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RESUMEN

Este trabajo se presenta como una revision bibliografica con el objetivo de analizar
la aplicabilidad clinica de la hemoglobina reticulocitaria equivalente (Ret-He)
evaluacion de la anemia por deficiencia de hierro en los pacientes con enfermedad
renal cronica (ERC) al ser una de las complicaciones mas frecuentes en este tipo
de pacientes y que representa un gran desafio diagndstico debido a las limitaciones
que los biomarcadores del metabolismo de hierro enfrentan por la presencia de
inflamacion cronica.

Este se desarrollé a través de una investigacion de tipo documental, descriptiva-
analitica y de corte transversal, mediante la revision de literatura cientifica publicada
en bases de datos confiables como Google Académico, SciELO, PubMed, Science
Direct, etc. La seleccion de los estudios se realizd a través de los criterios de
inclusién y exclusion previamente establecidos, obteniendo una muestra final de
siete investigaciones relacionadas con el uso del Ret-He en pacientes con ERC.

Los resultados del analisis critico y la sintesis de los estudios evidenciaron que el
Ret-He muestra una relacién importante con los parametros clasicos del perfil de
hierro y también prueba ser util para detectar a tiempo la falta de hierro (tanto total
como funcional). Asimismo, diversos estudios también sefalaron que su influencia
es menor debido a los procesos inflamatorios propios de la ERC, lo que permite una
evaluacion mas exacta del estado del hierro y ayuda a seguir la respuesta al
tratamiento.

Se llegé a la conclusion de que el Ret-He es una herramienta diagndstica valiosa y
complementaria para evaluar la anemia por deficiencia de hierro en pacientes con
ERC, ayudando a tomar decisiones clinicas mas rapidas y a manejar a estos
pacientes de manera integral.

Palabras clave: Hemoglobina reticulocitaria equivalente (Ret-He), enfermedad
renal crénica (ERC), anemia, deficiencia de hierro, saturaciéon de transferrina (IST),
ferritina, biomarcadores, perfil férrico.



ABSTRACT

This work presents a literature review with the objective of analyzing the clinical
applicability of reticulocyte hemoglobin equivalent (Ret-He) for evaluating iron
deficiency anemia in patients with chronic kidney disease (CKD). Iron deficiency
anemia is one of the most frequent complications in this patient population and
represents a significant diagnostic challenge due to the limitations of iron metabolism
biomarkers caused by the presence of chronic inflammation.

This study was conducted using a descriptive-analytical, cross-sectional,
documentary research approach, through a review of scientific literature published
in reliable databases such as Google Scholar, SciELO, PubMed, ScienceDirect, etc.
Studies were selected based on pre-established inclusion and exclusion criteria,
resulting in a final sample of seven investigations related to the use of Ret-He in
patients with CKD.

The results of the critical analysis and synthesis of the studies showed that Ret-He
exhibits a significant relationship with classic iron profile parameters and is also
useful for the early detection of iron deficiency (both total and functional).
Furthermore, several studies also indicated that its influence is less pronounced due
to the inflammatory processes characteristic of CKD, allowing for a more accurate
assessment of iron status and aiding in monitoring treatment response.

It was concluded that Ret-He is a valuable and complementary diagnostic tool for
evaluating iron deficiency anemia in patients with CKD, facilitating faster clinical
decision-making and enabling comprehensive patient management.

Keywords: Reticulocyte hemoglobin equivalent (Ret-He), chronic kidney disease
(CKD), anemia, iron deficiency, transferrin saturation (TSAT), ferritin, biomarkers,
iron profile.



INTRODUCCION

Desde 2002, la comunidad médica internacional ha adoptado una definicion
unificada de la enfermedad renal cronica (ERC), independientemente de su
etiologia. Esta se define por la presencia de dafo renal o una disminucion de la tasa
de filtracion glomerular (TFG) durante mas de tres meses, y se clasifica en cinco
estadios segun el nivel de TFG (Boffa & Cartery, 2015).

La anemia es una complicacion frecuente de la ERC, cuya prevalencia aumenta a
medida que disminuye la TFG. Se asocia con una carga considerable de morbilidad
y mortalidad, incluyendo una reduccién de la capacidad funcional, mala calidad de
vida y un aumento del riesgo de enfermedades cardiovasculares y muerte. Por
tanto, el manejo de la anemia es un elemento esencial de la practica nefrologa
contemporanea (KDIGO, 2026).

La evaluacion del estado del hierro se ha basado en parametros tradicionales como
la hemoglobina, la ferritina, la saturacién de transferrina (TSAT) y el hierro sérico.
Sin embargo, en patologias como la ERC, estos marcadores presentan limitaciones
debido a la influencia de la inflamacién cronica. Esto ha llevado a investigar nuevos
marcadores mas precisos, como la hemoglobina reticulocitaria equivalente (Ret-
He).

El Ret-He es un parametro hematolégico que mide el contenido de hemoglobina
presente en los reticulocitos, los cuales son eritrocitos inmaduros liberados desde
la médula ésea hacia la circulacion periférica, donde permanecen aproximadamente
entre uno y dos dias antes de madurar completamente (Urrechaga et al., 2006; Rai
et al., 2023).

Dado que los reticulocitos reflejan la eritropoyesis reciente, el Ret-He constituye un
indicador temprano de la disponibilidad funcional de hierro para la sintesis de
hemoglobina. A diferencia de los eritrocitos maduros, cuya vida media es de 120
dias aproximadamente, los reticulocitos permiten evaluar cambios mas inmediatos
en el estado del hierro, lo que convierte a este parametro en una herramienta util
para la deteccion precoz de deficiencia de hierro (Mercado, 2023).

Diversos estudios han mostrado que el RET-He presenta una mayor precision en la
deteccion de eritropoyesis deficiente en hierro en comparacion con parametros
tradicionales como el hierro sérico, la ferritina y la TSAT. Asimismo, su uso
contribuye a optimizar la toma de decisiones terapéuticas, permitiendo ajustes mas
oportunos en la administracién de hierro y reduciendo el riesgo tanto de deficiencia
como de sobrecarga férrica (Toaquiza et al., 2022).
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1.1

NECESIDAD DEL ESTUDIO

La enfermedad renal cronica (ERC) constituye un problema de salud publica a
nivel mundial. Segun la Organizaciéon Mundial de la Salud (OMS), afecta
aproximadamente a 850 millones de personas, lo que representa mas del 10 %
de la poblacion global, y es responsable de alrededor de 2,4 millones de muertes
anuales, posicionandose como una de las principales causas de mortalidad a
nivel global (Li et al., 2020).

En Panama, la situacion no es distinta. Datos de la Caja de Seguro Social (CSS)
indican que aproximadamente una de cada diez personas padece enfermedad
renal, con una prevalencia estimada entre el 12 % y el 18 %, lo que evidencia
un incremento sostenido de casos en los ultimos anos (Armuelles et al., 2022).
Este escenario ha consolidado a la ERC como una condicion de alto impacto en
el sistema de salud.

Entre sus complicaciones mas frecuentes se encuentra la anemia,
particularmente en pacientes en hemodialisis, donde su prevalencia oscila entre
el 60 % y el 80 % (Sany et al., 2020; Daali et al., 2025). La anemia en la ERC es
de origen multifactorial, destacando la disminucién en la produccién de
eritropoyetina y las alteraciones en el metabolismo del hierro. Ademas, el estado
inflamatorio crénico interfiere con la movilizaciéon del hierro, favoreciendo una
deficiencia funcional y contribuyendo a la resistencia al tratamiento con
eritropoyetina (Merlin et al., 2021).

En la practica clinica, la evaluacion del estado del hierro en estos pacientes
representa un desafio. Los parametros convencionales, como la ferritina sérica,
la saturacion de transferrina y el hierro sérico, son marcadores indirectos que
pueden verse alterados por procesos inflamatorios. En particular, la ferritina
puede estar alta aunque no haya suficiente hierro en el cuerpo, ya que actua
como un reactante de fase aguda. Esto puede dificultar un diagndstico exacto y
llevar a decisiones de tratamiento incorrectas (Dalimunthe & Lubis, 2016).

Ante estas limitaciones, se ha propuesto la hemoglobina reticulocitaria
equivalente (RET-He) como un biomarcador que refleja de manera mas directa
la disponibilidad funcional de hierro para la eritropoyesis. Este parametro permite
evaluar de forma temprana el estado del hierro en la médula ésea y resulta util
tanto para el diagndstico como para el monitoreo de la respuesta al tratamiento
con hierro y agentes estimulantes de la eritropoyesis (Merlin et al., 2021).

No obstante, a pesar de su potencial utilidad, la evidencia sobre su aplicabilidad
clinica aun es limitada en ciertos contextos, y en Panama existe escasa
informacién que respalde su uso como herramienta diagnéstica en pacientes
con ERC. Esta brecha de conocimiento resalta la necesidad de profundizar en
el analisis de su rendimiento clinico frente a los marcadores tradicionales.
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1.2 OBJETIVOS

1.21 OBJETIVO GENERAL

¢ Analizar la evidencia cientifica disponible sobre la aplicacion clinica de
la hemoglobina reticulocitaria equivalente en la evaluacion de la
deficiencia de hierro en pacientes con enfermedad renal cronica.

1.2.2 OBJETIVOS ESPECIFICOS

e Describir la fisiopatologia de la anemia por deficiencia de hierro en
pacientes con enfermedad renal cronica.

e Explicar el fundamento analitico de la hemoglobina reticulocitaria
equivalente como indicador de disponibilidad funcional de hierro.

e Comparar el rendimiento diagnostico del hemoglobina reticulocitaria
equivalente con los marcadores tradicionales del perfil férrico en
pacientes con enfermedad renal cronica.

e Examinar la evidencia cientifica sobre la sensibilidad y especificidad de
la hemoglobina reticulocitaria equivalente para la deteccion de
deficiencia de hierro en pacientes con enfermedad croénica.

1.3 JUSTIFICACION

La enfermedad renal crénica (ERC) representa un problema de salud publica
con impacto creciente tanto a nivel global como nacional, asociado a multiples
complicaciones, entre las cuales destaca la anemia por deficiencia de hierro.
Esta condicion incrementa la morbilidad y mortalidad y deteriora
significativamente la calidad de vida de los pacientes, afectando su capacidad
funcional, estado cardiovascular y desempefio cognitivo.

En la practica clinica, evaluar el estado del hierro en pacientes con ERC es un
desafio, debido a que los marcadores tradicionales pueden alterarse por la
inflamacion, limitando su utilidad diagnéstica y pudiendo conducir a decisiones
terapéuticas inadecuadas.

En este contexto, la hemoglobina reticulocitaria equivalente (Ret-He) ha surgido
como un biomarcador prometedor, al reflejar de manera mas directa la
disponibilidad funcional de hierro para la eritropoyesis. Su uso podria permitir
una deteccién mas temprana de la deficiencia de hierro, asi como un mejor
monitoreo de la respuesta al tratamiento con hierro y agentes estimulantes de la
eritropoyesis.

Esta revision de la literatura es necesaria para analizar la evidencia cientifica
sobre el uso clinico del Ret-He en pacientes con ERC, con el objetivo de
determinar su valor diagnostico en comparacion con los parametros
tradicionales y apoyar su posible inclusién en la practica clinica.

Asimismo, sus resultados podrian contribuir a optimizar la evaluacion de la
anemia, favorecer decisiones terapéuticas mas precisas y apoyar la
actualizacion de protocolos diagndsticos. Finalmente, este estudio sienta bases
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para futuras investigaciones orientadas a validar su uso en poblaciones
especificas.
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ABSTRACT

Background: Chronic Kidney Disease (CKD) Is a public health concern with anemia being a major complication.
RET-He I= a cost-effective parameter to assess iron stabus in CKD, but further research s necessary to assess
Its correlation with existing parameters. This study attempted to investigate the correlation between RET-He,
Irom status, and erythrocyte Indices among CKD patients.

Materials and Methods: A cross-sectional stwdy involving 110 CKD patents who underwent routine
hematology and iron profile bests (senem irondS1, tetal iron binding capacity/TIBC, transferrin saturation/ TSAT,
and fierritin). RET-He was then measured using a Sysmex XN-1000 hematology analyzer Statistical tests were
used to define the correlation bebween RET-He], iron status, and erythrocyte indices.

Results: There was a significant positive comelation between RET-He and 51 (r = 0.349; p = 0,000}, TSAT (r =
0.393; p = 0.000), and ferritin (r = 0.279; p = 0.003). Among CKD patients with excess ron levels, there was
a moderate correlation between RET-He and TSAT (r = 0.404; p = 0.000).

Conclusion: The study found a significant correlation between RET-He levels and Iron status markers in CKD
patients. RET-He Is recommended as an additional parameter to assess iron status and as an additional method
to estimate TSAT and ferrtin levels, espedally in settings where chemistry analyzers are unavallable. Further
research is required to establish RET-He cut-off values for Identifying excessive iron levels in CKD patients.

Keywaords: Reticulocyte hemoglobin eguivalent; Iron status; Erythrocyte indices, CKD
INTRODUCTION Anaemia is a main issue with chronic kidney disease

With an increasing incidence of kidney failure, a
poor prognosis, and significant costs, chronic kidney
disease [CKD} is a worldwide public health concern.
According to the 2018 Indonesian Baseline Health
Research, CKD prevalence at age =15 years is
0.38%", and renal disease is responsible for the
second-highest spending in the national insurance
systermn after heart diseasas’,

DOl: 10, 18503/ij hoser.v19i1. 17224

[CKD). The most significant factor that contributes to
anaemia in CKD is erythropoietin deficiency, but
other factors that can also play a role include inon
shortage, blood loss, hemolytic conditions, uremic
substances, and inflammatary states™.
Erythropoietin is a glycoprotein hormone  that
controls  the process of erythropoiesis:  the
production of red blood cells [RBCs]. The kidneys,

Copyright © 2025 Tehran University of Medical Scierces. This work i licensed urder a Creative Commaons Attrisution:Non comenertial 4.0 Interrational
licerrar [httpey creative commons orgdcenses/by-ncd.0]. Mon-comimercial uses of the work are permitted, prowided the ariginal work is property oited

UHOSCR 19(1] - jjhoscr.tums.ac.ir = January, 1, 2025
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especially the peritubular fibroblasts of the renal
cortex, are responsible for producing this hormone.
The kidneys make around B0-90% of erythropoietin,
with the liver producing the remaining amounts. This
hormone  stimulates  the differentiation  and
proliferation of erythroid progenitor cells and the
synthesis of haemoglobin to become mature RECs in
the bone marrow™’. In CKD, tha process is disturbad,
leading to a decrease in RBCs and anaemia®®.
Anaemia decreases the patient's quality of life and
leads to major health problems. Therefore, the
management of anaemia is critical. Data shows that
abouwt 25% of patients with CKD require recurrent
blood transfusion®.

The aim of anaemia management in CKD is to
improve haemoglobin {Hb) and hematocrit [Hct)
levels, specifically Hb =10 g/dL and Het »30%. This Hb
lewvel can be achieved through conservative
treatment or with erythropoietin (EPO) therapy. EPO
therapy aims to reduce the need for transfusions.
EPOD therapy failures in CKD often occur in patients
with iron deficiency comorbidity. Therefore, iron
status examinations are necessary for the
management of CKD®.

The recommended method of determining iron
status is bone marrow iron staining, but it is an
inwasive and risky procedure. Imstead, indirect
methods of determining iron status are preferred,
such as serum iron (51), total iron binding capacity
[TIBC], transferrin saturation (TSAT), and serum
ferritin. However, indirect methods are frequently
unavailable due to their high cost, require specialized
equipment, and are affected by inflammatory factors
that are present in CKD patiemts'™12,

Currently, am automatic haematology analyzer is
equipped with a parameter describing how much
iron is available for the erythropoiesis process in the
bone marrow, known as reticulocyte haemoglobin
eguivalent [RET-He), which measures the
haemoglobin content in reticulocytes? . The RET-
He examination does not require an additional
analyzer, 5o it is relatively cheaper and more efficient
compared to iron status examinations, especially for
hospitals that do not have a chemistry analyzer to
check the iron status™"’.

The RET-He examination is not yet a stamdard
procedure at Prof. Dr. R.D. Kandou Manado Hospital.

Correlation of RET-He and Iron Stabus

Although this hospital has a haematology analyzer
with the Ret-He parameter, no research has been
done om this parameter. Therefore, further study is
required to determine the relationship between RET-
He and the iron status tests that are regularly
performed.

MATERIALS AND METHODS

Subjects

This was an analytical observational study with cross-
sectional study design. The samples were taken from
CKD patients in the nephrology clinic who came to
the Integrated Clinical Laboratory of Prof. Dr. RO
Kandou Manado Hospital for haematology and iron
status examinations (51, TIBC, TSAT, and ferritin). For
those who met the inclusion criteria, an additional
RET-He examination was conducted. The time for
collecting samples is throughout luly 2020. The
sample size was calculated using the consecutive

sampling method™.
z

(Za + Z5)
fosm (2 *a
B 1-r
2
| (L96 4+ La4)
= 051 Teoamay | 3
i (1-64!9]
Motes:
n = minimum number of samples required

o = Type | Error [Zo) = set at 5% with the two-
way hypothesis. Za is set at 1.96.

Zp = Type |l error (ZB) = set at 10% with the two-
way hypothesis. Zf is set at 1.64.

r = 0495 1

Thus, the minimum number of samples required was
100 samples.

Patients had to meet the inclusion criteria for this
study, which included those who had iron status
examinations, specifically 5, TIBC, TSAT, and ferritin,
as well as routine haematology examinations.
Patients also must be older than 18 years old. On the
other hand, the exclusion criteria indicated that
patients referred or consulted from other dinics or
umits within the nephrology clinic would not be
eligible to participate. Patients who had undergone
kidney transplantation were additionally excluded
from the study. These criteria were created to
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guarantee that the study’s findings were reliable and
relevant to the intended demographic. All
participants who met the criteria for inclusion signed
informed consent forms before beginning the study.
The ethical clearance was issued by the Health
Research Ethics Cormmittee of Prof. Dr. R.D. Kandou
Manado  Hospital with approval number
65/ EC/KEPK-KANDOU NI/ 2020.

Methods

Haematological and RET-He examinations were
conducted using the Sysmex XN-1000 automatic
haematology analyzer (Sysmex Corporation, Kobe,
lapan). Meanwhile, iron status (51, TIBC, TSAT, and
ferritin) examinations were conducted using the
Roche Cobas B0OOO autoanalyzer (Roche Diagnostics
GmbH, Mannheim, Germany). Internal and external
guality control were done for both instruments twice
a year for each parameter.

Statistical analysis

The univariate analysis was utilized to determine the
distribution of each wvariable according to the
characteristics of the sample. If normal data
distribution was acquired (p> 0.05), the results were
reported using the mean 4 standard deviation {SD).
On the contrary, the results were reported using the
median and interguartile range (IQR} when data
distribution was not normal.

Then, a bivarate analysis was applied to find the
relationship between RET-He and 5l, TIBC, TSAT, and
ferritin. Moreowver, the relationships between RET-
He and the RBC, haemoglobin, and hematocrit
counts were also determined. The relationship was
considered significant if p <0.05 The degree of
correlation showed a very weak correlation if r = 0.00
= 0.19%9, a weak correlation if r = 020 - 0,399, 3
maoderate correlation if r = 0,40 - 0.599, a strong
correlation if r = 0.60 = 0.799, and a very strong
correlation if r = 0.80 = 1.00, as shown by Table 19,
Data were analyzed using 5PS5 wersion 25.0 for
Windows.
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Table 1: interpretation of cormelation test
~ Interpretation

000 = 0198 Wery weak cansdation

020 - b.388 Weak cardation
0ad - D548 Mioderate cornelation
OG0 = 0798 Sirang correation
CLHD = 1.00 ‘Wery slrang cormelalion

*r = carrelation oo Micent

RESLLT

Characteristic of Subjects

There were 110 subjects in total, consisted of 53
males [(48.2%) and 57 females (51.8%). The age range
and mean were 20 = 79 years and 55.2 years,
respectively. The distribution of sex and age were
shown in Table 2.

Table 2: Chewacteristics of Subject by Sex and Age

Mumber {percentage)
Charactenistics

n &)
Sex
Male &3 442
Female a7 (5181
Talal 110 [l X}
;3? 35 B 73
36 . &R 4 41.8
a6 . 65 L] 222
B ar more 5 (236
Tatal 110 [l etil}

Aige Mean £ S0 - 562 £ 122

Data distribution

The Kolmogorov=Smirnov test was conducted to
determine the data distribution. 1t was found that
the RET-He, hemoglobin, MCV, MCH, RBC and
hematocrit levels data were normally distributed,
thus were reported as Mean + 50. Meanwhile, the 5l,
TIBC, TSAT, and ferritin data were mot normally
distributed, thus the median with an interquartile
range (IQR}) were reported. The results of the
narmality test were presented in Table 3.
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Table 3: Mormality Test's Results for Observed Parameiers

Correlation of RET-He and Iron Status

Parameters n p Mean = S50 Median {|QR)
RET-Ha= ipg) 110 [FIEE] x4 247

HE {grdL) 10 0200 BS & 138

Het (%) 1140 0200 MA£412

RBC [x107) 110 Qo200 284081

MO (L) 110 02200 Bd 8o d 42

MCH (pg.1 110 Qo200 300 £ 1.66

51 1%) 110 (KR [k] M0 (TT.1 - 96.1)
TIEC (ugdl 110 [k k] 155,86 (2026 - 226.1)
TEAT (%) 110 [REi k] 35,0375 - 46.T)
Ferntin {ngtdL) 110 [WEi [} ] 10712.8 (ART.1 - 1306.0)

MNormal data distibution i po 0005

Correlation Tests

Correlation between RET-He, Haemoglobin [Hb),

Erythrocyte Count (RBC), and Haematocrit {Hct)

Pearson’s correlation test was done to determine

Pearson’s correlation test between RET-He and Hb,

RET-He and RBC, and RET-He and Hct. Table 4

indicates the results of Pearson’s correlation test.

the correlation betweem RET-He, Hb, RBC, and Hct. Figure 1a = 1c.
Insignificant negative correlations were found in the

Table 4: Corelabon between RET-He, Enpbrocyte Indices, and ron Stabs

RET-He

n <] r
Enythrocyte Indices
H?qh 110 L4488 0003 [wery wealk)
RBC 110 .00 <0.260 [weak)
Het 114 0105 0,186 [very weak
Iron Stalus

110 0.000 D.349 (k)
TiBC 110 D.&44 0037 [wery wek)
TSAT 114 0,000 0,299 k)
Femilin 11 0003 DU2TY fasak)

Siatslically sigrificant cormelstion if p «< 0005
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Figura 1a. Comelation batwesn RET-He and HE
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Figure 1b. Corelation between RET-He and Hct
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Figura ic. Carelation betwsen RET-Ha and RBC

Figure 1. Peamson's commelation scatierplols between Ret-He, Hb, Hot, and RBC
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Correlation betwean RET-He, 51, TIBC, TSAT,
and Ferritin

Spearman’s p {rho) correlation test was done to
determine the correlation between RET-He, 5,
TIBC, TSAT, and Ferritin. Significant positive
correlations were found between RET-He and 5,
RET-He and TSAT, and RET-He and ferritin.

Correlation of RET-He and Iron Status

Meamwhile, RET-He and TIBC showed an
insignificant negative correlation. Table 4
presents the results of Spearman’s p correlation
test and Figure 2a = 2d illustrate the correlation
scatterplots.

LE )

-

=i

popid: .
ﬁ' g
v &
:

arrian ke Bl e g T

x - - - a - =
.

Figure 2a. Carrelation betwesn RET.He and 51

Figure 2h. Carrelation between RET . He and TIBC
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Figure 2o Cornelation between RET:He and TSAT

Figure 2d. Carelation between RET-He and Femilin

Figure 2. Spearman’s p comelation scatterplots between RET-He, 51, TIBC, TSAT, and Femilin

Irom Status in CKD Patients

A total of 110 samples were examined; of theze, 3
(2.7%) were defined as hawving absolute iron-
deficiency anaemia, 2 [1.8%) as having functional
iron-deficiency anaemia, 32 (29.1%) as having iron-
sufficient anaemia, and 73 (66.4%) as having an iren-
excess anaemia. Due to the limited number of
samples, the groups with functional iron deficiency

anemia and absolute iron deficiency anemia were
excluded from the analysis.

The iron excess group was established based on a
TSAT level of more than 50% andfor ferritin level of
more tham 500 ug/mL. Mormality test was then
utilized to identify the distribution of data in the iron-
sufficient and irom-excess groups. Data distribution
based on iron status is presented by Table 5.

EE
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Table &: Momality Test's Resuks for Obsereed Parameters Based on ron Siatus

n [ Mean + 50 Median (ER)
ron-sulfficient group
RET-He (pg.) a2 0.473 1B £ 2.00
TSAT () a2 0.676 26,4 £ 7,10
Feritin {ngidL} £+ 0.039 2853 £ 137.2
FON-ERCESS group
Red-He [po.) T 0.0 1B+ 258
TSAT (%) L] 0.00% . 44.0(43.1 = 54.7)
Ferrilin {ngidL} L] 0.008 1653 4 = TO0.2

Mormal data destritndion if p = 0.008

Correlation between RET-He, TSAT, and Ferritin in
Iron-sufficient and Iron-excess Groups

In the iron-excess group, there was a statistically
significant moderate correlation between RET-He
and TSAT. On the contrary, it showed a statistically
insignificant negative correlation within the iron-

sufficient group. Meanwhile, there was a positive but
not significant correlation between RET-He and
ferritinin both groups. The equation y =-13.5+ 1.8%:
for linear regression was obtained. Table 6
demaonstrates the results of correlation tests.

Table &: Conelation Test belvween TSAT and Femilin based on bron States

RET-He

n ] r
rron-sulfficient group
TSAT 2 G478 148 fuery weak)
Femilin J2 0.658 0,087 [very wesk)
ron-EACESS Graup
TSAT M 000 0.404 [maderate)
Femilin 73 [ ] 0.118 [very wesk)

Statistcally significant comelatian if p < 0008

DISCUSSION

In this study, 110 samples from CKD patients were
analyzed to assess their iron  status, with
categorization into different types of anemia based
on irom levels. Critical insights into the prevalence of
iron deficiency and excess within this population
were provided by the findings. Due to the limited
sample sizes in the absolute and functional iron-
deficiency anemia groups, further analysis was
excluded for these groups, leaving two primary
groups: iron-sufficient and iron-excess anemia. The
iron-excess group was defined by a Transferrin
Saturation [TSAT) level greater thanm 50% and/or a
ferritin level exceeding 500 pg/mL. This classification
is essential for understanding the complexities of
anemia in chronic kidney disease [CKD) and
highlights the importance of a comprehensive
assessment of iron status in this contet.
The relationships between Reticulocyte Hemoglobin
Egquivalent (RET-He), Hemoglobin [Hb), Erythrocyte
Count (RBC), and Hematocrit (Hct) were assessed

56

using Pearson's correlation test. The results revealed
insignificant negative correlations among these
parameters, indicating that increases in RET-He do
not correspond to significant changes in Hb, RBC, or
Hct lewels. This finding is particularly intriguing, given
that RET-He is typically regarded as a marker for
erythropaiesis and iron availability ***. The absence
of a significant correlation may suggest that RET-He
does not directly reflect changes in these traditional
hematological parameters under the studied
conditions. One possible explanation for these
findings lies in the complex interplay between
erythropoiesis and iron metabaolism. While RET-He
serves as a valuable indicator of reticulocyte activity
and offers insights into bone marrow function, it may
not consistently correlate with peripheral blood
parameters, especially in populations with wvarying
underlying health conditions or in the presence of
confounding factors such as inflammation or chronic
disease’. Future research should aim to explore
these relationships further, particularly in larger and
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maore diverse populations, while also investigating
potential confounders that may influence these
correlations.

In a complementary analysis, the correlation
between RET-He, Serum Iron (5], Total Iron Binding
Capacity [TIBC), Transferrin Saturation (TSAT), and
ferritin levels was examined using Spearman's p
correlation test. This analysis revealed significant
positive correlations between RET-He and 51, RET-He
and T5AT, also RET-He and ferritin levels, suggesting
that as RET-He increases, so do the levels of these
iron status markers. These findings align with the
hypothesis that RET-He reflects the availability of
iron for erythropoiesis, as it measures the
hemoglobin content in mewly produced red blood
cells’*,  Conversely, the negative correlation
betweem RET-He and TIBC was found to be
insignificant. In contrast, prewvious research by
Davidkova et al. indicated a weak but significant
positive correlation between RET-He levels and
TSAT, suggesting that RET-He levels increase as TSAT
levels rise™. Similarly, Rovani et al. reported a
significant positive correlation between RET-He and
TSAT™. This finding aligns with the understanding
that TIBC can be influenced by various factors, such
as nutritional status and inflammation, which may
not directly correlate with reticulocyte hemoglobin
content**. Several factors could contribute to the
absence of a significant negative correlation
between RET-He and TIBC in this study. For instance,
confounding factors like inflammation or iron
metabolism disorders may obscure the relationship
between thesa two wariables in this cohort.
Additionally, the timing of blood sample collection
relative to dietary intake or treatment interventions
might have impacted the observed levels, further
contributing to the insignificant correlation.

