Research Article

Blood
Purficcmon

= === —em o ]
Blood Purif 2019;47(suppl 2):70-73
DOI: 10.1159/000496641

Published online: April 3, 2019

Significance of Content of the
Reticulocyte Hemoglobin in the
Management of Renal Anemia

Chie Ogawa®4 Ken Tsuchiya®? Kosaku Nitta® Kunimi Maeda? ¢

aMaeda Institute of Renal Research, Kawasaki, Japan; ®Department of Blood Purification, Tokyo Women's Medical
University, Tokyo, Japan; ‘Department of Medicine, Kidney Center, Tokyo Women's Medical University, Tokyo,

Japan; 4Biomarker Society, INC, Kawasaki, Japan

Keywords
Content of the reticulocyte hemoglobin - Serum ferritin -
Transferrin saturation - Hepcidin-25 - Hemodialysis

Abstract
Optimaliron level in hemodialysis patients remains a subject
of debate. The reticulocyte hemoglobin content (CHr) is be-
lieved to reflect the concentration of iron required in the
most recent hematopoiesis in the bone marrow. CHr is not
influenced by any factors that measure direct hemoglobin
(Hb) of reticulocytes and is considered a reliable indicator.
The supply of iron for Hb synthesis is regulated by hepci-
din-25 (Hep-25). However, CHr and Hep-25 measurements
are not covered by the Japanese medical insurance system.
Serum ferritin (s-ft) and transferrin saturation (TSAT) are used
mainly as indicators of internal iron status. Therefore, we ex-
amined the relationships among CHr, s-ft, TSAT, and Hep-25
to determine the optimal iron level. This report presents the
clinical significance of CHr, the potential use of CHr for the
diagnosis of iron deficiency, and tests for optimal iron level
using CHr as performed in our hospital.
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Clinical Significance of Reticulocyte Hemoglobin
Content

Of the total 3-5 g of iron in the body, 70% is present in
the reticuloendothelial system. Iron is used for hemoglo-
bin (Hb) synthesis in the bone marrow at an hourly rate
of 0.8-1.0 mg. Because 3-4 mg of iron circulates in the
blood, the recycling of iron represents a primary source.
Therefore, maintenance of Hb synthesis requires an effi-
cient use of iron to avoid iron deficiency or iron overload.

The hematopoiesis of red blood cells (RBCs) starts
with erythropoietin acting on erythroblast precursor cells
to aid their differentiation into proerythroblasts. Pro-
erythroblasts finally differentiate into erythroblasts after
4-5 divisions. After 3-5 days of differentiation, erythro-
blasts undergo enucleation through chromatin conden-
sation and become reticulocytes. Hb synthesis starts at
the proerythroblast stage and increasingly accelerates
with differentiation into basophile erythroblasts, poly-
chromatophilic erythroblasts, and orthochromatic eryth-
roblasts while Hb is being accumulated. After their pro-
duction in the bone marrow, the reticulocytes are re-
leased 2-3 days later into the peripheral blood. Their
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Fig. 1. The hematopoiesis of RBCs. Hb syn-
thesis starts at the proerythroblast stage
and increasingly accelerates in erythro-
blasts. The reticulocytes are released 2-3
days later from the bone marrow into the
peripheral blood and differentiate in ma-
ture RBCs 1-2 days later. RBCs, red blood
cells; Hb, hemoglobin.
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reticular components are removed at each of their pas-
sage in the spleen in a cycle of 1-2 days to produce ma-
ture RBCs (Fig. 1). Because reticulocytes remain in the
peripheral blood only for a short period, reticulocyte he-
moglobin content (CHr) is believed to accurately reflect
the concentration of iron required in the most recent he-
matopoiesis.

To date, optimal iron level in hemodialysis (HD) pa-
tients has been examined with the aim of raising Hb levels
and reducing erythropoiesis-stimulating agents (ESAs)
[1]. The survival time of mature RBCs is 120 days in
healthy people. Although decreased RBC survival has
been reported in HD patients, it is difficult to assess he-
matopoietic efficacy based on Hb in mature RBCs [2].
Therefore, the optimal iron level in hematopoiesis is ex-
amined more accurately using CHr as an index rather
than using Hb in mature RBCs.

