial Transplant  2004; 19 suppl 2: 6-9 

49. National Kidney Foundation K/DOQI clinical practice guidelines 2000 update. Am Jour Kid Dis 2001; (37) suppl 1:209 

50. Rossert J, Casadevall N, Eckardt KU. Antierythropoietin antibodies and pure red cell aplasia. J Am Soc Nephrol  2004; 15(2): 398-406

51. European best practice guidelines for the management of anemia in patients with chronic renal failure. Nephrol Dial Transplant 1999; 14:suppl 5: 19

52. National Kidney Foundation K/DOQI clinical practice guidelines 2000 update. Am Jour Kid Dis 2001; (37) suppl 1:208 

53. Locatelli F. Revised European best practice guidelines for the management of anaemia in patients with chronic renal failure. Nephrol Dial Transplant  2004;19 suppl 2: 16 

54. European best practice guidelines for the management of anemia in patients with chronic renal failure. Nephrol Dial Transplant 1999; 14:suppl 5: 25

55. National Kidney Foundation K/DOQI clinical practice guidelines 2000 update. Am Jour Kid Dis 2001; (37) suppl 1:212

56. Locatelli F. Revised European best practice guidelines for the management of anaemia in patients with chronic renal failure. Nephrol Dial Transplant  2004; 19 suppl 2: 32 

57. European best practice guidelines for the management of anemia in patients with chronic renal failure. Nephrol Dial Transplant 1999; 14:suppl 5: 31-32

58. Locatelli F. Revised European best practice guidelines for the management of anaemia in patients with chronic renal failure. Nephrol Dial Transplant  2004; 19 suppl 2: 34-36 

59.  Souqiyyeh MZ, Shaheen FAM. Attitude of physicians toward Erythropoietin supplementation in hemodialysis patients. Saudi J Kidney Dis Transplant. 2005 in press.

60. Souqiyyeh MZ, Shaheen FAM. Attitude of physicians toward iron supplementation in hemodialysis patients treated with erythropoietin. Saudi J Kidney Dis Transplant. 2003; 14(2): 134-144.

61. Faissal A.M. Shaheen, Souqiyyeh MZ, Akeel N. Effect of Intravenous Iron Saccharate on the Requirements of Erythropoietin in Hemodialysis Patients. Saudi J Kidney Dis Transplant 2002;13(2):131-140 

62. Huraib S, Gader AM, al-Momen AK, Abu-Aisha H, al-Wakeel J, Memon NA. One-year experience of very low doses of subcutaneous erythropoietin in continuous ambulatory peritoneal dialysis and its effect on haemostasis. Haemostasis. 1995 Nov-Dec; 25(6):-299-304.
63. Mitwalli A, Abuaisha H, al Wakeel J, al Mohaya S, Alam AA, el Gamal H, Fayed H. Effectiveness of low-dose erythropoietin in predialysis chronic renal failure patients. Nephrol Dial Transplant. 1993;8(10):1085-8. 
64. Shaheen FAM, Al-Aqeil N, Badawi L, Sheikh IA, Shalabi N, Adiku W, Bounatiro I, Bounatiro Y. Erythropoietin in Hemodialysis Patients Intravenous or Subcutaneous? Saudi Kidney Dis Transplant Bull 1993;4(1):13-17

65. Shaheen FAM, El-Aqeil N, Badawi L, Sheikh IA, Shalabi N, Adiku W, Bounatiro I, Bounatiro Y, Gabal MS, Shahab El Din AB. Correction of Anemia by Erythropoietin in Pre-dialysis Patients. Saudi Kidney Dis Transplant Bull 1993;4(3):215-219

66. Souqiyyeh MZ, Ojjeh A. Usage of Recombinant Human Erythropoietin (r-HuEPO) in Pre-dialysis Patients. Saudi Kidney Dis Transplant Bull 1993;4(3):231-233

67. Bernieh B, Sirwal IA, Wafa A. Abbade MA, Ahmed M. Once Weekly Low Dose Subcutaneous Erythropoietin: An Economic Solution for the Management of Anemia of End-stage Renal Disease. Saudi J Kidney Dis Transplant 1994;5(3):371-373
68. Shaheen  FAM, Akeel N, Alfi A, Harbi A , Wakeel J , Souqiyyeh MZ. Darbepoetin use for treatment of anemia in hemodialysis patients in Saudi Arabia. Saudi J Kidney Dis Transplant 2006;17(3):365-372
69. Souqiyyeh MZ, Shaheen FAM. Attitude of physicians toward anemia treatment strategies in CKD patients Saudi J Kidney Dis Transplant. 2006; 17(3): 355-364.










PAGE  
31

_1217576464.ppt




HD Patients Treated by Erthropoeitin According to Health Sector 2005













Total HD Patients = 7837


5605 1414 818


Treated by Erthropoeitin = 6929


5042 1265 622


Percentage = 88.4%


90.0 89.5 76.0


MOH Non-MOH Priavte Sector