The correlation results between Reticulooyte
Hemoglobin Equivalent (RET-He), TSAT, and ferritin
lewvels in both iron-sufficient and iron-excess groups
provide valuable insights into the dynamics of iron
metabolism in patients with chronic kidney disease
(CKD). In the iron-excess group, a statistically
significant moderate correlation was observed
betweem RET-He and TSAT, suggesting that
individuals with excess iron exhibit higher TSAT
levels alongside increased RET-He levels. The

Correlation of RET-He and Iron Staitus

significant cormrelation between RET-He and TSAT
aligns with the findings of Poventud-Fuentes et al
and Rovani et al . This relationship suggests that
increased availability of excess iron may enhance
erythropoiesis, reflecting a physiological adaptation
to  elevated iron  levels™*. In contrast, the
correlation between RET-He and TSAT in the irom-
sufficient group was found to be statistically
insignificant and negative. This unexpected finding
imiplies that, in patients with adequate iron stores,
other factors may play a more crucial role in
regulating erythropoiesis tham TSAT levels do.
Regarding ferritin  correlations, both  groups
exhibited a positive relationship between RET-He
and ferritin; howewver, this correlation was not
statistically significant. This suggests that although
there is a general trend indicating higher ferritin
levels are associated with increased RET-He, the
relationship in this study remains weak. In contrast,
Rovani et al. reported a significant positive
correlation (r = 0.533; p < 0.001) between RET-He
and ferritin*®. The lack of strength in our findings may
be attributed to limitations such varying levels of
inflammation, which can influence the observed
correlztion’®.

Limitations

This research faced seweral limitations related to
data sampling. Firstly, the study could not investigate
chronic kidney disease (CKD) patients without
anemia, & no individuals were identified within this
group. Additionally, patients undergoing specific
therapies, particularly those receiving
erythropoietin, were excluded from the study. These
factors should be considered when interpreting the
results or planning similar research in the future.
Moreover, potential confounding variables, such as
inflammation and other comorbidities affecting iron
metabolism, were not addressed in this study. The
relatively small sample size may also restrict the
generalizability of the findings. Looking ahead, future
research should focus on exploring the underlying
mechanisms that contribute to the observed
correlations. Larger studies could further investigate
howr factors like inflammatory markers interact with
iron parameters to influence anemia management in
CKD patients.
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CONCLUSION

In conclusion, this study underscores the intricate
relationship between Reticulocyte Hemoglobin
Equivalent {RET-He] and iron status in chronic kidney
disease [CKD] patients at Prof. Dr. R.D. Kandou
Manado Hospital. While RET-He demonstrates a
maoderate correlation with Transferrin Saturation
(TSAT) in irom-excess cases, its limited correlation
with farritin  highlights the complexity of iron
metabolism in CKD. Based on these findings, a RET-
He examination is suggested as an ahternative
method to estimate TSAT and ferritin levels in CKD
patients. Additionally, the RET-He parameter might
be used as an additional parameter for determining
iron status, especially in hospitals that are still lacking
chemistry analyzers. To identify the RET-He cut-off
walue for identifying iron owerload in CKD patients,
further study is required. It is also important to
consider the patient's medications. All these
suggestions need to be considered to improve the
guality of CKD management.
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Clinical usefulness of the reticulocyte hemoglobin
equivalent in children on hemodialysis

Diane D4 Pinto, MDY, Marcos Paz, M.DF, Marta Adrgng, M0 el

Lawura Lipez, M.Dr

ABSTEALCT
tntroddsiction. Irone deficency anemia ks common
in hemodialysis patients. Serum ferritin
and brarsferrin saturation [T5) are used for
its detection. The reticulocyte hemoglobin
equivalent {RET-Helisamarker thatis rotalbered
by inflammatory corditicns and directly reflects
Iron availability i the bone marnrow.
iHsjective. To explore the diagnestic capability
of RET-He to detect absolute iron deficiency and
assiess s correlabon with traditional markers of
iron deficiency.

Fopulation asd wetkods. Relrospective stady
comparing RET-He with fernitin and TS in
children on hemeodialysis seen at Hospital
Garrzhan between July 3006 and July 2019
Beswlts, In 184 obscrvations carrled out
im 440 children, a weak positive correlation
was found between hemoglobin and RET-
He [r = 0133, p «< 0001}, a significant positive
correlation between TS and RET-He (1 = (52,
B HIT, a low regative correlation betwesn
hemaglobin and ferritin (v = <0019, p = (E]L
and a lack of correlation between homoglobin
and TS [ = (08, p= (5], Aremila was observed
Im 50 5 dronedefidency anemia was detected
by traditiomal markers in 13 % ard by RET-He
Im 44 . RET-He showed a sensibivity of 909 %
195 % CL 57,1995 %), a specficity of 745 %
195 % CL ba 751 % |, a negative peedictive value
of 991 {98 WOl 580 0 ), and a positive
predictive value of 1014 % (5% C1 WL7347 %)
to detect iron-deficiency anemia with a cut-off
walue of 24 p.

Comctusions. Despite its limited capability, the
s of RET-He as a biomarker of iron defidency
ircreasesthe detectionof lron-deficken oy aremia
im children o hemandialvels.

Key wwords: smemide, retfcnlocyte hesmoglobin
epuivalont, dawroalafys s, duld

hatp: /  dh i org f 10,5546 aap. 2030.eng, 411

squivaunt in children on bemeialysis. Arek Argeut
Firfiate 200011 EEd6}ed1 1417,

INTRODUCTION

Anemla is common bn patbents with
chronic kidney disease (CKD) and
may be attributed to several factors:
inadequate erythropodetin production,
iron, vitamin B12 and/ or folic actd
defictency, inflammation, blood loss,
hyperparathyroldism, among others.!
It is & magor complication foe children
on hemodialysis and Is assoclated with
increased morbadity and mortality and
reduced quality of life

After ervthropoietin insufficiency,
iron deficlency is the main cause
of anemia in this population.’
Hemmodialysls patients have absoliibe
iron deficiency due to dietary
restrictions and reduced appetite,
reduced intestinal absorption
because of gastrc ackd inhibitors and
phosphate binders use, and blood
boss froan the extea-corporeal elrcutl™
Chronic inflammation, associated
to dialysis, eesults in elevated
hepeidin, which reduces intestinal
ieon absorption further and Inhibils
the release from reticuloendothelial
stores, llmiting lron available For
erythropoiesis ! Both absolute
and functional iron deficiency limit
the effectiveness of erythropoietin
therapy, resulting in higher doses and,
therefore, higher costs2

For many vears, the gold
standard bo assess lron metabolism
in patients with renal anemia has
been a combination of serum ferritin
and tranaferein saturation (TS):
nevertheless, these markers have
limitations®" Serum fereitin reflects
total body irom stores, but it is alse an
acute phase reactant that may increase
with chronic inflammation, making
its interpretation dafficull in patients
with CKDE'2* whereas the levels of
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trapsferrin -the serum protein that mediates iron
transport from blood plasma to Hssues- display
diuenal fluctuation amd can be falsely elevated in
the setting of malnutrition or chronic disease, !4

By contrast, the reticulocyte hemoglobin
equivalent (RET-He), which estimates the amount
of hemoglobin in reticulocytes that reflects the
erythropolesis index over the preceding 2-3 days
{early predictor), is not altered by inflammatory
conditions and provides real-time information
on iron availability in the bone marrow for
incoeporation into retieulocytes 45 Due 1o these
characteristics, in recent years, intermational
guidelines have included RET-He as an lron-
deficiency marker, considering a cut-off value
af =39 PS_'L‘I i

Given that there is limited expenence of its
usefulness in pediatrics, this retrospective study
was conducted in order to explore the diagnostic
capability of RET-He to detect absolute iron
deficiency in children on hemodialysis seen at
Hospital de Pediatria “Prof. Dr. Juan P. Garrahan.”
The correlation between RET-He and traditional
markers of iron deficlency was also assessed.

MATERIAL AND METHODS

Retrospective study of diagnostic accuracy
conducted in the Division of Hemodialysis of
our hospital between July 2016 and July 2019,
[nclusion criteria: patients younger than 18
vears who were on hemodialysis at our hospital
for more than 3 months and for whaom the four
biochemical measurements were taken, at least
once, Lo assess iron deficlency (hemoglobin,
RET-He, ferritin, and TS5}, Exclusion criteria:
blood dyscrasias, knewn as hemoglobinopathies,
hemalytic anemia and hemorrchagic disorders,
miyelofibrosis diagnosed by bone marmow blopsy,
red blood cell transfusion or active bleeding in the
last mosth.

Clinical data to be assessed: demographic
varlables, causes of CKD, history of renal
transplant, dialysis withdrawal, erythropoietin
administeation, dialysis dueation, and follow-up
duration. Laboratory data: hemoglobin, RET-He,
serum feeeitin, and TS Information was oblatned
retrospectively from the electronic medical
recosds.

The following terms were defined:

& Anemba: hemoglobin level below 10 grams
per deciliter {g/dL] in children vounger than

2 years.

*  Absolute ivon deficiency: serum feentin level
below 100 micrograms per liber (/L together
wiith TS below 20 4% 470
Inour study, a Sysmex XN-1000 autoanalyzer

({Roche) was used to measure RET-He and

hemoglobin. TS was obtained based on the

caleulation of blood iron and total iron binding

capacily, which were measured with a Cobas 500

analvzer (Roche), whereas ferritin was measured

with an ARCHITECT L2000 analyzer [Abbott).

Statistical analysis

Cualitative vanables were summarized using
frequencies and percentages, and quantitative
variables using median (interquartile range
[IQR [ when exhiblting asymmetrical distribution
(Kolmogorov-Smirnov test). Pearson’s
coefficlent was used o estimate the correlation
bBetween hemoglobin, RET-He, and traditional
markers of ron deficlency (ferritin and TS).
The ability of the RET-He cut-off value (< 29)
reported in the bibliography® ' Lo dlagnose
iron deficiency was assessed by estimating
sensitivity, specificity, positive predictive
value, and negative predictive value with their
corresponding 95 % confidence Intervals {95 %
CI), using as gold standard the combination of
serum ferritin below 100 ug /L and TS below
20 %. A value of p < 0.05 was considered
significant. Data were analyzed using 5P55 25.
This study was approved by the Research Ethics
Committee of Hospital Garrahan.

RESULTS

Chat of the 46 patients on hemodialysis during
the study period, 40 met the inclusion criteria.
The remaining & were excluded because they
were older than 18 years or the four biochemical
measurements were not available.

Their demographic and clinical characteristics
are summarized in Table 1. The main causes
of CKD were glomerulopathles {35 %) and
congenital anomalies of the kidney and unnary
tract (28 ") Twenty-three patients were males
(57 %) Twenty-one children (533 %)} were 12-
18 years old at study litiation, and sone of them
was younger than 2 years. Thirteen children
(32 %1 had a history of renal transplant. The
median dialysis duration was 17.25 months
(IOR: 11.21-34.60), and the median follow-up
duration, 1583 months (IQR: 4.92-16.93). All
patients were adminlstered erviheopoleting
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TapLe 1. Demographic and dliricel cheracleniztics of

A0 childrew an fremodialysis

Characterstics nis
Males (5T
Histary of renal transplant 1332)
Canse of renal disease
Clomerulopathies 14 (33)
Kidney and wrinary tract arcmalis 11 (28)
Neumgenic bladder & (20}
Anypical bemodytic uremde syndome 25}
Cther (12}
Age at dialyss indtiation
1-h years old & (20}
i 12 wears obd 1% (37
12-12 years old 17 (431
Age atstudy inclusion
1<k vears old &i1%)
12 wears obd 13 (3
1212 years old 1 (53
Hemodialysts withdrawal T (&T1
Remal ransplant & ()
Charge of dialysis conber 112N
Charge of dialysis modality
{peritorsal dialysts) EXE]
Duath 4110}
Revavery of renal function 112}

[Malysis duration i maonths
{median and interquartile range)

Follow-wp duration in months
{median and irterquartile range)

Ervthropoietin therapy

17.25(11.21-34.60)

1543 (452 16.43)
40 100]

e percenl.

A total of 164 observations, were carried
oul. Anemia was detected in half of cases, and
its cause was absolute iron deficiency using
traditonal markers im 13 % (11 observations} and
RET-He in 44 % (36 observations) {Talde 2).

Talle 2 shows the median and IQR values
of hemoglobin, RET-He, ferritin, and TS levels.
The linear regression analysis showed a weak
positive correlation belween hemoglobin and
RET-He {r = 0.35, p = 0.001} and a significant
positive correlation between TS and RET-He
{r=052 p={0L001), as observed in Figures T and 2,
respectively. A low negative correlation was
found between hemoglobin and Ferritin
(r=-019, p=10.02), and there was no correlation
between hemoglobin and TS {r = 0.05, p = 0.5}
(Frgures 3 and 4). Using the cut-off value of 29 pg,
the diagnostic test showed a sensitivity of 90.9 %
(95 % Cl: 57.1-99.5 %), a specificity of 74.5 %
195 % CL a0 7-81 %), a negative predictive value
of 9.1 % (95 % Cl: 94.5-99.9 %), and a positive
predictive value of 20.4 % {95 % CL 10.7-34.7 %)
to detect absolute iron deficiency.

DISCUSSION

Anemla is common in CED, particularly in
patients on hemodialysis ** According to the
2006 Annual Report of the North American
Pediatric Renal Trials and Collaborative Studies
(NAPRTCS), the prevalence of anernta in children
on hermodialysis treated with erythropotetin is

Tane 2 Hemoglohin, reticulocyle hemaglobin eqicivalent, feeritin, and bransferrin sahuradion levels in 40 didldren on

Trenrodialysis
Chandedstics Mumber of observations Lewel imedian and inferquartile rangel
Hemoglabin (g/dL) 164 105 (9 4-122]
1 vears old n L1 {H210.3)
612 years ok 5 LS (8.1-10.5)
1218 years old kil 113 [$.9:115)
Hemoglobin = 11 g/dL B2 {30 5 5 (B A 104)
+ ferritin < 100 ugLand TS < 20 % 1113 %)
+ RET-He x 2% pg 344w
RET-He {pgl 164 313 (2813340
Ferritin (gL 1684 2% (1143)
< 1K EIRI LR
100454 EERC T
P ELTRAR ]
TS %) 1684 2 [ 18-35)
<2 45027 %)
= 19 {735}

KET-He: reticulocyte hemaglobin equivalent; TS transtersin saburation; g/dl: grames per deciliter; gL micrograms per liter, pg:

ploograms; % peroend.
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higher than 40 5%.*" In the study conducted by 6 months on hemodialysis and peritoneal dialysis.
Davidkova et al,, anemia was present in 45 % of Our study showed a prevalence of 50 %, with a
503 studied observations in 45 children older than median hemoglobin level of 9.5 g /dL.

Facure 1. Carrelation between hemoglobin and reticulocyte hemoglobin equicalent levels ir 40 cilidren on hemodinlysis

" .
)
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‘.oo 2 '.'. Y
. . . Dk TR R e
ooy ‘ IS W\
o SSkadlTe ¢
.. ® ) ’f ‘.$.
I = I P
u/‘/ ... . n. .... ..'.: sl L
L
. J . ‘.
u{ $
" " na " " “r
RET-He (pg)

RET-He= reticulocyte hemoglobin equivalent; g/dL: grams per deciliter; pg- picograms.,

Fecuxe 2. Carrelation between reticulocyte hemoglobin equiovent and

ferrin saturation levels in 40 childrew on

hemodintysis N

RET-

He

(pg)

.
v » - - . 100
TS (%)

RET-He: reticulocyte hanogkbin cquivaknt; TS: fernin ion; % p PR picograms.

28



Clinkw!' usvliluss of e retonioopte oo globyr et i ohikfre on Aemedialuss [/ 415

Before correcting anemia, accurate
measurement of iron status is required to avoid
unnecessary supplementation.® The currently
accepted markers for such measurement in CKD

" )

are TS and serum ferritin, although they are
known to have limited reliability in assessing
iron availability in patients on dialysis.}#42:202
QOur study showed that, using the combination

Fecuke 3. Correlation hetwoven hemoglobin and serum ferritin leoels in 40 children on femodialysis

Ferritin (uglL)

/s grams por deciliter, ug/L micrograms per Ntee.

Figure 4. Correlation between hemoglobin and transfernin saturation levels in 40 children on femodialiysis

TS (%)
TS transferrin saturation; g/dl: grams per deailiter; '%: percent.
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of serum fereitin < 100 ug/L and TS = 20 %,
13 % (11 obaervatlons) of patients with anemia
had absolute iron deficiency, which s higher
than that observed in other studies, such as the
one conducted by Davidkova et al. in children
on dialysis, which showed a value of 3 %
(7 observations).

With the introduction of fourth-generation
autcanalyzers, not only bloed count accuracy
improved, but also a new parameter started
being measured: reticulocyte hemoglobin®
As mentioned above, the latter is useful as an
indicator of iron deficiency; nevertheless, few
studies have been conducted in the pediatric
populations*

Usimg the cut-off value most widely accepted
in the lblicgraphy (29 pgl, the prevalence of
leon-deficlency anemia increased bo 44 % (36
observations).” " The study conducted by
Davidkowva et al., showed a prevalence of 38 %
(B4 observations), using a cut-off value of 2897

Our results, like those of other studies,
confirmed a very weak negative correlation
between hemoglobin and ferritin® Ferntin levels,
instead of acting as markers of iron availability
in patients on hemodialysis, might have reflected
the degree of chronic inflammation over time,
which would explain the negative correlation
between them. The use of a negatively correlated
vanable in decision-making algonthms for iron
maragement in dialysis 15 questionable and lacks
evidence. In addition, there was a modest positive
correlation between hemoglobin and RET-He,
which was stronger than the lack of correlation
between hemoglobin and T5, and is a more
helpful biomarker, as al=o shown by Davidkova
et al® The good correlation between RET-He and
TS observed in our study, as well as in those
conducted in the population on hemodialysis,
strengthens the hypothesis that this combination
of blomarkers warrants further exploration
independent of ferritin=*

The cut-off point of RET-He to diagnose
absolute iron deficiency anemia in hemodialysis
patients ranges from 272 pe to 33 pe, sccording to
different studies, and 29 pg is considered to be the
best cut-off value 25" In the study we conducted
in 40 children on hemodialysiz, using 29 pg fml
as cub-off value for RET-He, the diagnostic test
showed limited capability to detect absolute iron
deficiency.

Although there are no local data regacding

the usefulness of this parameter in the pediateic
popilation, 1t i worth noting that a weakness of
this study 15 its lack of adequate power due to
the hmited number of analyzed determlnations.
Therefore, studies with a higher number of
patients are fequired to draw definite conclusions.
In addition, the lack of a reliable gold standard
diagnostic tesl engenders difflculty when
assessing the usefulness of new biomarkers in
the dlagnosis of iron deficlency.

CONCLUSIONS

Despite its limited capability, the use of RET-
He as a biormarker of izon deficiency Increases the
detection of iron-deficiency anemia in children on
hemodialysis. m
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The association of hepcidin, reticulocyte
hemoglobin equivalent and anemia-related

indicators on anemia in chronic kidney disease
Zhaali Gao, MO, Yingying Hu, PRCF, Yareia Gao, PhOP, Xiactian Ma, MD®, Zhao Hu, PhO2 5

Abstract _‘\‘
Hepeidin is an essential reguiator of Fon homeoetasis in chronic kidney dissase (CKD) anemia, reticuocyts hemaoglobin equialant
[FET-He) can be uged 1o evaluate the avalabilty of iren for erythropoiesis. Presious research has found that hepcidn indiecty
regulates RET-He. This abudy aimed to nvestigate 1he asandation of hepodin, RET-He and anamia-related ndicalon on anaemia
in chronic kidrey disease. A fotal of 230 indkiduals wene recruted, nouding 40 CED3-4 patienls, 70 CHDS patients without
renal replacemant therapy, 50 perifoneal dialysis patients, and 70 hermnodiaysis palients. The sarm bevels of hemogiobin
{HE), reticulocyte, AET-He, serim ron, serum creatinine, serum feeriling total inon binding capacity, hapcidin-25, high sengitivty
Crreactive protedn, transferin, erdhropoietin, infringic factor antibody, soluble transfenin recepon and inerleukins-6 (L-6) were
measured. Hepoidin-25 was positively associated with IL-6, and negatively with total ion binding capacity, infrinsic Tactor
antiedy, and translarin. Aeticuocyte Hb eguivalent was assaciated positively with Hb, serum familin, sarum ron, tarsterin
sahuration, and negathely with 2anim creatinine, reticuloeyte, IL-6, STIR. Hepoidin-25 was nol associated with RET-He, while IL-6
was independently associated with hepcidin-25 and RET-He, suggesting that hepcidin has no efffect on the ion dynamics of
reticulocyles in GO, may be retalad b IL-6, indicate a lkelihood of a threshald for stimulation of hepeidn-25 expression by IL-6
in order o indirectly regulates RET-He

Abbreviations: CKD = chronie kidnay dizease, EPO = enythrepeietin, Hb = hermeglobin, HD = hamadialeia, he-CAF = high
sarekiity C-reactive protein, IFAL = intinsic lactor antibody, IL-B = inferdeuking-B, FD = pertoneal dialysis, RET = reficulocyta,
AET-He = mtcuocyte hermoglobin equivalent, Scr = serum creatinine, SF = senam Teritin, 51 = serurn iron, sTA = soluble

tranglerin recepdon, TIBG = 1otal ion binding capacity, TRF = translerrn, TSAT = franafarin saturation.
Keywords: anamia, chonic kidney daease, hemodalyse, hapcidin-25, peritoreal diakeis, reticulecyle herneglobin aguivalent

1. Intreduction

Chronic kidney disease (KD is a widespread condition with
mcreasing number of incidences every year"! Anemia is ane of
the commaen complications in patsents with CKDx Researchers
found that approcimately 10% of CKD stage | to 2 patients
and 50% of CKD stage 3 to 5 patients developed anemia during
the course of CKDL2 while a higher proporton of anemia was
ohserved in hemadialysis patients. If not actively treated, ane-
mia can accelerate the deterioration of remal funcrion, caos-
mg complications of the respiratory and digestive systems and
imcreasing the risk of cardiovascular events® Iron deficiency
often reduces the patients sensitivity towards erythropoierin
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treatmeent, resulting in an increase in the dosage of erythropoi-
etin and thereby increasing the cost of treatment ! Therefore,
KD anemda patients should ke provided supplementation with
adequate dose of iron along with erythropoietin [EPOY) trear-
ment.**| However, with the emergence of safety issues associ-
ated with ESA and the increasing cost, the role of reduced iron
availability in the pathogenesis of CKD' anemia is anracting
mawe and mare attention,

Hepcidin-25 [2.5kDa) is a negative regulatory hormone of
iron metabolism that downregulares the level of serum iron and
plays an essential role in CKD anemia'™ " Some studies have
shawn that the expression of hepcidin is regulated by inflam-
mation and iron load. " Patients with CKD are in a chronic
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inflammataory state, resulting in elevated levels of inflammatory
factors, such as high sensinvity C-reactive protein [hs-CRP),
interleuking-1, interlenkins-@& ([L-&), mamor necrosis facoore,
and interferan-.14

The ahsolute or functional deficiency of iron is related o the
impairment of hemoglobin synthesis, which leads to anemia and
reduced tissue oxygen. Serum ferritin [5F) and transferrin sam-
ratson [TSAT] are routine hinchemical examination projects for
diagnosing iron dehciency, which reflects the condition of stored
iron and has high accuracy. However, these indicators are eas-
ily affected by inflammation; therefore, they have some limita-
tions. As a resule, these tests should be replaced by more stable
iron parameters to assess the iron status in patents with CKIL
As per recent studies, the reticulocyte hemoglobin equivalent
[RET-He} is the reflection of tron content in reticulncytes and
can be used to evaluate the availability of iron for erythropoie-
s Since the National Kidney Foundation Kidney Disease
Outoomes Cuality Intiative recommended the use of RET-He in
2064, RET-He has been regarded as important early indicarars
for assessing the iran status in patients with CKD.

A previows study found there was oo correlation berween
serum hepaidin levels and their RET-He levels on peritoneal
dialysis patients **] while another study has alse shown that
RET-He depends an available iron in blood, indirectly regulated
by hepcidin. ¥ The association of hepcidin and RET-He on ane-
mia in CKD has not been studied befores in this ll:l.'ll‘.l.}'. anemia
related indicators were measured to study their association with
hepcidim and RET-He on anemia in CKD, in order o improve
anemia and the quality of life of patients with CED.

2. Materials and methods

2.1. Subjects
This study recrwived CED patients hospitalized in Qilu Hospital
of Shandong University ((hingdan) from January 2019 o
December 2020, Inclusten criteria were stable adule CKD
tients. Exclusion criteria included acute-phase inflammarion,
leeding, blood transfusion or surgical procedures within 3
muonths, :ma|:i3n.m|: TLam, h.emamhs,gin:a] diseases, nonrenal ane-
mia, or liver dysfunction were also excloded from the study. This
study ]'II'!H'!.‘IEIJWJS reviewed and approved by the Medical Ethics
Committee, Qli.‘lu. Huspital of Shandong University (Qingdan,
Shandong, Chinal, approval number KYLL-K5-20180211
All patients participaring in this study were informed, signed
informed consent, and voluntardly participared. All methods
were carried out in accordance with Declaration of Helsinki.

22 Data eolection

Elood samples were collected in CKD3E-4, CKDS and peritoneal
dialysis (PI}| patients during the hospitalization, and ar the start
of hemadialysis (HIY treatment after a 2 days interval from the
last treatment m HI patients. The data of each patient was col-
lected from our hospital information management system,
hemaglobin [Hb), reticubocyte (RET), RET-He, serum iran [51)
seram creatining | Scor), 5F woal dron hinding capacity [TIBC),
h.ve']xidm-lf. hs-CRE transterrin [TREF), EPCY, intrinsic factor
.il.'ll:ith‘.I.}' [[FAbY, soluble transferrin rECEpTar |sTHR], 1L-& were
analyzed in each group o investigate their association with hep-
cidin and RET-He an anemia in chronic kidney disease.

2.3, Disease definition

Chronic kidney disease was dehned as abnormalities of kid-
ney structure or funcrion, present for more than 3 months,
with implications for health according to the Kidney Disease:
Improving Global Outcomes CKD Work Group, ' and the
estimated glomerular fileration rate was calculated using the

M i e

simplified prediction equation derived from the modified ver-
siom in the Modihcation of Diet in Renal Disease study. The
abbreviated Moadification of Det in Renal Disease estimate af
kidnﬂ' fanction was calboulated as 175 x [SCrER.A4] 125y age
sk (0,742 (if Fernale].1#4 In consideration of good compliance
and convenient design, the inclusion criteria for CKD3-4, CKDS,
and PI¥ patients were selected hospitalized patients. All patients
provided written informed consent to participate in the study.
GFR in CKD3 o 4 group was 15 1o 59mliminutes’1.73m’,
and £ 15 mL/minures/1.73 m® in CKD} 5 group.

24, Detection method

The data of Hb, RET-He hs-CRP, S5cr, 51, TRE, 5F, EPO,
IFAb, sTfR was collected from our hospital information
management system. The levels of Hh, RET-He (Bload cell
analyzer Sysmex XM-3000), hs-CRPDM79-2], Scr {Roche
c70l biochemical analyrer), 51, TRF {autobie TEA-FXR),
5F, EPOY, IFAD, sTIR [Beckman DX 1804 in the |ahurz|:nq.'
department. TIBC was measured using the TIBC test kit
iwuhan Elahscience Bintechnology Co., Lid.|, serum IL-&
was measured wsing the human IL-6 enzyme-linked immu-
mosarbent Kit {wuhan Elabscience Bcinl:en:hnnlng}' Co., Lid.},
hepeidin-25 was measured wsing the human hepcidin-25
enzyme-linked immunoserbent Kit  (wuhan  Elabscience

Bintechnology Co., Lid. |

2.5, Statistics

Smtistical analysis of the data was performed using the 5P5S
software (version 21.0, 1BA Carpe, Armonk, MY Data are
prem:nred as mean = 510 Serum ferriting SI, EPOY, 1FAL, [L-6,
and hs-CRP levels were log-transformed to reduce the skew-
ness of the data. Differences among the NC group, CKD3-4,
CKD5, PD, and HD patients were analyzed by L-way ANOVA,
The asseciations between each clinical parameter were calcu-
lated wsing Pearson correlation cocfficients. Factors affecting
the levels of hepcidin-25 and the RET-He were analyzed by
multiple linear regression mdel, and maedel was adjusted by
age, sex, and FSA use. P values < 05 were regarded as sratis-
tically significant.

3. Results

In this scudy, we enrolled 230 CKD patients |{men, n= 153
5%, with a range age of 26 to B8 years, the meean age of sub-
jects was 5%+ 12 years, and the median was 62 vears at Qilu
Haospital {(ingdao) of Shandong Universiy. Among them,
110 patients did nor undergo dialysis (40 CKD3-4 patients, 70
CKDJ patients withour renal replacement therapy), 50 patients
underwent PD{PD group), and 70 patients underwent HD (HI
group). The median duration of dialysis was 23 months (range:
2-144 manths) in HDY patients and 12 months {range: 2-48
manths) in P patients. Diabenic nephropathy [accounted for
18% of the CKD patients) was the most comman underlying
disease, followed by chronic nephritis (accounted for 34% of
the CKD patients), hypertensive remal disease (accounted for
11% of the CKD patients| and chronic kidney disease caused
by other conditions [accounted for 17% of the CKD patients).
Fighteen [45%) of CKD 3 o 4, 32 (46%) of CKDE and 37
i74%) of PO patenes received ESA {Epagen, 10,00 Mhweek)
by subcutaneous injection, and 64 (92%) of HD patients did via
intravenous injection. Twenty-eight {70 %) of CKD3 m 4, 38
[54%) of CKDS, and 46 [92% ) of PD patients received oral iron
s-upp|=rr|=n.|'1|:inn.. while 18 [26%:) of HD patients were adminks-
with intravensus iron preparation.

