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ABSTRACT
Prussian blue staining examination is the current gold standard for evaluation of bone marrow iron storage. This procedure requires bone marrow aspiration examination, which is physically uncomfortable, expensive, and burdensome for patients. Reticulocyte
hemoglobin equivalent (RET-He) determination is a method used to detect hemoglobin in reticulocytes, an indicator of potential iron
deficiency and erythropoietic disorders. The purpose of this study is to assess RET-He as a method of measuring bone marrow iron
storage. From August–December 2017, secondary data were collected from 50 patients (24 females and 26 males) without history of
blood transfusion four days prior to RET-He. Data was analyzed using chi-squared and unpaired t-test. Between positive and negative
bone marrow iron storage groups, there were significant differences in mean age (44 vs. 53 y, respectively, p= 0.024) and RET-He
(29.7 vs. 26.9, respectively, p= 0.041). Based on ROC analyses, the AUC score was 0.672 (p= 0.030), which indicates that RET-He
> 28.8 represents positive bone marrow iron storage with 72.0% sensitivity and 68.0% specificity. RET-He can be used as a method
of measuring bone marrow iron storage.
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INTRODUCTION
Prussian blue staining is the current gold standard
for evaluating bone marrow iron storage and diagnosing iron-deficiency anemia. In this method,
which assesses iron storage in the tissue reticuloendothelial system, ferric iron reacts with soluble ferrocyanide in the stain to form a complex
of hydrated ferric ferrocyanide substance that is
visualized microscopically as blue or purple deposits within cells.1 Measuring iron storage using
bone marrow aspiration is sensitive and specific,
yet some patients find it uncomfortable, expensive,
and burdensome.1,2
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Methods currently used to support the diagnosis
of iron deficiency anemia have limitations. Mean
corpuscular volume or peripheral blood smear
measurements demonstrate low sensitivity. The total iron-binding capacity and transferrin saturation
measurements demonstrate inadequate specificity.
The best indicator of iron reserves is the serum ferritin level. Still, as serum ferritin is an acute-phase
reactant, it often increases during inflammation
and can lead to unspecific results. Combinations of
the above tests could not improve the examination
efficiency.3
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Clinicians need a simple, affordable, and comfortable test that can provide a definitive clinical value
in diagnosing iron deficiency.
The development of flow cytometry techniques is
the latest hematology tool to measure the content
of hemoglobin within reticulocytes (reticulocyte
hemoglobin equivalent /RET-He). This measurement could indicate the availability of iron during
erythropoiesis within recent bone marrow counts
and detect iron deficiency at an early stage.1,4,5
RET-He is measured using automated fluorescent
flow cytometry which in the reticulocyte channel,
using a polymethine dye, also measures the mean
value of the forward light scatter intensity of mature red blood cells and reticulocytes. These values
correspond with reticulocyte hemoglobin content.6
According to Laurenco, the clinical utility of RETHe is to differentiate between functional iron deficiency anemia and true iron deficiency anemia or
anemia due to other causes or chronic diseases.7
Lian et al.8 concluded that RET-He and red blood
cell distribution width are two convenient indexes
capable of differentiating thalassemia from the other two microcytic anemias, congenital sideroblastic anemia and iron deficiency anemia. Therefore,
the purpose of this research is to assess RET-He as
a method of measuring bone marrow iron reserves.
MATERIALS AND METHODS
Research Design
The study was approved by the Ethics Committee of The Saiful Anwar General Hospital (Ethical
Clearance No.400/067/K.3/302/2019) in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki and its
contemporary amendments). Remnant peripheral
blood samples (n= 50), collected in EDTA anticoagulant, were retrieved from the Hematology
Laboratory between 1 June 2017 - 31 May 2018,
based on the existence of concurrent laboratory test
requests for CBC analysis as well as sample availability within six hours of blood collection. Orders
for CBC analysis was accompanied by orders for
bone marrow aspiration and Prussian blue staining
to diagnose bone marrow iron stores. RET-He was
quantified using the Sysmex XE 2100. Samples
were collected from hematology-oncology patients
80

having no blood transfusion history four days prior
to the test. Patients under the age of 18, as well as
those who had a chronic disease, were pregnant,
or had received iron treatment within the previous
three months, were excluded. Patient charts were
reviewed to obtain laboratory test results and clinical diagnoses.
Examination of Prussian Blue Staining and
RET-He
The results of bone marrow Prussian blue staining
were grouped into positive and negative results.
Positive results based on a positive Prussian-blue
reaction (Perl’s reaction). Hemosiderin, which acts
as an iron reserve, especially in bone marrow macrophages, will react with potassium ferrocyanide
to form blue ferric ferrocyanide. The hemosiderin
painting method carried out at the Central Laboratory of Saiful Anwar General Hospital Malang
was based on methods in Dacie and Lewis. Then,
data is compared with the results of RET-He. RETHe collected in EDTA- containing vacutainers and
quantified using the Sysmex XE 2100 following
the manufacturer’s instructions.
Statistical Analysis
The ability of RET-He to identify iron deficiency in
a diverse patient population with hematologic disease and malignancy was evaluated by calculating
sensitivity and specificity using a 2 x 2 table. The
results were analyzed using chi-squared and unpaired t-tests. Data were processed using SPSS (v.
21). The RET-He diagnostic test utilizes numericscaled data with an upper limit of 28.8 and an area
under curve (AUC) using the receiver operating
characteristic (ROC) method.
RESULTS
Of the 50 subjects meeting the inclusion criteria,
25 (50%) had positive marrow iron stores, and 25
(50%) had negative iron stores. Characteristics of
the study subjects are shown in Table 1.
Twenty-four of the patients (48%) were female,
14 of which had positive bone marrow storage by
Prussian blue staining (59%), and 10 which had
negative storage by Prussian blue staining (41%).
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Figure 1. Ratio of RET-He and Prussian blue staining bone
marrow iron storage results

Figure 2. ROC RET-He Curve

Twenty-six of the patients (52%) were male, 11 of
which had positive Prussian blue staining results
(42%), and 15 which had negative Prussian blue
staining results (58%). The average age of the positive (44 y) and negative (53 y) bone marrow iron
groups was significantly different (p= 0.024).

