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World Health Organization (WHO) defines 
anemia as a hemoglobin (Hb) concentration lo-
wer than 12 g/dL in women and 13 g/dL in men, 
respectively. The WHO classification of anemia 
severity by hemoglobin concentration is presen-
ted in table 1 (1, 2). The most significant pro-
portion of anemia types is related to nutritional 
deficiencies, iron deficiency being identified as 
the most frequent etiology (3). According to a 
population-representative study by Kassebaum 
et al. during the 1990-2010 period, the global 
prevalence of anemia and iron deficiency anemia 
has shown a decreasing tendency, although it 
remained significantly high. In 2010 the pre-
valence of anemia was approximately 33%, iron 

deficiency being the most frequently identified 
underlying etiology. In the same study, iron defi-
ciency was revealed in 20% of women with no 
recorded past medical history (4).
Optimal anemia correction is closely related 
to the identification of the etiology of the un-
derlying condition or disease. Recommended 
laboratory parameters include complete blood 
count with detailed erythroid parameters, mean 
corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), red cell distribution width 
(RDW) and absolute reticulocyte (Ret) number. 
The laboratory assessment of iron metabolism is 
of paramount importance. The most widely used 
laboratory parameters are serum iron-(Se-Fe), 
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ferritin-(F), transferrin- (Tfr), and soluble trans-
ferrin-receptor (sTfR) concentration, transferrin 
saturation (Tfr-sat) and soluble transferrin-re-
ceptor/logferritin index (sTfR/logF) index. (The 
reference intervals are represented in table 2) (5-
7). As inflammatory processes highly influence 
iron metabolism, quantitative analysis of C-reac-
tive protein (CRP) is also an element of laborato-
ry investigation (Table 3). Follow-up laboratory 
examinations are used for therapy effectiveness 
evaluation. Iron homeostasis can also be evalua-
ted by laboratory assessment of hepcidin. Hep-
cidin can be determined from urine and blood 
samples and may give useful information about 
iron-homeostasis, but it is not routinely used in 
clinical practice (8-10).
Accurate and rapid diagnosis of iron deficiency 
anemia is significant in order to reduce red blood 
cell transfusion likelihood. Additionally, preope-

rative anemia represents an independent risk fa-
ctor for increased postoperative morbidity and 
mortality in cases of elective surgical intervent-
ions (13-15).
Appropriate selection of iron replenishment ther-
apy modalities is frequently influenced by nume-
rous factors, comorbidities and anemia severity. 
The algorithm of iron replacement, considering 
the costs and simplicity of the treatment, begins 
with oral iron substitution. The gastrointestinal 
side effects of these products (especially those 
containing iron-sulphate), intolerance, allergic 
reactions, and adverse reactions contribute to 
reducing the patients’ compliance, thereby the 
treatment efficacy (16). Oral iron replenishment 
therapy ineffectiveness is often related to an 
underlying, undiagnosed malabsorptive disea-
se, such as inflammatory bowel diseases (IBD) 
(Crohn’s disease, ulcerative colitis), celiac di-

Table 1. WHO classification of anemia severity considering hemoglobin concentrations in adult male  
and female population

Anemia severity Women Men 
Mild 11-12 g/dL hemoglobin 11-13 g/dL hemoglobin 
Moderate 8-11 g/dL hemoglobin 
Severe <8 g/dL hemoglobin 

Table 2. Reference intervals of parameters utilised for laboratory diagnosis of iron deficiency anemia
Parameter Unit of measure Women Men 
RBC T/L 3.9 – 5.3 4.5 – 6.0 
WBC G/L 4-10 
Hb g/L 120-157 137-175 
Htc % 34.1-44.9 40.1-51.0 
MCV fL 88-95 
MCH pg 26-33 
RDW % 11.6-14.4 
Ret G/L 25-75 
Se-Fe µmol/L 6.6-26 7.0-28.3 
Transferrin g/L 2.0-3.6 
Trf-sat % 16 - 45 
Ferritin µg/L 13-150 30-400 
sTfR mg/L 1.9-4.4 2.2-5.0 
CRP mg/L < 5 
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sease, gastrointestinal parasitosis or eventually 
gastrointestinal blood loss. Rare inherited genetic 
disorders should also be considered to hinder oral 
iron replenishment treatment (SLC11A2-, TMP-
RSS6- mutations) (17). According to the latest 
guidelines, parenteral iron treatment can only be 
initiated after the proven ineffectiveness of oral 
substances and/or in case of intolerance to oral 
preparations. Exceptions are represented by ca-
ses of iron malabsorption, for instance, different 
forms of IBD, post-bariatric surgical intervention 
status, in which oral iron treatment is rarely effec-
tive, moreover, it can sometimes enhance disease 
activity (18). In these situations, parenteral iron 
substitution is the first-choice treatment for iron 
deficiency anemia. Intravenous iron therapy is 
sometimes considered as a nonpopular treatment 
option for iron deficiency (19). However, clinical 
evidence suggests the opposite, particularly in the 
case of novel products. Nevertheless, this attitude 
is still present primarily due to the fear of adverse 
side effects associated with older products (20).
Ferric-carboximaltose (FCM) is a stable, comp-
lex molecule and a relatively new parenteral iron 

