


• การประเมินผู้ป่วย เน้น TSAT, Serum Ferritin (SF)

• การให้ IV iron เน้น iron sucrose (Venofer)

• การให้ ESA เน้น ESA-

เนื้อหา : เน้น ผู้ป่วย HD



Chapter 1. Diagnosis and Evaluation of Anemia in CKD

1.1 anemia in CKD



(Anemia)

+

***

***
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Overview of normal iron homeostasis

***



Transferrin (TF) vs Serum Ferritin (SF)

***



• Transferrin saturation (TSAT) : reflecting iron 
availability in the circulation

• SF : reflecting iron storage.

2 Indices of Iron Status 



• systemic (or absolute) ID: a low TSAT and low SF : reflecting 
decreased iron both in the circulation and in tissue stores.

• iron-restricted erythropoiesis or functional ID: a low TSAT 
and high SF : reflecting limited available iron for 
erythropoiesis despite adequate iron stores.

2 States of ID



Systemic movement of iron in different iron-related states

Ferroportin→ FPN1
Transferrin → TF

*** ***



1.2. Iron deficiency in CKD (absolute & functional) 



Mechanisms underlying anemia of CKD



• Inflammatory state (mainly through IL-6)

• Reduced kidney clearance

• reduced EPO and erythroferrone (ERFE) levels
NB: ERFE is produced by erythroblasts in response to EPO and 
decreases hepatic expression of hepcidin. 

Hepcidin: increased due to



• SF <100–200 μg/l or TSAT<20% do not correlate well with BM 
iron or Hb response to iron in people with CKD.

• In recent years, more focus has been placed on TSAT rather 
than SF, as the latter only indicates systemic iron deficiency 
when levels are extremely low.

TSAT & Serum Ferritin



• Practice Point 1.2.3: In people with CKD, anemia, and SF 

<45 μg/l, consider referral to gastroenterologists/ 

gynecologists/ urologists to identify the cause of 
blood loss



% of BM iron deficit, according to the response to 1000 mg of iv iron (≥1-g/dl 
increase in Hb) in 100 non-dialysis patients with CKD

CJASN 2010: 5(3); 409-416



Chapter 2. Use of Iron to Treat ID and Anemia in CKD

• Recommendation 2.1: In people with anemia and CKD 
treated with HD, we suggest initiating iron therapy if 
SF ≤500 ng/ml and TSAT ≤30% (2D).

• 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.

• Practice Point 2.2: In people with CKD treated with iron, it is 
reasonable to withhold iron if SF ≥700 ng/ml  or TSAT ≥40%.

• Practice Point 2.4: In people with CKD treated with iv iron, the 
choice between different formulations is guided by cost, 
individual preference, and recommended dosing schedules.



IV Iron in Patients with HD: PIVOTAL Trial (1)

We conducted this prospective, randomized, open label,
blinded end-point,14 controlled trial at 50 sites in the UK
Adults with HD  had been initiated no <  12 mo before the initial 
screening visit, who had a SF < 400 μg/l and a TSAT < 30%, and 
who were receiving an ESA were eligible to participate. 



• high-dose group, 400 mg of iron sucrose / mo, to be 
administered IV, cutoff limits (SF of 700 μg/l or a TSAT of 40%)

• low-dose group received a monthly dose of 0 mg to 400 mg of 
iron sucrose as required to maintain a minimum target SF of 200 
μg/ l and a TSAT of 20%,

• Clinicians selected the dose of ESA that would be sufficient to 
maintain a Hb of 10 to 12 g/dL

IV Iron in Patients with HD: PIVOTAL Trial (2)



• Trial End Points The primary end point was the composite of
non-fatal MI, non-fatal stroke, hospitalization for HF, or death from
any cause, assessed in a time-to-first-event analysis;
• The first secondary end point consisted of the components
of the primary end point, including first and repeat events, which 
were analyzed as recurrent events. 
• Other secondary efficacy end points included death from any 

cause;

