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Benefits of Anemia Control  



Benefits of Anemia Control  

Improve Reduce  

 Quality of life 

 Exercise capacity 

 Cognitive function 

 Sleep patterns 

 Sexual function  

 Endocrine function 

 Immune function 

 Muscle function 

 Nutrition  

 Depression 

 

 Angina episodes 

 LVH 

 Hospitalizations 

 Transfusion 

 

Comprehensive Clinical Nephrology: Anemia in CKD:  5th Ed. (2015) 
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Erythropoiesis in chronic kidney disease 



Treatment of Renal Anemia 

Treatment of 2’ 

Hyperparathyroidism 

Prevention of Inflammation 

Iron 

Erythropoietin 

Adequate Nutrition 

Adequate Dialysis 

Target Hb level 



 



Causes of Iron Deficieny in CKD 

Absolute iron 
deficiency 

• Low body iron 
stores – low serum 
ferritin 

• Reduced intake - 
Poor appetite, 
Dietary restrictions 

• Increased iron loss - 
GI bleeding, 
Multiple blood 
tests, Hemodialysis 
(may lose upto 
2g/year through 
blood left in dialyser 
circuit) 

Functional iron 
deficiency 

• Common when ESA 
driven 
supraphysiological 
rate of 
erythropoiesis has 
outpaced the 
delivery of iron by 
transferrin 

 

• Normal or raised 
serum ferritin, low 
TSAT 

Reticuloendothelial 
(‘inflammatory’) block  

• Occurs with 
infection or 
inflammation  

 

• Iron is trapped in RE 
system & not 
released to 
transferrin for Hb 
synthesis 

 

• High CRP, raised 
ferritin, low TSAT 
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Iron therapy in CKD 

 

Clinical practice guidelines on iron therapy: A critical evaluation: Hemodialysis International 2017; 21:S125–S131 



Iron therapy in CKD 

 

Clinical practice guidelines on iron therapy: A critical evaluation: Hemodialysis International 2017; 21:S125–S131 



Use of iron to treat anemia in CKD 

 suggest a trial of IV iron (or in CKD ND patients 

alternatively a 1–3 month trial of oral iron therapy) 

 

• IV iron CKD-D 

 

• Oral iron CKD-ND 



Route of iron administration in CKD ND 

Based on  

 severity of iron deficiency 

 availability of venous access 

 response to prior oral iron therapy 

 side effects with prior oral or IV iron therapy 

 patient compliance 

 cost 



Subsequent iron administration in CKD 

Based on  

 Hb responses to recent iron therapy 

 Ongoing blood losses 

 Iron status tests (TSAT & ferritin)  

 Hb concentration 

 ESA responsiveness & ESA dose in ESA treated patients, 

trends in each parameter 

 Patient’s clinical status 



Iron Status (TSAT, Ferritin) Evaluation 

Ferritin 

 Cellular storage protein  

 Marker of storage iron 

 Acute phase protein 

 Raised in inflammation & liver disease 

 

TSAT (Tranferrin saturation) 

 TSAT = (serum iron/TIBC) x 100 

 Measure of available iron 



Iron Status (TSAT, Ferritin) Evaluation 

 at least every 3 months d/r ESA therapy, including the 

decision to start or continue iron therapy 

 

 more frequently  

 when initiating or increasing ESA dose 

 when there is blood loss 

 when monitoring response after a course of IV iron 

 in other circumstances where iron stores may become 

depleted. 



Comprehensive Clinical Nephrology: Anemia in CKD:  5th Ed. (2015) 



Cautions Regarding Iron Therapy 

Initial dose  

(IV iron dextran) - recommend  

(IV non dextran iron) – suggest 
 

patients - monitored for 60 minutes after infusion 

resuscitative facilities (including medications) & personnel 

trained to evaluate & treat serious adverse reactions - available 
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Avoid administering IV iron to patients with active 

systemic infections 



IV Iron Toxicities 

Immediate severe 

“anaphylactoid” 

reactions 

Other acute reactions — 

occur with all IV irons, 

some dose and rate of 

infusion related 
Primarily with iron dextran 

 Not IgE mediated 

 May be direct release of 

mediators from mast cells 

 Arthralgias-myalgias 

 Anaphylactoid reactions 

 Hypotension 

 Nausea, vomiting 

 Urticaria 

 Bronchospasm 

 Chest, back, abdominal pain 

 Death  

 