Table 1 shows the biochemical characteristics of each group.
As expecred, Scr levels in CKID, HIY and PD groups were sig-
nificantly higher {F < 03] than in {XD3-4. RET-He level was
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kywer m HD group compared with the other groups (F < 05).
The hs-CRF levels in CKDE, PFD and HD group were signifi-
|:=|1|:|:|r ditferent (P« .05 mmp:r\ed with EZI: m CED3 m 4
group. Compared with the Hepeidin-25 and IL-§ level in (KD3
o 4 and CKDE group, there was significant difference in HD
group (P« 05). Total iron binding capacity levels were higher in
the HD group than in the PO p (F < 05], and there was no
significant difference among the ather groups |F » 03], Serum
ferritin, S, TSAT, and TRF levels were mo :igni:ﬁn::m: ditference
amang each group (P = .05). Intrimsic factor antibody level was
higher in the CED3 group than in the HD e 05
S-r&u.hle transferrin m:gzpﬂg level was higher ﬁ?ﬁﬂ group
than in the oiher groups (P« 05]

it M -journal oom

AL 1. Pearson correfation analysis of hepaidin-25 and other
indicators. 8F, 5, EPQ, [FAb, IL-6, amd he-CRP fevels ware

log-transformred (Table 2).
Hepcidin-25 was positively associated with 1L-6 |R =0.313,
P« .001) in the whaole group, while in the CKD3-4 group,
hepcidin-25 was asociated negatively with 5TIR |r= -0.389,
P=.013); in the CKDS group, hepcidin-25 was associated
negatively with Hb (r = <0.286, F = .01&); in the PD} group,
hepcidin-25 was associated positively with IL-6 |R = 0393,
F= .IJDS'I,n:s,anvﬂ:r with TIBC [r = ~(L453, P = 0011, and [FAh
(= =0377, F = 007); in the HD group, hepcidin-25 was associ-
ated positively with 1L-6 |R = 0290, P = 015].

Various indioators of the growps.
Tatal (n = 230§ CHOO-4 n = 40 CHIOS (m = T} PO in = 80} HD fn = TO) Pualue

Age | B3 2108 B1.70 + 11,65 69.94 £ 1263 650 + 1128 BOL5E + 120 EE
Male sz, n (i 120 B0.0 24 By A6 B0 a7 G400 B2 {dH e
thjpl) =T 1003 = 1878 HE 40 + 18 45° 630 & 3283 1024 + 22261 i1
Ser umald) BERET = 30050 705 = TEAT B1 467 + 057 0 BT & R 30t .64 = A TE il
RET (%) 1.8 = 068 1.93 + 042 1.5+ 063 186 + 057 156 + 05St 01
RET-He |pgi TR RS | D228 08 242 N2z 008 2 2014 01
He-CFP mgiL) 80 = 27 2641223 a94 1 28" 398+ 302 417+ 280" IL]
Hepe i 25 frgénL) 961 = 202 BT+ 223 904 £ 271 960+ 274 .41 + 208+ o
L-& pp'mi 44,0 = 206 5+ 14.69 2908 + M1 A0.78 + 1985 66,53 + 31 86 "+ <1
5 ppimi) 1210+ 76.72 01.49 + 61,86 10707 + 7089 1682 + 8402 12636 + BB a2
5 furL} 1158 £ 4.81 1102 = 207 106+ 470 1194+ 488 1260+ 429 4
TIBE fumoliL) M+ 708 BT = T.08 MAT £ 0D ME2s 7T A2 AT £ 058 ]
TEAT (100 ErR EREREY 37066+ 12.68 A58 £ 1285 8.9+ 1383 MET £ 1283 )
Fah iliml ) 1% =012 118 000 124 =014 108 + 011 1.6 £ 011t 3
STHH nmoldl) 1774 £ B 16.98 = 4.09 1660+ 633 1578 + GES NI 2 GETE 01
TRFgL] 188 2044 1.95 2 028 182 £0.33 152 £ 042 180 £ 0.5 196
PO e - ALETTRE] 1640 + 1809 4B £ 37 R A P 22 Bl + G436 198
ESuse, n 161 867 18 (.0 A2 6N 7 [0t B [0 B ]

Praics misan e oserall dffercnies bedscen CRD-4, CHIS, PO and HD grosss. Dala wess presenied 45 mean « 50
DA -4 = CRIA -4 patients, CRDS = CRDG pakans witodl oaal roplcs teama, EPO = apfwapsiein, He

= hireagiobin, HI = bamodialss paknis, is-CRF = high senltivity C-reasihe prokn, IFAR

= inrireic fadion avibody, L6 = inlekaskine-6, PO = poriaseal diakysis paiers, RET = reiaiooyie, RET-Ha = sticulocye homogiohin couinalen], Sor = SEm Soalining, 5F = seum fmiin, & = selum

e, STTR = solubks rorg kmin ssceplor, TIED = folal i binding capacity, TRF =

* Elaisially Snibennt e com e 'wilh 1he CRDO -4 group @ < 05
1 Elatsizally sgnikoant difesnce comyianed wilh e CHIG groep F = 16},
1 Elarizally sgnihoant difesence comyianed wit ie PO group P = 051

Farekain, TEAT = tanshemin saraimn

Pearson correlation analysis of hapoidin-26 and other indicatars.

‘Whole [HAEE GRS 5]
r Prahe r Frakm r Fralue r Pyalue r Frahe
gl 0024 F1a 2 Rz =026 L i) 550 =035 R
Ser umol) 124 i =148 36 0029 =T =004 H IR Ar
RET (%) anmsi B4 [Ey b A1 0068 G =008 203 =BG A
V- PP fmgiL) anez 21 =01 443 0102 A =00485 510 Q148 1
L-£ ippimil) ani .00 [ER b el 7 M 0393 05 Q200 e
SF ppmli a2k i [ER 25 ~nim2 20 0526 B&7F 0234 A5
S e Baliti] ] Gl 52 -0t k] SR 245 A118 e
TIBC fumokL) 163 iy} 0 21 =D ot ~0463 1 038 T
TEAT {106 %) faliliz] i ] o2 At 08 A9 0580 578 = &
FAh fliml e Riic] [FRR 1] i) =0.114 ] ~02a77 7 ez A1
ST fnmoldl) Qaned 56 =389 na =006 A5G 0026 ez =051 R 1]
TRF ipL) =141 Rie:] [ER L] 26 =0.114 ] <0143 a23 =077 142
EPO fmilbmL) e 16 =0 a0 1fa e} oz 060 68 =061 K]

EF, 8, BP0, IR, L6, ha-CAP hevirls wedir - sl
034 = CRIG-4 patienis, CHIF = CRDG pabavs sithoal renal replace treamian, EPO = efptwapaein, He

= hireagiobin, HI = bamodialss paknis, is-CRF = high senltivity C-reasihe prokn, IFAR

= inrireic fadion avibody, L6 = inlekaskine-6, PO = poriaseal diakysis paiers, RET = reiaiooyie, RET-Ha = sticulocye homogiohin couinalen], Sor = SEm Soalining, 5F = seum fmiin, & = selum

e, STTR = solubks rorg kmin ssceplor, TIED = folal i binding capacity, TRF =

Farekain, TEAT = tanshemin saraimn
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J.2 Pearson correlation analysis of RET-He and other
indicalars & each group. SF, 51, EPO, IFAB, IL-6, and
he-CRP levels were fog-transformmed (Tadde 3).

In the whole group, reticulocyte hemaoglobin equivalent was
amociated positively with 51 (B = 0256 P« .001], TSAT
[R=0227, P=.000) and negatively with Scr (r=-0.234,
Fu 001) and STIR [r = <0238, P« 001).

In the CKD3 to 4 group, RET-He was associated posi-
tively with 81 {E = 0.321, #= 043} and megarively with EPCy
Ir= <0382, Pe 015k In the CKDF group, RET-He was asso-
ciated positively with 5F (R = 0.381, P =001}, 51 (R = 0.371,
P=02), and TSAT (R =0.274, FP=.021] while nega-
tively associated with S5TFR (r= <0.275, F = .021]. In the Py
group, RET-He was associated positively with 51 (R = 0,402,
P = 0047 and TSAT (K = 0.394, P = .005], n:,gal:md:.- with TRF
[r= =035, P = .012]. In the HD group, RET-He was associated
positively with Hb (& = 0265, F = 024].

I3 The agsociation batwean the levels of hepeidin-25 and
RET-He i egch group (Table 4). 5F, 5, EPO, IFAD, IL-6,
hs-CRP levels weare fog-transfommed.

Hepcidin-25 was not correlated with RET-He (r=<0.07%,
P =23 and there was no correlation between h.ericidm-l.'l'
and RET-He in each group; the details are as follows: CKD3
tir 4 {r= =049, P=.7683), CKDS(r==0.227, F = 058}, P}
(B = 0217, F e 130), HD {R = 0005, P = D65

3.4, The muttiple regression model for serum hepoidin-25
{Table 5} and RET-He [Tabie ).

Multiple regression model was adjusted by age, sex, and ESA
use. Table 5 shows that among these factors, 1L-4 |B = 3685,

Mizclioine

P M), TIBC |B o= <062 F e (HK8), and IFAb (B = <11.612;
F = 007 were independently assaciated with hepcidin-25 lev-
els. Table & shows that amnng thess factars, Hbh [B = 0.021;
Fe 5), 5cr |Be (L2 F=_ 063, RET (B=-=0.4641,
Fe B23), IL-6 [B = =2.150; P = 005],5F |B= 1.032; = {30},
51 (B = 4.188; P« 061), TSAT (B = (L044; F < 001), and STIR
(B = <0.08%; P«<.00ljwere independently assocuared with
BET-He levels. Interleukins-f was independently associared
with hepcidin-25 and RET-He.

4. Discussion

Anemia is a major complication in patents with chronic kid-
ney disease. The pathogenesis of anemia in CKD is multifac-
torial, and the inadequate uction of EPO is the leading
pathogenetic cause. Other tactors such as shortened erythro-
cyte survival, iron deficiency, bleeding, and subdinical chronic
inflammation may also play a role and contribute to anemia
in CKD. Erythropoietin s effective if iron is available; how-
EVEL, unnecessary irom supplemenmton results in iron aver-
load- In CKD, both iron ﬁl:i!l.‘ll:!.' and chronic mflammation
are 2 major factors thar contribute to the hypo respansiveness
of erythropoietin treatment.*® Accumulating evidence showes
that hepcidin has emerged as a central molecule that regalates
iron meeta bolism in CKD. Hepoidin reduces iron absorprion and
efflux and could be predictive of iron status and the response
o iron supplementation or erythropodetinestimalating agenes.*!
Fatients with CKD frequently suff:; from a chronic mflamma-
tory state which is related to several inflammatary mediators,
crucially IL-&, which contributes in renal anemia and resistance
to ESA- Interlenkins-6 levels are increased in pacents with CKD,
poasibly due to the effects of uremic toxins, and inversely cor-
relate with GFR,FT

Hepeidin-25 is induced by inflammatory stimuli such as
IL-& in inflammartion anemia, such as CKD amemia ™ Higher

ER jmillml} =010 Ak ~02a2 s

Pearson correl; lysis of locyte b ghobin egui and other indicators in each group.
Whale Cibi-4 [Hii Fo ]
r P ualue r Fualue r Pualue r Palus r Puale

He gL 156 filix] i1 i) 0213 A ey eary [k . v
Eor jumaokL) =23 I =046 )i} e Fi A <0074 1 =13 fr. x|
FET [100%) =150 23 =0.246 Rk ~0.148 2 01 AL =082 AsG
Hs-CAP gl =119 A7z =083 E11 =088 RRE) Sl RTE] D.0EE 585
IL-6 fpg/rel =0.146 i) -0 B ~0.078 Bk Al E-] =0.210 L]
F ingfmly 0144 Az =013 F 0281 0 anar i 0306 iy
& molt) [kt ] Laili)) 0.1 el 1ar e iF: i ] [P 81
T jumai } [ilied] iy [IRH] g 160 6. 0044 x| =Bt Lok]
TEAT (1008 [k jiliy 0124 Ak 0276 iy ik fii] 0.0 w3
IFb (farfrmly ~Ea 8 01088 B ~012 e-n =164 it =016 a1
ETH oL =8 [ 01568 A6 S iE ] Az =i it =i L]
THF jgeL} =0.125 s 0142 auz ~[L1Ea s =352 ?ﬂg =183 1749

5F, B EPD, FAD, IL.6, 15 CFP kvels v kg lamiaimed,

~0164 a0 =Dl

ning Ban

CHDEA = CHOG-A palieas, CKDS = CHDS paionis wlbaut sonal replaca nasstment, EFT = erdiopoktin, Hh = bameglobin, HD = hemadials palients, hs-CAF = high sereliy C-reactisa priiin, Féh
= iTinsic faznt antibedy, L6 = inkrkuking 6, PO = periloneal diakks saonis, RET = weiculocs, RET-He = relindssye hemoglobin e3eisaknt, Eo1 = seruns creaining, SF = sorum feviin, 5 = saum
ivan, STIR = sakitde oaasfenin recepao, TBE = tokal inon bisding capasity, TAF = ranstein, TSAT = iranskevin sisbon

Pearson correl; lysis of locyte b ghobin egui and hepoidin-21% in the whole group and in each group.
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CHDEA = CHOG-A palienls, CKDS = CHOS paionis wilbau sonal reploa insdment, HD = hemodiakvsis pabens, FD = porioneal dialysis palisrk.
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Muliple regression medel for serum hopaoidin-25.

Univariate model Adpusied model®
Ranstandardized ooefficient [35% & F value Wonstandandized coefficient (95% G5 Faioe
i ipiLy <0000 {100, L4 Fal] 0003 (=000, EL014) T
Ser pmaolil) 00000 00600, 000 1064 10,00 (0000, 0002 o2
RET %) 0063 (<0670, DGR A4 0045 =0 B2, DB Jday
RET-He ol <0084 {0 236, Q06T <] =082 (~0.229, Q0 ]
Hs-CFF mplL) DEAF (<0373, 1.654) 28 02397 [=0uE2T, 1.421) Adbi
1L+ jppim) 4.6 (1,439, f E1) $ii] AEAE (20410, 6329 o 00
5F jnpimi) 1000 (003, 203 ] D70 (00265, 102 44
51 formaiiL} ~0083 {-2.108, 1.047) ] <1103 - 2265, 1.0 k]
TIBE jumold) <0060 (<0106, <0008 ] <062 =108, <0006 k]
TEAT [10{r) 0.0 &8 (<0013, D043 a4 003 (=008, (uid1) a2
FEh (ALNmL) =T2E02 (=056, 4. 250 k] =TTE12 (= 19.960, <226 o
TR nmol'] 10008 (=003, B0FE E06 L0006 =005, DuDEd) A3
TEF (p) ~0205 (=173, ~0076) fick] =686 {-1.616, 0,208 36
EFT mikmL (L1 F (<0263, 1,453 Rl 0423 (=045, 1.30) M

EF, 5, EPQ, IR, IL-6, hs-CAP hevirls wiorie k- el

EFTl = ifptheaaiarin, HE = himogiobin, fe-CRF = high serelivily - niactve prokn, IFAE = intiesk lacler aaiibady, IL-E = intiviealing- 6, FET = rfodecyie, RET-He = Hicukots rermagiain sspuiva o],
Bt = SN CTE NI, 5F = Sorum fewiin, 5 = sarunm ion, 5T = sdabl transfenin recayod TBC = ikl ion bisdeg capadiy, TR = massfonin, T3AT = Fanskmin salsstion

* Mool waas adjused by e, i, aed S i

Table &

Muttiple regression model for reticuleoyte emoglobn equivalent.

Univariabe model Adpusted model®
Homstandardized coetficient (95% Cly Pyl Honstandardized coefficient (95% Clj Pyl
Hhipl) 0023 008, 0047 i) (021 20T, 0058 i
Ser pmalily <L =000, <0 w0 <0 DHEE (= Du0d, <0001} k]
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Hes-CRF mgiL} <0127 [=1.72, 007 Eiry] <01 B =1.7 53, Q06T 7
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5l pomoliL} 47101883, 8630 .00 A1BE 2 34T, 61005 ]
TG jumaliL) GO =002, 0060 57 G0 (=D, 006 A
TEAT {100F%) 0043 0079, 006 A0 b 020, 0068 w0
(ALLmL =HA07 (=128, 2.1y 5 =d 205 (=12.617, 2847 184
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EF, 5, EPQ, IR, IL-6, hs-CAP hevirls wiorie k- el

EFTl = ifptheaaiarin, HE = himogiobin, fe-CRF = high serelivily - niactve prokn, IFAE = intiesk lacler aaiibady, IL-E = intiviealing- 6, FET = rfodecyie, RET-He = Hicukots rermagiain sspuiva o],
Bt = SN CTE NI, 5F = Sorum fewiin, 5 = sarunm ion, 5T = sdabl transfenin recayod TBC = ikl ion bisdeg capadiy, TR = massfonin, T3AT = Fanskmin salsstion

* Mool waas adjused by e, i, aed S i

circulating bevels of 1L-6 mcrease the expression of hepcidin,
leading to iron SEUESITATInN, decreased iron aJmu'pq'ltm, and
lack o iron availability for erythropaoiesis. In this soudy, we
measured hepeidin-25 and IL-6, which had a higher level in HD
patients compared with non-dialysis patients. In the multiple
regression model [L-& was independently associated with hepei-
din-25 levels. Pearson correlation analysis revealed that hepei-
din-25 was positively associated with 116, and negatively with
TIEC, IFAb, and TRF, but nae asseciated wich Hb, 5o, RET,
hs-CRT, SF 51, TSAT, 5TFR, and EPCL In the non-dialysis groap,
hepcidin-25 had no significant correlation with 1L-6, whereas in
the dialysis group, hepcidin-25 was positively associated with
IL-&, which may he related to our small sample size in each
group. This may indicate a likelthood of a threshold for stimula-
tion of hepcidin-15 expression by [L-6.

In recent years, RET-He, wgnae values are equivalent o
reticulncyte he labin content, has emerged as an additional
parameter thar is helpful in identifying iron-defcient erythra-
poiests. ! Reticulocyte hemoglobin equivalent is advantageous
as it does not interfere with inflammarary conditions and can

be easily measared with a widely available and popular hleod
cell counter. ™ Previous research has found that hepcidin indi-
rectly regulates the content of hemaoglobin in reticu and
RET-He measurements serve as an indicator of iron deficiency
secondary to an increase in hepidin since hepeadin inhibits the
efflux of iron and decreases available iron ! In our study, we
alsa smadied the RET-He and its correlation with ather indica-
tars. Pearson correlation analysis revealed thar RET-He was
associated positively with Hhb, 5F, 5L T5AT, and negatively with
scr, RET, 16, 5T, and there was no association with he-CHE
TIBC, IFAh, TRE, and EPOL. In order to prove whether there
s correlation herween hrpcld.in.-ZS and EET-He in CKID, we
conducted a Pearson correlation analysis for hepcidin-25 and
RET-He in the whaole group and each group; the resalts showed
that hepcidin-25 was not correlated with RET-He, and there
was no correlation between hepoidin-25 and BET-He in each
group. Previous research showed thar RET-He values decreased
in response to increased hepeidin during septic shock! and
community-acquired preumania [CAPY hvhich was not consis-
tent with our results. We consider that it may ke related o the
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degree of inflammatory response, unlike septic shock and CAF,
CED belang to chronic micromflammatery condition.

In this study, multiple regression analyses also revealed that
IL-6 and TIBC were associated with hepoidin-25 bevels. Serum
creatinime, 51, 5E TSAT, RET, 5TtR, Hb, and 1L-& levels were
amociated with RET-He levels. IL-6 s related to both hepci-
din-25 and RET-He. Chronic Kidney Disease parients suther
trom chronic mflammanon due o high. level of IL-6; while
higher circulating levels of IL-& increase the expression of hep-
cidin-23, promate the synthesis and secretion of hepadin-25 in
CED. We infer that in acute and severe inflammation, increase
in hepcidin secretion decreases the release of recycled heme
iron by macrophages, increases the sequestration of ron sores
in hepatocyees, and reduces circulating free iron, leading o a
decrease in RET-He, severe deficiency of iron absorption in the
by, and aggravation of anemia. In this study, hepoidin-25 was
not associated with RET-He, these results indicated that hepci-
din-25 could not regulate the expression of RET-He in the CKD
which may related 1o TL-6 level.

The limitation of this study is the lack of lengitudinal anaky-
sis; we will collect longitudinal data and complete the following
study. Some patients with CKD were found for the first time and
had not been treated in the early stage, so panents on CKDS
non-dialysis have hemoglobin concentration below  current
guideline recommendations.

5. Conclusion

Mo correlation was found between the serum hepcidin levels
and reticulacyte hemoghohin levels in this study, suggesting that
hepecidim does not directly regulate iron dynamics of reticulo-
cybes in CKID, which may relate to IL-6 level. The specific mech-
anism needs to be further sudied.
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2.1.4 ESTUDIO N.°4

Reticulocyte parameters for monitoring
anemia in patients with chronic kidney disease
on peritoneal dialysis

FPardmetros veficulocifdrios pava moriforamento de ancmia em pocientes
com doenga renal crimica em didlise pevitoneal
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ABSTRACT

Introductinn: Anemé is a complication with impact enmechidity and mertality in chronie kidney disease (CEI) patients. Current markers
for the diagres and monitoring of 2nemia in CED ane lenised by the iervelation beteeen erythropolests, iron stores, inflammation,
an the resistance b treatment with erphropoless timulant ageets (E5S8). Objective: The aim of this sty was W aralye de mole of
Immature reficulocyie fraction (IRF} and hermoglobin concentration in redlcalooytes (RET-He) by the hematalogy analyser Sysmenc XN-5000
Iy the manitoring of CRD anemia in perieeal dialysis patients. Methbods: This was a prospective, chservational multicenter siudy which
conpaned 1RE and RET-He with parametess recommended by the guidelines. Infammeatery biamarkers were anabyed by the Luminex™
Mudiiplexing Instrusmenis system. Thirty-five patients (3% £ 13 years old; 51% men) were Ineloded in the analysk. Results: Hemcglobin
was 12.2 = X gl §7% had resisiance 1 E3A Falenis with enthropodetin reststance index (ERD) in the upper quanile presented a
significantly higher of TRF ard a bower peroerrage of bron deficiency (12%) compared to fertin (82%) and transferrin sabaration index
(ST1) (51%). Interlevikin-h (IL-6) bevels correlaied with the percermage of medivm Auorescence reticulocyie (MER) (r = 045, o < 0UK).
Hemoglobin values after bl and 1380 days were covsdstently higher in the group of patients with a [RFS lower than 105, Conclusbon: IRF
anid BET-He ray add value in the iran deficlency investigation, 5 well s in the dentification of patients with ERL Due to the restricied
number of patients analyzed in this study, folwre studies swould be encouraged (0 larger populations and with prospective follre-up, o
valifate aur findings.

ey woeds: anemia; retieulocytes. peritaneal dialysis; kidney filure chnic

RESLMO

Tantroetgato: Anenii & wma congilicyde oo st i moridade o s sorkaldiade de poeckeries com g el orfirioas
(DRCY th biormrradore wlilizados ne diqpadaico @ no monformento de aremia va DRC sdo Bailads devdedo d iler-relagdo
enive ertivighoiee, e de fevo, defTamagdo @ restalinela 4 feregpduticer com agenier edtnriares ai ertfrofeaiese (AEE ) Oiyelivo:
[hadrfativn deste et ol analisae o faped des marcadins feagde de nebloulietos Smatios (RE] e concenairagdn de bemoglobing
ras reticnldodfos (RET-He )l do anslisndor beanaladdgios Sismex X SO0 w0 siosiioramesdo sk aiensia em ferckemes s aivile
Perdaneal Mdtods: St proghectin, ehieregciunal o madifcdateioo que comgfuenos WP @ RET-#e com pardietvos ibornmloria
reveenliados pelog groaelines, Blomarordores fnTamasinn form analiade pao siotema Lunirer™ Mulliileving steumens
Eate el fwclie 35 patciensies (90 & BT aws; 500 Domens), Resvlfaalor: O cerlores e Demoglobing fores 122+ 2 pidl;
ATE apresendoram retadncta a AER. Peclerlss com inaoe de neslstfnela d enliropodaling (TRE) mo quarill superior ahreenianm
valvres sigrificaitermente maiorer de IR & menor porcankagem ab defiokincl e fera (12951 e confpavapdo com packene
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oo ferriliveg (H2%) e dnalios de saferagdo de ransfeering (BT (S PRL O seibets de interleucina 6 (1L-6) correlaclonarim-se com
o perceniagem de neticuldedfos ol fTeansscdncis sl (WFRE 1 = 45 p < 0030, bl de benroploltng givds ai) e T30 dhas
Jonrar considemlerene mal altes we grego o facientes oo INFG menor que TS Conclusdo: IRF ¢ REF-He pogler agregar
pale wer drvestigaydo dir deficiincis de feer, bem camo ma iddenitficagda e inalioe de evidfinals & evirapoiating (ERIL Desdao
i e resiril de pactenter aralisads neste traleello, edudos e devent ser esfimalaals e pobulapdes mukones ¢ com
arcoumarierieiio prospectiva, far salfagdo dis mosns aobaas

Liinstermnes: anemis; ralcaliciion ddite peritonel; dnsuficiincia resal orfntca.

RESUMEM

Daivoduocsing: La snemis & g complicacti con impacis e fa morbimorkaided en pactonis con erfrmmedad rera crdricg
(ERCE. Lo blowmarradores i fom of dbagrdetion ¥ seputarlente de lo anemia e o ERC sldn Mmitade por fa trlerrelaciin
anire eritraboets, datdelior de berrn, inflamackn y restalercla o fealaorienin con agente edmdaante o L erlfeopayests
{AEE). (Wyertva: B otyetten de exle exfiulio fie analizar o papel de b frocciin de rebcaloclos travadliros (IRF) v of apaivalente
e bermaglohing en rettcudocias (RET-He) mealiarite of analizadbr demafoligioo Sismex XN- 5000 en & seguimiento de b anemia
Dar BB ew percherales en ol perioneal Métodie: Bdudo progectivn, eirereacional seidiicdraivico gee congprd 10F y REF-He
con o feredimetros vecomendaabes por beg g, Los Slomarcadtees fnfTosmatorios fueranr sralizades por of sidema Luimer®™
Multilavtung Indvaments. B edfaudo brclpd @ 15 pactenis (59 & 17 ailee ST bombres). Resulladog: La bemagloditna five
e F22 %+ 2 gl o 87 lenin resistencha o ARE Los packendes con fnfioe de residencia & Le erftoboneling (IRE) ent &l cuarid
aagherior feviier g SO spndfoalivensene mads alta ¥ o porvertae snds b dle defcfenc o Blevro (1290 an congharacidn
con 7 fereiting (B2 v las ITS (51900 Los niveles e inlerloucing-is (1-0) g2 cormalaciomnon con & povveniae de reftcidocties de
Teonaerenci el (HFED v = 0,45, p< Q0L Liw eerloves e Desmoglodnisn dfespards ale 60y 1) aies, feeront constalontemente
sl e & grabo o ferclenies con SR bgferior @ 105 Conclusidn: IR y RET-He puieclen agrepar valor e e dnveslipaciin de
Sfermbenta, astoomo en b3 febenit ficarcadnn e pacsewtes con ERE Debilo &l maimer lnifads de pavkentes snaltzados en esle extiulio,
e ofetar dneaslivar extiiatios fntierg en podlackones mas gravdes y con sequirieto frogecfon, par salfaae miesvas fallazgo

Pialabras clave: anemia; redicloolive; disifias peeitomeal; insgficec renal oriiar,

INTRODUCTION Indeed, pebative and ahsolube reticulocyte count is the principal
marker the evaluation of the eryibropoletic activity of the bore
merrew'™. Although all of these markers are used in clindeal
jpractice, they ane far from (deal real-time (ndicainrs

Anemia i chronie kidney disease (KDY s onudii-factortal,
hut eainly  deven by erpthropoletin  (EPO) production
deficlency and depletion of o resepves™ . Inflammation s [ifferernl parameless have bean described o the lierature,
also @ Important determdnant in a sub-group of patients, as it but not much yet evaluated in the CED population, especially
Iritetferes disectly with o mebilization and determines EM) in patients undergoing, peritomeal dialysis (PN, Equivalent of
resistance™ . [nflammation in CED increases the concenirational  hemoglohin concenteations in reticulocytes (RET-He) represents
inflanenatoey cyakines, interleukin-h {[L-0) beirg the principal e degree of hemaglobinization that has scourred in the boee
oyiaking pespansible for the activation of hepeidin expression™. mewrew which s dependent an bron availabilin™ 2. Thus
I sinees can be monitored by ferritin and serum levels by iron potentially allows an early evalustion, for dinical diagresis,
transferin ssturation (STT), a5 well as by hemoblobin™. This,  moniioring and defice mnierverdlon, paicalary in patkents with
Iy Inflamenatory situation, high levels of bepddin disectly and — CED using erpibropolesis stimulating agents (B34 and dron
negatively interfere with the avaitshility of iran in erphropoless,  supplementation™' . Additerally, immaiane resculocves [raction
amd may cause aremia, malnly due o iron functional defickency. (IRF) Is an excellent marker of neady real-time erythropoietic

IER
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activty since il represents the proportion of vounger reticulocyies
iy the peripheral blood and rises much eadier than the total
number of reticulocytes'™ 4. These paraneters ny be weful in
1k mnndtoring and managemend of patlents with renal anemda,
particularly those on FI

Ime i thedr concepbual chamceristics and because they do
not sulfer direct analytical interference from inflammation, these
reticudocytes maers may identify earlier and hetier the general
Imnn stabes and ervthropogetc activity of the bone marmow in
atlents with CKIy o PD when compared in conventional mmarkers
such as ferritin, trarcferrin salusation indey and reticulocyies
onk

OBIECTIVE

Analyee the role of the hemainlogical parameters [RF and
RET-He in the monitoring and identification of E5A reststance of
CKD anemia in peritoreal dialysis patients.

METHODS

This we 3 prospective, muli-cenirie siudy, incloding
patlents with stage 5 CKD an continuous ambulaiory pericreal
dialysis (CAPDYARDY for an least $0 days, over 18 years of age,
with o withou therapeutic wse of B3 and iron supphements,
aml who signed the informed consent {project withe approval
al Comaté de Blics em Pesquisa ervolvendn Serss Humanes
(CEF)-Universidade Estadual de Londrirea (UELY under number:
F57/2011). The vencus blood sumples for the laboratory tests and
for blosd cowms were obexined in bubes with ethylenedizmine
tetracetic 4k (EDTAI-E and in dry tubes with no antlceagulant,
using separator gel and clot sctivator for mesuring inflammatory
hinnyarkess.