CHr Measurement

CHr is measured by the flow cytometry technique us-
ingalaserbeam. First,a surfactantisapplied to spheroidize
and immobilize RBCs without changing their volume.
Next, the RNA in the reticulocyte is stained in blue using
Oxazin 750. Subsequently, mature RBCs and reticulo-
cytes are distinguished based on the concentration of
RNA calculated using absorbance values, and their vol-
umes and Hb levels are calculated using their scattering
light measurements. Therefore, as a reticulocyte index, a
mean corpuscular volume of reticulocyte and a corpus-

The Optimal Iron Content for HD
Patients

cular Hb concentration mean of reticulocyte can be di-
rectly measured. CHr is a mean value of reticulocyte Hb
level, which is calculated based on the cell volume and Hb
level of each reticulocyte. These measurements are highly
stable, with 20-time repeated measurements resulting in
a coefficient of variation of 0.8-1.6% [3], with stable CHr
measurements also observed in HD patients [4]. When
samples were preserved for a longer time, CHr presented
the highest stability: while mean corpuscular volume of
reticulocyte and concentration mean of reticulocyte re-
mained stable only for 8 h at room temperature and for
24 h of refrigeration, the results for CHr did not vary after
24 h at room temperature and 72 h of refrigeration [5].

Previous Examinations of CHr in HD Patients

Based on its characteristics to reflect the concentration
of iron required in hematopoiesis in real time, CHr has
been considered useful for diagnosing absolute, function-
al iron deficiency. In particular, HD patients suffer from
dialysis-related blood loss and use ESA under chronic in-
flammatory conditions; therefore, they are more likely to
present absolute, functional iron deficiency and their di-
agnosis of iron deficiency is considered crucial. Maximiz-
ing the effectiveness of high-cost ESAs being used by HD
patients by avoiding iron deficiencies will also help to re-
duce medical expenses.

Currently, the optimum cutoff values for CHr of iron
deficiency in HD patients are determined and examined
using a technique wherein the “iron deficiency criteria” are
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established via a ROC curve, which is used to determine
both sensitivity and specificity. For the iron deficiency cri-
teria, a few methods have been used, including one in
which intravenous chalybeate is administered to observe
increased responses in CHr, Hb, and Hct [6-10] and an-
other in which serum ferritin (s-ft) <100 ng/mL and trans-
ferrin saturation (TSAT) <20% are used as the criteria [11].
In the intravenous chalybeate administration method,
CHr significantly rises at 48 h after the administration and
peaks at 96 h in the iron-deficient group, whereas little
variability is observed in the iron-sufficient group [9].
These data show that CHr responds to the chalybeate ad-
ministration in the iron-deficient condition but not once
the concentration of iron reaches a certain level. In the
present study, wherein we used ADVIA 120 for measure-
ment, the cutoff value was 29-32.4 pg. A sensitivity of 43—
100% and a specificity of 80-93.2% have been reported in
the literature. These results showed that despite a high
specificity, the sensitivity varied in various reports, sug-
gesting that further examination is required. Nevertheless,
many of these results were superior to the sensitivity and
specificity compared to the s-ft and TSAT tested at the
same time, indicating the usefulness of CHr [7, 8, 10, 11].

Examination of the Optimal Iron Level using CHr in
HD Patients

CHr has previously been shown to be useful in diagnos-
ing iron deficiency. However, because CHr measurements
are not covered by the Japanese medical insurance system,
they are not widely used. In this study, we examined the
correlation of CHr with s-ft and TSAT, which are routine-
ly used as iron parameters, to express the optimal iron con-
tent for hematopoiesis in HD patients using s-ftand TSAT.

Previous reports have shown that CHr is positively cor-
related with s-ft and TSAT [9, 12], but in iron-sufficient
conditions, CHrhasbeen shown to remain unchanged even
with chalybeate administration. Therefore, we propose that
CHris positively correlated with s-ftand TSAT up to certain
s-ftand TSAT values butis notaffected beyond these values.
Our aim was to identify the optimum cutoff values for
which the relationship of CHr with s-ftand TSAT changes.
In addition, we investigated the relationship between CHr
and hepcidin-25 (Hep-25) measured at the same time. Iron
absorption from the intestinal tract and the iron supply
from cells to the blood are regulated by Hep-25 [13]. Be-
cause iron in the blood is used for hematopoiesis and is de-
pleted within 4-5 h unless supplied, iron metabolism by
Hep-25 is likely regulated during hematopoiesis.
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This is a retrospective observational study using the
data of 181 HD outpatients receiving recombinant hu-
man erythropoietin. All patients provided informed con-
sent authorizing data sampling and analysis at the initia-
tion of dialysis therapy. We measured CHr using ADVIA
120 (Bayer Diagnosis, Tarrytown, NY, USA) and Hep-25
using LC-MS/MS.

