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Introduction: Iron deficiency and anemia are common complications in
critically ill patients, particularly in the Intensive Care Unit setting (ICU), where
inflammation and infection are prevalent. Traditional markers like ferritin are
unreliable in these contexts due to their behavior as acute-phase reactants.
New hematimetric indices, such as Reticulocyte Hemoglobin Equivalent (RET-
He) and Delta Hemoglobin Equivalent (Delta-He), may offer better predictive
value for anemia in ICU patients.

Objectives: This study aimed to evaluate the predictive utility of RET-He and
Delta-He for anemia in critically ill patients and compare their performance with
serum ferritin levels.

Methods: A pilot, observational, prospective study was conducted on 40 ICU
patients admitted for burns or polytrauma. Hematological and hematimetric
parameters were analyzed at admission, 48 h, 4 days, and 7 days post-admission.
Mixed-effects regression models were used to assess the predictive value of
RET-He, Delta-He, and ferritin for hemoglobin levels and anemia.

Results: Significant reductions in hemoglobin and hematocrit were observed
within the first 48 h of ICU admission, while RET-He and Delta-He remained
stable. Over 4 and 7 days, decreases in RET-He and Delta-He were strongly
associated with lower hemoglobin levels and increased risk of anemia (p < 0.01).
Ferritin levels did not predict anemia in either period.

Conclusion: RET-He and Delta-He are valuable predictors of anemia in critically
ill ICU patients, outperforming ferritin in this context. Their routine use could
improve the early detection and management of iron deficiency and anemia in
ICU settings.
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1 Introduction

A deficit in iron levels is critical in patients in the Intensive Care
Unit (ICU) due to its role in key biological functions, such as oxygen
transport and cellular energy production. Iron deficiency (ID)
promotes oxidative stress, exacerbating tissue damage and organ
dysfunction. The anemic status caused by iron deficiency worsens the
condition of critically ill patients. In septic conditions, multi-organ
involvement, or comorbidities, ID anemia is associated with longer
ICU stays, higher mortality rates, and organ failure (1).

Laboratory diagnosis of ID is challenging because iron
homeostasis is dynamic. No single test provides an accurate
assessment of iron absorption, transport, storage, and utilization.
Diagnosing ID is especially difficult in patients with acute or chronic
inflammatory diseases because most biochemical markers of iron
metabolism are affected by the inflammatory process (2).

Serum ferritin (SF) represents most of the iron stored in
tissues bound to proteins. Under healthy conditions, there is a
direct relationship between reticuloendothelial iron stores and
serum ferritin, making it a powerful laboratory test for measuring
iron deficiency when no confounding factors are present. However,
SF behaves as an acute-phase protein, meaning its levels increase
in response to inflammatory and infectious states. In these
situations, which are frequent in critically ill patients, normal SF
levels cannot exclude ID (3, 4). Other parameters of iron
metabolism, such as serum iron, total iron-binding capacity
(TIBC), transferrin saturation (TSAT), soluble transferrin receptor
(sTfR), zinc protoporphyrin (ZPP), or hepcidin, can support the
diagnosis of iron deficiency, but their use is not recommended for
diagnosis (5).

Erythrocytes contain approximately half of the body’s iron at any
given time. In ID, there is an imbalance between the iron requirements
for erythropoiesis and the availability of iron, leading to a reduction
in hemoglobin content in reticulocytes and mature erythrocytes. The
use of erythrocyte and reticulocyte parameters available in modern
flow cytometry-based analyzers is increasingly being included for the
detection of early stages of iron-deficiency anemia (6). The reticulocyte
hemoglobin equivalent (RET-He) is a parameter reflecting the
hemoglobin content in reticulocytes. Since these cells remain in
peripheral blood for only 1 to 2 days, RET-He is considered a good
indicator of iron availability for erythropoiesis (7) The delta
hemoglobin equivalent (Delta-He) estimates the difference between
the mean hemoglobin value in reticulocytes and mature red blood
cells, indicating the trend of iron incorporation into erythropoietic
precursors (8).

