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ABSTRACT

Objectives: The most prevalent form of anemia is iron deficiency anemia (IDA). In the intensive care unit (ICU) setting, frequent blood sampling for
diagnostic purposes is one of the most important causes of anemia among patients. In our study, we aimed to retrospectively scan and compare
patients diagnosed with IDA in our institution’s ICU, with and without iron therapy.

Methods: In this study, patients with IDA who were hospitalized in our ICU for more than 21 days were included. The patients were divided into
two groups: group 1 (patients with iron therapy) and group 2 (patients without iron therapy). Information regarding demographics (age and sex),
comorbidities, total volume of blood samples drawn, hemoglobin, hematocrit, ferritin values, requirement for blood transfusion, length of ICU stay,
Acute Physiology and Chronic Health Evaluation Il score, Glasgow coma scale, and mortality rates were recorded.

Results: In this study, 48 patients were analyzed, including 25 (18 women, 7 men) with iron therapy and 23 (13 women, 10 men) without iron therapy.
A statistically significant difference was found in the mean blood volume per patient transfused over the 21-day period between the two groups.
Conclusion: We noted that oral iron therapy was effective in reducing blood transfusions in patients with prolonged ICU stays. We believe that

studies with larger patient groups are warranted regarding this topic.
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Introduction

In the general population, anemia is a relatively common
condition. The most prevalent form of anemia worldwide
is iron deficiency anemia (IDA). Although IDA is more
common in the elderly and female population, it can occur
at any age.™ According to the World Health Organization,
anemia is defined as a hemoglobin (Hb) concentration of
<13.0 g/dL in men over 15 years and a Hb concentration
of <12.0 g/dL in nonpregnant women over 15 years of
age. Moreover, anemia in pregnant women is defined as
a Hb concentration <11.0 g/dL. Anemia is also associated
with an increased length of postoperative hospital stay
and a higher rate of intensive care unit (ICU) admission,
morbidity, and mortality.!
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IDA is a common condition in patients admitted to the ICU.
To manage IDA, inexpensive, effective, and reliable oral iron
supplements are used.®! In the literature, doses higher than
60-120 mg of elemental iron per day are not recommended
because they are unlikely to offer significant benefit in terms
of iron repletion and can cause unintended side effects.” It
has been reported that providing iron supplements daily as
divided doses increases serum hepcidin and reduces iron
absorption, and daily oral iron supplements are more effective
as a single dose.®! Moreover, it has been reported that Hb
usually responds rapidly to effective oral iron therapy and
indicates an adequate therapeutic response as a Hb increase
of at least 2 g/dL after 3 weeks of therapy. However, repletion
of iron stores may require 4-6 months of treatment.®!
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Frequent blood sampling from patients for diagnostic
purposes is associated with blood loss volume and is one
of the most important causes of anemia in the ICU, which
is disregarded by clinicians. The average volume of blood
samples drawn has been reported to be 40-41 mL/day
in studies, and a positive correlation was found between
diagnostic phlebotomy and the amount of erythrocyte
transfusion.”# A common intervention method for treating
anemia in critically ill patients is red blood cell transfusion.
Although blood transfusion is life-saving, it is also
associated with anincreased risk of morbidity and mortality.
219 An increase in mortality rates has been reported in
ICU patients who receive frequent blood transfusions.
Transfusion therapy in the ICU is an ever-growing field,
with a new understanding of potential complications, new
drug therapies to reduce the requirement for transfusion,
and new additions in component therapy. Although there
have been several large clinical trials that have studied red
blood cell transfusion in various ICU patient populations,
currently, a widely accepted consensus in terms of its
application in the ICU is nonexistent.['"'-'3!

Iron therapy is a biologically plausible treatment to
reduce the need for blood transfusion in ICU patients.
04 This study includes a retrospective comparison of
ICU patients diagnosed with IDA with and without iron
therapy. This study aimed to reveal the effects of iron
therapy through a comparison of the demographic
data of the patients, the blood sample volume drawn,
Hb, hematocrit, ferritin values, requirement for blood
transfusion, and length of ICU stay.

Methods

This study was approved by the Ethics Committee of
Diskapi Yildirim Beyazit Training and Research Hospital
(No: 128/17; January 10, 2022). Patients with IDA who were
hospitalized in the ICU of our hospital for more than 21 days
between July 1, 2021 and January 1, 2022 were included
in the study. The exclusion criteria are as follows: patients
under 1 year of age, postoperative patients, patients with
non-IDA, critically ill patients with active infection, patients
with acute and chronic kidney disease, patients with
inflammatory diseases, and patients with missing data.
Four patients with kidney stones and cysts but with normal
kidney function values were not excluded from the study.
This research is a descriptive epidemiological study, and it
was aimed to include all patients in the study.