Comiplete hlood count (CBCY were processed on the same day
of collection for up o a maximam of 4 bours ina hematologheal
anabyzer (Sysmex, model XE-3000) b oblain hemoglobin
paramelers, RET-He, relstive reticulocyte count (RETS).
Immzture reticuloeytes fraction (IRF%S), and thelr fractions [low
funrescence retlcubocyte fraction (LRFS) . medbum fluorescence
reticulocyte (MFR%) and high funrescence reticulneyie fraction
(HFR%)). Infbnmatory biomarkers were measured using
the Lumirex™ Multiplexing Insiruments {Luninex™ <MAP®
Technnlogy), ina single sample for all of the following markess:

Inerleukin-L[ (IL-1[), interleukin-b (IL-6), bamor necrosis
factor-i. (THF-u), and moncevie chempattraciar protein-1
(MCP-11.

The demographic and clinial daia of the pasicipants were
ahitained from the medical recoeds, using data from six months
before and after the date of sample enllection. To evaluate the
amnciation between two quaniitative vadables, the Pearson or
Spearmnan correlaion coefficlents were estimated  Student’s
st or the non-parametric Mann-Whitney tess were used
for independent samples ¢ for comparison between two groups
defined by ihe eryihropoietin resistance index (ERT) that was
caloulated using the mean weekly dose of the bt six months of
EPD (micrograms) by their weight (kg and hemaoglobin (Hb)
concentration (dnse EPUyweighyHh).

The noemality of the variahbes was evalusted by the Shapim
Wilks test and pevalues of 005 indiczied statistical significance
Thee data were aralyzed using the 1BM P58 Statistics v 20 program.

RESULTS

Population characteristics and clinical and
Labwrratorial data
Thiriy-five patients under peritoreal diskyss, al least 30 days.

previously, aocepled to partcipbe a0 were included (o te sudy
Demwographic, cinical ard labormiory data are described on Table 1.

Analysis of iron deficiency nsing ferritin, TSI% and
RET-He

Ferritin, TA1%, and RET-He parameters wene wsed o evaluase
he availahility of iron, fiollowing the cusofl eriteria proposed by
KIMGO {10 2™ of helow 500 pgd for ferritin, less than or equal
o 3% for TS1 and less than 20 pg for BET-He The resulis are
shivwm i Table 2.

Analysis da erythropoietin resistance

We caleulated erythropoletin resistance index (ERT) for 23
Indfividuals and 86 9% (20,23} presenied EPO reststance (values
grester than 0602 ug acomeding o EDIGH, 20029 However,
when thee ERT values were classified by quaniles {the cut-of of
the §* quartile befng 102 b 3005% (77243 were above this
cut-off. For those who were In the fourth guariile, there was a
significant difference for BET-He (b < 1L04) when compared in
aither quaniles

2318020
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IABLE 1 = General characteristics of the studied pspulasan

ko 4 dnari i patends it of B i o | dedpe

[L-ir shiroe the inverse comelatinn with reteulocyts parameles

Varahle Yalues (Table 5).
Ape (yeams) T+ 134
Male genier Sl4% TAELE ¥ = Vahues found for reticulncyie comnts. RETS, RET=, IRFS, RET-He
Canees of CKI Varinble u Slen
ligbetes melius ALt RET% H LA £ 055
Fubovste kidneys HLE, RET= 5 6,585 & 1 367
Hephreclenss LB, ®F% kil el
{Hher cones Al LERI™) £l k=55
[ualysis time {momiths} 2H: S BIFRI) kil LA ER R
W li2drs, HFR{X) # 10 & 0Ery
Bl Maxid RET:He {pe) Ell ELELL
EShuse OTB% RETH ol ety conml FET: sl netoubocyie conms (RPN (il
B, dme &055 & 5505 (1 Fweekd weticadant feow, LFRTEL m-}hwmrwmmmw..wmm
517 & 10§ {pgueekl et e mabraderrve i RFR N gt Monsane MNORciv fRistiau;
BTl eicniacite besugiaba apuaa
ERE{ESA Weigth/ i) 1071 = 0080 {pgl
E::f:‘“m"ﬁ IH“"‘?"' LABLE 4 — Values foumd for reticulecyte counts. RETS, RET2, P, and RET-He
I-nghbffﬂ - “;L;;N? Varidhle BRI jomat i gurtile) o Men i guartke gl
A i . 2002 6 Ie0s T}
e 125 107480 = (L 10E T |-'|5¢_-I'I.Er1. Tiw ]
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5T 5 Urs e 57 1R 5 L102 b nsE0 165
RET-He < 2 £ 14 = 110X T 152035 5 TH

A7 irisgfirie aafarabon daer RETMe mtisadaonts demagiabin mweatont

Comparative analysis of erythropoietic activity by
RET%,, RET#, IRF%, RET-He and ERI

Ervthropodetic activity of the bore marrew was evaluated by
the reticulneyte parameters (RETS, RET#, [RFY, LER%, MFEY
aml HE®S% and RET-Hel, the results of which are shown on
‘Table 3. For each of the reficalocyie varishles, we tesied the null
amd aherreative hypothesss that the means would be the same o
diffierand im the groups, respectively, defimed by the fourth quartile
(= IR MIE or = 0.00Z). There was a significant difference for the
[RFY, MFRS arsd LFRS (0 < 0.05) (Table 4, Figures 1 and 2).

Analysis of inflammation by bismarkers,
reticulocytes parameters and ERI

The values for the inflammatory blomarkers, 1L-1[, 1L,
MEP-1 and THE-g, found in esch samgle, without exception, were
ahive the maximum reference value reporied foe each biomeaies
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T4BLE ¥ = Correlatinn analyss between IL+4 and erythromidtic activity

Variahles n Coarelasian coefficient frvalue
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Correlation analysis between hemoglohin and
IRF%

Hemagglobin values at the mament of analysis, and after G
aml 150 davs were consistently higher in the group of patierts with
a [RF% |ower than 10.5 (Table &).

TABLE & = Correlation analyss betwren Hb valoes and [KFY.
consdering vilues £ 104 and = 105

Varinble IFE Memm prvaha’

Hb {cument) s Al 128421
EA T R [ PO T i

Hb g/l b ) sws 0 1Tzt
=ms 1l LG0T 145

Hh gl {180 days)y sws 1l [PS 1)
=M 4 115 iz

“Eivden s Lt o driakepaasclesn sl (40 il — B e M i Jader) or
o paamaies Wt By Aat [ o 0,05 M demsgiabin
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Aremia & an early and frequent complication in patiers.
with CKD, especially for those on dialysis, and 15 associased
with high morhidity and maorality. However, resistance to ESA
treatment assoctsted with chronie inflammeation in thise patierits
Is an inportant cause of persisient anemia [n view of limited
clinkeal and laboraory toals currendly wsed for the diagnosis,
menitaring and trestiment of anemia in CED, in the pressit
stwdy we analyzed the potential of hematalogical parameters
af retulocytes, 1RF and RET-He, that could impeove this
pmll 1519,

In the preserdt sbody, 324% (11/34) of the individuals
presented Hb = 101 g/dl, corroborating the fndings of Gongalves
& Pecolts-Filho (201317 (38% in a similar population), 2nd
Alves & al. (205" preserting 4% in patients with CKIY on
hemodialyss (HI¥. However, it was lower than thal selaed by
Kanbay ef af (300", who repored about 9% of patlents
with a ghemenalar filtration rale of less than 23-30 mbmin with
anemla I view of these findings, the studied populstion seemed
o represerit @ typdeal, clinically stable populstion oo peritoneal
dialysis, and therefore, adequate for a sbudy of anemia with rew
dizgnostic perspectives.

Iran deficlency & prevalent In 30% of patients with CEI
Ferritin and TS1% are the noin available markers of iron siores
and sysiemic o, howeves, their values can be overestinated
In siivations of cheonic inflanmatory disesse such as anemia in
(KD and in PDx For this reason, de gpal of this sty was use
reliculocyies parameters |KF and BET-He a5 markers of iron and
ervihropaietc activiey that are not influenced by Inflanimation
anil iy better reflect the real status of these two factoes. RET-He
has been demonstreated by be 2 marker with good sersitiviey and
precociey for the assessment of iron defickercy, and the adequacy
af fron stores and availabilin™. Alibough there are several
atuiies that suggest reference or cunnlf values for RET-He, few
refer specifically to patients wigh CED and FD. The oun-off value
proposed i the present study was sugpested by the NEKF-KINH
(20 pg), in agreement with the British Guidelines for Laborstory
Diagnasis of Punctioral Iren Defickency and with the work of Piva
a el (20140 who demansiraied a higher positive predictive
value, when compared with ferritin values below 50 pg and
ST% < 13%. We observed that only T0A% (4/54) wene below
recninmen ded values, which comrasss with the high prevalence of
Iran deficlency ssessed by TSI% of Berritin.

Future studfies should essblish a peference or anndl value
for manitofng o availsbiliey in baed In BET-He This will
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proteritially add indorm aticn in clingeal practice with ro additianal
cosl, since RET-HE are incuded in the report generabed by modern
Smlj'.ﬂ'ﬁ".' I||_

‘When evaluating the ESA reslstance In the complex condext
of inflamamation and iron mebilization, we chserved that %
{20240 of the individuals presented an BRI greater than 002 pg,
but there was no significant difererce when compared o ERI
values with those of RETS, RET=, [RFX (LFR%, MFRS, HFRS)
anil RET-He. Hoeever, when ER] was evalusied in quariles, it
seems 1o be more adequate appraach. In dhis case, there was a
significant difference { < (.05) when comparing the ERI values
of the 4 quartile and the values for IRPX, MERY and LFR%, but
not for RET ard RET*. This finding s siriking, since RET* & the
recommended exam for monioring the marsgement o patients
with CKD on disysis using ESA As suggesied by the Intemational
Society of Laborxiory Hemainlogy, IRF% and RET* may be useful
used ingether because IRFY means resporse of accekeration and
RET= effectiveness of ervthnopelests activity, Butarells of af. {2016)
13 fyypoahesized that this relatiorship & variable, independent, and
coneordant. Hlevaled IRFS compared to nomna] or decreased RET=
Is the stamdard finding that identifies ineffective ervihropoiesis
In the present siody we standardized refererce values for the
paruneters RETS, RET#, IRF%, LFR%, MEES ad HFE%, in
Sysmex: analveer, model XE 5000, 043%-1.36%,; 25 000- 20, 1004
1A 10035, B U084, 1EN-003%; 0U0%-1. 7%, respectively ™!,

Iy adilitionn, in the present siudy, there was asignificam differerce
between [RFS (ualues < 0005% and = 103%) and values of current
Hh, il days and 180 days 1 < (W05}, We can see that the mean
vatlue of Hh wees bower for those individuals in whom the [TRPS was
grester than 1005%. This fat may suggest two possible and different
climical siuations for each group specifically: in the group where
[KFS & lower than 10.5% and higher values for bemoglobin, il may

REFEREMCES

indicate a stahle and effactive ervhropoless, comobarated by the ER1
value, kess than 0.102; i e group inowhich [BF% s higher than
10.5% amd withs kower hemoglobin values may indicane accelerated
Tt ineffiective erpthropaetic activity or erythropaletic stress, since in
this group ERI values are higher than 0,102, that 15, ane in te 4%
quartile of reslstance o EF.

Firelly, our study describes 1L-h as the inflammatory marker
that demonsirates a conrelation with the variables MFEX [ =
01031 and terdency of ssodation with [RF% and LFR%, bath with
powalues = (W0GE, the latler being an foverse correlaiion. Garg
& al. (20" posidans I+ a5 ke main roule of acivabien
af hepcidin, directly interferivg in the balance of mobility and
avallability of iron for erythropolesis. 1L-1[ and THF-@ suppeess
he expression af the EPO gene — Canziand of af, { A006)%%,

COMNCLUSION

We conclude that the new reliculocytic hematedogical
parameters 1KF and RET-He, add value for the identification
af imnmehilization ad deficlency, well a5 in the Identification of
patients with ervthroposedin resistarce induced by inflammation
[rue b the smal] number of patients evaluated in this sy, fubare
atudies should validate our findings in barger populations and with

prcspertive follow-up.

ACKMOWLEDGEMENT

We are grateful to the Hemagalogy Laborsiory of the Hospital
de Clinlcas, Universidade Foderal do Parand for an importa
enniributiors to the developenent of this project.

1. Smweeva |, Ballas ], Binimy B Inflammation and resisdinee bo erptrupoiess-slimulateg, szents - wial do we boow and what nesals o be clailieds
Nephrel Dl Transplant. 2005 10 Suppl & viiiZiiT. Pubdled BMID: 16079326

I lseki K, Bohagura K fmemia = 2 rikk factor far chevrar kidney diasee. Kalney [nt Suppl. 3007; 107: 54-0. Pubblad FMID: 17943141
A Silva PH, dbves BB, Comar 58, linreherg B Slerlin ), Samghen 5T lmmaiolgia Laboratorial: e e procedmentns. Porio Alegee: Artmed; 2016
4 Gritio HEW. Metabsliszo do fern: uma revisio sohre cs printipais mecanismos emolvidis em sua homeostze. Rev Bras Hemalol Bemoter 2005,

MRS 30007 dor 101500515 10- AR HIOR00R000] 2

5 Voanna B Soases CMBM, Tavares 515, Teixeira MbI, Silva ACS. |11||.I.ITEH|'-I.I na thoere nerml eninicar papel de diocinas. | Bras Nelrnd 301 1; 3503):

351t dom 10155 B0LOL-2RHCD L 100050001 1

b Pecodts-Filho B, Heimburger (b, Barany P el al. Azawiatmons between circulating inflimmtory markers and nsidaal neal function in CHF patients

Ao Kidkoery Dis. 200%; 41 1212-18 Pubdied PMID: 12770273

31N

43



[l Mrbay e ML devmiral Lggda Chans Thcagon P b Dt L Enled; Rubsarta Proaits Fills

7. el Veechio L, Poezmmi B dndrulli 3, Locateli B Ieflammation and resdstano: 1o with recambi human erpthnpaietin. | Ben Nulr 2005
15: 13741 Pubivied FMIT: 15048023

B Pecoits-Filho B, Carvalbe ML Stenvinke] B Berg) Lindhedm B, Heimbirges 0. Spemie o intrpesitoeea] inteieukinef st during the e year
of peritimeal dialysis Pesit il InL 2006 26 55-63. Palibbed PMIT 16538876,

0 Feairab & Avemia s inm management. Semin Dl 2001 2405): 498503 doi: UL 1525139 2001 00983

10 Braga ISGPA. Canlaggem glohal sutomaitica: parimetnes analiadie: sigraficads ciinaco e e de ems [diseriation . Programa de Pés- Gradogin
m Apilizs Clinicas, Unrrersidide do Poeto; 2004,

11 Chuan €11, L RS, Wei V11, Huang TP, Tamg DG Barly prediction of resporse o intraverous inm supplementation by nasodocyte haemisglobin
contert amd high fhain=cenee oy ook in hemodiabysis patients: Mepbenl Dial Trmsplant. 2005; 152): 3707, Pubbleal PSID 1254389,

12. Mast AE, Blraler MA Dietzen [). Retioaocvte hemoglobin content. Am | Hemanel. 2008; 83{4p: 507 10, PusNled PMID: 12027555,

13. v SIT, Vilisza 55, Camvalhe MG, Femandes AP Dusse LME, Gomes KR Restdomce of dizlyoal potients 1o erghropsietin. Bev Bras Hematol Bemoter
JH5; 3T (30 190657 dhoi 10,1006/, bk, 2005 0.2 0]

14. Wellmann M, Germor BAKC, Schwert V. Figuers B, Ritod GO Reticulocyte moturity indices in inon deficency anemia. Rev e Hematol Bemotes
JH4; 3b (1) 3528 dox 1OSSEL LS Lb-BAE. 2040009,

15. BINGO €linical Pradice Guidebres. and Clinical Practice Recommendations for Anemia in Chronic Kideey Disease. Kiney Inl Suppl. 200E 24):
ITRE5

16, Goegalves 5, Dal Lage B4 Moraes TR o ol Lack of aleque redilyis cans and previous | fiatyss, bul nol hemoglubin variabilily ase
independent predictons of anemiz-sstisil morality in incident Braoalon periioeeal didlysis patients: Pesalts from the BRAZPD Sy, Blood Punl
HHZ; 340340 108205 PusNMed PMID: 2323514

17. Kanbay M, Perazdla A, Kasipogha B Konigl M, Civie & Erythnipoiess samakiioey agent-nsigtanl anemia in dialysi pationts: nsvies of ces
aral managerend. Rlood Puril. BH; 20(L): 1-12. Publed PMID: LIE16014

18. Brugnara C. Schiller B Sluran |. Reticulooyte Hemeg lohin Equivalie {Ret-He ) and ssssment of roy-telicient statis. Clin Lz Haem, 2004 18050
YRR Pubbed PMID: 14999710

19. Fiva E, Bragnar © Spolaoee F, Plebani 8. Clinical utility ol nticadocyle panmmeter. Clin Lab Med. 2014; 3515 13363 PubNed PMID: 23670377

1), Hutarelo M. Labsaratioey; oo grasss of anemia: sve the abd and new sed cell parameters ussful in <lssfiation and tnstment, how? o] Lab Hemoiol
BHl; 38 (Suppl 10: 12332 Pubblel PMIT: 27105005

1. Pekelharing M, Haus @, Jange B, ¢ al. Hamraiobogy relenence interval for stablished and novel panameters in helthy adaits Srsme ] Inl 2010,
1) 1-10

I Ganz T Hepeidin, 2 key nsgulator of imn metabolism and medeior of anemia of inflmmatson. Blmd. 1005, 102(3): 785-88 Pubsl PMIx
12063437,

3. Cariara MEF, Bastins M0, Bregman B el al. Tiehicigncia de ferna e anemia na doenca reral crimica. | B Nl 206; 2825 BES0. dai: L0 1500
SLSLE-BAR 201 0000300 T

DORRFESPOM DG ALITHOR

Juliz €. Merlin ‘ [N TR RERE 1Y
=-mail merinjcl ¥ gmail com

This is an open-access article distribuied under the tenme of the Cnsilive Commims Attribution Livense.

2318020

¥

44



2.1.5 ESTUDION.°5

Kephro-Urol Man. 2022 May, 14[2e121289. htpsyjdoiorghosm numanthlya212a9.
=

Published caline 2022 May 11 Research Article

m

Evaluation of Predicting the Value of the Reticulocyte Hemoglobin
Equivalent for Iron Deficiency in Chronic Kidney Disease Patients
Kien Nguyen Trung *" ', Hung Ta Viet ™, Hanh Nguyen Thi Hien', Van Nguyen Khanh®, Tuyen Thai

U 1
Danh” and Thang Le Viet
"Dy il Aoy anad Hnadd Mliktary Hmpieal 03, Vistnarn Ydiary Medical Un eenaey, B o, Vieinas
vy ol Hrpl iy sl s, Hiktasy Himpead 003 Vistaam Mdiary MedicalUneenesy o, Vicinas

" Canrponding surbor D i Bemaicdngy and Blad Milewyl
bentkim@ymail cam
& Thewauthan are coniriutad egually axthe e aebor

1, Vitram Miktary Wedical Usive iy, Flagai, Vietnas. Eressl

Recebved 2021 November 22, Accepted 2022 Fbauary 17,

Absiract

Background: Iron management ks essential for anemia reatment in chronic kidney disease. The rencalocyte hemeg lobin equis
alent (RET-He} is a reticulocyte paramecer that reflects hemoglobin synchesis of newly formed erythrocytes inthe bone marmow in
real-time.

Objectives: This stsdy aims to evaluace the role of reticulocyte hemoglobin equivalent (RET-He} m predicring iron deficiency in
chronic kdney disease (KDY patients.

Methods: Following a descriptive cross-sectional observational design, this study was conducted on i3 adule patients wich C5D
stages 3+ 5. Laboratory indices, including complete blood count, some biochemical indices, iron status, and reticulocyee indices
{mcluding RET-He ), were measured. Iron deficiency (1D) was defined as TSAT <= 30%, where serum ferritin level > 100 ngiml was
defined as funcrional I0,while senam ferrivim lavel <100 ng/ml was definad as ahsalure [0

Resulbts: Nearly 421 of patents had I The mean concentration of RET-He in CED patients with 10 was significantly lower than that
af pattents withowt 1D P= 0.041}. Based an the Recever Operating Charaoensic{ ROC) ourve madel, RET-He had a good predioive
value fiar [Din CKD patiens (AUC = 6.762; 2 0.0408 cataffvalue: 2815 gL, che senstnity of 45 5% and the specificity af 100%). Senam
irom, RET-He, serum albumin, and mean corpescalar solume (MO were independenst risk factors to predict ED i 8D patients.
Concluslons: This sudy demonstrated that RET-He is an approprate index to predics 10 in CKD patients.

Keywrds: RET-He, Iran Deficency, CED

. Background ol immature erythrocyles, which can be measured by a
Mleow cytometry technigque (4], RET-He is a parameter that
Chronic kidney dizease [CKD) s o widespread health rellects hemaglobin synthesis by newly lormed red bload
problem alfecting millions worldwicde. CED not only is cells in the bope mariow i realtime. ln oider 1o clar
asspciated with increased incidence, prevalence, anc cost ily the role of RET-He in predicting 1D in CKD patients, we
of reatment bat alse leads o end-stage CKD. Anemia s conducted this soudy o svaluate the rale of Reticulocyte
a common complication of CKD that contribules 1o e hemuoglobin equivalent (RET-He lor predicting iron defi-
duced quality ol lile and poor treatment oulcomes (1, 2). ciency in chranic kidoey disease patients.”
Ervthropoiesis-stimulating age nts{ ESAs) promote erythro-
poiesis in CKD patients; however, iron deficiency olten

2. Dbjectives
leaals to dec reased response Lo Lreatment with ESaf3). Iroa e

deliciency olten leads o increased dases of ESAs, causing
aibverse effects in patients (4). Therelore, the assessment
of iran status in CKD patients is essential, Inoclinical prac
tice, clinicians often use traditional markers 1o evaluate
iram statws, such as serum iron lereitin, and transfe crin sat-
wration [T3AT) levels (5] Reticulooyte hemoglobin equiv-
alent [RET-He) is & new indwcator 0 asseds the iron slatus

This s tudy aimed to evalwat e the RET-He role in predict-
ing iran deficiency in CKD patienis.
3. Methuoals

Following a descriptive cross-sectional ebservational
design, this stdy was conducted on 131 adult patientswith

Copprighi & 10E2 Auihars) This ivan cpeessccrm anticle diinbeted urder the terms el the Coaiiee Commane Atinbsiion-SenCommercial 4 0 lstersatimal Lismss
[hiig ory o bync 4 0[] which penmita copy asd redisirihuee the maienal jutin soscommeraal usages, provided the ceigizal wark pogery
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CKD stages 3 - 5 attending the Department of Nephrol-
oy and Hemodialysis, Military Hospatal 103, Irom OcLobser
2019 o October 20200 Patients aged 16 years and abawve,
in both genders, diagnosis with CKD stages 3 - 5 [without
undergaoing hemodialysia] whowe re willing Lo participate
were recruiled i this study, We excluded patients who
were on renal replacement therapy, ar had a history of re-
ceiving EPD within the previous paao weeks, or had a his-
tory of receiving iron therapy, and those with evidence of
bleeding, infection, or blood transfusion within the past
six manths.

Laboratory investigation included complete blood
count, conventional biachemscal indices, high-sensitivaty
C-reactive protein [hs-CRP), free iron, and lerritin concen-
tration tests, CED was diagnosed and staged based an
the National Kidoey Foundation [Kidney Disease Oulcome
Quality Initiative (NEFKDOOQL) criteria (6L Anemiain (KD
was defined as World Health Organization (WHO) crite
ria [(Hb < 130 gL in males and < 120 gl in lemales) (7L
Serum iron pm-ﬁll:s comsist of free iroa, lerritin, and TIBC,
in which TIEC was estimated by a Diagnosis-Related Group
TIBEC [bigactive ) eneyme-linked immunosorbent assay kit
using the principle of competitive binding.

TEAT [X) was caloulated as ([semum iron = 100RTIRC)
bron deficency (1D) was defined as TSAT < 2o%, where
serum lerritin bevel = 100 ngfml was delined as functional
0, while serum lerritin level < 100 ngiml was delined as
absolute 10, according to the NKF's KDOQL anemia guide-
lines {8).

Complete blosd count and reticulocyte indices were
perlarmed an a Sysmex XN1000 analyzer, [apan. RET-He
wid measured in the reticulocyte channel by Dow cytom:
etry wiing a Palymerthin uorescent dye.

A1 Sracistionl Anudysis

All the continuous data were represented by the mean
and standard deviation (lor normally distributed data) or
by the median and interquartile (for norrnormally dis
tributid data ) These data were compared by the Student’s
Clest or Mano-Whitney U test, respectively  Categorical
data were presented by the [requency with percentage and
were analyzed using the Chissquare test. Pearsan corre-
lation wis used o measure the degree of the asociation
betwesn linearly related varables. The receiver operating
characteristic [ROC) curves with the area under the curve
[ALUC) weere calculated to predict 100 Multvariate sdjusied
regression analyiis was perlormed Lo determine the inde-
pendent risk factars for 1D [using a backward selection pro-
cedure] Statsstical analysis was caleulated by the Stagisti-
cal Package lor the Secial Science version 22.0. A Pvalue <
0.05 was considered 5i.3|ufi|.'a||.1.

4. Results

Table 1 shows the baseline characteristics of all pa-
tients. The mean age o all patients was 5156+ 122 years, in
which the praportion ol males was mare Lthan 708, There
were 51 patients with CKD stages 3 - 4 in our study, and
20 patients had CKD stage 5 In our study, the prapor-
tion ol hyperiension, anemia, and 1D were 345, 935, and
425, respectively The mean RET-He concentration was 302
* 369 gl When companing the demographic and lab-
aralory characteristics betwesn the e groups (ie, CED
slages 3 - 4 and CED stage 5], we Jound na difference in
some baseline characteristics such as the mean age, gen-
der, bady mass index {BMI}, anemia, as well as some labo-
ratory indices such as MOV MCH, MCHC, absolute reticu-
locyte counts, and serum iron concentration. Besides, as
shown in Table 1, patients with CKD stage 5 had a signal-
icantly higher propartion of hypertension, CGN etiology,
moderate, and severe anemia; higher median concenta-
tion of wres, creatinine, hi-CRP, reticuliocyle percentage,
RET-He, serum ferritin, and TSAT: bwwer eGFR, serum albu-
min bevel, TIEC, and proportion af 10, as compared to those
al patsents with CKD stages 3 - 4.

When comparing some hematslogical indices based
on 1D status, we found that the mean concentration of
MCHC and RET-He in CKD patients with 1D was significantly
lower than that of patients without 1D (P = 0.0 and P
<= (e, respectively). KD patients with [D had bower
hemaoglabin, MCH, MCHC, absolute reticulocyte count
and a higher reticulocyte percentage. However, the differ-
embe 5 not statistically significant, with P> 0005 {Talde 2).

Ad shown inTable 3, there was a strong positive correla-
tion betwesn RET-He and serum iron {r= 0.50E, P < o.nol),
amd TSAT {r=0.5849, P <= 0un00); a moderate poditive correla-
tion between RET-He and Ferritin{r= 0394, P < a.0oL); and
a4 weak negative correlation between RET-He and TIBC (r=
0152, P =0.037) (Table 1),

Basedl on the ROC curve maded, RET-He had a good pre-
dictive value ol [ in CKD patients compared Lo some Lra-
ditional iron indices (AUC = 0762, P < 0.0401; curtadl value:
28.15¢)L, the sensitivity of 45.5%, and the specificity of 1p0E)
[Fgure 1}

Table 4 shows that serum iron, RET-He, serurm albumin,
and MOV are independent risk factors for 1D in CKD pa-
Lients.

5. Discussion

Wi apply the WHO diagnostic eriteria foranemia based
an hemoglobin concentration [HGE). Anemia was defined
as HGE < 130 gL for adult men and < 120 g)L for women
In o stuady, the propertion of anemia was 9315 {patients

MephroeUrol Mon, 2022; 14021212849

46



Agayn Trang Katal

Taklei. Cirecal Ch aned Lak fre FachoChimeie Kirdeey Dussane Stage [N = 131]

Clinical Ch amed Lk Al =iy 5 e dand Stage 4 [N 5] CRDStage § [N=6]  Pyahe
Awn [y ] S B SLTLE W [T e oy
Sex LAlE

Ferrale IE(EE) (HF| T

Male L] H[H5] 56 (P
ns PRt RS R o RS Tl FLUBCERRY D498
Bhyperiensisn. HB{E4) 18] TELE) A
gy a0l

(=] E1[47.3] 15254} Rl

Cheoni pyelancpheni TR 15[254) Simi)

Diabetes H 143 41785) 104135

Hiyprriem um Aa{15d; (Rt L]

Pakepue ey dis s {48} ala} (1)
Serum Urea {mmsdiL | LA 3154 ELL&-125] B B4 - 412 = fii
Serum creatining | pmeliL} SOR (265 - #6E) A0ICIES - 234 TRL[FTA5- B00Es] = 300
eGIR [mijmime 7 m’ ] L5 [5.7-204) ZAE[E0-155] AHRDE- 05| BT
Serum slsumin [gi] A58k SA TL41 1 =T AT A3 e
ha LR {mglL) 15{05- R4} L0032 135 1118147 oo
Anemia EEfaR1] A5 [883) T 053
Soversy ol ameman = A

muld EUEELH F7En] I

Modrrate #IRT LELEER ] mrAn|

S 5[5 EHE] (AL
mbgiL} ALLEE 3845 I TES Y] [TETES-IET] = A
MEVIIL] bt Ll AL15 &40 114 703 (=
MO WaLE AN A L WIE N am
-:n:mla At 133 AZL5EE FO§ LRARE 2404 Lo
RETS [T} BT D 083 - DD 007 (0B - D DTS T DG - D] as
RETX (%] 100E 08 LI 85 FIET L] LFLH
RET:He (gL} Wit 169 WL A AL ani
Serum irve | mal ] BLE (615 Wl (2 - | MG S - L] Ty
Frerdtin (ngiml | A6 T7 [T (02 - 4 280 I5LE LI 40585 ) A V3 - AL LuldE
THC {jemmlfL} SLAT [1857- T3] TRAET & BIIR) 4100 R ) = .00
TEAT[X] SR TR 1.3 176 (80,3 - 2.5 145 {1005 - WAE) = 0001
Irun defickenoy (17

fien BE 4] LT ] FLRTEN]

Ha MEIRE) AdLE] 55 [GRE)

b KD, chranec kidary bady drx; TGN, chromic gk phra; eGIE, d fikzation rair; ka-CRF, high

C-reactive protem; I glohim; MY, P Larwaberme; MCH, Lur 1 by MCIIC, maean corpuscular b conceization; RETS, absaluir retics-
locpie count; RETE, erticularyte procentage; RIT4s, lacyin b TIEL, tatal imn binding capacity; TSAT, transernn st racins; 50, saedand

draaiion.
° Al dbe continuoin dats s e

Mephro-Ural Mon. 2022; 14[2):e121269.

mied by the meas & 50 fr sommally duirdsed daiajar by the median and
Cningorical ata weee pervemmed by ihe o (5L

"

data]

47



Mawreen Trusg Ketal.