product with a favourable safety profile (21). The 
advantage of FCM is its ability to replace large 
quantities of iron, offering a faster resolution for 
iron deficiency or iron deficiency anemia com-
pared to other parenteral and oral formulations 
(22) (23). Evidence shows that it is effective for 
the treatment of iron deficiency anemia related 
to IBD, chronic heart failure, chronic kidney di-
sease (dialysis-dependent and dialysis indepen-
dent), and pregnancy (21).  
Sodium ferric gluconate complex (SFGC) is a 
parenteral iron substance with a safe side effect 
profile, but it requires repeated administrations. 
Its safety and efficacy for treating functional iron 
deficiency and iron deficiency anemia related to 
chronic kidney failure and chronic heart failure 
have been proven in numerous studies (24, 25). 
Both SFGC and FCM have more favourable side 
effect profiles than older, iron-dextran type pa-
renteral substances (26).
The applicability of iron replenishment therapy 
is not limited to the correction of iron deficien-
cy anemia. Khallafallah et al., in a clinical trial, 
demonstrated that perioperative parenteral iron 

Table 3. Relevance and characteristics of laboratory parameters used for iron deficiency anemia  
diagnosis (11, 12)

Parameter Importance Iron deficiency anemia  
Hemoglobin (g/dL) Anemia diagnosis <13 (men), <12 (women) 
MCV, MCH Size and hemoglobin concentration of red blood 

cell refers to anemia etiology 
Hypochromic, microcytic 

Ferritin Assessment of iron storage, positive acute phase 
protein  

Low, excepting  inflammation 

Serum-iron Low value in case of anemia diagnosis, except-
ing hemochromatosis and iron intoxication 

Low, significant fluctuations may 
be present  

Transferrin Iron transport protein, negative acute phase pro-
tein 

High, excepting inflammation 

Transferrin-saturation Rate of transferrin saturated with iron  Generally low, not specific for iron 
deficiency 

sTfR Protein derived from precursor cells, and is 
up-regulated in case of functional iron deficiency 

Increased 

sTfR-logferritin index Rate of sTfR and log ferritin, one of the most 
sensitive and most specific parameter of iron de-
ficiency anemia diagnosis (9, 10)

Increased 
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replacement therapy of functional iron deficien-
cy significantly improved postoperative morbid-
ity and mortality (27).
Our aim included the assessment of iron metabo-
lism and the clinical efficacy of FCM and SFGC.
Our cross-sectional study evaluated the labora-
tory results of 59 patients between 2017.01.01 
and 2020.08.31, at the Division of Hematology 
of the 1st. Department of Internal Medicine, 
University of Pécs-Hungary. All of the included 
patients have been receiving parenteral iron ther-
apy.  Our patients were treated with two different 
types of intravenous iron substances (FCM and 
SFGC). Blood sample collection was performed 
at the initial presentation and at predefined regu-
lar post-infusion intervals, usually between four 
to six weeks after the treatment. The study has 
been approved by the Department of Data Pro-
tection, Equality and Coordination, University 
of Pécs (KK/724-2/2020).
Blood samples were collected by peripheral 
venipuncture in Vacutainer test tubes (Becton 
Dickinson). For blood count, test tubes of 3 ml 
were used, containing 5.4 mg K2-EDTA. Sam-
ple analyses were performed on Sysmex XN 
2000 hematological analyser within 2 hours 
from blood sample collection. The following 
parameters were determined: white blood cell 
(WBC), absolute neutrophil-, eosinophil-, baso-
phil granulocyte, lymphocyte, monocyte num-
ber and proportion, red blood cell (RBC) num-
ber, hemoglobin (Hb), hematocrit (Ht), mean 
corpuscular volume (MCV), mean hemoglobin 
concentration (MCH), mean corpuscular hemo-
globin concentration (MCHC), red cell distribu-
tion width (RDW), platelet count (PLT), abso-
lute reticulocyte count, peripheral blood smear. 
Whole blood samples had also been collected 
for biochemical analyses: serum-iron (Se-Fe), 
transferrin-, ferritin-, and soluble transferrin re-
ceptor concentration, transferrin-saturation, and 
CRP. Biochemical analyses were performed on 