To determine optimal cutoff values, correlation coef-
ficients were analyzed using the change sensitivity analy-
sis method. As a result, the optimal cutoff value for s-ft
was 50 ng/mL (<50 ng/mL, r = 0.47 vs. >50 ng/mL, r =
0.22; F value = 17.64) and that for TSAT was 24% (<24%,
r=0.58 vs. >24%, r = 0.08, F value = 34.45). Using these
optimum cutoff values, we classified the patients by iron
levels to additionally examine the relationship between
the number of reticulocytes and CHr. Asaresult, the CHr
in the s-ft >50 ng/mL and TSAT >24% group did not de-
crease even if the number of reticulocytes increased.
Therefore, under the condition of s-ft >50 ng/mL and
TSAT >24%, the concentration of iron required in hema-
topoiesis is likely sufficient even if the number of reticu-
locytes has increased. In addition, we found that in the
relationship between CHr and Hep-25, there were
two cutoff values, with optimal Hep-25 cutoff values of
20 ng/mL (<20 ng/mL, r = 0.52 vs. >20 ng/mL, r = —0.01;
F value =21.12) and 70 ng/mL (<70 ng/mL, r = 0.36 vs. >
70 ng/mL, r = —0.45; F value = 24.52). Hep-25 is induced
by iron and inflammatory signals [14], but in the patient
groups examined in this study, CRP levels were low (me-
dian: 0.06 [interquartile range 0.03-0.27] mg/dL), indi-
cating that inflammation was well controlled. Therefore,
we believe the Hep-25level depends on the concentration
of iron in many patients. These results suggest that the
concentration of iron equivalent to 20 ng/mL of Hep-25
is insufficient for hematopoiesis and that the concentra-
tion of iron equivalent to 21-70 mg/mL of Hep-25 is suf-
ficient, and the concentration of iron equivalent to >70
mg/mL develops negative iron metabolism.

Hep-25 and s-ft showed a strong, significant correla-
tion (r=0.731, R*=0.535,p < 0.001). The s-ft values equiv-
alent to 20 and 70 ng/mL of Hep-25, which were predicted
based on an approximate straight line, were 59.7 (95% CI
48.5-70.9) and 155.1 (95% CI 142.6-167.5), respectively.

Conclusions

Currently, iron level in HD patients is managed us-
ing s-ft, which is an index of stored iron, and TSAT,
which is an index of available iron, in accordance with
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relevant guidelines. However, both indices are affected
by factors such as inflammatory status, infectious dis-
eases, liver diseases, malignant tumors, and nutritional
status. Furthermore, TSAT is subject to a diurnal varia-
tion. Therefore, their reliability as indices for iron is de-
batable [15, 16]. Only CHr directly reflects the concen-
tration of iron required in hematopoiesis. In HD pa-
tients, many factors influence iron-related data, such as
chronic inflammatory conditions, undernutrition, fre-
quent chalybeate administration, and ESA use. How-
ever, CHr levels are almost equal to those of healthy
people in the iron-sufficient state [12]; CHr represents
a stable marker for the concentration of iron required
in hematopoiesis.

The results of the present study suggest that in patients
receiving recombinant human erythropoietin, the con-
centration of iron of Hep-25 >70 ng/mL is the lower lim-
it of iron sufficiency and that negative iron metabolism
occurs at this level in hematopoiesis. Because it that been
shown that the long-acting ESA uses a greater concentra-
tion of iron during hematopoiesis and it suppresses Hep-
25 [17, 18], further studies are warranted.

Disclosure Statement

The authors have no conflicts of interest to disclose.

Funding Source

This work was in part supported by PSPS KAKENHI Grant
Number 17K09714. This study was supported in part by a Grant-
in-Aid for Intractable Renal Diseases Research, Research on rate
and intractable diseases, Health and Labour Sciences Research
Grants from the Ministry of Health, Labour and Welfare of
Japan.

Permissions for Image Reproduction

Not applicable.

Prior Publication

This is an original work, and has not been published in whole
or in part elsewhere and is not under consideration by any other
journal.

References

KDIGO clinical practice guideline for anemia
in chronic kidney disease. Kidney Int Suppl

Patients

Tessitore N, Solero GP, Lippi G, Bassi A, Fac-
cini GB, Bedogna V, Gammaro L, Brocco G,

phages. Best Pract Res Clin Heamatol 2006;
108:1381-1387.