IV Iron in Patients with HD: PIVOTAL Trial (3)



The median monthly dose of iron was 264 mg in the high-dose 
group and 145 mg in the low-dose group;
The median monthly dose of ESA was 19.4% lower in patients 
receiving the high-dose regimen (29,757 IU / mo) than in 
patients receiving the low-dose regimen (38,805 IU / mo)

PIVOTAL Trial : Results (1)



PIVOTAL Trial : Results (2)





Practice Point 2.8: In people with CKD treated with iron, consider 
temporarily suspending iron therapy during systemic infection.
Practice Point 2.9: In people with CKD treated with iv iron, 
considerations pertaining to hypersensitivity reactions to iv iron 
include the following:
• IV iron should only be administered if there is capability to manage 

acute hypersensitivity and hypotensive reactions,
• Test doses of iv iron are not usually required, because lack of 

response does not predict the risk of hypersensitivity.



Practice Point 2.10: The suggested management of reactions to iv iron



• Loading dose: 100 mg iv ทุกสัปดาห์ รวม 10 ครัง้ และไม่
แนะน าให้ติดต่อกันเกิน 2 ครัง้ต่อเนื่องกัน

• Maintenance dose: 100-200 mg iv ต่อเดือน หาก serum 
ferritin < 500 ng/ml

• หยุดการให้เหล็ก เมื่อ TSAT > 40% หรือ SF > 800 ng/ml

Iron Sucrose IV: dosage



Chapter 3. Use of ESAs
Recommendation 3.1.1: In people with anemia and CKD in whom 
correctable causes of anemia have been addressed, we suggest 
using an ESA rather than a HIF-PHI as first-line therapy for 
treatment of anemia
Recommendation 3.2.1: In people with anemia and CKD G5D treated 
with HD or PD, we suggest initiation of ESA therapy when the Hb is 
≤9.0–10.0 g/dl (2D)



• People who are at higher risk for adverse events from ESA 
treatment, such as those with a recent stroke or recurrent 
HD access thrombosis, may be more likely to prefer ESA 
initiation when Hb is closer to 9.0 g/dl , thus delaying or 
potentially avoiding ESA treatment

• Recommendation 3.3.1: In adults with anemia and CKD 
treated with an ESA, we recommend targeting a Hb level 
below 11.5 g/dl (1D).





We studied 1,233 patients with clinical evidence of CHF or IHD who were 
undergoing HD: 618 patients were assigned to receive increasing doses of 

epoetin to achieve and maintain a hct of 42% , and 615 were assigned to 

receive doses of epoetin sufficient to maintain a hct of 30% throughout 

the study. The primary end point was the length of time to death or a first 
nonfatal MI.

(N Engl J Med 1998;339:584-90.)

NHCT: Methos



NHCT: Results





Secondary analysis of the CHOIR trial epoetin dose and achieved Hb outcomes

• In the 4 mo analysis, significantly more patients in the high-Hb compared to the low 

Hb arm were unable to achieve target Hb and required high-dose epoetin-α. 

• In unadjusted analyses, the inability to achieve a target Hb and high-dose epoetin-α

were each significantly associated with increased risk of a primary endpoint (death, 
MI, CHF or stroke). 

• In adjusted models, high-dose epoetin-α was associated with a significant increased 

hazard of a primary endpoint but the risk associated with randomization to the high 
Hb arm did not suggest a possible mediating effect of higher target via dose.

KI. 2010 July 12.