Roche Cobas analyser, using Roche (Roche, Ba-
sel, Switzerland) reagent. Reference intervals 
are represented in table 2.
Data analysis was performed using Microsoft 
Office ExcelTM and SPSS 20. Paired samp-
les t-test was used for comparison of labora-
tory parameters with normal distribution and 
Mann-Whitney test was performed for not nor-
mally distributed parameters (F, CRP, sTfR/logF 
index) before iron replacement therapy and at 
follow-up investigation.
The mean age of the investigated subjects was 
50.34 +/-14.61 (SD) years, 87.9% of them being 
females. Our patients presented the following 
underlying diseases: IBD (7/59), myoma (3/59), 
malabsorption syndrome (3/59), gastroesopha-
geal reflux disease (3/59), chronic heart failure 
(2/59), occult bleeding (2/59), chronic kidney 
disease (1/59), Osler syndrome (1/59), hemor-
rhoids (1/59) and mucosa-associated lymphoid 
tissue lymphoma (1/59). Other diseases were 
also present, which are possibly not related to 
the development of iron deficiency anemia: hy-
pertension (4/59), diabetes mellitus (2/59), and 
thyroid disease (2/59). In 24/59 of the cases, 
further investigations are necessary to clarify the 
underlying condition of iron deficiency anemia. 
12/59 of our patients were treated with a mean 
dose of 528 mg parenteral SFGC, in an average 
of 5.28 days compared to those receiving a mean 
dose of 602 mg parenteral FCM treatment over 
30-45 minutes.
Comparing the patients’ laboratory parameters 
(prior to treatment vs follow-up examination), 
there was no statistically significant differen-
ce between CRP (p=0.076), WBC (p=0.837) 
and Ret (p=0.711). We observed a statistically 
significant increase of mean Hb concentration 
(p<0.0001), MCV (p<0.0001), MCH (p<0.0001) 
F (p<0.0001) and Trf-sat (p<0.0001), values at 
the follow-up laboratory testing. Furthermo-
re, a statistically significant decrease of Trf 
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(p<0.0001) and sTfR (p<0.0001) could also be 
observed (detailed statistical analysis is repre-
sented in Table 4). sTfR/logF index values have 
shown a statistically significant (p<0.0001) re-
duction at the moment of follow-up testing.
Iron deficiency is related to numerous underly-
ing diseases such as heart failure, chronic kidney 
disease, chronic blood loss, inflammatory bowel 
diseases, pulmonary arterial hypertension etc. 
(28) Therefore, the diagnostic algorithm of iron 
deficiency anemia is not limited to laboratory 
analyses (29). Detailed history, physical exami-
nation, radiological and other imaging exami-
nations are essential elements of the diagnostic 
algorithm used to identify the underlying condi-
tion rapidly. For the diagnosis of iron deficiency, 

laboratory assessment of iron metabolism is of 
paramount importance (19, 30).
Primary treatment of anemia is based on the un-
derlying etiology, aiming to treat the underlying 
disease (31). For optimal results, oral iron rep-
lacement therapy should be initiated following 
the diagnosis of the underlying condition. The 
duration of iron replenishment with oral substan-
ces and the frequent gastrointestinal side effects 
(reflux-disease, constipation) and intolerance, 
allergies, or adverse reactions reduce the pati-
ents’compliance. Therefore, a lack of therapy 
effectiveness is common (17, 32). In addition, 
the patient must be informed about the etiology 
of iron deficiency, the available treatment op-
tions, the expected effectiveness of the planned 

Table 4. Detailed statistical analysis of the measured parameters

At the time of follow-up
laboratory assessment

At the time of parenteral 
iron therapy

Statistical comparison (paired sam-
ples t-test)

Parameter Mean Standard  
deviation Mean Standard  

deviation p-value

lower 
95%CI  
of the  

difference

upper 
95%CI of 

the  
difference

WBC 6.32 2.35 6.262 1.89 .837 -0.520 0.639
RBC 4.15 0.62 4.58 0.57 .000 -0.56 -0.29
PLT 345.66 134.80 297.25 112.54 .002 19.45 77.36
Hb 91.66 13.12 114.58 17.20 .000 -27.35 -18.48
Htc 29.08 5.19 35.83 4.63 .000 -8.51 -4.99
MCV 72.76 8.86 78.41 6.47 .000 -7.45 -3.85
MCH 22.39 3.53 25.11 3.11 .000 -3.38 -2.05
RDW 18.19 3.37 20.47 5.03 .001 -3.52 -1.04
Ret 51.57 25.23 55.48 43.45 .711 -25.61 17.80
Se-Fe 4.18 1.88 9.26 5.57 .000 -7.08 -3.08
Trf 3.49 0.64 3.04 0.64 .000 0.26 0.64
TrF-sat 4.87 2.44 14.17 8.54 .000 -13.03 -5.56
sTfR 12.30 5.88 6.61 3.75 .000 3.74 7.63
At the time of follow-up laboratory  
assessment

