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Introduction
Currently, haematologists working both in 

haemotherapy and clinical haematology have no 
guidelines for the management and treatment of 
patients with post-transfusional iron overload. To 
address this issue, the Spanish Society of Haematology 
and Haemotherapy (SEHH) and the Spanish Society 
of Blood Transfusion (SETS) selected several of their 
members to develop "Guidelines on Haemovigilance 
of Post-Transfusional Iron Overload".

The first step consisted in a systematic MEDLINE 
search that included articles published from 1980 
to October 2010 using the search term limits "iron 
overload", "iron chelation therapy", "thalassemia", 
"myelodysplastic syndromes", and "magnetic resonance 
imaging". Then, in a face-to-face working meeting 
held in November 2009, the contents and sections of 
the guidelines were established, the group coordinators 
and members were selected, the working method to be 
followed was defined, and the deadlines were set.

The members and group coordinators consisted 
of a team of experts appointed by the SEHH and 
the SETS, who were to work in one of five working 
groups. Overall, each of the five working groups 
consisted of three to five members (one member could 
work in more than one working group), and one group 
coordinator who was responsible for establishing a 
dialogue between members, and setting deadlines.

The purpose of the five working groups was to: 
(i) define the importance of monitoring iron overload 
in patients with chronic transfusion dependence; (ii) 
characterise the target population, i.e. which patients 
should be monitored and how this monitoring should 

be carried out; (iii) describe the procedures for 
monitoring transfusional haemosiderosis, including 
assessment of ferritin levels, transferrin saturation 
index, units of packed red blood cell units transfused, 
and general measures for the care of patients; (iv) 
define which information mechanisms and alert 
systems should be put into practice, what information 
must be recorded in a patient's transfusion history 
and how this information can be made accessible 
to treating physicians and generate a computerised 
warning system for patients at risk of transfusional 
haemosiderosis based on the patient's transfusion 
history; and (v) describe an action protocol in the 
case of iron overload (Figure 1).

Once each working group had developed the 
contents of the five main topics, the information 
was first sent to the appropriate group coordinator 
to be revised and approved, and then to the rest of 
the authors for their approval. Before June 2010, two 
additional face-to-face working meetings and several 
videoconferences were held in order to unify concepts 
and issue final recommendations.

The contents of these guidelines are, therefore, 
divided into five different sections. The purpose is 
to provide the best recommendations from currently 
available scientific evidence on the issues raised, 
thus filling the void in the field of post-transfusional 
iron overload. Because the clinical benefit of many 
strategies discussed herein is widely accepted, despite 
not being supported by high-quality randomised 
trials, the group of experts agreed that the use of 
levels of evidence was not compulsory in the present 
guidelines.
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1. Relevance of iron overload control 
in patients with chronic transfusion 
dependence 
The human body has complex and effective 

methods to regulate iron absorption by the 
intestine, as well as the transport of this metal 
through plasma and finally its storage and release; 
however, there are not effective physiological 
methods to regulate its excretion. Iron overload 
is a serious inevitable consequence of chronic 
transfusion support and it is directly related to 
the number of transfusions received1. One unit 
of packed red blood cells contains approximately 
200-250 mg of iron. After approximately 10-
20 consecutive transfusions, iron is deposited in 
the tissues where it may cause toxicity. In addition, 
the transfusion of 20 or more units of packed 
red blood cells increases the risk of developing 
secondary haemochromatosis. As iron overload 
progresses, the saturation capacity of transferrin 
is exceeded, and a non-transferrin-bound iron 
fraction is detected in plasma; this fraction is 
very toxic as it promotes the formation of free 
hydroxyl radicals and facilitates iron uptake by 
the tissues. The free hydroxyl radicals induce lipid 
peroxidation which causes cell death and fibrosis2.