Balancing Benefits and Risks of IV Iron Treatment 

Risks 

1. Anaphylaxis 

2. Other risk have not been 
adequately addressed & excluded by 
published trials 

Benefits  

1. Reduced ESA dose 

2. Correction of severe iron deficiency 

3. Other benefits not well established 



IV Iron Preparation 



Oral iron supplements 

Compound  Dose  Content of ferrous iron 

Ferrous Sulphate 200mg 60 mg 

Ferrous Gluconate 300mg 35 mg 

Ferrous Fumarate 200mg 65 mg 

Colloidal Ferric hydroxide 200mg 100 mg 

200 mg elemental iron / day 





New option for Iron supplementation 



Ferric citrate  

 novel phosphate binder 

 also supplies elemental iron  

 orally 

 potentially adherence enhancing strategy 

 

 Ferric ion in ferric citrate combines with dietary phosphorus 

in GI tract 

 excess ferric ions are reduced by bowel mucosa to ferrous 

iron and absorbed into systemic circulation 

Anemia in chronic kidney disease: Pediatr Nephrol: published online 15 April 2017 





 

Sept 2014 - FDA approved - Phosphate binder in CKD-D  





Nov 2017 - FDA approved –– additional indication: IDA in 

CKD-ND 





New option for Iron supplementation 



Ferric pyrophosphate citrate 

 novel, carbohydrate free, water-soluble, complex iron salt  

 administered via the dialysate  

 approved by FDA in 2015  

 good efficacy and safety in adults on hemodialysis 

 provides smaller amounts of iron over hours compared 

with supplementation IV, which may help avoid oxidative 

toxicity 

Anemia in chronic kidney disease: Pediatr Nephrol: published online 15 April 2017 





 



Red cell transfusion to treat anemia in CKD 

Recommend - avoiding, when possible, red cell 

transfusions to minimize the general risks related to their 

use 

 

In patients eligible for organ transplantation, we specifically 

recommend avoiding, when possible, red cell transfusions to 

minimize the risk of allosensitization 





suggest - benefits of red cell transfusions > risks in patients in 

whom : 

 ESA therapy - ineffective (e.g., hemoglobinopathies, 

bone marrow failure, ESA resistance) 

 ESA risks > benefits (e.g., previous or current 

malignancy, previous stroke)  

 

We suggest that the decision to transfuse a CKD patient with 

non-acute anemia should not be based on any arbitrary Hb 

threshold, but should be determined by the occurrence of 

symptoms caused by anemia.  



URGENT TREATMENT OF ANEMIA 

Certain acute clinical situations 

Suggest – transfusion (benefits > risks) 

 rapid correction of anemia is required to stabilize 

the patient’s condition (e.g., acute hemorrhage, 

unstable coronary artery disease)  

 rapid preoperative Hb correction is required 

 



 



Several agents have been investigated for a role in increasing 

efficacy of ESA’s, allowing reduced doses:  

 L-carnitine 

 Ascorbic acid 

 Vitamin E 

 Androgens 

 Pentoxyfilline 

 

 Effects on [Hb] =  inconsistent  

 None have been shown to improve clinical outcomes 

 Use as ESA adjuvants = not recommended  

 

Adjuvant Therapies 



Adjuvant Therapies 

 We recommend not using androgens as an adjuvant to 

ESA treatment.  

 

 We suggest not using adjuvants to ESA treatment 

including vitamin C, vitamin D, vitamin E, folic acid, 

L-carnitine, and pentoxifylline. 



Androgen  





Androgen – Side Effects 

 Acne 

 Virilization 

 Priapism  

 Liver dysfunction 

 Injection site pain 

 Risk for peliosis hepatis 

 Hepatocellular carcinoma 



Vitamin - C 



Vit-C  

enhances absorption of dietary iron,  

contributes to mobilization of intracellular stored iron, 

and increases carnitine synthesis. 

