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RETICULOCYTE HEMOGLOBIN

Presentation Goals

Overview:

✓ Definition

✓ Methodology

✓ Significance

✓ Limitations
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Sysmex XN Series 

Hematology Printout
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Complete Blood Count

(CBC)
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Red Blood Cell Indices

Platelet Indices
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Automated Differential
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Body Fluid Counts
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Sysmex XN Series 

Hematology Printout
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Reticulocyte Count (#)

Immature Reticulocyte Fraction

Immature Platelet Fraction



Sysmex XN Series 

Hematology Printout
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Reticulocyte Hemoglobin



Blood Collection Automated analysis of blood

Measurement of hemoglobin in reticulocytes 

(immature red blood cells)

Hgb

Why?

Image Sources: ASH Image Bank, Shutterstock 10
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RETICULOCYTE HEMOGLOBIN

Reticulocyte Production 

Reticulocyte Hemoglobin Definition
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Images Source: Harmening 5th Edition

• Smaller

• Condensed 

chromatin

• Decreased RNA

• Decreased 

organelle

• Decreased DNA

• Increased Hgb

• Smaller

• Loss of residual RNA

• Loss of residual organelles
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8-10µm + Residual RNA 

8-10µm + Residual RNA 

6-8µm120 Day

Lifespan
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Hemoglobin



Reticulocyte Hemoglobin: Definition
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Reticulocyte Hemoglobin: Definition
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120 Day

Lifespan

Hemoglobin



RETICULOCYTE HEMOGLOBIN

Methodology
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Methodology
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ADD REAGENT

• Oxazine 750

• Buffer

• Zwitterionic Surfactant

MIXED + INCUBATED

SIEMENS

Image Source: ASH Image Bank



Methodology
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Red blood cells are spheroidized

SIEMENS

Image Source: Shutterstock

Mature Erythrocyte Reticulocyte

Mature Erythrocyte Reticulocyte



Methodology
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Mature Erythrocyte Reticulocyte

Image Sources: Pubchem; Shutterstock

SIEMENS

Surfactant permeabilizes cell membrane →
Oxazine 750 dye enters through pores →
Nucleic acid is stained blue-green



Methodology
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Light

Low Light Scatter 
2-3°

5-15°

High Light Scatter 

Light Scatter

Proportional to cell size and hemoglobin concentration

Absorption

Proportional to RNA content

Absorption

SIEMENS



Methodology

22

GRAPHED
RETIC-CH Histogram

(hemoglobin concentration per cell volume

or hemoglobin mass)

CALCULATED

CHr

Mean of the RETIC-CH Histogram

for the reticulocyte population

SIEMENS

0 to 100pg

2120/2120i Operators Manual, (2010), Advia
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ADD REAGENT

• Fluorescent Dye (Fluorocell RET; RET Search II)

MIXED + INCUBATED

SYSMEX

Image Source: ASH Image Bank



Methodology
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Dye perforates cell membranes of intact cells  →
Nucleic acids are fluorescently stained

Mature Erythrocyte Reticulocyte

Image Source: Shutterstock

Platelet

SYSMEX
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Light Emitted Fluorescent Light

Forward Scattered Light

Emitted Light

Proportional to nucleic acid concentration

Forward Scatter

Proportional to size

SYSMEX



Methodology
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GRAPHED

RETIC CHANNEL

CALCULATED

SYSMEX

S
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Fluorescence
(nucleic acid concentration)

RET-He 

Algorithm estimates hemoglobin 

concentration based on light scatter

Reticulocyte Hemoglobin Equivalent Fact Sheet, (2025), Sysmex

Derived from Sysmex materials



Methodology
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Isolate the reticulocytes

Calculate hemoglobin concentration

based on characteristics 

(light scatter, etc.)

Image Source: Shutterstock

MCHC of Reticulocyte!!
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Significance
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Blood Collection Automated analysis of blood

Measurement of hemoglobin in reticulocytes 

(immature red blood cells)

Hgb

Why?

Image Source: ASH Image Bank 29
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Significance

1. Screen for iron deficiency

(which often leads to iron deficiency anemia →

2. Monitor iron treatment response in iron-deficient patients

30

Often better detects iron deficiency than traditional tests!