Sensltlvity

source of the
ourve
e RET-Hi2
e ST TN
Ferritin
m—TSAT
e T B
——Reference line

a0 T T
K] o2 04

1-Speciflcity

Diagonal segments are produced by ties.

Figure i Recriver aperacing chancierissio (0C) reree of AFT-He and some iron e indice far e i CED &= T3] RET-Hie: ALPE = 0363;

P 000; Cuial 165 (gILE Seeaitiviiy: 45.55; Specificiiy: 1081

with CED stages 3 and 4 were 88.2%, and patients with KD
slage 5 were 96.3%). The prevalence of anemia in our stucy
wird higher than in some other studies. Li et al. studied the
praportion and severity ol anemis in 2420 CKD patients in
Shanghai, China, and indicated that the proportion of ane-
mmia in patients with chronic ksdney disease (CKD) stages 3,
4, anad 5 was 5LIK 7925, and 9025, respectively (9L salman
etal. showed that the proportion of anemiawas 75.8% in all
stages. The proportion of anemia in CKD stage 3 was 4194,
stage 3b was 6345, stage 4 was 8545, and stage 5 was 97.4%
(). Anemia is a widespread complication in CKD patienis
with and without kidney Lailure.

The prevalence ol anemia usually increases with the
CED stage. The more severe the renal Junetion is, the

higher the proportion of anemia and its severity  This

reflects the pathogenesis of chronic renal lailure  As
the kidney function decreases drastically, the severity
ol metabolic and endocrine disorders also increases, in
which the disturbance of erythropoietin secretbon wors-
ens [1042]). In addition, inflammatory cytokines inhibit
hematoposesis in the bone marrow due o the develop-
ment ol alkaline balance disorder amd increased levels of
free radicals, which may worden anemia {13} Many sub-
sequent studies provided evidence Lo belter wnderstand
the causes and mechanisms of anemia in CKD patients
muore fully, Al three mechanisms ol anemia had been
seen in CKD patients, including reduced hematopodesis in
bane marraw, increased destruction of red blood cells, and
Erduerel Doss [14].

Rince the KDOOQI 2006 workgroup recommended Lar-
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geting serum lerritin levels of more than 100 ngjmL in pa-
tients with non-clialysis ESRD, some randomized control
atucies showed that iroo treatment had erythropoietic elf-
lects in patients with stages 3 - 5 CKD and lerritin levels
exceeding 100 ngjml (2, 15}, Currently, the Vielnamess
Nephrology Asseciation cavers the we of intravenous iron
in patients with CEDIF and with TSAT < 2000% or lerritin <
1o g ek, and Hir lower than b0 gldL. [n our stucy the total
1D proportion was 429, When investigating iron status in
CKD parients, we Tound that patients with CKD stage 5 had
a significantly lower proportion of 1D than patients with
KD stages 3 - 4 (5885 compared to 32 25} This result can
beartributed 1o the fact that most patients with CKD stages
34 were newly discavered and had no history of receiving
treatment. Therefore, the proportion of 10 was higher than
patients with stage 5 CKDwho received treatment. Alzahels
and Al-Amer reported that [0 anemia was prevalent (12.5%)
amang lemale university students in Saudi Arabian, They
also reported that inadequate iron intake was a sk lactor
Tar anemia [16) In our study, the median concentration of
serum ferritin and TSAT were significantly lower, and the
median concentration of TIBC was significantly higher in
patients with CED stage 5 than stages 3 - 4. [L can be at-
tributed o the Gact that in patients with chronse renal Lil-
ure, [ can be caused by several factors such as inadequate
iran intake duoe to poor diet or restrictive diets, reduced
iran absorption, and bloed loss through heavy periods or
internal bleeding (17,12 Several biochemcal indices, such
% serum lerritin concentration amnd TSAT, are used 1o diag-
node D, However, Uhese Lests alio have cerlain restriclions:
TSATE is strongly alffected by the daily iron Muctuation,
while serum ferritin can be increased in chromic inflam-
matory diseases (19, 20). Therelore, RET-He has become a
potential indicator o replace ferritin amd TSAT Lo assess
iran storage in CKD patients because it directly evaluates

Mephro-Ural Mon. 2022; 14[2):eLZ1289.

thieiren used tor the hermoglobin bosynthesis throughout
eryLhropaiesis [21).

As resules in Table 1 indicate, the mean valwe of the
reticulocyte percentage (RETX)] was 2%; absolute retic-
ulacyte count [RET#] was 0071 T(L and reticulocyte
hemoglobin equrvalent {RET-He) was 30.2 pg. In our study,
both percentage and the absolute value ol reticulocytes
were higher than thase ol Macond ot al., wha studied over
200 dialysis patients (L4552 and 0,05 TL, respeclively)
However, the concentration al RET-He in our study was
lovwer than that of Maconi et al. [30.2 pg compared Lo 339
pEl(22) Miwa et al studied 217 hemaodialysis patients and
shovwed that the RET-He mean value was 32.4pg (23}

The observed difference in the findings of these stud-
ies can be attributed 1o the characteristics of participants.
I wer study, patients had nol been treated with any renal
replacement therapy or iron supplementation reatment.
Therefore the proportion of patients with iron deficiency
anemia inowe study were higher than thode above stadies.

As shown in Table 2 the mean concentration ol MCHC
and RET-He in CKD patients with D was significantly
loseer than that of patients without 1D [P= o.001 and P <
0.0, respectively). This inding is entirely consistent with
the characteristic of iron-deficiency anemia, hypochromic
anemsa, and decreased concentration ol RET-He.

When studying the correlation between RET-He and
some iron status indices, we found a strong positive corre.
Lation between RET-He and serum iron (r=0.513, F < 0.0},
and TEAT {r = 0.524, P = oupol); a maoderate positive corre-
lation between RET-He and Ferritin {r = 0.39%, P < p.om};
and a slight negatmve correlation between RET-He and TIBC
[t =028z, P = 0.037) [Table 3. Measurement ol reticulo-
cyte hemoaglobin equivalent {RET-He) is a test to diagnose
and monitor D anemaa. RET-He is anearly measurement ol
the current iran supply Lo erythropoiesis in the bone mar-
row (24). Therefore, when ID occurs, manilesting in the
depletion ol red blood cells {(decreased MCH] or decreased
serum iroa and lerrtin concentrations, Lhe concenlration
ol RET-He will also decreases.

Blarmy studies used RET-He a8 a reliable indicatar to as-
sems [0 in CKID patients. Based on the ROC curve analysis
[Figure 13, RET-He had a goad predictive value lor ID in CKD
patients compared Lo some raditional iron indices (AL =
0762 P < ouoon cut-=ol value: 28.15 gL the sensitivity of
45.5%, and the :.pl:ciﬁul:.l of 100% ). Dur results were simlar
o those of Miwa et al.. In this study, RET-He had a good pre-
dicting value for [0 with AUC = 0.776: cut-odl value = 33pg;
sensitivity = 74.3%; specificity = 64.9% {23). Brugnara et al.
alse showed that at the cut-olf level of 27.2 pg, RET-He had
a diagnostic value for D with AUC = 0,913; P < D.0040; sen-
sitivity up bo 933%; specificity of 83.2% [25). A multivariate
regression madel using backward selection criteria was es-
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tablished to confirm the predictive value of RET-He in pre-
dicting [0 in CKD patients. The results presented in Table
4 show that serum iran, RET-He, serum albumin, and MOV
were independent risk Cactors for predicting 1D in CKD pa-
Lienls

51 Conclusions
In conclusion, RET-He had a good predictive value aff

iron deficiency in CKD patients compared to some Lradi-
tiomal iron indices.
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Abstract
Optimaliron level in hemodialysis patients remains a subject
of debate. The reticulocyte hemogiobin content (CHr) is be-
lieved to reflect the concentration of iron required In the
mMost recent hematopoiesis in the bone marrow. CHr is not
influenced by any factors that measure direct hemogiobin
(Hb) of reticulocytes and Is considered a reliable indicator.
The supply of iron for Hb synthesis Is regulated by hepd-
din-25 (Hep-25). However, CHr and Hep-25 measurements
are not covered by the Japanese medical insurance systom.
Serum ferritin (s-ft} and transferin saturation (TSAT) are used
mainly as indicators of internal iron status. Therefore, we ex-
amined the relationships among CHr, s-t, TSAT, and Hep-25
to determine the optimal iron level. This report peesents the
clinical significance of CHr, the potential use of CHr for the
diagnasis of iron deficiency, and tests for optimal iron level
using CHr as performed in our hospital.

© 20195, Kanger A Rawed

Clinical Significance of Reticulocyte Hemoglobin
Content

Of the total 3-5 g of iron in the body, 70% is present in
the reticuloendothelizl system, Iron is used for hemoglo
bin (Hb) synthesis in the bone marrow at an hourdy 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 tron 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 crythroblasts 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 hematoposeais of RBCs, Hbeyn-
thesis starts at the proerythroblast stage
and incressingly accelerabes in erythro
blaszs. The reticulocytes are released 2-3
days later from the bone marrow into the
peripheral blond and differentiate in ma-
ture RBCs 1-2 days later. RBCs, red blood
cells: Hb, hemoghobin, ———

reticalar componeinls are removed at each of their pas-
sage in the spleen in @ cycle of 1-2 days to produce ma-
ture RECs (Fig. 1). Because reticulocytes remain in the
peripheral bload only for a short period. reticulocyte he-
moglobin content (CHr) is believed 10 accurately reflect
the concentration of iron required in the most recent be-
mnﬂ.npuh:si:.

To date, optimal iron level in hemodialysis (HDY) pa-
tients has been examined with the aim of raising Hb levels
and reducing erythropoiesis-stimulating agents (ESAs)
[1]. The swrvival 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 matwre RBCs [2].
Therefore, the optimal iron level in hematopoiesis is ex-
amined more accurately using CHr ag an index rather
than using Hb in mature RBCs.

CHr Measurement

CHr is meazured by the flow cytometry fechnique us-
ingalaserbeam. First, asurfactantisapplied tospheroidize
and immobilize RBCs without changing their volume.
Wext, the RNA in the reticulocyte is stained in blue using
Opazin 750. Subsequently, mature RECs and reticulo-
cytes are distinguished based on the concentration of
BENA calculated using sbsorbance values, and their wol-
urnes and Hb levels are calculated using their scattering
light measurements. Therefore, a5 a reticulocyte index, a
mean corpuscular volume of reticulocyic and & corpus-

The Captiznal Leon Content jor HDY
Patienia

cular Hb concentration mean of reticulocyte can be di-
rectly measared, CHr is a mean value of reticulocyte Hb
bewel, which is calculated based on the cell volume and Hb
lewel of cach reticulocyte. These measurements are highly
stable, with 20-time repeated measurements resulting in
a coefficient of variation of (.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 haghest stability; whale mean corpuscular volume of
reticulocyte and concentration mean of reticulocyte re-
mained stable only for & b at room temperature and for
24 b of refrigeration, the results for CHr did aot vary aftee
24 h at ropm temperature and 72 h of refrigeration [5].

Pravious Examinations of CHr in HD Patients

Based on its characteristics to reflect the concentration
nfi:\onmqu'lrmd'ml‘t sesis in real Hme, CHr has
been considered useful for diagnosing abaolute, function-
al iron deficiency. In particular, HD) patients suffer from
hialysis-related blodsd loss and uze ESA under chrosuic in-
flammetory conditions; therefore, they are more likely to
[presemt 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 cwioff values for CHr of iron
deficiency in HD» patients are determined and examined
using & technique wherein the “iron deficiency criteria” are

Bioed Puril 200584 T{suppl 1):70-13 1
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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 wsed, meluding one in
which intravenous chalybeate is administered to observe
increased responses in CHr, Hb, and Het [6-10] and an-
other in which serum ferritin (s-ft} < 100 ng/ml. and trans-
ferrin saturation {TSAT ) <20% arc used as the criteria [ L11].
In the intravenous chalybeate administration method,
CHr significantly rises at 48 h after the administration and
pclka. at 96 b in the iron.-defecdent group, whereas linile
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 ance
the concentration of iron reaches & cenain level. In the
present study, wherein we wsed ADVLA 120 for measure-
mient, the cotoff 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 sensativity varied In various reporis, sug-
gesting that further examination is required. Nevertheless,
miany of thee retalts were superio o the sensitivity and
apecificity compared to the s-ft and TSAT tested at the
same time, indicating the usefnlness of Chir [7, 8, 10, 11).

Examination of the Optimal iron Level using CHr in
HD Patients

CHr has previously been shown to be useful in dugnos-
i ieon deficiency. However, because CHr measurements
are not covered by the Japansse medical insurance system,
they are not widely used. In this study, we examined the
correlation of CTTr with s-ft and TSAT, which are routine-
Iy used s iron paramcters, to express the optimal iron con
tent for hematopoiesis in HIY patients using s-ft and TSAT,

Previous reports have shown that CHr is positively cor-
related with s-fi and TSAT [%, 12], bat in iron-suffickent
conditions, CHr hasheen shown to remain unchanged even
with chalybeate ad ministration. Therefore, we propose that
CHris positively corrclated withs-frand TSAT uptocertain
s-ftand TSAT valuesbui is not affected beyond these values.
Orur airn was o identify the optimum cutofl values for
which the relationship of CHr wath s-ft and TSAT changes.
I adclition, we investigated the relationship between CHr
and hepcldin-25 (Hep-25) measured at the same tme. [rom
absorption from the intestingl tract and the iron supply
from cells to the blood are regulated by Hep-25 [13]. Be-
case iron in the blood is wsed for hematopoiesis and is de-
pheted within 4=5 h unless supplied, won metabolism by
Hep-215 is likely regulated during hemaroposesis.

Tt Blond Ferif 20194 T appl 2171175
DAl 100 1SR S

This is a retrospective observational study using the
data of 181 HD» uutpaﬁ:n.l.‘l. mxhring recarnbinant hu-
man erythropoietin. All patients provided informed con-
sent authorez ng data nmPIi:nE and a:utj'!-is at the initia-
tion of dialysis therapy. We measured CHr using ADYIA
120 (Bayer Diagnosis, Tarrytown, NY, USA) and Hep-25
using LC-MS/MS.

Ta determine optimal cutodf values, correlation coef
ficients were analyzed using the change sensitivity analy-
sis method. As s result, the optimal cutoff value for 3-ft
was 3 ng/ml. (£50 ng/mlL, r = 047 ve, >50 ng/ml, r =
0.22; Fvalue = | 7.64) and that for TSAT was 24% (<24%,
r =0.58 v&. >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 reticalocytes and CHr. As a result, the CHr
in the s-ft >50 ng/ml and TSAT >24% group did not de-
crease even if the number of reticulocytes mcreased,
Therefore, under the condition of s-ft >50 ng/mlL and
TSAT »24%, the concentration of iron required in hema-
tepabesls is likely sufficient even if the namber of retbeu-
locytes has increased. In addition, we found that in the
relationship between CHr and Hep-25, there were
mwo castoff values, with optimal Hep-25 cutoff values of
20 ng/'ml (=20 ng'mL, r = 0.52 vs. >20 ng/mL, r = <0.01;
Fwalue = 20.12) and 70 ng/mL (<70 ng/mL, r =036 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
growps examined in this study, CRP levels were low (me-
dian: 006 [interquartile range 0.03-0,27] mgfdL). indi-
cating that inflammation was well controlled, Therefore,
we believe the Elep-25 level depends on the concentration
of iron in many paticnts. These results suggest that the
eoncentration of iron equivalent to 20 ngfmL of Hep-25
is insufficient for hematopoiesis and that the concentra-
tion of iron equivalent to 2170 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-fi values equiv-
alent to 30 and T ng/mL of Hep-25, which were predicted
based on an approximate straight line, were 59.7 (95% C1
£8.5-70.9) and 155.1 (95% C1 142.6-167.5), respectively,

Conchusions

Currently, iren level in HIJ patients is managed us-
ing s-fi, which & an index of stored iron, and TSAT,
which is an index of available iron, in accordance with

Ogenea Tauchtya!Nirta/Maeda
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relevant guidelines. However, both indices are affected
by factors such as inflammatory status, infectious dis-
eases, liver diseases, malignant rumors, and nutritional
status, Furthermore, TSAT is subject to a ditienal varia-
tion, Therefore, their reliability as indices for iron is de-
atable [15, 16]. Onaly CHr directly reflects the concen-
tration of iron required in hematopoiesis. [n HD pa-
tiemts, 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 o these of healthy
people in the iron-suffickent state [12]; CHr represents
a stable marker for the concentration of iron required
in hematopodesis.

The results of the present stody suggest that m patients
receiving recombanant human erythropoietin, the con-
centration of iron of Hep-25 >70 ng/mik is the lower lim-
it of iron sufficiency and that negative iron metabolism
accurs at this level in hematopodesis. Because it that been
shown that the long-acting ESA uses a greater concentra-
Lo of izon during hematopoiens and it suppeesses Hep-
25 [17. 18], further studies are warranted
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Correlation between Reticulocyte Hemoglobin Equivalent (Ret-HE)
and Iron Profile in Routine Hemodialysis Patients at West Nusa
Tenggara General Hospital
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Article Info Abstract: Chromic kidney dsease (CKD) is a dysfunction that ocours in the kidnevs and
Received May 7, 2025 causes the body's inability bo maintain homeostasis. Kidney replacement therapy is needed,
Rewised @ May 30, 2025 one of which = hemodialysis (HD). The hemodialysis process and CED can cause
Accepted June 2, W25 comiplications, especially iron deficsency anemia (IDAL Accurate iron strtus evaluabon s

emmential in HD patients. Flowever, access to comprebensive iron studies such as serum iron
(&1}, total iron binding capacity (TIEC), and transferrin saturation (TSAT) remains limited in
many Indonesian healthcare facalitees. Therefore, a practical and affordable altermative
parameter is needed. This research aims to determine the correlation between Beticulocyte
Hemoglobin Equivakent (Eet-HE) and standard DA diagnostic examinations (S1, TIBC, and
TSAT). This study i cross-sectional, with 50 participants fulfilling the research criteria. Data
oollection was carried out at the Hemodialysis Unit of the West Musa Tenggara General
Hspital using a consecutive sampling method. The study result showed 42 subjects (84%)
hawe normal Fet=HE [z 29 pg). There was a statistically significant correlation between Ret-
HE and &l {r=0.234, p=0045), and TIEC {r=-0251, p=0.040), and TSAT (r={.288 p=0.021} in
routine HD patients.

Keywaords: CKL, iron dEEil:i.l.'J'l::-’ anernia, Ret-HE, hen'l.udi.al:p:i:. 21, TIRC, TSAT.

Citation:  Putri, AR, Asmara, LGY., Cahyawat, TD. [2025). Hubungan antara Ret-HE {Reticidocyte Hemoglobin Eqiivalend)
dan Profil Besi pada Pasten Hemodialisss Rutin di BSUD Provinsi NTB. furnal Kedobtersa Urran, DOL: Yall 14 (2),
7178, DOH: hitps:)'f doiorg/ 1020005 fjk v14i2 6116

Pendahuluan penggant ginjal  terutama hemodialisis  (HD)
Penwvakit  ginjal  kronik  (PGK)  merupakan {Hermawathi et al, 2020 Sapatea et al, 2019, S Setiati et

disfungsi ginjal vang mengarah pada ketidakmampuan
tubuh dalam ml.-l:npel.‘l:a]ml‘lhaﬂ homeostasis melalul
pengontrolan volume dan kemposist darah (Saputra et
al., 209, Berdasarkan Riskesdas 201E, prevalensi
penderita PGK di Indonesia adalah 38% dan total
penduduk usia = 15 tahun, Angka ini menunjukkan
tel.‘jad:lﬂ_lfa ].'n'.-ni:nﬁhal:an kasiis padu taliun B3 :.-'a.ilu
sebesar 2% dan diperkirakan akan terus mengalami
kenaikan ﬁl.-tiﬂ[.'ﬁ fdllunn}-a :Evann etal, 222 PERNEFRIL
2N8&; Riskesdas, 2018). Dwsfungs: ginjal pada PGK
bersifat menetap sehingga membutuhkan tatalaksana

Email: atinarizkiM@gmail com (“Cornespondiasg Axihos)

al., 2014)

Pagien PGK  vang memjalara  terapn HD
meningkatkan risiko teradinya komplikasi.
Berdasarkan penelitian cleh Utami et al, vang dilakukan
di RSUP  Sanglab,  didapatkan  data  komplikasi
terbanyak pada pasien HDY adalah anemda (> 60%)
(Utamd et al., 20X)). Prevalensi anemia berdasarkan data
dan + 87000 pasien vang mengalant HD, didapatkan
8% diantaranya mengalami anemia (FERNEFRL 2018).
Prevalensi anemia defisiensi besi (ADB) pada pasien
PGK_\- ang :l.'ll."l‘lid]a:nl. HD tercermin darn I:i:ngg:ﬂ_lfa angka

Cogryright @ (2005], The Auibsar]s).
~ He 1 i} 3

This antiche is distributed under 2 Lisenel Creative Commoers Adribasi 40 [niernadenal.
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terapt entropoietn (EPO) dan terapi preparat bes:
intravena vaibu sebanvak £52.708 dan 34430 pasien
pada tahun 208, Hal ind menunjukkan bahwa anemia
terutama ADE merupakan komplikast pada pasien HD
masih menjadi masalah di Indonesia (FERNEFR], 28,

Tingginya kasus ADB dan komplikasi yang dapat
ditimbulkan menyvebabkan diperlukannyva pemeriksaan
diagnosis ADB secara dind untuk ketepatan manajemen
teeapt pasien. Permenkaaan laboratorum berupa darah
lengkap disertan pemeriksaan profil besi menggunakan
parameter standar gepert acrust o (SI), fotal dron
Winding capacity (TIBC), transferrin sibirafion (TSAT), dan
Serrtbin serut dapat digunakan untuk diagnosis ADE
pasien HD (Davidkova et al, 2006; Di Pinto et al, 2020},
Pemeriksaan  kadar besi menggunakan parameter
standar  memiliki beberapa kekurangan dan  tidak
dimiliki oleh semua rumah sakit (RS) di Indonesia
(Davidkova et al., 2016; Deloughery, 2017; Keohane et
al., 2006; Knovich et al., 2009). Selain pemenksaan profil
best  standar, terdapat  pemeriksaan Ret-HE  atau
reticalicyte Tenraglobin equivalent untuk mengukur kadar
best melalud penghitungan kadar hemoglobin vang
terdapat  pada  retikulosit  Penelitian  sebelumnya
menunjukkan bahwa Ret-HE memiliki manfaat dalam
mengetahut kadar bes: karena tidak dipengarubhi oleh
inflamast sehingga hasilnga dapat dinterpretasikan
dengan baik. Pemeriksaan Ret-HE lebih mudah untuk
dilakukan karena dapat dilakukan bersamaan dengan
pemeriksaan darah rutin pasien HD sehingga dapat
mengurangl  jumlah  pengambilan sampel  dan
mesicheimat biava (Rachimiwatie et al, 2008).

Studi ini berbeda dengan studi sebelumnya
karena menggunakan data primer Ret-HE dan data
sekunder kadar besd pada pasien HD berusia produknf
(18-65 tahun). Hasil penelitan e dibarapkan dapat
bermanfaat  sehingga  pemenksaan Ret-HE  dapat
dipertimbangkan sebagan pemerikaan penunjang dalam
duagnosis dini ADB pada pasien HD karena efektifitas
dan  efistensinya.  Penelibtan  ind berbujuan untuk
mengetahul hubungan Ret-HE dengan profil bes pasien
HI¥ rutin di Bumah Sakit Umum Daerah Provinsi Musa
Tenggara Barat.

Metode Penelitian

Peneltan  ini  merupakan  penelitan analitik
observasional  menggunakan  pendekatan potong
lintang, Desain potong lintang {cross-sechional] vang
digunakan dalam studi sl merupakan pendekatan
metodologis vang sesual untuk mengevaluasi korelas:
antara parameter laboratorium Ret-HE dengan profil
best pada pasien hemaodialisis, karena memungkinkan
analisis hubungan antar variabel dalam satu wakiu
pengukuran tanpa memerlukan tindak lanjut jangka
panjang (Fishbane & Maesaka, 1997).

Penelitian  ind bertujuan  untuk  mengetahui
hubungan Ret-HE dengan profil besi pasien yang
menfalani HD retin di RSUD Provinsi NTB. Peneliban
i dilakukan pada bulan Januari - April 2024 di Unit
HD RSUD Provinsi NTE. Kriteria inklust yaitu pasien
usia 18-65 tahun, telah menjalans HDY rutin selama = 3
bulam, pasien yang memiliki data pemeriksaan profil
besi (1, TIBC dan TSAT), dan bersedia menjadi subjek
peselitian. Krtera ekaklusi adalah pasien dengan data
rekam medis @idak lengkap, pasien yang mengalami
perdarahan akiut dan pernah meserimna trangfust darakh
dalarn 2 minggu terakhir. Sampel penelitian i diambal
dengan mengrumakan metode consecudive sampling. Data
Ret-HE didapatkan dari data primer hasil pemeriksaan
laboratorium, sedanghkan data kadar 5, TIBC, dan TSAT
didapatkan dari rekam medis pasien. Besar sampel
minimal pada perelitian ini didasarkan pada rumus
besar sampel analisis korelatif sebagai berikut.

2
050 [
(1=x]

z
L4+ 1,28
= {———F————= +3
{H,S]n (140,5] }
l1=nsl

1 = 312577
n =31

Analisis data dilakukan menggunakan Statsbeal
Packaye for the Seciel Stience atau SPSS. Uiji statistik yang
digunakan adalah up  korelatif Pearson jika  data
terdistribust normal atau ujt korelatif Spearman jika data
tidak  terdistribusi  normal. Untuk  mengetahui
perbandingan profil besi antar suljek dengan nilai Ret-
HE = 20 dan < 28, dilakukan uji tes T independen jika
data terdistribast normal atau menggumakan up Mann-
Whitrey U jika data Hidak terdistribust normal.

Penelitian ind sudah disetujui oleh Komite Etik
Peseliian  RSUD Provinsi  NTB  dengan Moo
0091/ KEP/ 2023, Semua subijek penelitian
menandatangan:  foremulis  ifeim omiseind setelakh
diberikan penjelasan dan setuju ikut penelitian.

Hasil dan Pembahasan

Terdapat 50 pasien HD rutin vang meimenihi
kriteria  penelitian dan dilakukan  analisis. Tidak
didapatkan  perbedaan jumlah  subgek  penelibian
berdasarkan jenis kelamnin, yaitu masing-masing 25
orang (50%) perempuan dan laki-laki. Subjek penelitian
mayoritas berada pada wsia 18-59 tahun, vaitu 40 orang
(B0% ) (Tabel 1). Rerata usia responden penelitian adalakh
511 tahun. Berdasarkan data Riskesdas tahun 2018,
kasus PGK terbanyak ditemukan pada kelompok usta
B5-74 tahun dengan prevalessi 8.29% dukut dengan
kelompok wsia 2 75 tahun dengan prevalens: 748%.

T3
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Tabel 1. Karakteristik Responden Penelitian
Wariabel

Karakteristik N %
Jenis Kelamin

[eremipuan 5 50

Laki-laki 5 50

Total 50 100
Usia

18-59 tahun a0 BD

z &l tahun 1o m

Total 50 100

Hubungan Hubungan Ret-HE dengan Profil Besi pada
Pasien HD Rutin

Studi pada pasien HD rutin di RSUD Provins
MNTE menunjukkan bahwa Ret-HE memiliki korelasi
vang bermakna dengan 51 yaitu p=0,049, TIBC yaitu
p=00d0, dan TSAT yaitu p=0021 {Tabel 2).

Tabel 2. Hubungan Ret-HE dengan Profil Besy
Pasien HD Rutin

Variabel Variabel Milai p Milai r

Bebas terikat

Ret-HE sl 0,049 02346
TIRC 0,040 41,151
TSAT 0021 228

Pada uji Pearson ini juga didapatkan nilai e atau
koefisten korelasa antara Ret-HE dengan SI dan TSAT
berada pada angka 0,236 dan 0,288 sehingga dapat
dikatakan bahwa kekuatan korelasi  antarvariabel
adalah lemah {interval 0,20:039) dengan arah korelasi
positd. Sedangkan, pada hubungan antara Ket-HE dan
TIBC didapatkan nilai ¢ = (,251 yang menunjukkan
bahwa kekuatan korelasi antarvariabel tersebut adalah
lemah {interval 0,20-0,39) dengan arah korelasi negatif.