At the time of parenteral 
iron therapy

Statistical comparison  
(Mann Whitney U test)

Median Min Max Median Min Max p-value and Mann Whitney’s U
F 52.44 2 240 32.88 2 347 p<0.0001;   181.5
CRP 4.06 0.3 81.6 7.59 0.20 62.10 p=0.076;    378.5
sTfR/logF index 0.97 0.02 9.72 2.75 0.02  14.47 p<0.0001;   86.00
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treatment, safety, duration, and the possible side 
effects. Appropriate patient education is proven 
to raise patient compliance (23) and facilitates 
the detection of eventual therapy ineffectiveness, 
ensuring the best possible patient care.
Parenteral iron treatment is initiated when oral 
substances are contraindicated. Moreover, oral 
iron therapy is ineffective in case of underlying 
malabsorptive diseases such as IBD. Therefore 
in such cases, parenteral iron therapy is the first 
choice of treatment (17). Chronic kidney disease 
is often associated with anemia, especially cau-
sed by low erythropoietin level (33). In such ca-
ses, erythropoietin stimulating agents (ESA) are 
used in combination with iron to treat anaemia, 
and this combination usually improves the clini-
cal outcomes. Palmer et al., in a meta-analysis, 
studied the effects of ESA and iron replacement 
therapy in chronic kidney disease. Their results 
suggested that the combination treatment was 
effective in transfusion avoidance in this popu-
lation (34).
Subjects with pulmonary arterial hypertension 
(PAH) represent another category of patients 
who are frequently diagnosed with iron deffi-
ciency. In these patients, the oral substitutive 
therapy can lead to gastrointestinal side effects. 
To avoid this inconvenience, the parenteral iron 
administration with FCM is preferred in order to 
increase the efficiency of the treatment. Impro-
vement of the anemia and of the iron status is 
correlated with the medium and long-term survi-
val of idiopathic PAH patients. (35) Ponikowski 
et al., demonstrated a significantly reduced risk 
of hospitalization due to worsening heart failure 
in patients treated with FCM, as well as an im-
provement in their quality of life. (36).
  Our retrospective study aimed to assess the effi-
cacy of parenteral iron treatment and its effect on 
the quality of patient care. Our results indicate 
that intravenously administered iron replenish-
ment therapy significantly improves the patients’ 
erythroid parameters. We obtained a mean inc-

rease of circulating hemoglobin concentrations 
with approximately 25 g/dl, equivalent to the 
effect of transfusion using two packed red blood 
cell units (37). Ht levels, as well as MCV and 
MCH parameters, were also significantly imp-
roved at follow-up, thus the beneficial effect of 
the treatment could be demonstrated. Additional 
laboratory assessment of the iron metabolism 
showed that a considerably improved iron sta-
tus had been accomplished. Ferritin concentra-
tions gained a five-fold increase at the time of 
follow-up (four to six weeks after iron replace-
ment). A significant four-fold increase of trans-
ferrin-saturation could also be observed. Rely-
ing only on ferritin and transferrin-saturation in 
evaluating iron replacement effectiveness is in-
sufficient since these parameters rapidly change 
during an inflammatory process (38). Therefore, 
sTfR concentration was also determined, espe-
cially in an underlying inflammatory disease. A 
significant reduction of sTfR could also be no-
ticed. However, sTfR concentrations remained 
above the upper limit of the reference interval. 
These findings indicate that iron replenishment 
has been effective, although, a continuation of 
iron replacement is necessary for the patients 
whose sTfR concentrations remained above the 
reference interval.     
Limitations of our retrospective study are the 
low number of included subjects and the hete-
rogeneity of the underlying diseases. In addition, 
prospective observational studies would be ne-
cessary to obtain better quality information reg-
arding the safety and effectiveness of intravenous 
iron replacement treatment. Nevertheless, our 
results indicate that the obtained improvements 
in laboratory parameters are comparable with 
the available speciality literature data (25, 27). 
Accordingly, considering the cost-effectiveness, 
side effect profile, and the patient’s convenience, 
FCM is more advantageous than the other avai-
lable parenteral iron replacement products (25).  
According to our findings, novel parenteral iron 
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replacement substances are efficient, have favo-
rable safety profile, and are cost-effective. Ho-
wever, further studies would be necessary to as-
sess the effectiveness of these treatments for the 
underlying conditions independently.
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