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Disordered iron balance in CKD

Babitt et al .Am J Kidney Dis. 2010
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FPN: ferroportin

CKD

GI loss

Frequent blood test 

functional iron deficiency 

absolute iron deficiency 



Anemia in CKD – Updating the Definitions of Two Iron States
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formerly "functional iron deficiency”formerly "absolute iron deficiency”



Elizabeth Katherine Batchelor et al. JASN 2020;31:456-468

Why 'One Size Fits All' No Longer Works

Traditional thresholds (TSAT, Ferritin ) oversimplify biology

CHr (RET-He) and %HRC reflect real-time supply



 UK kidney association clinical practice guideline 2025

Guideline 2.2.2

We suggest that to define functional iron deficiency (FID) (“iron restricted erythropoiesis”), a 

TSAT < 20% in people with NDD-CKD or maintained on PD, and in those receiving HD be used. 

Normal or high serum ferritin values do not exclude iron deficiency, as it could be due to other causes 

such as infection or inflammation. (2B)

Rationale

Iron is required for production of new red cells. Iron must be supplied to the erythropoietic tissue at an 

adequate rate, particularly if stimulated by ESA or HIF-PHI therapy.

•For people with CKD on dialysis (DD-CKD), percentage of HRC > 6%, or CHr/RET-He < 31 

pg are ideal test to assess iron status.

•If these tests are not available or the person has thalassaemia or thalassaemia trait, a combination of 

transferrin saturation (less than 20%) and serum ferritin measurement (less than 100 mcg/L) could be 

a suitable alternative

Bhandari et al. BMC Nephrology (2025) 



Iron Therapy Challenges for CKD Anemia

Locatelli F et al. CJASN 11:1269–1280, 2016FPN: ferroportin



Evidence for clinical benefits of iron administration

Patients with CKD 

not on dialysis

Patients on 

dialysis

Reduction of congestive heart 

failure
Limited Yes

Reduced occurrence of myocardial 

infarction
Limited Yes

Improved quality of life Not studied Limited

Reduced occurrence of fatigue Not studied Limited

Improved cognitive function Not studied Limited

ESA dose reduction Yes Yes

Reduced blood transfusions Not studied Yes

CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agents; RCT, randomized

controlled trial.

Limited: data from retrospective, observational studies. Yes: supported by RCT data

Babitt et al. Kidney International 2021 99: 1280-1295 



Evidence for increased risk of clinical harm with iron administration

Patients with CKD not 

on dialysis
Patients on dialysis

Infections Limited No

Cardiovascular events Limited No

Diabetes Limited Limited

CKD progression Limited Not applicable

Anaphylaxis Minimal Minimal
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CKD, chronic kidney disease; i.v., intravenous; RCT, randomized controlled trial.

No: supported by RCT data. Limited: data from retrospective, observational trials

only. Minimal: overall minimal risk for contemporary i.v. iron formulations.

Babitt et al. Kidney International 2021, 99:1280-1295 



Clinical Lessons from the PIVOTAL Trial

9

In patients recently started HD, a proactive, high-dose regimen of IV iron 

(relative to a reactive, low-dose regimen):

•Reduced the risk of the composite primary outcome of death or nonfatal 

CV events¹

•Reduced the risk of MI and hospitalization for HF¹˒³

•Reduced ESA dose (19.4%) and transfusion rate (21%)¹

•Does not cause an increased risk of infection risk²

•Does not cause an increased risk of stroke⁴

¹ Macdougall IC et al, NEJM 2019; 380(5): 447–458  ² Macdougall IC et al, JASN 2020; 31: 1118–1127

³ Jhund PS et al, JACC HF 2021; 9: 518–27 ⁴ Mark PB et al Kidney 360 2021; 2(11):p 1761-1769



2025 KDIGO CKD Anemia Guideline (Draft)

Recommendation 2.1: In people with anemia and CKD treated with 

hemodialysis (CKD G5HD), we suggest initiating iron therapy if ferritin 

≤ 500 ng/ml (≤ 500 µg/l) and TSAT ≤30% (2D).  

Practice Point 2.2: In people with CKD treated with iron, it is 

reasonable to withhold iron if ferritin ≥700 ng/ml (≥700 µg/l) or TSAT 

≥40%. 

Ref: https://kdigo.org/wp-content/uploads/2024/11/KDIGO-2025-Anemia-in-CKD-Guideline_Public-Review-Draft_Nov42024.pdf



All-cause mortality CV mortality 

Kuo and Tarng et al. J Am Heart Assoc. 2018;7:e009206. 