Penelitian  ini dapat dibandingkan  dengan
penelitian yang dilakukan di Rumah Sakit Adam Malik,
Medan oleh Dalimuntie & Lubis (2006} dengan 72
subjek penelitian dengan 54 subjek (75%) diantaranya
menaderita anemia. Penelitian ini menggunakan nilai o
off Ret-HE 316 pg dengan sensitifitas 815% dan
spesifisitas 61,1%. Penelitian ind dilakukan pada pasien
HI putin selama lebih dard 3 bulan, berusia = 18 tahun,
dan menjalani sesi HD dua kali perminggu. Pada
penelitian i, subjek dibagi menjadi dua kelompok
vaitu kelompok dengan ADE (n = 16) dan tidak ADB (n
= 38). Pada kelompok ADB didapatkan usia nerata
subjek adalah 492 tahun dan 15 diantara berjenis
kelamin laki-laki. Pada kelompok nen ADB didapatkan
reraka usia subjek adalab 4571 tahun dengan 16
diantaranva adalah laki-laki. Berdasarkan uji korelasa
Pearson dan Spearman vang dilakukan, didapatkan
hubungan vang signifikan dengan kekuatan sedang dan
arah positf antara Ret-HE dengan ST (p = 0,0001, ¢ =
(1,592}, Hasil vang sama didapatkan terkait hubungan

antara Ret-HE dan 51 vaitu hubungan vang signifikan
dengan kekuatan sedang dengan arah korelas positif (p
= 0,000, r= 0499 {Dalimunthe & Lubis, 2016).

Pada penelitian vang Gao ef al, (2023) di China
menvatakan adanya hubungan yang signifikan secara
statistik {p < (L05) antara Ret-HE dengan SI, TSAT, dan
TIBC pada pasten vang menjalant HD. Drdapatkan nila:
korelasi Pearson antara Ret HE dengan pemeriksaan
standar profil best masing-masing adalah TIBC [r=
0381, p=0,001), 5[ {r = 0,371, p = 0002}, dan TSAT (r=
0,278, p=0021) (Gao et al, 2023). Hasl yvang sejalan
ditermubkan pada penelitian vang dilakukan oleh Trung
et il (2022). Pada penelitian ini dapatkan hasal positif
kuat antara Ret-HE dengan 81 (r = 0,513, p < 0,000), dan
TSAT (¢ = 0,589, p < 0001 hubungan positf sedang
antara Ret-HE dan festkin (¢ = 0399, p < 0,000); serta
hubungan positif lemah antara Ret-HE dengan TIBC (¢
=-(182, p = 0.037).

Pada penelitian ini, didapatkan hasil yang
selaras dengan ketiga penelitan di atas. Sebanvak 84%
pasien memiliki nilai Bet-He 229 pg pada studi ini
mengindikasikan rendahnya prevalensd defisiensi besi
absolut pada populass HD yang diteliti. Hal int sesuat
dengan  hasil  peneliian vang  dilakukan  oleh
Dalimunthe & Lubis (2016) dan Rachrmiwatie ef al,
(20118) yaitu sebanyak 51.7% dan DA% subjek penelitian
tidak menderita ADE. Berdasarkan penelitian yang
dilakukan oleh Rachmiwatie ¢ o, (2018) keadaan ini
dapat dipengaruhi oleh adanya perbedaan lama HD
yang dilakukan oleh subjek peneliban. Pada subjek
pemelitian vang mengalami ADE, didapatkan bahwa
subjek penelibian menjalani HD dalam jangka wakiu
vang lebih lama  dibandingkan  dengan  kelompok
fenADB. Didapatkan nilad median lama menjalani HD
pada kelompok ADB adalah 29 bulan, sedangkan pada
kelompok nonADB adalah 14 bulan. Adanya perbedaan
lama menjalani HD i dikaitkan dengan semakin
memngkatnva  cigitko  sulgek  peseliban untuk
mengalami kehilangan darah vang mengandung zat
besi, pengambilan sampel darah vang lebib banvak, dan
meningkatnya kejadian inflamasi pada subgek penelitian
vang mengalami ADB karena wakbu menjaland HD vang
lebih pamgang [Rachmiwatie et al, 2018). Pemberian
terapi best pada pasien HD rutin vang menderita ADB
juga dapat mempengaruhi kadar besi di tubuh pasien
(Dalimunthe & Lubds, 2016; Rachmiwatie et al, 2018
Truﬂg et al., ZI:IZ'E].

Kondisi ADB pada pasien PGK vang menjalani
HD suitin adalah hal vang wmain ditemiikan, ADB pada
pasien umumnya tefadi karena tingginva kadar best
pada darabh vang hilang selama proses HD dan
perawatan rutin vang dijalani oleh pasien. Diperkirakan,
pasien POK yang menjalant HD rutin dapat kehilangan
zat besi sekitar 15-2 g settap tahunnya. Angka ini
menunjukkan ketmpangan dengan jumlah zat besi
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vang dapat diserap oleh tubuh yang berasal dan
makanan dan minuiman vang dikonsuimat dehari-han
(Garing, 2018} ADB vang dibdarkan dalam jangka
panfang  tanpa  pengobatan vang  tepat dapat
meningkatkan rsiko teradi berbagai penyakit lanjutan
sepert gangruan pada jantung dan pembulub darah
{Gd:ri:n:i. H&: Pangarjbuan, M7 Rachmawatie et al.,
2018; Rishi & Subramandam, 2017}

Pada ADE fungsional yang lebih parah, dapat
terjadi  inhibisi  retikuloendotelial - akibat  inflamas:
danfatau infeksi yang terjadi secara kronds. Kondisi
inflamasi dan infeks: keoms ini ditandai dengan
meningkativa kadar CRP {C-Reactize Proteis). Inflamasa
kronis ini disebabkan oleh hepsidin vang berperan
dalam regulasi negatif penyimpanan dan pelepasan bea:
di dalam  tubuh sehingga  teradinya  peninghatan
hepsidin menyebabkan  penurunan pelepasan bes:
menuju ke darah (Dalimunthe 8 Lubis, 3006; Davidkova
et al, 2016; Skikne, 2008 Wish, 206). Peningkatan
hepsidin akan menyebabkan TSAT menjadi menurun
karena  jumlah  besi yang  terikat  pada  protein
transportnya berkurang. Pada kondisi ADB fungsional,
TSAT pasten buasanva berada < 20% karena adanya
pentigkatan produkad eritrosat vang terdlalu pesat tanpa
disertai dengan kadar besa vang berikatan dengan
tranaferin vang adekuat untuk digunakan dalam sintesis
Hemoglobin, Kondisi i menyebabkan peninghatan
pelepasan besi vang berikatan dengan transferin da
darah tidak sebanding dengan kecepatan transferin
melakukan pengikatan kembali besi dari cadangan bes:
vang terdapat di dalam tubub sehingga TSAT pada
darah turun (Wish, 2006).

HNilai 51 sebapgai penanda banvaknya besi yang
bersirkulasa di darah vang dapat digunakan untuk
eritropotesis, Kadar 51 jarang digunakan secara tunggal
karena vanabilitas nilainya yvang tinggi akibat teqadinya
perubahan diusmal pada sebiap pasien (Buttarello of al.,
201 Fishbame &  Maesaka, 1997).  Tegadinya
pentigkatan hepasidin pada pasien HD rubin
menyebablan tegadinya penuruman kadar 51 tubuh
vang dapat digunakan untuk proses  eritropoiesis.
Berbeda halnya dengan TIBC, pada kondisi inflamasi,
kadar TIBC akan meningkat dengan cepat. Hal ind
disebabkan  karena TIBC  menggambarkan  jumlah
kebutuhan besi untuk dilepaskan menuju serum. Kadar
TIBC mengalami peningkatan sebagai akibat dar
menurunnva kadar transferin pada kondisi pasten HD
rubin vang mengalaimi inflamasi sehingga peninghkatan
kapasitas maksimum besi vang dibutubkan  untuk
mescukupl saturasi darl plasma darab (Kasvosve &
Delanghe, 2002; Mahant et al., 2023).

Perbedaan  kekuatan  korelasi  pada hasil
penelitian ini dengan tiga penelitian  pembanding
sebelumnva dapat deebabkan oleh beberapa fakior
seperti adanyva perbedaan kriteria penelitian, jumlah

subjek penelitian, variabilitas sulgek penelitian, dan
nilai rerata kelompok (Akobeng, 2016). Pada peselitian
oleh Di Pisto of al, {2020), penelitian it menggunakan
sarmpel sebegsar 40 sampel dan penelitian ini dilakukan
pada anak-anak berusia 2-18 tahun, serta menggunakan
cut off Ret-HE 2% pg. Pada penelitian yang dilakukan
oleh Dalimunthe & Lubis (2016) menggunakan jumlab
sampel yang lebih besar yaitu 72 sampel. Penelitian
tersebut merniliki keiteria eksbdus) berupa adanya bukt
inflamasi, keganasan, dan penyakit infeksi yang tidak
menfadi  keiteria  eksklusi  dalam penelitian ind
(Dalimunthe & Lubis, 2006}, Kondisi inflamass yvang
ditandal  dengasn  meningkatnva  penanda inflamasi
seperti CRP dapat mempengaruhi kadar feriin dan
kondisa  malautrsi dapat mempengaruhi kadar
transferin sehingga  ketika  dilakukan  pengukuran
remtan didapatkan hasil yang tidak reliabel sebagat
penanda stabus besi pasien.

Tabel 3. Perbedaan Rerata Dua Varabel Independen

Variabel  Ret-HE, revata (SD) Milai p
21 pg m=ddy = 19 py [n=g)
s1 B7.4{52.7) 925 (52,3 0,769

TIBC 15884 [47.%) 93127 0306
TSAT 49,912 475 (30,00 0,849

Pada penelitian ini tidak didapatkan adanya
perbedaan vang signifikan secara statistik dengan uji t
test antara dua kelompok Ret-HE dengan cut off poaine 29
pg terhadap hasil pemerikssan 51, TIBC dan TSAT (p =
0,05). Berdasarkan penelitian Trung et al,, {2022), kadar
Ret-HE didapatkan lebih rendah pada pendenta ADE
(28,0442 pe) dibandingkan pada nonADB (31,8422 pel
dengan nilai p < (W01, Hasil int merupakan hasil vang
ideal karena dalam beberapa penelibian pendiking juga
didapatkan  hal  serupa  seperti pada  peneliian
Rachmiwatie ef al, (208) didapatkan reraka 26,1 pg pada
pasien PGK dengan ADB dan 35,9 pg pada pasien PGK
aer ADB (p = 0,001). Hasil vang sejalan juga dibemiikan
pada penelitian yang dilakukan oleh Ugar of al, (2019)
dengan rerata kadar Ret-HE yang didapatkan lebih
remdah pada penderita ADB (Z1,044,1 pg) dibandinglkan
pada bukan penderita (321268 pg) dengan nilai p <
0.001.

Milai cwt aff Ret-HE vang digunakan pada
penelitian ind meskipun memiliki nilai sensitifitas dan
spestfisitas yvang tinggt (909% dan 74,5%), bdak ideal
dalarm semua kondisi klinds, wsia, dan karakleristik
semua populasi (4 Pinto et al, 2020). Berdasarkan
peselitian oleh Di Pinto ¢t al., adanyva perbedaan sampel
vang digunakan vaitu subjek penelitian vang digunakan
adalah  amak  berusia = 18 tahun sehingga
memungkinkan adanya perbedaan dalam hasil uji
sensitifitas dan spesafisitas. Pada populasi anak dan
dewasa, didapatkan perbedaan PGK yang cukup
banvak. Pada anak, PGK biasanva disebabkan karena

75

59



Jurnal Kedokicran Unram

liani 20 Vidues: 14 lisue 3. 7378

adanya kelainan kongenital vang teradi pada trakius
urinarius dan ginjal, sedangkan pada populasi dewasa
banyak disebabkan karena  diabetes melitus  dan
hipertensa. (Atkinson & Furth, 2007; Di Pinto et al., 2020;
Inker et al., 2004; Warady & Chadha, 2007).

Ret-He merupakan parameter vang praktis dan
efisien wituk pemantaian status best fungsional pada
pasien HDY, serta sangat berguna di fasilitas dengan
keterbatasan sumber dava karena pengukuran i dapat
dilakukan bersamaan dengan pemeriksaan darah rutin
tampa blava tambahan vang signifikan (Brugnara et al.,
2004; Rishd & Subramaniam, 2017). Penelitian mengenai
Ret-HE cenderung masth barw dan cukup jarang
dilakukan  terutama di Indonesia  sebagai  upaya
menemukan inovasi pemeriksaan lain dalam diagnosis
ADE khususnya pada pasien yang menjaland HD rutin
dengan harga dan efisienss vang baik dibandinghkan
parameter profil best saat ind. Namun, berdasarkan hasil
penelitian ini dan beberapa peneliian sebelumnya
didapatkan bahwa saat i Ret-HE dapat digunakan
sebagai pemeriksaan tambahan atau pelenghap wnutk
mengetabul status besi pasien HD dan masih belum bisa
digunakan sebagal penggantt pemeriksaan profil besi
standar (51, TIBC dan TSATL

Pemelitian ini memiliki beberapa keterbatasan
vang perlu diperiimbangkan dalam interpretase hasil.
Ukuran sampel vang relatif kecil mengurangt kekuatan
statistic serta membatasi kemampuan untuk generalisasa
ke populass HD vang lebih luas. Selain i, potenst bias
seleksi mungkin tegadi akibat metode  pengambilan
sampel secara berturub-turut, sehingga keterwakilan
terhadap  populasi HD  secara umum perlu
dipertimbangkan secara hati-hati. Penggunaan data
sekunder profil besi bisa menyebabkan variabilitas hasil
penelitian karena Ret-HE dan profil bes: tidak diambil
pada waktu yang bersamaan. Kondisi peradangan atau
malnutrisi vang bisa dijumpar pada pasien HD tidak
dilakukan eksklusi sehingga berpotensi mempengarushi
hasil perselitian,

Kesimpulan
Terdapat hubungan vang signifikan antara Ret-
HE dengan profil besi pada pasien HD rutin di RSUD
Provansd WNTB. Tadak didapatkan adanva perbedaan
vang signafikan profil besi antara pasten dengan nila
Ret-HE 2 20 pg dan <20 pg Pemerksaan Ret-HE
menunjukkan potensi sebagai alat tambaban (iadfunc
fool) dalam evaluasi stabus besi pada pasten HD,
khususaya i fasilitas  layanan  kesehatan  dengan
keterbatasan akses terhadap pemenksaan panel beai
lengkap.
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2.2. ANTECEDENTES HISTORICOS

La anemia por deficiencia de hierro (ADH) es la causa mas comun de anemia
a nivel mundial, afectando aproximadamente a 1.600 millones de personas
(lolascon et al., 2021). La anemia en la ERC es multifactorial: deficiencia
absoluta o funcional de hierro, produccion inadecuada de eritropoyetina (EPO),
inflamacion cronica y acortamiento de la vida media eritrocitaria (Mikhail et al.,
2017).

Histéricamente, el diagndstico de la ADH se ha basado en parametros
bioquimicos clasicos: ferritina sérica, saturacion de transferrina (TSAT), hierro
sérico y capacidad total de fijacion de hierro (Cappellini et al., 2020). No
obstante, desde la década de 1990 se establecié que estos marcadores tienen
limitaciones significativas en el contexto de la ERC, donde la inflamacion
cronica eleva la ferritina como reactante de fase aguda, sin importar los
depositos reales de hierro (Fonseca et al., 2023).

El contenido de hemoglobina reticulocitaria equivalente (CHr) desarrollado por
el grupo de Brugnara demostré que el CHr disminuia precozmente ante la
deficiencia de hierro, incluso antes de que se alteraran los indices eritrocitarios
clasicos (Brugnara et al., 1993). Su utilidad se confirmé en pacientes en
hemodialisis (Fishbane et al., 1997) y, tras su aprobacién por la FDA en 1997,
se consolidé como el predictor mas potente de deficiencia de hierro, superando
a marcadores tradicionales como la ferritina sérica (Brugnara et al., 1999,
2006).

La hemoglobina reticulocitaria equivalente (Ret-He) se calcula al medir el
forward catéter de la poblacion de reticulocitos que se identifica en el
scattergram Optico de los glébulos rojos, eligiendo las células con la mayor
fluorescencia lateral que se obtiene usando un marcador fluorescente de
acidos nucleicos (Arrechaga et al., 2013). Un afo después, Brugnara et al.
(2006) publicaron el articulo de revision que demostré una buena concordancia
entre Ret-He y CHr (r> = 0.88) y establecio un punto de corte de 27.2 pg para
el diagnostico de deficiencia de hierro en didlisis (sensibilidad 93.3 %,
especificidad 83.2 %), consolidando la evidencia sobre su utilidad en pacientes
con ERC. A partir de 2006, muchos estudios han confirmado el Ret-He en
pacientes con ERC. Su independencia del estado inflamatorio fue una de las
ventajas mas importantes, ya que la ferritina y la TSAT son controladas por la
proteina reguladora del hierro, la hepcidina, que aumenta en la inflamacién
cronica tipica de la ERC (Gluba-Brzézka et al., 2020).

En 2013, Urrechaga et al. publicaron una revision exhaustiva sobre los
biomarcadores de hipocromia, donde recopilaron la evidencia sobre nuevos
parametros eritrocitarios y reticulocitarios presentes en los analizadores
modernos, destacando su capacidad para identificar o detectar deficiencia de
hierro absoluta y funcional sin costo adicional, al obtenerse del mismo
hemograma. (Urrechaga et al., 2013). Con la evidencia acumulada, estos
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parametros fueron siendo incluidos poco a poco en las guias de practica
clinica. La guia KDIGO (Kidney Disease: Improving Global Outcomes) para el
manejo de la anemia en la ERC recomendd considerar el CHr como
herramienta adicional para la evaluacion del estado del hierro (Mikhail et al.,
2017). La UK Kidney Association, en su actualizacion de 2025, confirmo6 que
los parametros reticulocitarios son utiles para orientar la terapia con hierro en
pacientes con ERC, especialmente en aquellos con inflamacion concomitante
(Bhandari et al., 2025).

MAGNITUD DEL PROBLEMA

La enfermedad renal cronica (ERC) es un problema de salud publica mundial
de proporciones epidémicas. Segun el estudio Global Burden of Disease
(GBD) 2023, la cifra de adultos (220 afios) con ERC se duplico en las ultimas
décadas, pasando de 378 millones en 1990 a 788 millones en 2023 (GBD 2023
CKD Collaborators, 2025).

En América Latina, la carga de la enfermedad aumentd considerablemente
entre 1990 y 2019, agravada por desigualdades socioeconémicas y sistemas
de salud heterogéneos (Correa-Rotter et al., 2023; Rosas-Valdez et al., 2024).
Un metaandlisis regional reportdé una prevalencia agrupada del 17.14 %,
siendo mayor en mujeres (19.23 %) que en hombres (16.75%), y con
variaciones extremas que van desde el 7.26 % en Ecuador hasta el 27.14 %
en Haiti (Rosas-Valdez et al., 2024). Asimismo, la terapia de reemplazo renal
(TRR) promedi6 848 casos por millon de poblacién (pmp) en 2019, liderada
por Puerto Rico (2,129 pmp) frente a las tasas mas bajas en Nicaragua (111
pmp) (Correa-Rotter et al., 2023).

La anemia en la ERC tiene un impacto clinico significativo: se asocia con
mayor mortalidad, hospitalizacidn, eventos cardiovasculares y progresion de
la ERC (Stoumpos et al., 2024). Ademas, contribuye al sindrome cardiorrenal-
anemia, una compleja interaccion fisiopatolégica que empeora el prondstico
cardiovascular y renal (Zoccali et al., 2023). La deficiencia de hierro es la causa
mas comun y tratable de anemia en la ERC, y se presenta en dos formas:
deficiencia absoluta (depdsitos disminuidos) y deficiencia funcional (hierro
insuficiente para la eritropoyesis a pesar de depdsitos adecuados, mediada
por inflamacion y hepcidina elevada) (Ganz et al., 2020).

La prevalencia de deficiencia de hierro en pacientes con ERC es
alarmantemente alta. Nalado et al. (2020) reportaron que el 26.1 % de los
pacientes con ERC presentaban anemia ferropénica, con una frecuencia tres
veces mayor que en la poblacién control (35.3 % vs. 9.2 %). Ademas, el 32.3 %
de los participantes presentaba deficiencia de hierro sin anemia, lo que
representa una ventana de oportunidad diagndstica y terapéutica. En
pacientes en hemodialisis, la prevalencia de deficiencia de hierro funcional es
aun mayor, alcanzando hasta el 50-70 % (Courville et al., 2026).
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A pesar de la magnitud del problema, el diagnostico de la anemia ferropénica
en la ERC sigue siendo un desafio clinico. Los marcadores tradicionales
(ferritina sérica y saturacion de transferrina [TSAT]) son influenciados por la
inflamacion crénica que se presenta en la ERC, lo que resulta en un
diagndstico insuficiente y en un tratamiento excesivo con hierro (Fonseca et
al., 2023; Rohr et al., 2023). Esta limitacion es especialmente relevante en
América Latina y Colombia, donde la prevalencia de ERC es elevada y el
acceso a métodos diagnosticos sofisticados se restringe en muchas regiones.

La incorporacion de parametros como la hemoglobina reticulocitaria
equivalente (Ret-He), que no se ve afectada por la inflamacion y ofrece una
evaluacion en tiempo real de la disponibilidad de hierro para la eritropoyesis,
podria mejorar sustancialmente el manejo de estos pacientes y reducir la carga
de la enfermedad (Brugnara et al., 2006; Urrechaga et al., 2013).

BASES LEGALES

La investigacion se rige bajo normas juridicas nacionales e internacionales
relacionadas con la proteccion de la propiedad intelectual y la ética cientifica
en el ambito de la salud.

2.4.1. CONSTITUCION POLITICA DE LA REPUBLICA DE PANAMA
La Constitucion de la Republica de Panama (1972), establece que:

TITULO NIl
DERECHOS Y DEBERES INDIVIDUALES Y SOCIALES
CAPITULO 1.°
GARANTIAS FUNDAMENTALES

ARTICULO 53.” Todo autor, artista o inventor goza de la propiedad exclusiva
de su obra o invencion, durante el tiempo y la forma que establezca la ley’.

2.4.2. CONVENIOS Y TRATADOS INTERNACIONALES

e EIl Convenio que establece la Organizacién Mundial de la Propiedad
Intelectual (Convenio de la OMPI), el instrumento internacional firmado
el 14 de julio de 1967 en Estocolmo que dio origen a la OMPI. El tratado
entro en vigor en 1970; fue enmendado en 1979.

e Tratado de la OMPI sobre Derecho de Autor (WCT), adoptado en
Ginebra el 20 de diciembre de 1996.

2.4.3. LEYES Y DECRETOS NACIONALES

e Ley 64 de 10 de octubre de 2012, sobre Derecho de Autor y Derechos
Conexos.
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Ley 43 de 21 de julio de 2004, que reorganiza el Ministerio de Salud.
Ley 81 de 26 de marzo de 2019, sobre Proteccion de Datos Personales.
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3.2

3.3

TIPO DE ESTUDIO

El tipo de estudio es una revision bibliografica sistematica con un disefio no
experimental, de caracter descriptivo-analitico de corte transversal. No existe
intervencion directa sobre las variables, debido a que los datos ya han sido
generados y publicados previamente en otros estudios cientificos referentes al
tema de investigacion.

La investigacion se apoya en un enfoque cualitativo, debido a que se centrara
en la interpretacion, analisis critico y sintesis de los hallazgos reportados en la
literatura cientifica.

POBLACION

La poblacion se compone de literatura cientifica disponible sobre la
hemoglobina reticulocitaria equivalente y su uso en la evaluacién de la
deficiencia de hierro en pacientes con enfermedad renal crénica. Esta incluye:
articulos originales, revisiones sistematicas, metaanalisis, guias relevantes,
etc.

MUESTRA

La muestra esta compuesta por un subconjunto de articulos cientificos, 7 en
total, que pasaron por un proceso de depuracion basado en los criterios de
inclusion y exclusién establecidos.

Los articulos que no se incluyeron como parte de la muestra se utilizaron como
base para el marco tedrico y antecedentes historicos.

Se emplea un muestreo no probabilistico por conveniencia, ya que los articulos
se seleccionan en funcién de la relacion directa con la hemoglobina
reticulocitaria equivalente y su aplicabilidad clinica en pacientes con
enfermedad cronica.

Los estudios relacionados son los siguientes:

Estudio n.° 1: Correlacién entre el equivalente de hemoglobina reticulocitaria
(RET-He), el estado del hierro y los indices eritrocitarios en pacientes con
enfermedad renal crénica en el Hospital Prof. Dr. RD Kandou Manado.
Raranta, H. P. T., Adipireno, P., & Samsuria, I. K. (2025).

Estudio n.° 2: Utilidad clinica del equivalente de hemoglobina reticulocitaria en
nifos sometidos a hemodialisis. Di Pinto, D., Paz, M., Adragna, M., & Lopez,
L. (2020).

Estudio n.° 3: Asociacion de hepcidina, equivalente de hemoglobina
reticulocitaria e indicadores relacionados con la anemia en la enfermedad renal
cronica. Gao, Z., Hu, Y., Gao, Y., Ma, X., & Hu, Z. (2023).
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3.5

Estudio n.° 4: Parametros de reticulocitos para el control de la anemia en
pacientes con enfermedad renal cronica en dialisis peritoneal. Merlin, J. C.,
Amaral, A. N. M., Claro, L., et al. (2021)

Estudio n.° 5: Evaluacion de la prediccion del valor del equivalente de
hemoglobina reticulocitaria para la deficiencia de hierro en pacientes con
enfermedad renal cronica. Nguyen Trung K, Ta Viet H, Nguyen Thi Hien H,
Nguyen Khanh V, Thai Danh T, et al. (2022).

Estudio n.° 6: Importancia del contenido de hemoglobina reticulocitaria en el
manejo de la anemia renal. Ogawa, C., Tsuchiya, K., Nitta, K., & Maeda, K.
(2019).

Estudio n.° 7: Correlacion entre el equivalente de hemoglobina reticulocitaria
(Ret-HE) y el perfil de hierro en pacientes sometidos a hemodidlisis de rutina
en el Hospital General de Nusa Tenggara Occidental. Putri, A. R., Asmara, |.
G. Y., & Cahyawati, T. D. (2025).

UNIDAD DE ANALISIS DE DATOS
3.4.1 CRITERIOS DE INCLUSION

¢ Articulos cientificos, revisiones sistematicas o metaanalisis.

e Articulos con texto completo accesible

e Publicaciones que se puedan traducir al espariol

e Estudios relacionados con hemoglobina reticulocitaria equivalente
¢ Investigaciones en pacientes con enfermedad renal crénica

¢ Articulos publicados en los ultimos 10 afos

3.4.2 CRITERIOS DE EXCLUSION

¢ Articulos que no se puedan traducir

e Estudios que no aborden directamente la hemoglobina reticulocitaria
equivalente o su relacioén con la deficiencia de hierro en enfermedad
renal cronica.

e Publicaciones fuera del rango de afios establecido.

TECNICA PARA LA RECOLECCION DE LA INFORMACION

Para la recoleccién de la informacion, se organizé basado en las etapas
metodoldgicas descritas por Henao Willes (2001) para la construccion de
estados del arte.

Consta de cinco etapas:

Etapa 1: Interpretacion del objetivo. Se definid el objetivo del estudio
basandose en la importancia del problema y los objetivos de la investigacion.

69



3.6

El enfoque principal fue identificar como se puede usar el Ret-He en la
evaluacion de la anemia por deficiencia de hierro en pacientes con ERC.

Etapa 2: Busqueda de evidencias. Se busco informacién que conformara la
muestra y antecedentes de la investigacion; para esta etapa se utilizaron
buscadores académicos como Google Académico, SciELO, PubMed, Science
Direct, etc. Y, con la aplicacion de los criterios de inclusion y exclusion
previamente presentados, se consolidaron los 7 articulos que conformarian la
muestra a estudiar.

Etapa 3: Analisis de la informacion. Se disefid un modelo de matriz de
analisis documental para los 7 estudios seleccionados. En esta se colocaron
datos clave como: formulacion del problema, objetivos, criterios de inclusion y
exclusién, metodologia, variables, resultados e instrumentos.

Etapa 4: Reflexion critica. Cuando se completaron las matrices, se procedi6
a llevar a cabo un analisis descriptivo por articulo. En esta etapa se pudieron
identificar similitudes y diferencias clinicas y metodolégicas entre cada estudio.

Etapa 5: Sintesis e integracion. En la etapa final, se junté la informacién
analizada para crear las conclusiones y recomendaciones del estudio, ademas
de identificar consensos clinicos sobre el Ret-He y la ERC.

INSTRUMENTOS PARA RECOLECCION DE DATOS

Como instrumentos para la recolecciéon de datos, se crearon matrices con
puntos especificos que permitieron estructurar la informacién de cada estudio
y asegurar la adecuada disposicion de los datos en funcion de los objetivos
planteados.

Estos aspectos clave incluyen:

- Formulacién del problema

- Ambito

- Revista/Ano

- Objetivos

- Criterios

- Tipo de estudio

- Metodologia de recoleccién de datos
- Muestra

- Variables

- Instrumentos

La aplicacion de esta herramienta facilité el analisis comparativo entre los
estudios y permitié identificar similitudes y diferencias notables en torno al uso
del Ret-He en pacientes con ERC.
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3.8

PROCESAMIENTO Y ANALISIS DE LA INFORMACION

El procesamiento y analisis de la informacion se realizé mediante una revision
cualitativa y comparativa del contenido de los siete estudios relacionados con
el Ret-He y la ERC.