DOI: 10.1159/000496641

2012;4:292-298. Restivo G, Bernich P, Lupo A, Maschio G: The 14 Tomosugi N, Kawabata H, Wakatabe R, Hi-
Vos FE, Schollum JB, Coulter CV, Doyle TC, role of iron status markers in predicting re- guchi M, Yamaya H, Umehara H, et al: Detec-
Duffull SB, Walker RJ: Red blood cell survival sponse to intravenous iron in haemodialysis tion of serum hepcidin in renal failure and in-
in long-term dialysis patients. Am J Kidney patients on maintenance erythropoietin. flammation by using proteinChip system.
Dis 2011;58:591-598. Nephrol Dial Transplant 2001;16:1416-1423. Blood 2006;108:1381-1387.
Brugnara C, Hipp M, Irving P}, et al: Auto- 9 Mittman N, Sreedhara R, Mushnick R, Chat- 15 Nakanishi T, Kuragano T, Nanami M, Otaki
mated reticulocyte counting and measure- topadhyay J, Zelmanovic D, Vaseghi M, Y, Nonoguchi H, Hasuike Y et al: Importance
ment of reticulocyte cellular indices. Evalua- Avram MM: Reticulocyte hemoglobin con- of ferritin for optimizing anemia therapy in
tion of the Miles H*3 blood analyzer. Am J tent predicts functional iron deficiency in he- chronic kidney disease. Am J Nephrol 2010;
Clin Pathol 1994;102:623-632. modialysis patients receiving rHuEPO, Am J 32:439-446.
Van Wyck DB, Alcorn H Jr, Gupta R: Ana- Kidney Dis 1997;30:912-922. 16 Bross R, Zitterkoph J, Pithia J, Benner D,
lytical and biological variation in measures of 10 Mitsuiki K, Harada A, Miyata Y: Assessment Rambod M, Kovesdy CP, et al: Association of
anemia and iron status in patients treated of iron deficiency in chronic hemodialysis pa- serum total iron-binding capacity and its
with maintenance hemodialysis. Am | Kidney tients: investigation of cutoff values for reticu- changes over time with nutritional and clini-
Dis 2010;56:540-546. locyte hemoglobin content. Clin Exp Nephrol cal outcomes in hemodialysis patients. Am J
Harris N, Kunicka J, Kratz A: The ADVIA 2003;7:52-57. Nephrol 2009;29:571-581.
2120 hematology system: flow cytometry— 11 Kim JM, Ihm CH, Kim HJ: Evaluation of re- 17 Shoji$, Inaba M, Tomosugi N, Okuno S, Ichii
based analysis of blood and body fluids in the ticulocyte haemoglobin content as marker of M, Yamakawa T, Kurihara S: Greater potency
routine hematology laboratory. Lab Hematol iron deficiency and predictor of response to of darbepoetin-a than erythropoietin in sup-
2005;11:47-61. intravenous iron in haemodialysis patients. pression of serum hepcidin-25 and utiliza-
Fishbane S, Galgano C, Langley RCJr, Canfield Int J Lab Hematol 2008;30:46-52. tion of iron for erythropoiesis in hemodialy-
W, Maesaka JK: Reticulocyte hemoglobincon- 12 Tsuchiya K, Okano H, Teramura M, Iwamoto sis patients. Eur J Haematol 2013;90:237—
tent in the evaluation of iron status of hemodi- Y, Yamashita N, Suda A, Shimada K, Nihei H, 244,
alysis patients. Kidney Int 1997;52:217-222. Ando M: Content of reticulocyte hemoglobin 18 Onuma S, Honda H, Kobayashi Y, Yamamoto
Buttarello M, Pajola R, Novello E, Rebeschini is a reliable tool for determining iron deficien- T, Michihata T, Shibagaki K, Yuza T, Hirao K,
M, Cantaro S, Oliosi F, Naso A, Plebani M: cy in dialysis patients. Clin Nephrol 2003;59: Tomosugi N, Shibata T: Effects of long-term
Diagnosis of iron deficiency in patients un- 115-123. erythropoiesis-s agents on iron metabolism in
dergoing hemodialysis. Am J Clin Pathol 13 Ganz T: Hepcidin - a regulator of intestinal patients on hemodialysis. Ther Apher Dial
2010;133:949-954. iron absorption and iron recycling by macro- 2015;19:582-589.

The Optimal Iron Content for HD Blood Purif 2019;47(suppl 2):70-73 73