Serum ferritin (SF) is the marker commonly used to assess iron
levels in the body (3). However, since the introduction of new
hematimetric parameters in 2005, several studies have demonstrated
their utility in managing iron-deficiency states in patients with chronic
kidney disease (5), on hemodialysis (9), with cancer (10), with sepsis
(11) or during pregnancy (12). Zuther et al. (8), found that the
determination of RET-He and Delta-He was valid for diagnosing iron-
deficiency anemia in the ICU (8).

One of the most frequent challenges in Intensive Care is
diagnosing iron dysfunction that precedes anemia. There is still a lack
of reliable data on the predictive capacity of ID anemia using classical
hematological indices and new hematimetric parameters in ICU
patients. We consider that, in the ICU context, where inflammation is
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common, new hematimetric parameters could be a useful tool not
only for diagnosis but also for predicting anemia.

The objective of this study was to evaluate the analytical
modifications that occur in the first 48 h after admission of trauma
patients to the ICU and to measure the capacity of new hematimetric
parameters RET-He and Delta-He, in the inflammatory-septic context
of ICU patients to predict changes in hemoglobin levels and the onset
of anemia within the first 4 and 7 days of admission.

2 Methodology

This was a pilot, observational, and prospective study on the
ability of hematimetric parameters to identify latent iron deficiency
states and predict anemia in critically ill patients. Data were collected
in the Polytrauma and Burn Unit, Intensive Care Medicine Service, at
the Hospital Universitario La Paz, Madrid, Spain, over a 6-month
period following the approval of the ethics committee, with Number
HULP: PI-6034.

2.1 Inclusion criteria and procedure

Adult patients admitted to critical care units for at least 7 days
and who signed informed consent (personally or through a legal
representative). Patients with active hematological diseases or
those with data recorded in only one of the databases (clinical or
hematimetric data) were excluded. Non-probabilistic convenience
sampling was used, including data from all patients admitted to the
unit who met the selection criteria. Two databases were used for
the study. One contained information about the clinical and
analytical conditions of the patients. Analytical data were obtained
from blood samples routinely collected from ICU patients and
analyzed in the hospital’s central laboratory. The second database
included data from samples analyzed by the Sysmex® analyzer,
which were collected simultaneously with the routine analytical
samples. The first day on which the patient had data in both
records were designated as “Day 1” and “2 Days” referred to the
time point when the patient also had data recorded 2 days
after Day 1.

2.2 Variables

The following variables were collected:

1. Sociodemographic Variables: Age, sex. Clinical Variables:
Reason for ICU admission (burns, sepsis, polytrauma,
neurocritical, medical, or others), ICU length of stay, survival
(yes/no), ICU admission Sequential Organ Failure Assessment
(SOFA) score, with a minimum score of 0 [low organ failure
severity] and a maximum score of 24 [high organ failure
severity], and Acute Physiology and Chronic Health Evaluation
(APACHE) III score, with a minimum score of 0 [low acute
illness severity] and a maximum score of 299 [high acute illness
severity]; ALI [Acute Lung Injury (yes/no)], Sequential Kidney
Injury (SKI) (yes/no), and Extracorporeal Blood Purification
Therapy (EBPT) (yes/no), mechanical ventilation (yes/no),
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days of mechanical ventilation, infection diagnosis (yes/no),
infection site (pulmonary, abdominal, bloodstream, urinary,
central nervous system, and others), and anemia (hemoglobin
value <13 mg/dL).

2. Classical Analytical Indicators: Hemoglobin (Hb), red blood
cell count, hematocrit, mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC), ferritin, iron, transferrin,
C-reactive protein (CRP), procalcitonin (PCT), transferrin
saturation index, and ICIS.

3. Hematimetric Parameters: RET-He and Delta-He, measured
through blood count analysis performed on the Sysmex®
XN10000 hematology analyzer.

2.3 Data analyses

The characteristics of the participants were described using
summary statistics. For categorical variables, frequencies and
percentages were used. For continuous variables, means (standard
deviation) or medians (interquartile ranges) were reported. The
Wilcoxon signed-rank test was used to measure changes in
hematological parameter values within 48 h after admission. Odds
ratios (OR) and 95% confidence intervals (95% CI) were estimated
using mixed regression models to predict hemoglobin levels and
anemia from serum ferritin, RET-He, and Delta-He. Due to the
proportion of missing values in the analysis variables, data imputation
was necessary before performing the statistical analysis with mixed-
effects models. Without data imputation, the mixed models did not
converge. Data imputation was performed using the Random Forest
technique, a machine learning method that constructs multiple
decision trees to predict missing values by capturing complex,
non-linear relationships between variables. In this study, the Random
Forest (RF) imputation technique is used due to its ability to model
non-linear relationships, handle correlated variables, and flexibly
impute categorical and continuous data without requiring
strict assumptions.