Esta revision bibliografica se llevd a cabo mediante una serie de pasos
sistematicos y claros, basados en el problema de investigacion sobre la
aplicacién clinica del Ret-He en pacientes con ERC. La informacion relevante
fue extraida y organizada en matrices de recoleccion de datos, lo que nos
permitio realizar una sintesis integral de los resultados para dar una resolucion
a los objetivos del estudio.

A través de este andlisis se establecieron relaciones entre los distintos
estudios, permitiendo generar conclusiones con bases fundamentadas,
recomendaciones para futuras investigaciones, establecer la utilidad clinica
del Ret-He y discutir sus ventajas frente a parametros convencionales.

ASPECTOS ETICOS EN LA INVESTIGACION

La presente investigacion, al ser una revision bibliografica de caracter
documental, no involucrd la participacién directa de seres humanos ni la
utilizaciéon de muestras bioldgicas. En consecuencia, no genero riesgos fisicos,
psicoldgicos, sociales, econdmicos o legales para ningun individuo o grupo
poblacional.

El estudio se desarrolld bajo los principios éticos de integridad vy
confidencialidad cientifica, garantizando el uso adecuado de la informacion de
las fuentes consultadas. Se fundamenté en los principios generales de la ética
en investigacién establecidos en la Declaracion de Helsinki, Informe Belmont,
las Buenas Practicas Clinicas y las normas/criterios éticos establecidos en los
codigos nacionales de ética o leyes vigentes, para asi promover el respeto por
el conocimiento cientifico y la difusion responsable.

Se respetd la propiedad intelectual de los autores siguiendo los lineamientos
establecidos por las Normas de la American Psychological Association en su
séptima edicion (APA 7.2 ed.). Se evitd cualquier forma de plagio y se
reconocio adecuadamente la autoria de los datos y resultados utilizados.

Cabe resaltar que el protocolo de investigacion se sometid a registro,
evaluacion y aprobacién de las instituciones correspondientes, que incluian el
Comité de Investigacion de la Facultad de Ciencias de la Salud de la
Universidad Latina de Panama, la Plataforma de Registro y Seguimiento de
Investigacion para la Salud (RESEGIS) y el Comité de Bioética de la
Universidad Santander (CBI-USANTANDER) con el fin de cumplir los
requisitos éticos y metodologicos establecidos para llevar a cabo el estudio.
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4.1

PRESENTACION DE LA INFORMACION

Se muestra el analisis de cada una de las 7 investigaciones elegidas, utilizando
matrices que facilitaron la organizacion de la informacién para un analisis
critico y comparativo. Este instrumento de recoleccion facilité la identificacion
de objetivos, tipo de estudio, metodologia, muestra y variables utilizados en
cada estudio, con base en las etapas previamente descritas.

Etapa 3: Analisis de la informacion.

Etapa 4: Reflexion critica.

Etapa 5: Sintesis e integracion.

En las matrices se relacionaron los siguientes aspectos:

e Formulacién del problema

e Ambito

e Revista/Afio
e Objetivos

e Criterios

e Tipo de estudio

¢ Metodologia de recoleccién de datos
e Muestra

e Variables

¢ Instrumentos

Ver matrices relacionadas desde el numero 1 hasta el nimero 7.
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APLICACION CLINICA DE LA HEMOGLOBINA RETICULOCITARIA EQUIVALENTE EN LA EVALUACION DE
LA ANEMIA POR DEFICIENCIA DE HIERRO EN PACIENTES CON ENFERMEDAD RENAL CRONICA.

Estudio n.° 1: Correlacion entre el equivalente de hemoglobina reticulocitaria (RET-He), el estado del hierro y los indices
eritrocitarios en pacientes con enfermedad renal cronica en el Hospital Prof. Dr. RD Kandou Manado. Raranta, H. P. T.,
Adipireno, P., & Samsuria, I. K. (2025).

Etapa 3: Analisis de la informacién

Implicé la busqueda de puntos especificos del articulo de investigacion, los cuales se encuentran en cada una de las

matrices.
MATRIZ N.° 1
Formulaci | Revista/ | Objetivos | Criterios Tipo de Ambito | Muestra | Variables | Método para | Instrumen
6n Aino Estudio Principale | recoger los tos
del s datos
Problema
Evaluar la | Internatio | Investiga | Inclusién | Observaci | Hospita | 110 RET-He, | Recoleccién | Sysmex
correlacié | nal r la >18 | onal | Prof. | paciente | hemoglobi | de muestras | XN-1000
n de la|Journal of | correlaci | anos, analitico Dr.R.D. |s (53 | na, sanguineas | para
hemoglob | Hematolo | 6n entre | pacientes | con Kandou | hombres, | hematocri | consecutiva | evaluar el
ina gy- RET-He, | con ERC | disefio Manad | 57 to (Hct), | s durante el | RET-He y
reticulocit | Oncology | el perfil | que se | transversal | o, mujeres) | glébulos mes de julio | parametr
aria and Stem | férrico realizaron Indones | con rojos de 2020, | os
equivalen | Cell (hierro perfil ia. enfermed | (RBC), para eritrocitari
te (RET- | Research | sérico férrico 'y ad renal | volumen realizacion | os
He), el |, Vol. 19, | [SI], hematolo cronica corpuscul | de pruebas | rutinarios;
perfil N.° 1, | capacida | gia con ar medio | hematoldgic | Roche
férrico y | 2025 d total de | rutinaria. orden de | (VCM), as Cobas
los fijacion examene | hemoglobi | generales, | 8000 para
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indices
eritrocitari
0s en
pacientes
con
enfermed
ad renal
cronica
(ERC)
para
valorar el
estado de
hierro vy
apoyar el
manejo
clinico.

de hierro
[TIBC],
saturacio
n de
transferri
na
[TSAT] y
ferritina)
y los
parametr
0s
eritrocitar
ios
rutinarios
en
paciente
S con
ERC.

Exclusio
n:
pacientes
trasplanta
dos
renales;
pacientes
referidos
de otras
clinicas o
unidades,

S de
hematolo
gia
rutinaria
y  perfil
férrico.

na
corpuscul
ar media
(HCM),
TIBC,
TSAT, SI
y ferritina.

perfil férrico
Y,
adicionalme
nte, el RET-
He.
Posteriorme
nte, se
efectud
analisis
estadistico
de
correlacion
(Pearson y
Spearman).

perfil de
hierro.
Software
SPSS
version
25.0 para
analisis
estadistic
0.

Fuente: Elaboracién propia
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APLICACION CLINICA DE LA HEMOGLOBINA RETICULOCITARIA EQUIVALENTE EN LA EVALUACION DE

LA ANEMIA POR DEFICIENCIA DE HIERRO EN PACIENTES CON ENFERMEDAD RENAL CRONICA.

Estudio n.° 2: Utilidad clinica del equivalente de hemoglobina reticulocitaria en nifios sometidos a hemodialisis. Di Pinto,
D., Paz, M., Adragna, M., & Lépez, L. (2020).

Etapa 3: Analisis de la informacién

Implic la busqueda de puntos especificos del articulo de investigacion, los cuales se encuentran en cada una de las

matrices.
MATRIZ N.° 2

Formula | Revist | Objetivo Criterios Tipode | Ambito | Muestra | Variabl Método Instrume

cion al s Estudio es para ntos

del Ano Princip recoger
Problem ales los

a datos

La Archivo | Explorar | Inclusién: Retrospe | Division |40 nifos | Hb, Recoleccié | Sysmex
anemia S la Pacientes ctivo de |de en RET- n XN-1000
ferropéni | Argenti | capacida | menores de | exactitud | Hemodia | hemodiali | He, retrospecti | para RET-
ca es|nos de|d 18 anos en | diagnosti | lisis del | sis; se | ferritina | va de datos | He y Hb;
frecuente | Pediatri | diagndsti | hemodialisis | ca. Hospital | analizaron | sérica y | clinicos vy | Cobas
en a, Vol.|ca de | durante mas Nacional | 164 TS. de 500
pacientes | 118(6) | RET-He | de 3 meses y de observaci laboratorio | (Roche)
pediatrico | 2020. para con Pediatria | ones (23 a partir de | para
S en detectar | determinacion Prof. Dr. | varones, historial hierro/TIB
hemodiali la es de Juan P. | en edades clinico C;
sis. Los deficienc | hemoglobina Garraha |entre 1 a electronico | Architect
marcador ia (Hb), RET-He, n, 18 anos). de los | i2000
es absoluta | ferritina y Buenos pacientes | (Abbott)
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tradiciona
les tienen
limitacion
es por
inflamaci
on y
variabilid
ad; por lo
que se
requiere
evaluar la
utilidad
diagnosti
ca de la
hemoglo
bina
reticulocit
aria
equivalen
te (RET-
He)

para
detectar
deficienci
a de
hierro en
ninos.

de hierro
y evaluar
su
correlaci
6n con
los
marcado
res
tradicion
ales de
deficienc
ia de
hierro.

saturacion de
transferrina
(TS).

Exclusion:
Pacientes con
hemoglobinop
atias,
anemias
hemoliticas,
trastornos
hemorragicos,
mielofibrosis,
transfusion
reciente o]
sangrado
activo.

Aires,
Argentin
a.

para
analizar las
mediciones
de Hb,
RET-He,
ferritina vy
TS.
Posteriorm
ente, se
realizaron
correlacion
es de
Pearson vy
pruebas
diagndstica
S
(sensibilida
d,
especificid
ad, VPP vy
VPN)

para
ferritina.

Fuente: Elaboracién propia
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APLICACION CLINICA DE LA HEMOGLOBINA RETICULOCITARIA EQUIVALENTE EN LA EVALUACION DE
LA ANEMIA POR DEFICIENCIA DE HIERRO EN PACIENTES CON ENFERMEDAD RENAL CRONICA.

Estudio n.° 3: Asociacion de hepcidina, equivalente de hemoglobina reticulocitaria e indicadores relacionados con la
anemia en la enfermedad renal crénica. Gao, Z., Hu, Y., Gao, Y., Ma, X., & Hu, Z. (2023)

Etapa 3: Analisis de la informacién

Implic la busqueda de puntos especificos del articulo de investigacion, los cuales se encuentran en cada una de las

matrices.
MATRIZ N.° 3

Formulaci | Revist | Objetivo | Criterios Tipode | Ambito | Muestra | Variable Método Instrume

on al s Estudio s para ntos

del Ano Principa recoger
Problema les los

datos

La anemia | Medici | Investiga | Inclusién: | Estudio Hospital | Fue un | Hepcidin | Recoleccié | Sysmex
en la ERC | ne, rla Pacientes | observacio | Qilude |total de| a-25y n de XN-3000
es Vol. asociacio | adultos nal, la 230 Ret-He, muestras | para Hb y
multifactori | 102, ndela | hospitaliza | transversa | Universi | pacientes Hb, sanguineas | Ret-He;
al y los|2023. hepcidin | dos con || dad de | con ERC: | reticuloci | consecutiva | Roche
parametros a, Ret- | ERC Shando |40 tos, s entre c701 para
tradicionale He y los | estable. ng pacientes hierro enero de | creatinina.
s de hierro indicador (Qingda | ERC en | sérico, 2019y Equipos
se ven es Exclusion: 0), etapa 3-| ferritina, | diciembre | Beckman
afectados relaciona | Pacientes China. |4, 70 TIBC, de 2020, DX1800
por dos con | con ERC TSAT, para la para
factores la inflamacion etapa 5| transferri | determinaci | ferritina,
como la anemia | aguda, sin na, on de EPO, IFAb
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inflamacion en sangrado, terapia creatinin | parametros |y sTfR.
. Con ese paciente | transfusion de a sérica, | hematologi | Kits ELISA
contexto, s con 0 cirugia reemplaz IL-6, Ccos, para IL-6 y
fundament ERC. en los o renal, | proteina | bioquimico | hepcidina-
al llevar a ultimos 3 50 en C se 25.
cabo meses, dialisis reactiva | inflamatorio | Software
investigaci cancer, peritonea | de alta S. SPSS
ones que enfermeda | y 70 en | sensibilid | Posteriorm | v210 para
analicen la des hemodiali | ad, EPO, ente, se | andlisis
asociaciéon hematoldgi sis. anticuerp llevo a estadistic
entre cas, os contra cabo un 0.
hepcidina, anemia no el factor analisis
hemoglobi renal y/o intrinsec | estadistico
na disfuncion o (IFAD) con
equivalente hepatica. y ANOVA,
reticulocitar receptor | correlacion
ia (RET- soluble | es Pearson
He) e de y regresion
indicadores transferri multiple
relacionad na ajustada
os con la (sTR). por edad,
anemia en Sexo y uso
pacientes de agentes
con estimulante
enfermeda sdela
d renal eritropoyesi
cronica. s (ASE por

sus siglas

en inglés).

Fuente: Elaboracién propia
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APLICACION CLINICA DE LA HEMOGLOBINA RETICULOCITARIA EQUIVALENTE EN LA EVALUACION DE
LA ANEMIA POR DEFICIENCIA DE HIERRO EN PACIENTES CON ENFERMEDAD RENAL CRONICA.

Estudio n.° 4: Parametros de reticulocitos para el control de la anemia en pacientes con enfermedad renal cronica en
didlisis peritoneal. Merlin, J. C., Amaral, A. N. M., Claro, L., et al. (2021)

Etapa 3: Analisis de la informacién

Implicod la busqueda de puntos especificos del articulo de investigacion, los cuales se encuentran en cada una de las

matrices.
MATRIZ N.° 4

Formulaci | Revista/ | Objetivo | Criterios Tipode | Ambito | Muestr | Variables Método | Instrumen

on Ano s Estudio a Principale para tos

del s recoger
Problema los

datos

Los Jornal Analizar | Inclusién: | Prospectiv | Centro 35 RET-He, Recoleccio | Analizador
biomarcad | Brasileir | el papel | Pacientes | o, de pacient | IRF, n de | hematoldgi
ores o] de | de la| 218 ERC | observaci | Hematol |es con | hemoglobi | muestras co Sysmex
convencio | Patologi | fraccion | estadio 5 | onal, ogia y|ERC na (Hb), | de sangre | XE-
nales para | a e | de en dialisis | multicéntri | Hemoter | en ferritina, para la | 5000/XN-
el Medicin | reticulocit | peritoneal | co. apia de | didlisis | indice de | realizacion | 5000 para
diagnéstic | a 0s durante al Parana, | periton | saturacion | de hemogram
o] y | Laborat | inmaduro | menos 30 Curitiba, | eal (59 | de hemogram | a y
seguimient | orial s (IRF) y | dias, cono Parana, |+ 13 |transferrin | as, parametro
o de la|(JBPML |el sin Brasil. anos; a medicion S
anemia en | ), 2021 | equivalen | agentes 51 % (IST/TSI), |de reticulocita
pacientes te de | estimulant reticulocito | parametros | rios;
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con hemoglo | es de hombr |s (RET%, | reticulocita | sistema
enfermeda bina en | eritropoye es). RETH#, rios y | Luminex
d renal reticulocit | sis (ESA)y LFR%, biomarcad | Multiplexin
cronica os (RET- | suplement MFR%, ores g

(ERC) He) o de hierro HFR%), inflamatori | Instrument
presentan mediante | que biomarcad | os; S para
limitacione el firmaron el ores adicionalm | biomarcad
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pueden
mejorar el
monitoreo.

Fuente: Elaboracién propia

82



APLICACION CLINICA DE LA HEMOGLOBINA RETICULOCITARIA EQUIVALENTE EN LA EVALUACI()N DE LA
ANEMIA POR DEFICIENCIA DE HIERRO EN PACIENTES CON ENFERMEDAD RENAL CRONICA.

Estudio n.° 5: Evaluacién de la prediccion del valor del equivalente de hemoglobina reticulocitaria para la deficiencia de
hierro en pacientes con enfermedad renal cronica. Nguyen Trung K, Ta Viet H, Nguyen Thi Hien H, Nguyen Khanh V, Thai
Danh T, et al. (2022).

Etapa 3: Analisis de la informacion.

Se identificaron los elementos clave del disefio y los resultados de la investigacion, destacando la importancia de la
hemoglobina reticulocitaria equivalente (RET-He) para prever la falta de hierro (ID) en personas con enfermedad renal
cronica (ERC).

MATRIZ N.° 5
Formula | Revistal/ Objetivo | Criterios | Tipo de | Ambito Muest | Variables | Método Instrume
cion del - s Estudio ra Principal | para ntos
Problem Ano es recoger
a los datos
El Revista Su Inclusién | Estudio Departam | 131 Dependie | Por medio | Se utilizd
principal | mensual de | objetivo | : observaci | ento  de | pacien | nte: de el
problema | Nefro- principal | pacientes | onal Nefrologi | tes deficienci | muestras analizador
que Urologia: fue =216 afos, | descriptiv | a y | adulto | a de | sanguinea | hematolég
abordo Vol. 14, evaluar ambos o de corte | Hemodial | s con | hierro S para | ico
en este | numero 2;| el papel | sexos, transvers | isis, ERC (TSAT < | hemogram | Sysmex
estudio e121289.Pub | de la | diagnostic | al Hospital | estadi | 20 %). a XN1000
es licado el 11 | hemoglo | ados con Militar os 3- . | completo, | (Japdn)
conocer |de mayo de | bina ERC 103, 5. Independl indices para
el valor | 2022. reticuloci | estadios Universid ente: bioquimico | hemogra
de la taria 3-5 (sin ad RET-He. | ma e
hemoglo equivale | hemodiali Médico- convencio | indices
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Fuente: Elaboracién propia
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APLICACION CLINICA DE LA HEMOGLOBINA RETICULOCITARIA EQUIVALENTE EN LA EVALUACI()N DE LA
ANEMIA POR DEFICIENCIA DE HIERRO EN PACIENTES CON ENFERMEDAD RENAL CRONICA.

Estudio n.° 6: Importancia del contenido de hemoglobina reticulocitaria en el manejo de la anemia renal. Ogawa, C.,
Tsuchiya, K., Nitta, K., & Maeda, K. (2019).

Etapa 3: Analisis de la informacién

Se fundamentd en la busqueda de informacion acerca de componentes particulares del articulo de investigacion, la cual se

encuentra en cada matriz.

MATRIZ N.° 6
Formulacié | Revista | Objetivos Criterios | Tipo de | Ambito | Muestra | Variables | Método | Instrume
n del |/ Estudio Principal | para ntos
Problema - es recoger
Ano los
datos

El nivel | Blood Evaluar la | Inclusion: | Retrospe | Hospital | 181 CHr Recolec | ADVIA
adecuado de | Purificat | correlacion | Pacientes | ctivo vy | ario. paciente | (contenid | cion 120
hierro en | ion, de CHr con | ambulatori | observaci | Maeda |s o] de | retrospe | (Bayer
personas 2019; s-ft y TSAT | os HD que | onal Institute | ambulat | hemoglobi | ctiva a | Diagnosis
que se | 47(supp | para reciben of Renal | orios en | na partir de |) para
encuentran |1 2): 1-4 | expresar el | eritropoye Researc | hemodia | reticulocit | registros | medicion
en contenido tina h y | lisis aria), s-ft|clinicos |de  CHr
hemodialisis Optimo de | humana Tokyo (HD). (ferritina al inicio | por
(HD) hierro para | recombina Women’ sérica), de la | citometria
continua la nte s TSAT terapia de flujo;
siendo  un hematopoye | (rHUEPO). Medical (saturacio LC-

sis en | Todos Universi n de MS/MS
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tema
debatido.

La fiabilidad
de los
marcadores
convenciona
les (s-ft y
TSAT) esta
influida por
inflamacion,
infecciones,
enfermedad
hepatica vy
tumores. Es
necesario
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transferrina(
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relacion
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Hep-25
medida
simultanea
mente.
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informado
al inicio de
la dialisis.
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n bien
controlada
(PCR
mediana:
0.06
mg/dL;
RIQ:
0.03-
0.27).

Exclusio
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articulo no
presenta
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explicita
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ty,
Japon

transferrin
a), Hep-25
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-25),
numero
de
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(hemoglo
bina),
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(proteina
C

reactiva,
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de
control).
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dialisis.

(cromatog
rafia
liquida-
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metria de
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para Hep-
25.
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la hepcidina-
25 (Hep-25).

Fuente: Elaboracion propia
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APLICACION CLINICA DE LA HEMOGLOBINA RETICULOCITARIA EQUIVALENTE EN LA EVALUACI()N DE LA
ANEMIA POR DEFICIENCIA DE HIERRO EN PACIENTES CON ENFERMEDAD RENAL CRONICA.

Estudio n.° 7: Correlacion entre el equivalente de hemoglobina reticulocitaria (Ret-HE) y el perfil de hierro en pacientes
sometidos a hemodialisis de rutina en el Hospital General de Nusa Tenggara Occidental. Putri, A. R., Asmara, |. G. Y., &
Cahyawati, T. D. (2025).

Etapa 3: Analisis de la informacién

Los elementos especificos de este articulo de investigacion se sintetizaron en la recoleccion de informacion.

MATRIZ N.°7
Formulaci Revistal/ Objetiv | Criterios | Tipo de | Ambito | Muestra | Variables | Métod | Instrumento
on del - os Estudio Principal | o para s

Problema Ano es recoge

rlos

datos
La anemia | Jurnal Determi | Inclusié | Observa | Unidad | 50 Independ | Datos | Analizador
por Kedokteran nar la|n: edad | cional de paciente | iente: primari | hematoldgico
deficiencia | Unram, correlac | 18-65 analitico | Hemodi | s Ret-HE os de | automatizado
de hierro | Volumen 14, |ién anos, HD | con alisis seleccio | (reticuloc | Ret-HE | para Ret-HE;
es una | Niumero 2, | entre el | rutinaria | diseno del nados yte median | métodos de
complicaci | junio 2025, pp. | Ret-HE | =3 transver | Hospita | mediant | hemoglob | te laboratorio
on 72-78. DOI: |y los | meses, sal I e in analisis | estandarizad
frecuente 10.29303/jk.v1 | parame | con (cross- General | muestre | equivalen | de os para perfil
en 4i2.6116 tros datos de | sectional | de o) t). laborat | férrico; SPSS
pacientes tradicio | perfil ). Nusa consecut | Dependie | orio; para analisis
en nales férrico Tengga | ivo ntes: Sl | datos estadistico;
hemodialisi de (hierro ra (consec | (serum secund | pruebas de
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que puede
realizarse
junto con el
hemogram
a rutinario
se
correlacion
a
significativ
amente
con el perfil
férrico
estandar
en
pacientes
en HD
rutinaria.

Fuente: Elaboracién propia
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4.2 ANALISIS DE LA INFORMACION POR ARTICULO

Estudio n.° 1: Correlacion entre el equivalente de hemoglobina reticulocitaria
(RET-He), el estado del hierro y los indices eritrocitarios en pacientes con
enfermedad renal crénica en el Hospital Prof. Dr. RD Kandou Manado.
Raranta, H. P. T., Adipireno, P., & Samsuria, I. K. (2025).

Etapa 4: Reflexién critica

Este estudio nace desde la problematica clinica relevante, ya que la anemia
es una de las complicaciones mas comunes que enfrentan los pacientes con
enfermedad renal cronica (ERC); la evaluacién de los parametros férricos en
ellos enfrenta limitaciones tales como la susceptibilidad a alteracion de
resultados por procesos inflamatorios y, desde el punto de vista laboratorial,
son pruebas bioquimicas de alto costo.

En este contexto, los autores sugieren analizar la relacion entre la
hemoglobina reticulocitaria equivalente (RET-He), el perfil de hierro y los
indices eritrocitarios en pacientes con ERC para valorar el estado de hierro y
apoyar el manejo clinico.

El disefo observacional analitico de corte transversal fue apropiado para
determinar la correlacién entre las variables estudiadas. Ademas, los criterios
de inclusion y exclusion se describieron de manera adecuada, permitiendo
seleccionar pacientes adultos con ERC que contaban con estudios completos
de perfil férrico y hematolégico. Sin embargo, por la forma en que se llevo a
cabo el estudio, no se pudieron establecer relaciones de causa y efecto ni
medir cambios en los parametros con el tiempo, lo que dificulta entender cémo
ha evolucionado la salud de los pacientes (Raranta et al., 2025).

La muestra estuvo conformada por 110 pacientes, la cual se apropia para
garantizar una adecuada potencia estadistica. Sin embargo, al limitarse a un
solo hospital, a un unico mes de recoleccion y a pacientes trasplantados, se
ve reducida la representatividad de pacientes con ERC pertenecientes a otras
areas geograficas o centros hospitalarios y la aplicabilidad de los hallazgos a
la totalidad de pacientes con ERC.

Los resultados mostraron una correlacion positiva y estadisticamente
significativa entre RET-He y algunos marcadores del metabolismo del hierro,
especificamente hierro sérico (r = 0.349; p = 0.000), saturacion de transferrina
(TSAT) (r = 0.393; p = 0.000) y ferritina (r = 0.279; p = 0.003). Sin embargo, la
influencia de estas asociaciones fue débil, lo que indica que, aunque el RET-
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He refleja parcialmente el estado del hierro disponible para la eritropoyesis no
puede ser visto como un reemplazo total de los marcadores tradicionales.

Por otra parte, no se encontré una correlacion significativa entre RET-He y la
capacidad total de fijacion del hierro (TIBC), hemoglobina (Hb) y hematocrito
(Hct); en el caso del TIBC, los autores atribuyen ese resultado a la influencia
de factores adicionales de los pacientes, como su estado nutricional o
inflamacion, y para el Hb y Hct lo consideraron un limitante para el valor del
RET-He como marcador integral de anemia.

Un hallazgo relevante fue la correlacion moderada encontrada entre RET-He
y TSAT en el grupo de pacientes con exceso de hierro (r = 0.404; p = 0.000).
Este resultado sugiere que el RET-He podria ser utii como herramienta
complementaria para estimar la disponibilidad de hierro en pacientes con
sobrecarga férrica. Sin embargo, la correlaciéon entre RET-He y ferritina no fue
significativa cuando se analizaron de forma independiente los grupos con
suficiente hierro y con exceso de hierro. Esto podria explicarse por el
comportamiento de la ferritina como reactante de fase aguda, susceptible a
alteraciones provocadas por procesos inflamatorios frecuentes en pacientes
con ERC (Raranta et al., 2025).

En cuanto a las limitaciones del estudio, es importante resaltar la exclusion de
pacientes con anemia ferropénica absoluta y funcional de algunos de los
analisis. Esto se debe al reducido numero de participantes, lo que no permitio
la evaluacion con mayor profundidad del comportamiento del RET-He en
poblaciones donde este marcador podria tener mayor utilidad diagndstica.

Los autores concluyen, basados en los resultados ya descritos, que el RET-
He presenta una correlacion significativa con diversos marcadores del perfil
férrico y recomiendan su utilizacion como parametro adicional para la
valoracion de pacientes con ERC. Asimismo, sefalan la necesidad de realizar
un mayor numero de estudios que permitan establecer valores de corte
especificos para identificar sobrecarga de hierro y definir con mayor precision
su utilidad clinica. Esta recomendacion es adecuada, ya que los resultados
obtenidos muestran un buen potencial para el diagndstico, pero aun necesitan
ser validados a través de estudios en multiples centros, con grupos de
personas mas grandes y seguimiento a largo plazo (Raranta et al., 2025).
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Estudio n.° 2: Utilidad clinica del equivalente de hemoglobina reticulocitaria
en nifios sometidos a hemodialisis. Di Pinto, D., Paz, M., Adragna, M., & Lopez,
L. (2020).

Etapa 4: Reflexién critica

Este estudio aborda la anemia ferropénica en los pacientes con enfermedad
renal cronica (ERC) en hemodialisis, pero en una poblaciéon de riesgo que
muchas veces no es la muestra usual de investigaciones: pacientes
pediatricos. La literatura previa se ha centrado en pacientes adultos, por lo que
la inclusién de poblacion infantil representa un aporte novedoso e importante.

Los autores plantean que el equivalente de hemoglobina reticulocitaria (RET-
He) podria resolver las limitaciones de los marcadores tradicionales del estado
del hierro, como la ferritina, que son influenciados por la inflamacion y otros
factores bioldgicos.

Al ser un estudio de tipo retrospectivo, se limita a la capacidad de establecer
causalidad y de controlar variables que causen confusién; adicionalmente, al
haber sido una muestra pequefia (40 nifios y 164 observaciones), se vio
reducido su poder estadistico (Di Pinto et al., 2020)

Cabe destacar que, por criterios de los investigadores, los pacientes con
hemoglobinopatias, hemorragias recientes o transfusiones fueron excluidos;
esto restringe la representatividad de la poblacion pediatrica en hemodialisis e
introduce una variabilidad no explorada a profundidad.

En sus resultados se resalta que el uso del RET-He (<29 pg) incrementé la
deteccion de anemia ferropénica en nifios en hemodialisis al 44 %, comparado
con el 13 % detectado por marcadores tradicionales (ferritina <100 pg/L y
saturacion de transferrina [TS] <20 %); esto demostrd una sensibilidad del
90.9 % y un valor predictivo negativo de un 99.1 %, lo que lo convierte en un
excelente parametro para descartar anemia. (Di Pinto et al., 2020, p. 416)

En cuanto a correlaciones, se encontré una correlacion positiva moderada
entre el RET-He y la TS (r=0.52, p<0.001), lo que respalda su utilidad como
marcador del hierro disponible para la eritropoyesis; por otro lado, no se
observo una correlacion significativa entre la hemoglobina (Hb) y la TS (r=0.05,
p=0.5), lo que cuestiona su utilidad como parametro en este tipo de poblacién.
En el caso RET-He y Hb, fue mas débil (r=0.35, p<0.001), pero significativa,
indicando que el RET-He refleja mejor la disponibilidad de hierro que la Hb
madura; adicionalmente, se obtuvo una correlacion negativa entre Hb y
ferritina (r=-0.19, p=0.02), lo que refuerza la idea de que la ferritina en este
contexto refleja inflamacién mas que reservas de hierro. (Di Pinto et al., 2020,
p. 416)
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Este articulo abre una linea de investigacion en el entorno pediatrico que,
hasta el momento, no ha sido tan explorada. Los resultados obtenidos lo
vuelven un aporte clave para demostrar que el RET-He es una herramienta
prometedora y accesible para el seguimiento o descarte de la anemia
ferropénica por su alto valor predictivo negativo; sin embargo, su baja
especificidad hace que en la practica clinica se deba complementar con el
perfil férrico.