Epoetin alfa:  dosage

Initial dose: CKD G5D: 50-100 units/kg, 3 times weekly 
eg 60 kg: 3000-6000 u x 3/wk
Dose adjustment: CKD G5D: 
• Increase by 25 u/kg/dose if Hb rise is <1.0 g/dl after 4 

weeks. 
• Reduce by 10–25 u/dose if Hb rise is >2 g/dl in 4 weeks



• เข้าใจการประเมินผู้ป่วยด้วย TSAT, SF มากขึ้น

• การให้ IV Venofer อย่างเหมาะสม

• การให้ EPIAO อย่างเหมาะสม

สรุป: ผู้ป่วย HD



THANK YOU



Iron Status Index with ID & inflammation

Nephrol Dial Transplant (2020) 1–6





Systemic movement of iron in different iron-related states

Ferroportin→ FPN1
Transferrin → TF



Fe vs Hepcidin & HRE 

Int. J. Mol. Sci. 2021, 22, 1008





Oral iron formulations: sulfate vs fumarate

Dose per tablet Elemental iron 
per tablet

Starting dose

Ferrous sulphate 325 mg 65 mg 1 tablet, 3 times daily

Ferrous fumarate 325 mg
200 mg (Thai)

106 mg
65 mg

1 tablet, 2 times daily
1 tablet, 3 times daily



IV iron sucrose treatment regimen

Element iron con: 20 mg/ml
Max single dose:  200 mg
Min infusion time for max dose: 15 min
Min injection time: 5 min



IV iron may cause harm by increasing the risks of 
infection, 
oxidative stress, 
vascular calcification, and 
atherothrombosis.



Practice Point 2.8: In people with CKD treated with iron, consider 
temporarily suspending iron therapy during systemic infection.
- Iron is essential for the growth and proliferation of most 
pathogens including many bacteria, viruses, fungi, parasites, and 
helminths. Iron also exerts subtle effects on immune function and 
host responses towards microbes



Practice Point 2.9: In people with CKD treated with iv iron, considerations 
pertaining to hypersensitivity reactions to intravenous iron include the 
following:
• IV iron should only be administered if there is capability to manage acute 

hypersensitivity and hypotensive reactions,
• IV doses of iron should not exceed the maximum dose/administration for 

the compound
• Pretreatment with corticosteroids or antihistamines is not routinely 

necessary (type 1 histamine [H1]-channel blockers), and
• Test doses of iv iron are not usually required, because lack of response 

does not predict the risk of hypersensitivity.



• IV iron is rarely associated with acute hypersensitivity, hypotensive, and 
even anaphylactoid-type reactions. 

• People may present with a variety of symptoms ranging from flushing, 
itching, shortness of breath, and hypotension.

• In older studies, such reactions were found to occur in 0.6%–0.7% of 
treated people. The frequency of reactions is probably significantly lower 
with newer iron preparations.



Practice Point 2.11: In people with CKD and profound iron deficiency (ferritin 
<30 μg/l and TSAT<20%) but no anemia, consider treatment with oral or 
intravenous iron.
• If profound iron deficiency (e.g., ferritin <30 μg/l and TSAT<20%) is present 

even in the absence of anemia, treatment with oral or i.v. iron could be 
considered in shared-decision-making, especially in symptomatic people 
with advanced CKD (CKD G4–G5).

• Observational data in people with CKD and KTRs underscores this, as iron 
deficiency, independent of anemia, is associated with higher risk of all-
cause mortality, MACE, and worse patient-reported outcomes





Practice Point 3.4.1.2: In people with anemia and CKD treated with ESA, 
avoid adjusting the dose of ESA more frequently than once every 4 
weeks. The exception is when Hb increases by more than 1.0 g/dl (10 
g/l) in 2–4 weeks after initiation of therapy, at which time the dose 
should be reduced by 25%–50%.
Practice Point 3.4.3.4: In people with anemia and CKD treated with 
ESA, it is reasonable to suspend ESA during hospitalization for acute 
stroke, vascular access thrombosis, or thromboembolic events.



Practice Point 3.4.3.5: In people with CKD, anemia, and active cancer 
or a history of cancer, use shared decision-making regarding 
continuation or discontinuation of ESA therapy based on patient 
preferences and anticipated outcomes, especially when treatment is 
aimed at cure.
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