The following Table 1 illustrates the impact of the imputation
process: the left-hand side shows the imputed data, while the right-
hand side shows the original data with missing values. This process
ensured that data were available for all patients, variables, and
time points.

10.3389/fmed.2025.1577047

3 Results
3.1 Sample description

During the study period, 74 patients were admitted to the ICU. Of
these, 42 patients had records in both databases: the clinical/analytical
database and the hematimetry database. These patients were aged
between 18 and 84 years, with a mean age of 52 years (SD + 8.4).
Among them, 23 were men (54.8%) and 19 were women (45.3%). The
main reason for admission was burns (40.48%). They had an average
ICU stay of 13.5 days and a survival rate of 80.9%. The average severity
of their condition, assessed using the APACHE scale, was 11.8, and
organ dysfunction, measured by the SOFA scale, was 3.79. Mechanical
ventilation was required in 50% of the cases, see Table 2.

Table 3 shows hematological and hematimetric changes in the first
48 h of ICU admission. Data were obtained at admission and 48 h
after admission, revealing that only Hb levels (p < 0.01) and hematocrit
(p = 0.04) decreased significantly. The red blood cell count showed a
reduction but did not reach statistical significance (p = <0.01). No
significant changes were observed in the other evaluated parameters.

The mean hemoglobin values were not associated with SF level
during the first 4 days (p = 0.949). However, when the evaluation
period was extended to the first 7 days, an inversely proportional and
statistically significant relationship was observed between ferritin and
hemoglobin levels. Specifically, for each 1-unit increase in ferritin,
hemoglobin decreased by 0.0013 units (p < 0.01).

Regarding the mean values of the RET-He and Delta-He indices,
in both periods, a directly proportional and significant relationship
was observed with the mean hemoglobin values. During the first
4 days, for each 1-unit increase in RET-He, hemoglobin increased by
0.2033 units, and by 0.1861 units during the first 7 days (p < 0.01).
Similarly, for each 1-unit increase in Delta-He, hemoglobin increased
by 0.2051 units and 0.2651 units for the 4-day and 7-day periods,
respectively (p < 0.01). See Table 4.

Table 5 shows the results estimating the probability of anemia
based on SE, RET-He, and Delta-He values, adjusted for days of
hospitalization, during the first 4 and 7 days of admission.

Ferritin values do not predict the occurrence of anemia in either
of the two periods. However, a decrease of 1 unit in RET-He values
significantly increases the average probability of anemia by 5 times
(1/0.20) during the first four days and by 1.3 times (1/0.77) over a
longer period of 7 days (p < 0.01).

TABLE 1 Mixed-effects models were adjusted for patient-specific random effects and intra-individual correlations over time.

Imputed data

Original data (Without imputation)

ICU Iron  Ferritin = DELTA ICU Iron  Ferritin DELTA RET CRP

days He DEYS He He

1 99,48 467,03 1,94 28,28 43,91 9,05 1 88,36 364,60 —2,74 27,02 | 44,93 8,76
2 103,91 454,13 1,13 31,93 | 111,69 12,03 2 95,25 382,67 1,71 32,51 | 110,42 12,27
3 57,69 451,87 —0,17 30,14 | 134,74 10,78 3 64,00 386,50 —0,27 29,88 | 135,00 10,69
4 41,13 443,41 1,45 31,95 | 147,09 10,57 4 32,71 402,33 1,52 32,17 146,74 10,32
5 52,96 328,10 1,90 3220 | 13347 10,93 5 50,00 75,00 2,35 32,60 | 134,84 11,08
6 45,13 785,76 —0,21 30,40 | 16590 9,91 6 31,00 1,433,00 —0,65 29,99 | 168,10 9,87
7 50,88 793,54 0,94 31,24 | 142,06 9,58 7 44,00 734,00 0,92 31,35 | 143,27 9,62

ICU, intensive care unit; FS, serum ferritin; DELTA-He, delta hemoglobin; RET-He, reticulocyte hemoglobin; CRP, C-reactive protein; HGB, hemoglobin.
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TABLE 2 Clinical description of patients on admission.