1.1. Factors determining iron overload
In patients with anaemia and ineffective 

erythropoiesis, an increase in intestinal iron 
absorption occurs even before transfusions are 
given because of decreased hepcidin levels caused 
by erythroid hyperplasia (erythropoietic stimulus). 
The consequence of this process is iron overload 
prior to transfusion. Thus, it is not rare to find a high 
initial ferritin level, maybe ≥1,000 µg/L, in such 
patients. For instance, it was observed that patients 
with myelodysplastic syndromes, who subsequently 
required transfusions, had mean initial ferritin levels 
of 589 µg/L, with 13% of them eventually reaching 
values greater than 1,000 µg/L3. Therefore, patients 
with low- or intermediate-risk myelodysplastic 
syndromes, thalassaemia intermedia, and chronic 
haemolytic anaemia may have iron overload even 
before receiving any transfusion. Because of this, 
several chelation guidelines recommend measuring 
basic parameters to evaluate iron level from the time 
of diagnosis, regardless of whether or not the patients 
have received transfusions4. 

1.2. Main organs affected by iron deposition
The organs most affected by iron overload are the 

heart, the liver, and the endocrine glands5. The most 

Figure 1 - Process of elaboration of this guideline.
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serious adverse effect of iron overload in the heart 
is sudden death from heart failure. Thirty years ago, 
children with β-thalassaemia major who did not 
receive chelation therapy developed left ventricular 
hypertrophy and cardiac conduction disturbances 
before the age of 10, and ventricular arrhythmias 
and refractory myocardial failure at approximately 
15 years of age. Two clinical trials found that 
systemic iron load is the main prognostic factor for 
determining the clinical course of these patients6,7: 
patients whose ferritin levels were below 2,500 µg/L 
during the follow-up period had a heart disease-free 
survival rate of 91% after 15 years of follow-up, 
versus a heart disease-free survival rate of 21% in 
patients with ferritin measurements greater than 
2,500 µg/L7. In addition, the survival rate at 25 years 
of age of patients with levels greater than 15 mg Fe/g 
of dry liver was 32% whereas no deaths occurred in 
patients with levels below 15 mg Fe/g of dry liver6. 

The liver is the organ with the greatest capacity 
to store iron and, because of this, in general it is 
the first organ affected. Iron deposition in the liver 
may cause rapid development of portal fibrosis 
and cirrhosis, with portal fibrosis having even 
been demonstrated in children under 3 years old7. 
However, the initial signs of iron deposition in the 
liver (hepatomegaly or elevated liver enzymes) may 
be absent or, in some cases, mild. Additionally, the 
concentration of liver iron is an expression of iron 
deposition in tissues. Normal levels of liver iron in 
a healthy individual range from 0.6-1.2 mg Fe/g of 
dry liver. Levels between 3.2-7.0 mg Fe/g of dry liver 
indicate a moderate level of iron overload, with little 
clinical impact. Levels between 7-15 mg Fe/g of dry 
liver promote the development of liver fibrosis and 
diabetes mellitus, while levels greater than 15 mg 
Fe/g of dry liver increase the risk of heart disease and 
premature death. Patients with β-thalassaemia major 
receiving repeated transfusions may acquire levels 
greater than 15 mg Fe/g of dry liver very early, even 
before 5 years of age7. 

Lastly, the most common endocrine disorders that 
result from liver iron overload are hypogonadotropic 
hypogonadism, which may result in limited pubertal 
growth, and disorders in development and sexual 
maturation, growth hormone deficiency, diabetes 
mellitus due to pancreatic β-cell damage and insulin 
resistance. Other disorders seen are hypothyroidism, 

hypoparathyroidism and reduced adrenal androgen 
secretion7. 

1.3. Evaluation of the impact of iron overload in 
patients requiring chronic transfusion

In thalassaemia the negative impact of iron 
overload on survival has been fully established, 
but this is not the case for other diseases requiring 
chronic transfusion support (Table I). In patients with 
myelodysplastic syndromes or acute leukaemia and 
in haematopoietic stem cell transplant recipients, the 
evidence of the negative impact of haemosiderosis is 
only based on observational studies. It is, therefore, 
necessary to conduct controlled studies to confirm 
such a negative impact. In addition, prospective 
randomised studies are required to ascertain the 
efficacy and safety of chelation therapies in these 
populations, as well as to establish their capacity to 
prolong survival. 

The literature review allowed us to draw the 
following conclusions:
1. Transfusion dependence is an independent 

prognostic factor for survival in myelodysplastic 
syndromes, irrespective of morphology and 
cytogenetics8. It has been shown that both overall 
survival and leukaemia-free survival are lower 
in patients with myelodysplastic syndromes 

Table I - Diseases associated with chronic transfusion 
support.