Patient data were scanned and recorded retrospectively
from the hospital information system and ICU assessment
forms. The patients were divided into two groups: group
1 (patients with iron therapy) and group 2 (patients
without iron therapy). Oral iron supplementation is
not recommended for patients who are allergic to iron

preparations and have gastrointestinal system absorption
disorders such as inflammatory bowel disease and
gastrointestinal malignancy.'™ Therefore, patients who
were not administered oral iron therapy were included in
the group of patients without iron therapy. Information
regarding demographics (age and sex), comorbidities, total
volume of blood samples drawn, Hb, hematocrit, ferritin
values, requirement for blood transfusion, length of ICU
stay, Acute Physiology and Chronic Health Evaluation I
(APACHE II) score, Glasgow coma scale (GCS), and mortality
rates were recorded.

Laboratory evaluation is required for a definitive
diagnosis of the type of anemia. As appropriate to this
aim, various blood tests are performed to diagnose
anemia in ICU patients on the first day of hospitalization,
such as hemogram, iron, ferritin, iron binding capacity,
vitamin B12, and folate. After excluding other causes
of anemia such as vitamin B12 and folate deficiencies,
iron replacement therapy is used in patients with IDA.
Hemoglobin levels below 13 g/dL in men and 12 g/dL
in women were considered as anemia. In patients with
anemia with ferritin levels below 30 pg/L and iron levels
below 33 pg/dL, iron deficiency was considered.

In this study, the effects of daily oral iron treatment in a
single dose for 21 days were examined. Patients in the ICU
in our institution diagnosed with IDA were administered
270 mg/day of ferrous sulfate (80 mg elemental iron) orally
as a single daily dose for 21 days, and monitoring of daily
blood results and complications related to iron therapy was
conducted. Oral iron therapy was continued for patients
with ongoing anemia after discharge from the ICU. Iron
therapy was not used in patients with gastrointestinal
system absorption disorders or a history of allergy to
iron preparations. Treatment was terminated when
complications such as allergy, anaphylaxis, severe nausea-
vomiting, diarrhea, and melena occurred due to iron
treatment. Patients whose treatment was not completed
were excluded from the study.

During the hospitalization of the patients included in the
study, the total volume of blood drawn daily was recorded
via follow-up forms by calculating the amount of blood
samples taken in the hospital information system.

Statistical Analysis

The SPSS 21.0 (Version 22.0, SPSS, Inc, Chicago, IL, USA)
program was used for statistical analysis. After applying
the Shapiro-Wilk test for normality, Student’s t-test was
used if the distribution was normal for the comparison
of continuous variables between groups, and the Mann-
Whitney U-test was used if with nonnormal distribution.
The chi-square test was used for categorical variables.
Statistical significance was set at p<0.05.
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Results

A total of 66 patients diagnosed with IDA who were
hospitalized in the ICU of our hospital for more than 21
days between July 1, 2021 and January 1, 2022 were
included in the study. A total of 11 patients were excluded
from the study because of missing data, and treatment of
seven patients was terminated before the 21-day period
because of gastrointestinal system complications during
iron supplementation treatment. As a result, data of 48
patients were analyzed, including 25 (18 women, 7 men)
with iron therapy and 23 (13 women, 10 men) in group 2
without iron therapy. The female to male ratio was similar
in both groups, and there was no statistically significant
difference between the groups (p=0,263) (Fig. 1).

The mean age of the patients was 70,17+£12,01 years
(group 1: 70,96+15,09; group 2: 69,39+8,94). There was
no difference in the mean age between the groups
(p=0,667) (Table 1).
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Patients with iron deficiency
anemia who were hospitalized
in the ICU (n=66)

Records excluded (n=18)

* Missing data (n=11)

* Termination of the iron
suplementation treatment
before the 21-day period (n=7)

48 patients analyzed

Group 1
(patients with iron therapy)
n=25

Group 2
(patients without iron therapy)
n=23

Figure 1. Patient flow chart.