Mean (+SD) N (%)
Reason for admission
Burned 17 (40.48%)
Medical and others 11 (26.19%)
Sepsis 7 (16.67%)
Polytrauma 4(9.52%)
Neurocritical 3(7.14%)
Days in UCI 13.48 (£19.47)
Survival
No 8 (19.05%)
Yes 34 (80.95%)
Apache score 11.82 (+6.86)
Sofa score 3.79 (+3.74)
Acute lung injury
No 28 (66.67%)
Yes 14 (33.33%)
Mechanical ventilation
No 21 (50.00%)
Yes 21 (50.00%)
Days on mechanical ventilation 6.17 (+12.38)
Acute kidney injury
No 29 (70.73%)
Yes 12 (29.27%)
Thrombosis of extracorporeal device
No 40 (95.24%)
Yes 2 (4.76%)
Infection
No 26 (61.90%)
Yes 16 (38.10%)
Hemoglobin 10.97 (+2.67)
Red blood cell count (RBC) 3.58 (+0.88)
Mean corpuscular volume (MCV) 94.85 (+6.16)
Mean corpuscular hemoglobin (MCH) 30.75 (+2.42)
Mean corpuscular hemoglobin concentration (MCHC) 30.75 (£2.42)
Hematocrit 33.82 (+8.10)
Ferritin 792.75 (£539.37)
Iron 48.20 (+49.24)
Transferrin 80.00 (£7.39)
C-reactive protein (CRP) 125.10 (£106.76)
Procalcitonin 3.98 (+8.83)
Transferrin saturation index 23.25 (x11.59)
Immature granulocyte index 2.43 (£2.82)
Reticulocyte hemoglobin equivalent (pg) 30.62 (+4.09)
Delta hemoglobin equivalent (pg) 0.30 (+3.72)
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TABLE 3 Hematological and hematimetric changes in the first 48 h.

Parameter

Initial value median

(IQR)

10.3389/fmed.2025.1577047

48-hour value median

(IQR)

p-value

C-reactive protein (CRP) 16 141.8 (64.6-205.3) 146.6 (84.9-209.1) 0.79
Immature granulocyte Index (Immature cell index) 30 2.0 (0.0-3.0) 2.0 (0.3-4.0) 0.14
Reticulocyte hemoglobin equivalent (RET-He) 30 31.5(26.8-33.7) 31.9 (30.1-34.3) 0.26
Delta hemoglobin equivalent (Delta-He) 30 1.5(-2.9-3.2) 1.8 (—0.6-3.4) 0.20
Reticulocyte production index 30 1.1 (0.5-1.4) 1.0 (0.3-2.7) 0.66
Hemoglobin 30 10.5 (9.0-12.0) 9.4 (8.4-10.9) <0.01
Red blood cell count (10x6 u/L) 30 3.2 (2.8-4.0) 3.0 (2.6-3.2) 0.09
Hematocrit (%) 30 31.95 (27.9-36.4) 29.9 (25.5-34.1) 0.04
Mean corpuscular volume (fL) 30 95.5(92.6-98.1) 95.1 (91.4-100.9) 0.73
Mean corpuscular hemoglobin (pg) 30 30.7 (29.8-32.5) 30,8 (29.7-31.9) 0.89
Mean corpuscular hemoglobin concentration (g/dL) 30 32.4(31.2-334) 32.1(31.2-33.3) 0.43
Reticulocyte count (10x6 u/L) 30 0.08 (0.05; 0.12) 0.07 (0.06; 0.11) 0.95
Procalcitonin 30 0.2 (0.1-0.7) 0.2 (0.1-0.8) 0.46

TABLE 4 Predictive factors for hemoglobin decrease over a period of 4 and 7 days.