Adult and 
paediatric patients

Diseases

Haematological 
diseases

Myelodysplastic syndrome
Acute leukaemia
Lymphoma
Acquired bone marrow aplasia
Multiple myeloma

Non-haematological 
diseases

Malignancies under chemotherapy

Stem cell 
transplantation

Ineffective 
erythropoiesis 
and congenital 
haemolytic anaemias

Thalassaemias and haemoglobinopathies
Dyserythropoietic anaemias
Myelodysplastic syndromes
Hereditary spherocytosis and other 
membrane disorders
Pyruvate-kinase deficiency and other 
enzyme disorders

Congenital aplastic 
anaemias

Blackfan-Diamond anaemia
Fanconi's and other anaemias

Remacha Á et al
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requiring more than 2 units of packed red blood 
cells per month. Evidence of the impact of 
transfusion dependence on survival for these 
patients prompted the incorporation of the 
variable "transfusion dependence" into previously 
established conventional criteria when the new 
prognostic index for myelodysplastic syndromes, 
the WPSS, was designed8. In addition, recent 
studies indicate that transfusion intensity, and 
not the cumulative transfusion burden, is the 
transfusion-related variable that determines 
the prognosis of patients with transfusion-
dependent myelodysplastic syndromes9. In 
patients with refractory anaemia, serum ferritin 
level is associated with survival, independently 
of transfusion dependence10. Delea et al. reported 
that transfusion therapy may increase the risk of 
typical complications of iron overload in these 
patients compared with the control population11

2. In hematopoietic stem cell transplantation, iron 
overload is a consequence of previous transfusions 
as well as of transfusions received during the 
transplant procedure12. The iron overload following 
hematopoietic stem cell transplantation has been 
associated with a higher frequency of early and 
late transplant complications, including sinusoidal 
obstruction syndrome, fungal and bacterial 
infections and liver function test abnormalities13-15. 
However, no cases of fibrosis, liver cirrhosis, or 
severe cardiac dysfunction have been reported, 
except in patients with thalassaemia undergoing 
haematopoietic stem cell transplantation16. 

3. In patients with myelodysplastic syndromes 
and acute leukaemia who have undergone 
myeloablative conditioning, increased ferritin 
levels and pre-transplantation transfusion 
dependency have been associated with shorter 
disease-free survival13,15. 

4. In the paediatric population, patients with iron 
overload are mainly those with thalassaemia17,18, 
sickle cell anaemia and other constitutional 
anaemias. However, other populations, such 
as patients with malignant haematological 
diseases, patients with acquired aplastic anaemia 
unresponsive to immunosuppressive therapy 
who lack a donor to undergo haematopoietic 
stem cell transplantation, and haematopoietic 
stem cell transplant recipients, are also at risk of 

iron overload because they may receive multiple 
transfusions of red blood cells during the course 
of their disease.

4a. It is well known that iron overload is the main 
cause of morbidity and mortality in patients with 
thalassaemia major17-19 and that this overload 
is secondary to multiple transfusions and a 
paradoxical increase in intestinal iron absorption, 
causing hoarding of hepatic and extrahepatic iron 
and cell damage. The direct impact of adequate 
iron chelation on the survival of these patients is 
well established.

4b. Patients with sickle cell anaemia develop liver 
complications from iron overload, but the 
frequency of extrahepatic complications, such as 
myocardial damage, is lower. This may be because 
of lower plasma levels of non-transferrin-bound 
iron. Thus, the pathophysiological mechanism of 
iron overload in sickle cell anaemia appears to be 
different from that in thalassaemia20. 

4c. There is very little information on transfusional 
iron overload in patients with constitutional 
anaemias who do not have thalassaemia or 
sickle cell anaemia, but the patients who 
develop such overload are those with other 
congenital haemoglobinopathies, congenital 
dyserythropoietic anaemias, constitutional 
aplastic anaemias (Blackfan-Diamond anaemia, 
Fanconi's anaemia, etc.), haemolytic anaemias 
due to congenital erythrocyte membrane disorders 
(hereditary spherocytosis, etc.) and haemolytic 
anaemias due to a congenital enzyme disorder 
(pyruvate kinase deficiency, etc.) who receive 
repeated transfusions5,18. 