Image Sources: ASH Image Bank; Shutterstock

Screen for iron deficiency anemia)



RETICULOCYTE HEMOGLOBIN

Iron Deficiency 
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Iron Metabolism
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Iron (Fe)

Hemoglobin

~67% Storage

~10 − 20%

• Ferritin

• Hemosiderin

Tissue

~5%

• Myoglobin

• Enzymes

Plasma

~0.1%

• Transferrin

5th edition; Clinical Hematology and Fundamentals of Hemostasis; Harmening



Iron Deficiency
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• Characteristics
✓Major Causes

▪ Dietary 

▪ Chronic Bleed

✓Leads to deceased hemoglobin production

✓Iron Deficiency Anemia

✓ Microcytic Hypochromic

Image Source: ASH Image Bank



Iron Deficiency 

• Traditional Laboratory Data

✓Microcytic Hypochromic Anemia

✓Altered Iron Panel

34

Serum Iron TIBC %SAT (TSAT) Ferritin

↓ ↓↓↑

5th edition; Clinical Hematology and Fundamentals of Hemostasis; Harmening



Iron Deficiency 

• Newer Laboratory Data

✓Decreased reticulocyte hemoglobin (RET-He or CHr)
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Iron Deficiency  

• Newer Laboratory Data – cont -

✓Decreased reticulocyte hemoglobin (RET-He or CHr)
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Normal 

29.3 – 35.4pg Reticulocyte Hemoglobin Equivalent Fact Sheet, (2025), Sysmex

Mean 28.9pg Advia 2120/2120i Operators Manual, (2010), Advia

Value associated with iron 

deficiency

< 28pg (adult)

< 26.0/27.5pg (infant)

Reviewed by Mast, A., et al, (2007) Reticulocyte Hemoglobin Content, American 

Journal of Hematology

< 32pg (cancer patients) Peerschke, E., et al, (2014), Using Hemoglobin Content of Reticulocytes (RET-He) 

to Evaluate Anemia in Patients with Cancer, Am J Clin Pathol

< 28pg



RETICULOCYTE HEMOGLOBIN

Significance: 

1. Screen for iron deficiency (iron deficiency anemia)
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DATA  ANALYSIS #1

Question

Which better detects iron deficiency: 

reticulocyte hemoglobin or traditional iron panel testing?

Answer

Reticulocyte hemoglobin
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Reticulocyte Hemoglobin vs. Traditional Iron Panel Testing
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Iron deficiency anemia

• Confirmed by bone marrow aspirate iron staining

Images Sources: ASH Image Bank

Comparison to serum ferritin, transferrin saturation, CHr
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Statistics 

AUC; Area under the curve 

Song, M., (2023) Understanding the ROC-AUC Curve, Medium

Sensitivity Specificity

TP

TP + FN

TN

TN + FP

AUC 0.5 Random

0.5 < AUC < 1 Closer to 1, the better

AUC = 1 Perfect

Reticulocyte Hemoglobin vs. Traditional Iron Panel Testing



41Reviewed by Ogawa, C., et al (2020) Reticulocyte Hemoglobin Content, Clinica Chimica Acta

Iron deficiency threshold values 
Ability to detect iron deficiency

Reticulocyte Hemoglobin vs. Traditional Iron Panel Testing

Comparison to iron staining AUC (ROC)

Serum Ferritin (s-ft) 0.69 – 0.89

Transferrin Saturation (TSAT) 0.64 – 0.84

Reticulocyte Hemoglobin (CHr) 0.74 – 0.93

↓CHr, ↓ Ferritin, ↓ 𝑇𝑆𝐴𝑇



DATA  ANALYSIS #2

Question

Which better detects iron deficiency: 

reticulocyte hemoglobin or traditional iron panel testing?