(First 4 days) (First 7 days)
Predictors* Estimates 95% ClI Estimates 95% ClI p-value
Ferritin 0.0001 (—0.0015; 0.0016) 0.95 -0.0013 (—0.0018; —0.0008) <0.01
RET-He 0.2033 (0.1291-0.2775) <0.01 0.1861 (0.1341; 0.2382) <0.01
Delta-He 0.2051 (0.1187; 0.2915) <0.01 0.2651 (0.2067; 0.3235) <0.01

*Estimates adjusted for UCI days.

TABLE 5 Mixed regression analysis to predict anemia.

(First four days)

(First seven days)

Predictors* 95% ClI 95% ClI p-value
SF 0.99 (0.99; 1.00) 0.83 1.00 (0.991.0) 0.26
RET-He 0.20 (0.13;0.28) <0.01 0.77 (0.69; 0.87) <0.01
Delta-He 0.63 (0.5150.78) <0.01 0.69 (0.60-0.80) <0.01

*#Qdds ratio adjusted for UCI days.

Similarly, a decrease of 1 unit in Delta-He values increases the
average probability of anemia by 1.6 times (1/0.63) during the first
four days and by 1.5 times (1/0.69) over the 7-day period
(p < 0.0001).

The relationship between the mean RET-He and Delta-He values
and mean SF levels was also measured during the first 4 and 7 days.

During the first four days, RET-He values increased by
0.0021 units for each unit increase in SF However, this slight increase
did not reach statistical significance [0.0021 (95% CI: —0.0003;
0.0044), p < 0.08]. In contrast, over the 7-day period, the relationship
found was inversely proportional. RET-He decreased by a clinically
and statistically significant average of 42 units for each additional unit
of SF [—42 (95% CI: —54; —31), p < 0.00001].

Regarding the relationship between Delta-He and SF during the
first four days, the relationship was directly proportional. Delta-He
showed a slight but statistically significant increase of 0.0026 units for
each additional unit of ferritin [0.0026 (95% CI: 0.0006; 0.0047),
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p <0.0118]. However, during the seven-day period, the relationship
became inversely proportional and significant. Delta-He decreased by
an average of 0.003 units for each additional unit of SF [—0.0030 (95%
CI: —0.0039; —0.0020), p < 0.0001].

To contextualize the comparison of RET-He and Delta-He with
other relevant markers, in order to better understand their predictive
value in intensive care unit patients, Table 6 summarizes the
following markers.

4 Discussion

The aim of this study was to evaluate the changes observed in the
blood tests of patients admitted to an ICU for burns and polytrauma
and to assess the ability of new hematimetric parameters (RET-He and
DELTA-He) to predict hemoglobin decline and anemia secondary to
iron deficiency anemia (IDA).
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TABLE 6 Summary of the relationship between RET-He and Delta-He.

Marker

Relationship with RET-He

Relationship with Delta-He

10.3389/fmed.2025.1577047

Interpretation/Predictive
value

related to Hct within the first 48 h
(p = 0.26).

Hemoglobin (Hb) RET-He showed a significant correlation | Delta-He was also significantly Both markers predict changes in Hb,
with Hb decrease at 4 and 7 days associated with Hb decrease at 4 and reflecting the effectiveness of erythropoiesis
(p<0.01). 7 days (p < 0.01). and iron availability.

Hematocrit (Hct) Changes in RET-He were not directly Delta-He could correlate with Hct Hct reflects total red blood cell volume, but

changes due to its relationship with Hb

production.

RET-He and Delta-He provide more specific

information on erythropoiesis.

Red blood cell count (RBC)

RET-He did not show significant changes
with RBC within the first 48 h (p = 0.09).

Delta-He could correlate with RBC in
contexts of recent erythropoietic

regeneration.

RET-He and Delta-He complement RBC
information by evaluating the quality of the

produced red blood cells.

Reticulocyte production index
(RPI)

RET-He showed stability in relation to
RPI (p = 0.66), indicating consistent

erythropoiesis.

Delta-He might correlate with increases

in RPI in cases of active regeneration.

Both markers are useful for evaluating real-

time erythropoietic responses.

Mean corpuscular volume (MCV)

RET-He did not show a significant
correlation with MCV (p = 0.73).

Delta-He also showed no direct

correlation with MCV.