Table 1. Demographic and clinical characteristics

Group 1 Group 2 P
(patients with (patients without
iron therapy) iron therapy)
n=25 n=23
Age (year)* 70.96+£15.09 69.39+8.94 0.667
Sex (n)
Female 18 13 0.263
Male 7 10
Length of ICU stay (day) * 38.20+£14.82 37.04+9.23 0.750
APACHE Il score * 16.48+6.97 17.65+7.49 0.577
Glasgow coma scale (GCS)* 13.20+2.10 11.78+3.96 0.124
Comorbidity (n)
COPD 13 14 0.536
CAD 10 10 0.807
Cerebrovascular disease 11 12 0.571
Diabetes mellitus 6 6 0.868
Hypertension 13 8 0.230
Dementia/Alzheimer 4 1 0.187
Renal disease 1 3 0.257
Rheumatological disease 0 2 0.132
Malignancy 1 2 0.502
Mechanical ventilation requirement (n)
IMV 5 9 0.316
NIMV 2
SP 16 12
Result (n)
Exit 2 4 0.274
Discharge 17 17
Transfer to hospital wards 6 2

P<0.05 was considered significant. *: Meanzstandard deviation. ICU: Intensive care unit; APACHE Il score: Acute
Physiology and Chronic Health Evaluation Il score; COPD: Chronic obstructive pulmonary disease; CAD: Coronary artery
disease; IMV: Invasive mechanical ventilation; NIMV: Noninvasive mechanical ventilation; SP: Spontaneous breathing.
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Table 2. Comparison of laboratory evaluation and transfusion requirements
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Group 1 Group 2 P
(patients with (patients without
iron therapy) iron therapy)
n=25 n=23
Hemoglobin values (g/dL)
0 9.4+1.41 9.28+1.90 0.809
7 9.06+1.13 8.73+1.17 0.323
21 8.79+0.89 8.38+1.27 0.202
Hematocrit values (%)
0 28.5+4.40 28.38+5.58 0.925
7 28.32+4.06 26.88+3.31 0.188
21 27.17+£3.29 25.48+3.39 0.086
Ferritin values (ug/L)
0 21.73£5.12 22.86+5.35 0.459
7 22.54+4.92 23.60+4.71 0.449
21 23.23+5.34 23.61+4.82 0.797
Total volume of blood drawn (mL)
0 25.4+13.62 30+9.53 0.186
7 116.8+39.87 127.8+19.76 0.241
21 213.4+£77.44 220.87+23.53 0.659
Total volume of blood per patient 24+83.06 78.26+134.69 0.097
transfused during the 7-day period
(mL)
Total volume of blood per patient 60+150 247.82+195.09 <0.001*

transfused during the 21-day period
(mL)

*: p<0.05 was considered significant.

Comparisons between comorbidities in the ICU patients
are listed in Table 1. No statistical difference was found
between the groups (p>0.05).

Comparisons between Hb/hematocrit/ferritin values in the
ICU patients are listed in Table 2. No difference between the
groups was found (p>0.05).

The mean of the total volume of blood samples drawn per
patient on the first day, during the 7-day period, and during
the 21-day period are listed in Table 2. No statistically
significant difference was found between the groups
(p>0.05).

While the mean volume of blood per patient transfused
during the 7-day period and during the 21-day period
were 24+83.06 mL/60£150 mL in group 1, respectively,
they were 78.26+134.69 mL/247.82+195.09 mL in group 2.
While there was no difference between the groups on the
7-day period, a statistically significant difference was found
on the 21-day period (p=0.097/ p<0.001) (Table 2).

While the mean length of the ICU stay was 38.20+14.82 days
in group 1, it was 37.04+9.23 days in group 2. No difference
between was found in both groups (p=0.750) (Table 1).

Six patients (group 1: 2; group 2: 4) died in the ICU, 34
patients (group 1: 17; group 2: 17) were discharged, and

eight patients (group 1: 6; group 2: 2) were transferred
to the hospital wards. When the ICU mortality rates were
compared between the groups, these were similar in both
groups (p=0.274) (Table 1).

Discussion

In this study, which includes a retrospective comparison
of the ICU patients diagnosed with IDA with and without
iron therapy, we found that while the volume of blood per
patient transfused during the 21-day period was lower in
patients with iron therapy, the volume of blood per patient
transfused during the 7-day period, the total volume of
blood samples drawn, Hb, hematocrit, ferritin values,
length of ICU stay, APACHE Il score, GCS, and mortality rates
of the patients were similar in both groups.

In an intensive care study, the average volume of blood
samples drawn for diagnostic purposes was 40-41 mL
during the first 24-h period.” In another study, the average
volume of blood samples drawn for diagnostic purposes
in patients in the ICU is 9.62 mL.® Conversely, the total
volume of blood samples taken during hospitalization was
<196 mL in 95% of hospitalized patients. However, for 5% of
the patients in the ICU, it was > 200 mL."® In our study, we
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found that the mean of the total volume of blood samples
drawn during the 21-day hospitalization of the patients in
the ICU was 217.13 mL, which was similar to that reported
in the literature.