Optimal ferritin range  500- 800 ng/mL

All-cause mortality CV mortality 

Optimal TSAT range  30-50 %

AIM-HD



IV or oral iron supplementation in CKD  
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Percentage of patients reaching an elevation in Hb≧1 g/dL

CKD G3-G5 CKD G5D

Patients treated with IV iron were more likely to reach an Hb response

American Journal of Kidney Diseases, 2016



Safety issues comparing IV vs oral iron
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SAEs (REVOKE trial )

Agarwal R. Kidney International (2015) 88, 905–914

High incidence of SAEs (cardiac and infectious) in patients with IV iron replacement 



Novel iron compounds – Ferric citrate

death, dialysis

& transplantation

Mixture of ferric citrate coordination complexes (AuryxiaR, FexericR, RionaR, NephoxilR)

- binds phosphate

- releases iron Ganz et al., Drugs 2019

N=203; eGFR < 20ml/min x 1.73m2 single center, open label trial, 2:1ferric citrate vs usual care

Block GA. J Am Soc Nephrol 2019



2025 KDIGO CKD Anemia Guideline (Draft)
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Recommendation 2.2: In people with anemia and CKD G5HD in whom iron therapy is being 

initiated, we suggest using IV Iron rather than oral iron (2D). 

Practice Point 2.1: In people with CKD G5HD in whom iron therapy is being initiated, 

administer IV Iron using a proactive approach to maintain stable iron status.  

Recommendation 2.4: In people with anemia and CKD not receiving hemodialysis in 

whom iron is initiated, we suggest using either oral or IV iron based on the person’s values 

and preferences (2D). 

Practice Point 2.3: In people with CKD treated with oral iron, the choice between different 

formulations and dosing schedules is guided by cost, individual patient preference, 

tolerability, and efficacy. 

Practice Point 2.4: In people with CKD treated with intravenous iron, the choice between 

different formulations is guided by cost, individual preference, and recommended dosing 

schedules. 

Ref: https://kdigo.org/wp-content/uploads/2024/11/KDIGO-2025-Anemia-in-CKD-Guideline_Public-Review-Draft_Nov42024.pdf



Specific Considerations

Peritoneal dialysis patients Both ferric citrate and IV iron administration

Kidney transplant recipients 
Caution with IV iron preparations (ferric carboxymaltose, saccharated

iron oxide, and iron polymaltose): increased risk of hypophosphatemia

Hypothyroid patients Caution regarding use of oral iron 

Heart failure patients

Correction of iron deficiency with IV iron (ferric carboxymaltose): benefits in

terms of intermediate endpoints (6 min walk test, quality of life, NYHA class)

and hospitalization. IV iron lowers mortality risk (meta-analysis).

Ongoing studies in heart failure patients with preserved ejection fraction,

more common in CKD patients not on dialysis 

Heart failure patients with

reduced ejection fraction
Correction of iron deficiency has benefits independent of anemia

Patients with active infection 
Caution about giving IV iron, particularly in those with Gram negative

infections

Calciphylaxis patients Caution in administering IV iron 

Liver disease patients No available data or consensus on iron administration

Children 
Understudied area. Absence of RCTs on effects of iron administration on

hard clinical outcomes. Results from small open-label and retrospective

CKD, chronic kidney disease; IV, intravenous; NYHA, New York Heart Association; RCTs, randomized controlled trials

Special considerations in specific populations with CKD 

Babitt et al. Kidney International 2021, 99: 1280-1295 



HIF-PH inhibitors

How are iron kinetics affected in the era of HIF-PHIs ?
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Clinical Kidney Journal, 2023, vol. 16, no. 5, 845–858
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JASN 33: 850–866, 2022.

Mean monthly IV iron use from week 36 until EOS : 

Roxadustat vs Epoetin alfa (58.71 mg versus 91.37 mg, P<0.001).

Roxadustat Reduced Monthly IV Iron Used vs Epoetin 
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JASN 33: 850–866, 2022.

Does it have a meaningful impact on IV iron dose reduction? 

Roxadustat Reduced Monthly IV Iron Used vs Epoetin 



IV Iron Sucrose Exacerbates Oxidative DNA Damage in 

Peripheral Blood Lymphocytes in HD Patients 

Kuo and Tarng et al  J Am Soc Nephrol 2008; 19: 1817–1826 

8-OHdG: 8-Hydroxy 2'-deoxyguanosine

 

Lymphocytes treated with iron had distinct intracellular 

iron uptake (arrows)

0 hr 2 hr after IV iron 200 mg 



IP iron sucrose exacerbated lipid peroxidation and exacerbated 

atherosclerosis in uni-nephrectomized ApoE-/- mice

Kuo and Tarng et al. J Am Soc Nephrol 2014; 25 :2596-2606.
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Lower hepcidin levels at 1 month were strongly correlated with Higher 

hemoglobin at 3 months (A) and Greater ΔHemoglobin (B) in HIF PHI treated 

patients

Lab Med 2025. Online ahead of print.

“Incorporate hepcidin and iron dynamics into 

decision-making.”



Take Home Message
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▪ Traditional markers such as ferritin, and TSAT are insufficient alone to assess 
iron stores or predict treatment response.

▪ Dynamic biomarkers, such as CHr/RET-He, HRC % or potentially hepcidin, to 
better reflect iron kinetics and the immediate effects of treatment.

▪ In the era of HIF-PHIs, which enhance iron metabolism, the optimal use of iron 
therapy—including indications, dosing, and administration route (IV vs. 
oral)—may need to be redefined compared with the rHuEPO era.

▪  A personalized approach—tailoring therapy by patient condition, treatment 
response, and iron metabolism—will be crucial to ensure safety, efficacy, and 
sustainability.



Thanks for your attentions
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