MCV measures the average size of red blood
cells but does not provide information on

the quality of hemoglobin produced.

Mean corpuscular hemoglobin
(MCH)

RET-He remained stable in relation to

MCH (p = 0.89).

Delta-He showed no direct relationship

with MCH.

MCH reflects the average Hb content per
red blood cell, but RET-He and Delta-He are

more sensitive to recent changes.

Mean corpuscular hemoglobin

concentration (MCHC)

RET-He did not show a significant
correlation with MCHC (p = 0.43).

Delta-He also showed no direct

relationship with MCHC.

MCHC measures Hb concentration in red
blood cells but does not evaluate

erythropoietic dynamics.

with Hb changes at 7 days, influenced by
elevated ferritin (p < 0.01).

Procalcitonin (PCT) RET-He did not show a significant Delta-He also showed no direct PCT reflects inflammation or infection but
correlation with PCT (p = 0.46). relationship with PCT. is not directly related to erythropoiesis or
iron metabolism.
Ferritin RET-He showed a significant association | Delta-He showed a significant Elevated ferritin may reflect inflammation,

association with Hb changes at 7 days,

influenced by elevated ferritin (p < 0.01).

affecting erythropoiesis; RET-He and Delta-

He are useful for assessing functionality.

RET-He and Delta-He are dynamic markers that provide more specific information about erythropoiesis and iron availability compared to traditional markers (Hb, Hct, RBC,) Delta-He

appears to be more sensitive in detecting recent deficits in hemoglobin production, while RET-He more generally reflects iron availability. Markers such as MCV, MCH, and MCHC are useful

for assessing general red blood cell characteristics but do not provide real-time information on erythropoietic functionality as RET-He and Delta-He do. In the context of inflammation

(reflected by elevated ferritin), RET-He and Delta-He are valuable tools for evaluating the effectiveness of erythropoiesis and the response to iron supplementation.

The data from this study show that during the first 48 h of ICU
admission, significant reductions in both hemoglobin and hematocrit
occur without changes in the hematimetric parameters studied
(RET-He and Delta-He). Over a longer period of 4 and 7 days, the
measurement of hematimetric parameters emerges as a predictive
factor for changes in hemoglobin levels and the onset of anemia.

The decline in hemoglobin and hematocrit values during the first
48 h of ICU admission observed in this study reinforces evidence of
the high risk of critically ill patients developing hospital-acquired
anemia (13). More than 75% of patients admitted to the ICU for more
than 7 days develop anemia (14, 15), which reduces their chances of
survival or achieving full functional recovery at 3- and 12-months
post-discharge among survivors of severe illnesses (15, 16).

During the first 48 h, the significant drop in hemoglobin and
hematocrit values is likely due to hemorrhage from associated injuries
such as splenic rupture, fractures, and severe tissue damage. Other
contributing factors include frequent blood draws, fluid replacement
therapy, and hemolysis. In Warner et al’s study (2020) (15), 56% of
patients developed anemia within 24 h of ICU admission, and 80%
had anemia by the time of ICU discharge. Among survivors, higher
hemoglobin concentrations at discharge were associated with lower
subsequent mortality.
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During these initial 48 h, according to this study’s data, RET-He
and Delta-He levels do not appear to undergo significant changes,
suggesting the maintenance of erythropoietic processes aimed at
compensating for red blood cell loss. This finding aligns with current
knowledge about the relationship between iron metabolism and
hematopoiesis. In this early stage, the body’s iron reserves are
mobilized to sustain the synthesis of erythroid progenitors of
reticulocytes and erythrocytes (17).

Stimulated erythropoiesis in response to red blood cell loss rapidly
consumes available iron, as hemoglobin synthesis in erythroblasts
requires large amounts of iron. The restriction of heme and
hemoglobin production under iron-deficient conditions could
be detected early using new cytometric techniques, even before iron
deficiency impairs erythroblast maturation, reduces red blood cell
production, or affects mean corpuscular volume and mean
corpuscular hemoglobin (18).

According to this study, both RET-He and DELTA-He are
predictive indices of changes in hemoglobin concentration and
anemia over a 4-day or 7-day period post-admission. However, SF
levels in the studied patients do not predict changes in hemoglobin or
aid in detecting anemia. These findings support data from other
studies confirming the suitability of hematimetric parameters for
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diagnosing early stages of iron deficiency in both sick and healthy
populations (19).