 

Caution should also be used, as  excessive vitamin C ingestion 

can be associated with renal oxalate deposition and acute 

kidney injury 

Determination of the lowest effective dosages and careful 

monitoring of iron indices and plasma oxalate levels are 

necessary, both to ensure the efficacy of high dose vitamin C, and to 

prevent any adverse effects of this treatment. 



Vitamin - D 

Potential role of nutritional vitamin D supplementation in 

reducing hepcidin production is under active investigation, 

and vitamin D decreases hepcidin mRNA expression in 

vitro 



 



Vitamin - E 





Carnitine  

Some studies suggested that L carnitine supplementation 

can prolong RBC lifespan and  

stimulate erythropoiesis by inhibiting apoptosis 

 

No large-scale randomized clinical trials evaluating whether 

supplementation is effective as an adjunctive treatment 



Pentoxifylline 



Pentoxifylline 



 



Dietary Management 

Sources of Heme iron 

(from animal sources) 

Sources of Non-heme iron 

(from plants) 

Lean meat 

Red meat 

Sea food 

Nuts  

Beans 

Vegetables fortified grain products 

Milk & milk products, tannins & caffeine inhibit iron 

absorption & should be avoided with iron rich sources of 

food. 

Vitamin C can improve iron absorption & can be 

administered concomitantly with iron rich foods. 



 



Adequate Hemodialysis 



High-flux Hemodialysis 



Ultrapure Dialysate 







 









 









 



HIF-PH  

Inhibitor 



HIF-PH  

Inhibitor 



Hypoxia-Inducible Factor Prolyl Hydroxylase Inhibitors: A Potential New Treatment for Anemia in Patients With 

CKD; Am J Kidney Dis. 2017;69(6):815-826 

Fig:  

Hypoxia-inducible 

factor (HIF) pathway.  

 

Abbreviations:  

DcytB, duodenal 

cytochrome B;  

DMT1, divalent metal 

transporter 1; 

EPO, erythropoietin; 

PH, prolyl hydroxylase 



HIF stabilizers 

 competitive inhibitors of HIF prolyl hydroxylases & asparagyl 

hydroxylase (enzymes involved in metabolism of HIF & its 

transcriptional activity) 

 

 increase endogenous EPO production 

 

 orally active 

 

 currently being tested in Phase II & III clinical trials 

 



Fig: Hypoxia-inducible factor (HIF) 

gene targets 

New options for the anemia of chronic kidney disease : Kidney International Supplements (2017) 7, 157–163 



HIF stabilizers 

Upregulate  

 EPO gene expression  

 expression of other HIF target genes including those coding 

for enzyme & transporters involved in iron metabolism, 

angiogenesis, mitochondrial genesis 

 

 long-term consequences - not established & merit careful 

monitoring  

 



New options for the anemia of chronic kidney disease : Kidney International Supplements (2017) 7, 157–163 







 



Iron metabolism & anemia in CKD: seminar in Nephrology: July 2016, p252-261 

25-amino acid peptide 

 

Iron regulatory protein 

 

Produced by hepatocytes 



Iron metabolism & anemia in CKD: seminar in Nephrology: July 2016, p252-261 



Iron metabolism & anemia in CKD: seminar in Nephrology: July 2016, p252-261 



Iron metabolism & anemia in CKD: seminar in Nephrology: July 2016, p252-261 



  

(Ferroportin) 

Hepcidin target cell 

FPN (Ferroportin) = Iron Efflux channel 



  

(Ferroportin) 

Hepcidin target cell 





 



Iron Therapy 

 cornerstone in Mx of Renal Anemia 

Red cell Transfusion 

 avoid if possible 

Dialysis – adequacy/ ultrapure dialysate 

 better ESA response   

Diet 

 important in Anemia Mx 

Adjuvant Therapies 

 not routinely recommended 

What I would like to share from my learning: 

Ferric citrate 

Ferric pyrophosphate citrate 

Emerging Therapies 

HIF stabilizers 

Hepcidin modulators 