Answer

Reticulocyte hemoglobin
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Reticulocyte Hemoglobin vs. Traditional Iron Panel Testing

Auerbach, M., et al (2021) Using Reticulocyte Hemoglobin Equivalent as a Marker for Iron Deficiency and Responsiveness 

to Iron Therapy, Mayo Clinic

556 anemic patients

Lowest quartile of iron deficient patients

RET-He < 28.6pg

% of IDA 

patients

↓ Ferritin 25%

↓ TSAT 37.2%

RET-He of < 30.7pg used to identify iron deficient anemic patients



RETICULOCYTE HEMOGLOBIN

Significance: 

2. Monitor iron treatment response in iron-deficient patients
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Reticulocyte Hemoglobin to Monitor Iron Treatment

Auerbach, M., et al (2021) Using Reticulocyte Hemoglobin Equivalent as a Marker for Iron Deficiency and Responsiveness 

to Iron Therapy, Mayo Clinic

556 anemic patients

Given intravenous iron treatment (1000mg over 1-2 visits) 

RET-He, iron panel, hemoglobin results used to identify iron deficient anemic patients

Reanalyzed

• RET-He

• Hgb 
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Reticulocyte Hemoglobin to Monitor Iron Treatment

Auerbach, M., et al (2021) Using Reticulocyte Hemoglobin Equivalent as a Marker for Iron Deficiency and Responsiveness 

to Iron Therapy, Mayo Clinic

Reanalyzed

• RET-He

• Hgb 

RET-He < 28.6pg

+

Hgb < 10.3g/dL

↑ Hgb by + 1.0 g/dL

Predicted anemia compensation

↑ Unit of RET-HE ↑ Hgb by + 0.21 g/dL

1000 mg IV IRON

Predicted anemia compensation

Mild – Severe Anemia



RETICULOCYTE HEMOGLOBIN

Benefits
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Benefits

• Shown to better identify iron deficiency vs. iron panel

• Rapidly rule out iron deficiency

• Outpatient setting

• No need for chemistry testing 
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Test Used to Identify Iron Deficiency Expected Reduction in Iron 

Studies 

RET-He 66%

RET-He + Anemia (Hgb < 11g/dL) 80%

Peerschke, E., et al (2014) Using the Hemoglobin Content of Reticulocytes (RET-He) to Evaluate Anemia in Patients with Cancer,

Am J Clin Pathol



• Can aid in the interpretation of inconclusive iron panel results

• Assesses ability to USE iron to make hemoglobin

• Functionality of iron

• Reticulocyte hemoglobin has fewer limitations/interferences vs. 

iron panel 
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Benefits



Iron Panel Limitations

Ferritin

• Increases with inflammation
(inflammatory cytokines increases signal → breakdown iron transporter → iron 

stays inside cell)

50

Ferroportin

FPN

Liver

Cytokines

Hepcidin

Iron
X↑

Ogawa, C., et al (2020) Reticulocyte Hemoglobin Content, Clinica Chimica Acta

e.g., Skeletal Muscle Cell



Iron Panel Limitations
Serum Iron 

• Falsely ↑ with diet

• Diurnal variation (high in am; low in pm)

Total Iron Binding Capacity (TIBC) 

• Falsely ↓ with medications

• Falsely ↓ with liver disease

TSAT (Transferrin Saturation)

• Affected due to calculation with serum iron + TIBC

51Ogawa, C., et al (2020) Reticulocyte Hemoglobin Content, Clinica Chimica Acta

Transferrin

Open sites?

Transferrin

Fe bound?



Reticulocyte Hemoglobin Limitations
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Thalassemia (Hemoglobinopathy)

Mast, A., et al (2007) Reticulocyte Hemoglobin Content, American Journal of Hematology



Reticulocyte Hemoglobin Limitations
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Increased immature reticulocytes 

(bone marrow compensation)

Mast, A., et al (2007) Reticulocyte Hemoglobin Content, American Journal of Hematology

↑ Cell volume

↑ Reticulocyte Hemoglobin
Calculation

Mask underlying iron deficiency

“Stress” Reticulocytes



Reticulocyte Hemoglobin Limitations
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Anemia of Chronic Disease (ACD)



CONCLUSION
Reticulocyte hemoglobin can assess hemoglobin production 
over the past 3-4 days

Better indicator for iron deficiency vs. iron panel

• Screen for iron deficiency (< 28pg)
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Anemic

Microcytic/Hypochromic

Iron deficiency likely!
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Anemic

Normocytic/Normochromic

Iron deficiency unlikely!

Normal 29.3 – 35.4pg
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Thank You