There is consensus among intensivists on the need to treat
iron deficiency before it causes anemia, as this condition poses a
serious risk to critically ill patients and delays their recovery (11).
However, interpreting results from traditional hematological tests
can sometimes be challenging, as they are altered by inflammatory
or infectious processes, and their normal ranges may not apply.
Consequently, many cases of iron deficiency without anemia may
go undiagnosed and untreated (20). As shown in this study,
during a 7-day period, increased SF levels are associated with a
decrease in RET-He and Delta-He values, further highlighting SF
limited utility in diagnosing iron deficiency in critically
ill patients.

5 Implications for practice, variability,
and cost-effectiveness

According to Danielson et al. (21), the implementation of
hematimetric parameters RET-He and Delta-He in ICU settings
represents a significant opportunity to optimize the early detection
and management of anemia, as well as to efficiently monitor
inflammation and iron status in critically ill patients. In particular, the
analysis of Delta-He has been shown to be comparable to IL-6 in
predicting mortality, with the advantage of significantly lower costs
and the ability to be easily integrated into routine analyses, such as the
complete blood count (CBC).

Recent advancements in automated hematological analysis
systems have enabled the measurement of various hematimetric
indices, such as reticulocyte hemoglobin (RET-He) and erythrocyte
hemoglobin (RBC-He), using the same sample collected for a
complete blood count. Incorporating these novel hematimetric
markers into routine ICU practice, alongside traditional hematological
parameters, has the potential to improve the management of iron
deficiency in critically ill patients. This is particularly relevant given
the limitations and inefficacy of traditional anemia parameters in
these settings.

From an economic perspective, Honemann et al. (22) highlight
that the measurement of RET-He and Delta-He is significantly more
accessible compared to other traditional biomarkers of iron and
inflammation. For instance, the cost of measuring RET-He ranges
between €0.70 and €1.00, whereas traditional parameters, such as
ferritin (€17.76) and transferrin saturation (€6.71), represent much
higher expenses. This positions RET-He and Delta-He as cost-effective
and practical alternatives for implementation in intensive care settings.

In this context, the design of a new algorithm that integrates these
innovative indicators alongside traditional parameters could
significantly improve the diagnosis and treatment of anemia in
critically ill patients, maximizing available resources and overcoming
the limitations of conventional methods.

5.1 Strengths and limitations

This pilot study aimed to assess the utility of novel hematimetric
parameters (RET-He and Delta-He) in the early diagnosis of iron
deficiency states among critically ill patients. While the sample was
not selected using a method that allows for generalization to the
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broader ICU population, the findings provide valuable preliminary
insights. Additionally, the use of a uniform hemoglobin threshold to
define anemia for both men and women may have overlooked
sex-specific physiological differences, highlighting an area for
further investigation.

During the follow-up of 42 patients, 19.05% succumbed to their
illnesses, and 4.76% (2 patients) were lost to follow-up. It is important
to note that the small sample size limits the ability to draw generalized
conclusions, underscoring the need for studies with larger cohorts to
validate these results. Furthermore, the sample was drawn from a
single, specific Intensive Care Unit, which ensured a consistent clinical
environment but may limit the applicability of the findings to other
ICUs. Differences in clinical conditions and patient characteristics
across ICUs should be considered when interpreting these results such
as nutritional status, blood loss, or transfusion practices.

The study employed the Random Forest (RF) technique for data
imputation, a sophisticated method capable of capturing complex,
non-linear relationships between variables. However, the precision of
RF imputation depends on the observed variables, which may
introduce biases if the missing data are not random (MNAR).
Additionally, the use of RF in small samples may increase variability
in the analyses. Despite these limitations, the application of RF reflects
amodern and innovative approach to addressing missing data, which
can be further refined and validated in future research with larger and
more diverse datasets.

6 Conclusion

The data support the hypothesis that, in these 40 ICU patients,
ferritin levels do not predict the risk of anemia, whereas a decrease in
RET-He and Delta-He indices is associated with lower hemoglobin
levels and could be clinically useful for predicting IDA.
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