Cabe resaltar que, por el disefo del estudio, la evidencia recolectada se vio
limitada. Se recomendaria llevar a cabo estudios prospectivos, multicéntricos
y con un mayor numero de muestra para tener bases de mayor validez y asi
definir puntos de corte especificos para la poblacion pediatrica.

Estudio n.° 3: Asociacion de hepcidina, equivalente de hemoglobina
reticulocitaria e indicadores relacionados con la anemia en la enfermedad renal
cronica. Gao, Z., Hu, Y., Gao, Y., Ma, X., & Hu, Z. (2023).

Etapa 4: Reflexion critica

En este estudio se examina la anemia en la enfermedad renal crénica (ERC)
a través de la relacion entre la hepcidina-25, la inflamaciéon (IL-6) y el
equivalente de hemoglobina reticulocitaria (RET-He). Con base en esto, los
autores proponen la idea principal de que la hepcidina controla directamente
al RET-He vy, por lo tanto, la disponibilidad de hierro para la eritropoyesis.

El trabajo se planteé como un estudio observacional transversal, con un
enfoque analitico para explorar asociaciones entre hepcidina-25, RET-He y
otros indicadores de anemia en pacientes con ERC.

La muestra se conforma por un total de 230 participantes, donde se incluyeron
pacientes con diferentes estadios de ERC (desde la etapa 3 hasta la 5) y
modalidades de tratamiento (didlisis peritoneal y hemodialisis). Al ser una
muestra amplia, aporta representatividad y permite realizar comparativas entre
subgrupos; sin embargo, las diferentes causas de ERC, uso variable de
agentes estimulantes de la eritropoyesis (ESA por sus siglas en inglés) y hierro
introducen factores de confusiéon complejos de controlar. (Gao et al., 2023)

La medicion de RET-He se realiz6 con el analizador Sysmex XN-3000, y
hepcidina-25 mediante kits ELISA, lo que asegura precision técnica. El analisis
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estadistico incluyo correlaciones de Pearson y regresion multiple ajustada por
edad, sexo y uso de ESA, lo que fortalece la validez interna. (Gao et al., 2023)

El estudio demostr6 que el RET-He se asociaba positivamente con la
hemoglobina (Hb), ferritina, hierro sérico (Sl) y saturacion de transferrina
(TSAT), y negativamente con creatinina, reticulocitos, IL-6 y receptor soluble
de transferrina (sTfR). Sin embargo, de los resultados, el mas llamativo fue
gue no se encontrd una correlacion significativa entre hepcidina-25 y RET-He
(r=-0.079, p = 0.232); pero si una con la IL-6. Con esto, los autores sugieren
que la inflamacion es el verdadero mediador de la relacion y que la hepcidina-
25 no afecta directamente la disponibilidad de hierro en los reticulocitos. (Gao
et al., 2023)

Con estos resultados, el analisis multivariado apoya la idea de que la
inflamacion es un factor importante en la anemia ferropénica de la ERC y que
el RET-He muestra de manera confiable la disponibilidad de hierro en la
médula 6sea y la eficacia de la eritropoyesis.

El estudio también demostrd que los pacientes en hemodialisis tenian niveles
mas bajos de RET-He que otros grupos (ERC etapa 3-4, 5 sin dialisis, dialisis
peritoneal), lo que refuerza la utilidad de RET-He como marcador sensible en
poblaciones con mayor riesgo de anemia. (Gao et al., 2023)

El trabajo de estos autores demuestra que, incluso en presencia de
inflamacion, el RET-He es un marcador util, pero de forma complementaria. La
falta de correlacion con hepcidina-25 sugiere que RET-He es mas estable y
menos afectado por variaciones hormonales, o que lo convierte en un
parametro practico para el seguimiento y monitoreo de anemia para pacientes
con ERC.

Estudio n.° 4: Parametros de reticulocitos para el control de la anemia en
pacientes con enfermedad renal cronica en dialisis peritoneal. Merlin, J. C.,
Amaral, A. N. M., Claro, L., et al. (2021)

Etapa 4: Reflexion critica

El estudio se centra en la anemia en pacientes con enfermedad renal crénica
(ERC) en dialisis peritoneal (DP), una poblacion menos estudiada que los
pacientes en hemodialisis, donde se plantean los parametros reticulocitarios.

Los autores plantean la idea de que los parametros reticulocitarios como la
fraccion de reticulocitos inmaduros (IRF) y el equivalente de hemoglobina
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reticulocitaria (RET-He) podrian mejorar el monitoreo de la anemia y la
resistencia a agentes estimulantes de la eritropoyesis (ESA).

El estudio fue de disefio prospectivo, observacional y multicéntrico, lo que
permitié una diversidad de pacientes. Sin embargo, el tamafio de la muestra,
el cual fue de 35 pacientes, al ser pequeno, lo limita en precisién analitica.
(Merlin et al., 2021)

Se utilizé el analizador Sysmex XE-5000 para medir RET-He e IRF para
asegurar la calidad de resultados; adicionalmente, se incluyeron
biomarcadores inflamatorios (interleucina-6 [IL-6], factor de necrosis tumoral-
a [TNF-a], proteina quimiotactica de monocitos-1 [MCP-1]), lo que afadio
valor, a pesar del tamafio de muestra.

Otro aspecto metodoldgico crucial que resaltar es que solo se incluyeron
pacientes clinicamente estables, o que puede no reflejar la realidad de todos
los pacientes en dialisis peritoneal, especialmente aquellos con mayor
comorbilidad o inflamacion.

Los resultados mostraron la prevalencia de anemia en pacientes con ERC en
32.4% (hemoglobina [Hb] <11 g/dl). Esto corrobora que la anemia es una de
las complicaciones mas frecuentes en esta poblacion (algo menor en los
pacientes con hemodialisis). Cabe resaltar que el grupo de estudio tenia una
resistencia a agentes estimulantes de la eritropoyesis (ESA >0.02 pg) del 87%.
Esto refleja una dificultad terapéutica en el grupo. (Merlin et al., 2021)

En cuanto a la disponibilidad de hierro, se obtuvo que la ferritina y la saturacién
de transferrina (TSAT) sugirieron una alta prevalencia de deficiencia (82 % y
un 51.7 %, respectivamente), mientras que el RET-He. Detectd deficiencia en
solo el 11.8 % de los pacientes. Esta discrepancia sugiere que RET-He refleja
mejor el hierro funcional disponible para la eritropoyesis y se ve afectado en
menor medida por la inflamaciéon que la transferrina y TSAT. (Merlin et al.,
2021)

Ademas, se vio que los pacientes con IRF% >10.5 tenian niveles de Hb mas
bajos y mas resistencia a ESA, mientras que los que tenian IRF% <10.5
mostraban Hb mas alta y menos resistencia. Esto hace que el IRF sea un
marcador dinamico de la eficacia eritropoyética. (Merlin et al., 2021)

El estudio aporta evidencia de que tanto el RET-He como el IRF pueden
complementar a los marcadores rutinarios para el monitoreo de anemia en
pacientes con ERC en DP, al ser utiles para identificar la deficiencia de hierro
y la resistencia a ESA (respectivamente).

Este aporte también nos da a entender que la anemia ferropénica en dialisis
peritoneal puede estar subdiagnosticada o mal interpretada si se usan solo
ferritina y TSAT. RET-He, junto con IRF, ofrece una vision mas precisa del
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hierro disponible para la eritropoyesis y permite diferenciar entre deficiencia
absoluta y funcional. Sin embargo, para definir puntos de corte y tener mas
validez clinica de su uso, se deben llevar a cabo estudios prospectivos con un
tamano de muestra mayor y un seguimiento longitudinal.

Estudio n.° 5: Evaluacion de la prediccion del valor del equivalente de
hemoglobina reticulocitaria para la deficiencia de hierro en pacientes con
enfermedad renal cronica. Nguyen Trung K, Ta Viet H, Nguyen Thi Hien H,
Nguyen Khanh V, Thai Danh T, et al. (2022).

Etapa 4: Reflexién critica

Esta investigacion se realiz6 buscando evaluar el papel de la hemoglobina
reticulocitaria equivalente (RET-He), evidenciando precozmente la deficiencia
de hierro en pacientes con enfermedad renal crénica (ERC). Segun la teoria
proporcionada por el articulo, este nuevo parametro es un nuevo indicador
para evaluar el estado de hierro en eritrocitos inmaduros y se mide por medio
de la citometria de flujo.

Los aportes en los que se centrd este articulo son evidenciar la utilidad del
RET-He y evidenciar la deficiencia de hierro en pacientes adultos con ERC en
estadios 3 a 5. Para la realizacion de este estudio se utilizaron criterios de
inclusion y exclusion, los cuales se detallaron adecuadamente, excluyendo a
pacientes en terapia de reemplazo renal, con terapia con hierro o EPO
reciente, sangrado activo, infecciéon o transfusion en los ultimos seis meses.
(Trung et al., 2022)

En este estudio, el del RET-He para identificar la deficiencia de hierro en
pacientes con ERC fue moderada. El uso de un punto de corte de RET-He de
28.15 g/L se derivo del analisis ROC, reportando que presentd una sensibilidad
de 45.5%, detectando menos de la mitad de los casos con deficiencia de
hierro, y una especificidad de 100%, indicando que todos los pacientes
identificados sin anemia verdaderamente no la tenian. (Trung et al., 2022)

Ya que se tratd de un estudio observacional descriptivo de corte transversal,
el tamano de la muestra (131 pacientes adultos con ERC en estadios 3-5) fue
moderado. Los pacientes procedian de un unico hospital militar en Vietnam,
con un porcentaje masculino de mas del 70 % y una edad media de 51 anos,
con exclusion de pacientes en dialisis, con transfusion reciente o que recibian
tratamiento con hierro/EPO, lo que limitaba la representatividad de la practica
clinica rutinaria. (Trung et al., 2022)
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Por lo tanto, no puede incluir a todos los pacientes con enfermedad renal
cronica (ERC) en distintos contextos geograficos o clinicos y la poblacion no
era representativa.

En cuanto a sus limitaciones, tenemos que, al ser un estudio transversal, no
permite determinar la causalidad ni evaluar la evolucién longitudinal del RET-
He. Ademas, dado que es una experiencia realizada en un unico centro con
una poblacién limitada, esto restringe la generalizacion a otros paises, edades
o perfiles clinicos. Por otro lado, su sensibilidad moderada (45.5 %) indica que
pueden pasarse por alto casos de deficiencia de hierro. Dado que se
excluyeron pacientes tratados, los resultados podrian no aplicarse
directamente a los pacientes que reciben hierro o eritropoyetina, como es
habitual en la practica clinica.

Los hallazgos y aportes proporcionados por los autores son aplicables a la
practica clinica, ya que el RET-He se mide automaticamente junto a la
biometria hematica y es un parametro accesible y econémico. Sin embargo,
como se menciona en los limites, al tener criterios de exclusion estrictos,
reduce la generalizacién a la practica clinica rutinaria, donde la mayoria de los
pacientes si reciben esas terapias. EI RET-He no fue superior en sensibilidad,
pero si en especificidad (100 %). La ferritina y la saturacion de transferrina
(TSAT) siguen siendo mas sensibles, pero estdn mas afectadas por
inflamacion y otras condiciones.

Este estudio concluye asi: RET-He tuvo un buen valor predictivo de deficiencia
de hierro en pacientes con ERC en comparacion con algunos indices
tradicionales de hierro. (Trung et al., 2022)

La prevalencia de anemia del 93.1 % es muy elevada, y los autores la
comparan adecuadamente con estudios de referencia (Li et al., Salman et al.).
Sin embargo, el hallazgo de que los pacientes en ERC estadio 5 tengan menor
proporcién de deficiencia de hierro que los de estadios 3-4 (31.2 % vs. 58.8 %)
se atribuye a que estos ultimos son pacientes "recién descubiertos" sin
tratamiento previo, lo que podria tener relevancia en los resultados obtenidos.
Esta explicacion no se verifica con datos sobre el tiempo de diagnéstico o el
tratamiento previo recibido. (Trung et al., 2022)

El modelo de regresion logistica sefala que la albumina sérica y el MCV son
factores de riesgo independientes, ademas del hierro sérico y el RET-He. La
inclusiéon de la albumina (OR = 1.126; P = 0.011) sugiere que el estado
nutricional e inflamatorio influye en el riesgo de ID, pero los autores no exploran
esta relacion en la discusién. (Trung et al., 2022)

Al conocer 100 % especificidad (100 %) y su sensibilidad (45.5 %), los autores
presentaron el parametro RET. Lo he como complementario mas que como un
sustituto de los marcadores tradicionales. Por ende, este marcador refleja
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hierro disponible en la eritropoyesis en tiempo real, antes de que se
manifiesten cambios o saturacion de transferrina, lo que lo convierte en un
marcador util para detectar deficiencia funcional temprana, aunque no
suficiente por si solo debido a su baja sensibilidad. (Trung et al., 2022)

Los autores compararon sus resultados con otros estudios:

- Miwa et al. (2010) reportaron AUC = 0.776, con sensibilidad mayor
(74.3 %) pero menor especificidad (64.9 %).

- Brugnara et al. (2006) encontraron AUC = 0.913, con sensibilidad
93.3 % y especificidad 83.2 %.

En este estudio, RET-He demostr6 adecuada correlacion con hierro y TSAT,
confirmando su utilidad clinica. Aunque presentan ciertas contradicciones, por
ejemplo, los valores de corte, en este estudio se propone un punto de corte de
28.15 g/L, mientras que otros autores sugieren valores entre 27-33 pg, y la
sensibilidad es mucho mas baja que en otros estudios, por lo cual podria
interpretarse como una contradiccién. (Trung et al., 2022)

Los autores les atribuyen estas diferencias a las variaciones en las
caracteristicas de la poblacion; los pacientes no estaban en dialisis ni recibian
hierro/EPO, lo que aumentaba la proporcion de deficiencia de hierro y
modificaba los valores de referencia.

Estudio n. ° 6: Significance of content of the reticulocyte hemoglobin in the
management of renal anemia. Ogawa, C., Tsuchiya, K., Nitta, K., & Maeda, K.
(2019). Blood Purification, 47(Suppl. 2), 70-73.

Etapa 4: Reflexion critica

El estudio abarca un problema clinico actual, que es la falta de acuerdo acerca
del nivel ideal de hierro en hemodialisis. La literatura previa documenta que s-
ft y TSAT se ven influidas por inflamacién, enfermedades hepaticas y variacion
diurna. Esto resalta la importancia de encontrar un marcador mas directo como
CHr.

El diseno retrospectivo, los objetivos (identificar valores de corte de s-ft y TSAT
usando CHr) y el problema planteado (determinar niveles 6ptimos de hierro).
La hipétesis de que CHr tiene una correlaciéon positiva con s-ft y TSAT hasta
un cierto limite y luego se estabiliza concuerda con el método estadistico
utilizado (analisis de sensibilidad del cambio, calculando coeficientes de
correlacion y valores F para detectar puntos de inflexion). (Ogawa et al., 2019)
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Para un disefio observacional retrospectivo, el tamafio de la muestra (n=181)
es adecuado y permitié correlaciones estadisticas (por ejemplo, el CHr con
ferritina, TSAT y hep-25) y deteccion de puntos de corte. Eran pacientes
ambulatorios en hemodialisis que estaban bajo tratamiento con eritropoyetina
recombinante en Japdn, con inflamacién controlada (PCR muy baja). Esto
refleja un subgrupo especifico: pacientes estables y bajo agentes estimulantes
de la eritropoyesis (ESA). La poblacion no necesariamente representa a todos
los pacientes con ERC en hemodialisis, especialmente en contextos con
mayor inflamacion, variabilidad nutricional o diferentes practicas clinicas.

Los resultados son consistentes: s-ft <50 ng/mL (r=0.47 vs. >50: r=0.22;
F=17.64), TSAT <24 % (r=0.58 vs. >24: r=0.08; F=34.45) y Hep-25 con dos
puntos de corte (20 y 70 ng/mL). Son convenientes con el modelo biologico
donde la correlacion CHr-marcador de hierro se debilita una vez superado el
umbral de suficiencia. Ademas, la correlacion Hep-25/s-ft (r=0.731, p<0.001)
valida internamente la medicion. Sin embargo, al ser retrospectivo, no hubo
intervencion que confirmara que elevar el hierro en el grupo “deficiente” mejora
CHr. (Ogawa et al., 2019)

Algunas de sus limitaciones: Al tratarse de un disefio retrospectivo, no permite
establecer causalidad ni evaluar evolucion longitudinal. Al tratarse de una
muestra unicéntrica japonesa, limita la generalizacién a otras poblaciones y
contextos, por ejemplo, las diferencias étnicas, dietéticas o de practica clinica.
Presenta un sesgo de seleccién, ya que el CHr no esta cubierto por el seguro
japonés, lo que restringe su aplicabilidad practica; por ende, solo se midié CHr
en centros con disponibilidad del equipo.

Este articulo indica que RET-He disminuye rapidamente cuando Ia
eritropoyesis carece de hierro disponible, incluso antes de que se alteren
parametros clasicos como ferritina o saturacion de transferrina; ademas, un
aumento de RET-He en las primeras 48-96 horas tras la administracion de
hierro sefiala que el hierro esta siendo incorporado a la sintesis de
hemoglobina en reticulocitos (Ogawa et al., 2019). El estudio nos dice que
administrar ESA cuando RET-He esta bajo no genera respuesta, porque
carece de hierro. Monitorizar RET-He ayuda a evitar el uso innecesario de ESA
en pacientes con déficit funcional de hierro.

Como aportes, propone valores de corte concretos y clinicamente aplicables
para s-ft (50 ng/mL) y TSAT (24 %) basados en CHr, y revela que Hep-25 >70
ng/mL podria representar el limite inferior de suficiencia de hierro, con
metabolismo férrico negativo por encima de ese nivel.

Algunos vacios son el no evaluar la respuesta a la administracion intravenosa
de hierro para validar los puntos de corte propuestos. Tampoco se analizaron
subgrupos por dosis de ESA, tiempo en dialisis o comorbilidades. Los autores
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mencionan que los ESA de larga accion consumen mas hierro y suprimen Hep-
25, pero no incluyeron este analisis.

Los autores reportan que RET-He (CHr) mostré una alta especificidad (80—
93.2%), lo que significa que RET-He identifica con bastante precision a los
pacientes que no tienen deficiencia de hierro, y una sensibilidad variable (43—
100%), lo que indica que no a menudo logra detectar todos los casos de
deficiencia, hallazgos que coinciden con estudios previos en pacientes en
hemodialisis. (Ogawa et al., 2019). Los autores mencionan que, a pesar de
que la sensibilidad presenta fluctuaciones, la especificidad es siempre mas alta
que la de otros parametros tradicionales como ferritina sérica y saturacion de
transferrina. El punto de corte propuesto fue de 29-32.4 pg; para RET-He se
usé el analizador ADVIA 120. Este rango se determind mediante analisis ROC,
comparando la respuesta al hierro intravenoso y los criterios clasicos de
deficiencia (ferritina <100 ng/mL y TSAT <20 %). (Ogawa et al., 2019)

Estudio n.° 7: Correlacion entre el equivalente de hemoglobina reticulocitaria
(Ret-HE) y el perfil de hierro en pacientes sometidos a hemodialisis de rutina
en el Hospital General de Nusa Tenggara Occidental. Putri, A. R., Asmara, I.
G.Y., & Cahyawati, T. D. (2025).

Etapa 4: Reflexién critica

Este estudio se mete de lleno en un problema clinico real: la enorme cantidad
de pacientes en hemodialisis que sufren anemia ferropénica y lo complicado
que resulta acceder a un panel de hierro completo cuando los recursos
escasean. La verdad es que proponer el Ret-HE como una herramienta de
apoyo tiene todo el sentido del mundo, especialmente viendo las necesidades
practicas del sistema de salud en Indonesia.

En cuanto al método, el disefio transversal es el adecuado para analizar cdmo
se relacionan los parametros en un momento especifico. Ademas, el hecho de
contar con 50 pacientes, superando los 31 que se necesitaban como minimo,
le da al estudio la fuerza estadistica necesaria para detectar correlaciones
moderadas. (Putri et al., 2025).

Los autores reconocen varias limitaciones importantes: el tamano muestral
relativamente pequefio restringe la generalizacion; por ser estudio
monocéntrico, con exclusion implicita de mayores de 65 afios y con muestreo
consecutivo, la muestra no necesariamente refleja la heterogeneidad de la
poblacion HD/ERC a nivel regional o nacional; el uso de datos secundarios
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para el perfil férrico introduce variabilidad, ya que Ret-HE y los parametros
férricos no se tomaron simultdneamente y no se excluyeron condiciones
inflamatorias o de malnutricion que pueden alterar los marcadores de hierro,
particularmente el TSAT vy la ferritina. (Putri et al., 2025)

El analisis utiliza como punto de corte RET-He = 29 pg y sefiala que dicho
corte tiene una sensibilidad del 90,9 % y especificidad del 74,5 %. Estos
valores, en términos absolutos, indican alta sensibilidad y moderada
especificidad para detectar el estado que los autores comparan (deficiencia de
hierro/deficiencia absoluta de hierro segun sus criterios). Aun asi, qué tan util
sea realmente en la practica clinica depende mucho del estandar de referencia
que se use Yy del tipo de poblacién de la que estemos hablando (Putri et al.,
2025).

Solo terminaron quedando 8 pacientes en el grupo de Ret HE <29 pg, frente a
los 42 que tenian =29 pg. La verdad es que, con tan pocos casos en un lado,
las estimaciones de sensibilidad y especificidad no son precisas y los
intervalos de confianza se vuelven amplios. Los autores emplearon y
discutieron Ret HE = 29 pg como punto de corte (compararon grupos =29 vs
<29) y lo comentan en la discusion. (Putri et al., 2025)

Esto fortalece la validez de constructo del analisis. Aun asi, hay que tener en
cuenta que la fuerza de esta relacion varia mucho de un estudio a otro. Esto
pasa sobre todo por las diferencias en los criterios de seleccion, el tamafo de
los grupos y quiénes participaban en las pruebas. Al final, lo que esto nos dice
es que el Ret-HE no siempre puede reemplazar de forma directa a un perfil
férrico completo. (Putri et al., 2025)

Este estudio es algo nuevo para Indonesia, especialmente porque casi no se
ha investigado el Ret-HE por alla. Lo interesante es que aporta datos reales
de un hospital publico en una provincia que todavia esta en desarrollo, lo cual
es clave para saber como actuar cuando no sobran los recursos.

Al final, el estudio si logra demostrar que existe una relacion entre el Ret-HE y
los parametros de siempre. Sin embargo, aqui esta el detalle: las correlaciones
que salieron son bastante bajas (entre 0.236 y 0.288) y no se notaron
diferencias importantes en el perfil de hierro entre los que tenian un Ret-HE
normal o bajo. Entonces, la conclusion es clara: el Ret-HE funciona como un
buen complemento, pero no piensen que va a reemplazar al analisis de hierro
completo. Por eso, y como senala Putri (2025), hay que tomarse estos
resultados con calma por las limitaciones que hubo en la metodologia.
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Etapa 5: Sintesis e integracion

Tras el analisis individual de los siete estudios incluidos en esta revision, se
pudo consolidar la evidencia cientifica para identificar puntos de convergencia
entre los distintos autores, asi como diferencias metodoldgicas que diversifican
y enriquecen la comprensiéon del tema.

De manera general, los estudios coinciden en que la anemia es una de las
complicaciones mas frecuentes de la enfermedad renal crénica (ERC).
Ademas, su diagndstico precoz es un desafio de importancia clinica debido a
que los marcadores tradicionales del metabolismo de hierro se ven afectados
por la inflamacion crénica o por terapias dialiticas.

Uno de los principales consensos identificados fue la utilidad del Ret-He como
indicador de la disponibilidad inmediata de hierro para la eritropoyesis. Los
articulos demostraron asociaciones significativas entre el Ret-He y diversos
parametros férricos, tales como hierro sérico (IS), ferritina, capacidad total de
fijacion de hierro (TIBC) y saturacion de transferrina (IST).

La evidencia revisada mostro que el Ret-He posee capacidad para detectar de
manera temprana la deficiencia de hierro, incluso antes de que se manifiesten
alteraciones significativas en los parametros hematoldgicos.

Otro punto clave fue que los resultados en poblaciones sometidas a diferentes
modalidades de tratamiento renal sustitutivo se mantenian consistentes. Tanto
en pacientes en hemodialisis como en aquellos en dialisis peritoneal, el Ret-
Ha mostrado utilidad para el monitoreo del estado del hierro y el seguimiento
de la respuesta eritropoyética.

Esta caracteristica refuerza su potencial como biomarcador de seguimiento
clinico en escenarios donde las necesidades de hierro pueden variar
constantemente.

Desde el punto de vista metodoldgico, se observo una variabilidad en tipos de
estudio donde se acentuaban los observacionales, descriptivos vy
transversales. Aunque las diferencias en tamafno y tipo de muestra pueden
dificultar la comparacion directa de ciertos resultados, la tendencia general fue
reconocer el valor clinico del Ret-He.

En conjunto, la evidencia cientifica analizada permite concluir que el Ret-He
constituye una herramienta complementaria prometedora para la valoracién de
la anemia por deficiencia de hierro en pacientes con ERC debido a su
capacidad para reflejar la disponibilidad funcional de hierro, su utilidad en
distintas modalidades de tratamiento renal y su menor susceptibilidad a
factores inflamatorios; esto lo convierte en un biomarcador de gran interés
clinico e investigativo. No obstante, se considera necesario continuar
desarrollando investigaciones prospectivas y multicéntricas que permitan
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establecer puntos de corte estandarizados y fortalecer la evidencia sobre su
implementacion en la practica clinica habitual.
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CONCLUSIONES

La evidencia cientifica analizada demuestra que Ila hemoglobina
reticulocitaria equivalente (Ret-He) posee aplicabilidad para la evaluacion de
anemia por deficiencia de hierro en pacientes con enfermedad renal crénica
(ERC), debido a su capacidad de reflejar de forma oportuna la disponibilidad
funcional de hierro.

Los estudios revisados evidencian una evolucidon progresiva en la
investigacion de este biomarcador, pasando a ser considerado un parametro
complementario y consolidandose como una herramienta prometedora para
la valoracion del estado férrico y el monitoreo de la eritropoyesis.

La anemia en la enfermedad renal cronica es complicacion de origen
multifactorial, donde la deficiencia de hierro (tanto absoluta como funcional)
constituye la causa mas frecuente y tratable. La disminucion en la produccion
de eritropoyetina, el estado inflamatorio crénico y la elevacion de hepcidina
generan un entorno desfavorable para la eritropoyesis.

El Ret-He se consolida como un biomarcador hematolégico que mide
directamente el contenido de hemoglobina en los reticulocitos mas jévenes
circulantes, lo que refleja la disponibilidad funcional de hierro en el momento
de la eritropoyesis. A diferencia de los eritrocitos maduros, que representan
un estado historico del metabolismo del hierro, los reticulocitos permiten
evaluar cambios recientes en la eritropoyesis.

La comparacion entre el Ret-He y los marcadores tradicionales del perfil
férrico, realizada en los estudios analizados, evidencié que el Ret-He ofrece
ventajas diagnodsticas importantes, especialmente en pacientes con
inflamacion crénica. Sin embargo, a pesar de su confiabilidad, se debe llevar
a cabo el analisis de los resultados de manera simultanea entre ambos
grupos de biomarcadores.

La evidencia cientifica analizada demostré que el Ret-He posee niveles de
sensibilidad y especificidad adecuados para la deteccion de la deficiencia de
hierro en pacientes con ERC. Estos hallazgos sugieren que el Ret-He puede
contribuir a mejorar la precision diagnostica y la toma de decisiones clinicas
en el manejo de la anemia asociada a la ERC.
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RECOMENDACIONES

Considerar integrar la RET-He en los protocolos para manejar la anemia en
pacientes con ERC, evaluando su impacto en reduccién de pruebas
complementarias y optimizacion de terapia con hierro y agentes estimulantes
de la eritropoyesis (ESA).

Promover la inclusién de pacientes en distintos estadios de enfermedad renal
crénica, considerando tanto aquellos que presentan o no procesos
inflamatorios como quienes se encuentran o no bajo terapias dialiticas. Esta
estrategia debe ampliarse hacia poblaciones multicéntricas en diversos
contextos clinicos (incluyendo pacientes hospitalizados y ambulatorios) con
el fin de fortalecer la validez externa y la aplicabilidad de los hallazgos.
Considerar los estudios prospectivos y longitudinales, que permitan evaluar
la evolucién de RET-He en el tiempo y su respuesta a terapias.

Desarrollar estudios que evaluen la relacion de la RET-He con otros factores
como inflamacion, estado nutricional y uso de agentes estimuladores de la
eritropoyesis (ESA), debido a que estas condiciones afectan la interpretacion
de ferritina y TSAT.

Implementar mas variables de interés, como los parametros inflamatorios
CRP, IL-6 y albumina, para el mejoramiento de la interpretacion.

Ajustar y consensuar valores de referencia para el Ret-He segun poblacion,
laboratorio y equipo utilizado.

Promover la capacitacién continua de profesionales de laboratorio clinico,
nefrélogos y demas personal de salud acerca de la utilidad diagndstica y el
potencial clinico del RET-He en conjunto con el perfil férrico estandar.
Ampliar la investigacién y uso del RET-He en diferentes poblaciones con alto
riesgo de desarrollar anemia por deficiencia de hierro, por ejemplo, mujeres
embarazadas, infantes, adultos mayores, etc.
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