17 (65%) with negative storage. Positive and negative bone marrow iron storage for nonmalignant
hematologic cases was 9 (37%) and 8 (35%) patients, respectively.

RET-He values in positive and negative bone marrow iron storage groups (Table 1, Figure 1) were
significantly different (p= 0.041). In the positive
bone marrow iron storage group, mean RET-He
is slightly higher (29.7) than the negative group
(26.9). Patient diagnoses and corresponding bone
marrow iron storage statuses are shown in Table
2. There were 15 (63%) hematologic malignancy
cases with positive bone marrow iron storage and

ROC analysis results (Table 3) show the AUC was
0.672 (p= 0.030). This result indicates that RET-He
can be used to predict bone marrow iron storage >
28.8 with 72.0% sensitivity and 68.0% specificity
(Figure 2).
DISCUSSION
No significant difference in RET-He test results
was found between male and female patients, similar to Scherer.9 A significant age difference was ob-

Table 1. Study subject characteristics
Bone marrow iron storage

		
		

p

Positive (n= 25)

Negative (n= 25)

Male

11 (44.0)

15 (60.0)

Female

14 (56.0)

10 (40.0)

Age (years)**

44 ± 18

53 ± 15

0.024#

RET-He**

29.7 ± 5.2

26.9 ± 5.8

0.041#

Sex*
0.258

Notes: Analysis using *chi-square with significance p< 0.05
**Unpaired t-test with significance p< 0.05, #= statistically significant
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Table 2. Bone marrow iron storage in patients diagnosed with hematologic disorders
Hematology disorder diagnosis

Number of cases with positive

Number of cases with negative

		

bone marrow iron storage

bone marrow iron storage

Acute myeloblastic leukemia

8

5

Lymphoma

1

–

Chronic lymphocytic leukemia

2

–

Multiple Myeloma

2

1

Chronic granulocytic leukemia

–

8

Chronic neutrophilic leukemia

1

–

Polycythemia

–

1

Essential Thrombocytosis

1

2

15 (63%)

17 (65%)

Immune thrombocytopenic purpura

–

1

Evans syndrome

1

–

Autoimmune hemolytic anemia

2

–

Aplastic anemia

2

–

Iron-deficiency anemia

–

6

Myelodysplastic syndrome

1

Chronic myelomonocytic leukemia

1

–

Megaloblastic anemia

2

–

TOTAL

9 (37%)

8 (35%)

Hematologic Malignancy

Myeloproliferative Neoplasm:

TOTAL
Non-Hematologic Malignancy:

served between the positive bone marrow reserve
group and the negative (p= 0.024), supporting data
that indicates iron deficiency anemia is often observed in older patients, with implications for the
quality of life and the survival rate of the patient. In
older patients, iron deficiency is caused by measurable factors including low nutritional intake, obstruction of iron absorption, occult bleeding and
medication usage used RET-He to screen iron deficiency anemia in older patients and found higher
sensitivity (93% vs. 72%) and similar specificity
(69% vs. 68%) to that found in the current study.9-11
No significant correlation was observed between
bone marrow iron reserve status with hematology
malignancy or non-malignancy diagnosis. Unfortunately, this research could not determine if RET-He
test could be utilized to eliminate iron deficiency in
patients with hematology malignancies. Peerschke
et al.13 found that RET-He can help eliminate iron
deficiency in cancer patients with a sensitivity rate
82

of 98.5% and specificity of 100%.13 This difference
in results can occur due to differences in comparison. Peerschke’s research used serum ion (SI), total
iron binding capacity (TIBC) and ferritin iron deficiency markers, while study used Prussian blue
staining of bone marrow aspirations, considered
the gold standard for determining iron stores.
Serum ferritin levels are being applied in several
clinical assessment. It has been used in some study
which were designed to investigate the impact of
hyperferritinemia irrespective of iron status.14-16
Regarding studies about diseases related to iron
level, measuring ferritin is only used. However,
ferritin is inadequate surrogate for iron level. There
are many circumstances associated with ferritin enhancement such as infection, liver injury, inflammation and macrophage activation.14
Mean RET-He values in positive and negative bone
marrow iron storage groups were significantly dif-
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Table 3. ROC RET-He analysis of bone marrow iron storage
Variable

AUC (95% CI)

p

Cut off

				
RET-He

0.672 (0.525 - 0.798)

0.030

Sensitivity: 72.0%

> 28.8

				

Specificity: 68.0%

Note: CI= confidence interval

ferent (p= 0.041), similar to a study by Mehta.5
The ability of RET-He to determine the iron status
within bone marrow is generated as RET-He is a
test to detect the contents of hemoglobin within reticulocyte. Reticulocytes circulate for only 24-48
hours, having RET-He portraying the real conditions of iron within the bone marrow. When iron
declines, so too will RET-H.11,17 These results can
provide additional benefits to doctors and patients
while examining iron deficiency, as RET-He is performed using an automated blood cell count and
does not require an additional blood tube, reported
as part of reticulocyte count.11,13,18,19
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Conclusion
The average difference of RET-He between a
positive and negative bone marrow iron reserves
groups. The positive bone marrow iron group had
a higher RET-He average (29.7) than the negative
group (26.9). RET-He test is a good predictor of
the availability of the bone marrow iron reserve.
This research can be continued with the case-control method to increase sensitivity and specificity.
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