In a study comparing iron treatment with placebo in
anemic patients admitted to the ICU, iron therapy did not
lead to a significant reduction in the need for red blood
cell transfusions throughout the hospital stay. However,
patients receiving iron had a significantly higher Hb
concentration at the time of hospital discharge.'” In a
different study, patients treated with iron therapy in the
postoperative critical ICU had a lower blood transfusion
rate.l'® In our study, we noted a significant decrease in
blood transfusion requirement at the end of the 21-day
period in the patient group with iron therapy. We believe
that iron therapy is effective in preventing anemia, which
occurs as a result of frequent diagnostic blood sampling.

Higher Hb and ferritin values have been reported in
patients receiving intravenous iron treatment compared
with the control group.™ In another study, significant
changes in the Hb levels were observed in the patient
group receiving iron treatment compared with the control
group at the 4™ week; however, no difference in the 12t
week values was observed." Perioperative intravenous
iron administration in major abdominal surgeries results in
a 60% reduction in allogeneic blood transfusion. However,
no significant difference in Hb levels at discharge was
observed compared with the control group.?® We also
noted that Hb values were similar in both groups. We
believe that this is attributed to more blood transfusions
administered to patients who did not receive iron therapy.

In a meta-analysis, intravenous iron therapy was reported
to improve exercise capacity and quality of life in patients
with heart failure; however, it did not have an effect on all-
cause mortality or cardiovascular mortality. Furthermore,
oral iron supplements were reported to not only improve
exercise capacity and quality of life but also reduce all-
cause mortality and hospitalizations for heart failure. The
inefficacy of intravenous iron supplements on all-cause
mortality or cardiovascular mortality is thought to be due
to potential excessive iron accumulation in tissues, leading
to tissue damage induced by free radicals.?" Conversely, in
a study conducted in patients on hemodialysis, there is no
relationship between iron treatment and mortality.??In our
study, we observed that the mortality rates during intensive
care hospitalization in both groups were similar. However,
owing to the retrospective nature of our study, long-term
mortality rates after discharge could not be evaluated.

A study reported that iron treatment did not decrease
the length of stay.?® In a study evaluating the efficacy of
intravenous iron supplementation in anemic, critically ill
trauma patients, no significant difference among groups
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was found in terms of length of ICU stay and mortality.*
In our study, similarly, in both patient groups, we found
that the length of the ICU stay was similar. We believe that
the possible complications and negative effects of anemia
were prevented in both groups through iron treatment
and blood transfusion, and as a result, we could not find a
difference in the length of stay.

The primary recommendation for the treatment of IDA
is oral iron therapy. However, in cases where surgery is
scheduled within 6 weeks of iron deficiency diagnosis, in
patients with an ineffective response to oral iron therapy,
or in those intolerant to oral iron, intravenous iron therapy
is recommended. However, intravenous iron has a risk
of serious transfusion reactions such as anaphylaxis.*
Because the patients in our study had a long-term stay
in the ICU and did not have a surgical plan, intravenous
iron therapy was not utilized, which has rapid activity. We
preferred oral iron therapy, which is considered safer and
more cost-effective than intravenous iron therapy.

In a study, mild gastrointestinal side effects were noted in
20.4% of patients receiving oral iron supplements.?® In a
different study, it was reported that the most commonly
reported symptoms in patients receiving oral iron therapy
were constipation, diarrhea, and nausea at a rate of 12%, 8%,
and 11%, respectively.?” In our study, because 3 of 28 patients
who received iron treatment in the ICU had severe nausea and
melena, their treatments were terminated. Gastrointestinal
side effects were observed in four of the remaining 25
patients; however, their treatment was continued. We noted
that the use of oral iron therapy is associated with frequent
gastrointestinal side effects, and this rate was approximately
25% in patients who received iron supplements. This rate was
similar to the data in the literature.

This study has limitations. First, we could not evaluate the
anemia status and long-term mortality rates of patients
after discharge because patient data were obtained from
the hospital information system and ICU assessment
forms. Second, this was a single-center and retrospective
study; therefore, the number of patients included in the
study was limited.

Conclusion

Anemia is a common condition among patients in the ICU.
Frequent diagnostic blood sampling from patients is one
of the most important causes of anemia in hospitalized
patients. The frequency of blood transfusion is increasing in
patients with prolonged ICU stays. Currently, no consensus
exists regarding anemia and transfusion treatment in ICUs.
In our study, we noted that oral iron therapy was effective
in reducing blood transfusions in patients with prolonged
ICU stays. Further studies are warranted to explore the
implications in larger patient groups.
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