4d. Although there is evidence of iron overload 
associated with transfusion in adult patients with 
myelodysplastic syndromes or acute leukaemia 
and stem cell transplant recipients14,21-23, there is 
a lack of information regarding children except 
for those undergoing haematopoietic stem cell 
transplantation for the treatment of thalassaemia. 
In this situation, transplant patients who become 
transfusion-free after transplantation benefit from 
post-transplant iron chelation to decrease iron 
overload24.

2. Candidate population for chelation
From our point of view, patients on transfusion 
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support who meet the following criteria should be 
considered candidates for chelation therapy: (i) age 
greater than 2 years; (ii) an expected survival beyond 
1 year; (iii) recipient, in 1 year, of more than 20 units 
of packed red blood cells if adult or 10 units of 
packed red blood cells if a paediatric patient; and (iv) 
documented iron overload (ferritin levels greater than 
1,000 µg/L at two or more consecutive measurements 
within 15 days, or a liver iron concentration greater 
than 7 mg Fe/g of dry tissue, measured by liver biopsy 
or by magnetic resonance imaging [MRI]).

3. Procedures for monitoring transfusional 
haemosiderosis
Monitoring the level of iron deposition is a key 

factor in patients with transfusional iron overload. The 
purpose of this monitoring is to maintain ferritin levels 
lower than 1,000 µg/L. It should not be forgotten that 
iron is involved in several critical metabolic processes 
and the goal of chelation should not, therefore, be to 
deplete iron deposits completely, but to achieve a 
balance between the effectiveness and toxicity of the 
chelator, with levels that are not harmful to the body.

The first issue that should be considered is "when 
should monitoring of possible iron overload be 
started" (Table II). The second issue to be taken into 
account when monitoring patients with transfusional 
haemosiderosis is "what are the most appropriate 
methods for measuring iron overload". Finally, the 
third issue that should be clarified is "how often 
should iron overload be measured".

Table II - Recommendations for monitoring iron 
overload.

Patients to be monitored:

Children who have received >10 units of packed red blood cells

Adults who have received >20 units of packed red blood cells

Patients with chronic haemolytic anaemia (starting from diagnosis)

Myelodysplastic syndromes (starting from diagnosis)

Frequency of monitoring:

Serum ferritin: every 3 months in transfused patients

Liver iron (MRI) and heart iron (MRI T2*): once a year

  MRI: magnetic resonance imaging.

3.1 When should monitoring of iron overload be 
started?

Several chelation guidelines recommend 
measuring basic parameters to evaluate iron levels, 

starting at the time of diagnosis, regardless of whether 
or not the patient has received transfusions4. A general 
recommendation included in various national and 
international guidelines, as well as an observation 
in several studies, is that when patients begin to be 
transfused, administration of more than 20-25 units 
of packed red blood cells causes iron overload25-29. In 
children, the limit from which iron deposits should be 
monitored is lower, at 10 units of packed red blood 
cells (Table II).

3.2 What are the most appropriate methods for 
measuring iron overload?

There are different techniques for monitoring 
iron overload including transferrin saturation index, 
measurement of serum ferritin, measurement of liver 
iron level by biopsy or MRI and, finally, measurement 
of iron overload in the heart by calculating the 
ejection fraction or by MRI T2*. All these methods 
have limitations, and because of this, their combined 
use is advisable (Table III).

Table III - Methods used to assess iron overload.

Transferrin saturation index55

Assessment of serum ferritin15

Measurement of liver iron deposits:

Biopsy12

MRI56

Study of cardiac iron overload:

Heart function (ejection fraction)57

MRI5,58

MRI: Magnetic resonance imaging.

3.2.1 Transferrin saturation index
This is a simple and highly useful clinical method 

for diagnosis which is even more sensitive than the 
measurement of serum ferritin. Thus, it is considered 
an essential parameter for initial diagnosis of 
hereditary haemochromatosis, although in the case 
of post-transfusional secondary haemochromatosis 
its utility decreases after the patient has been 
transfused30. A transferrin saturation index greater 
than 50 should alert the physician to the risk of 
possible iron overload.

3.2.2 Measurement of serum ferritin
A correlation between serum ferritin levels and 

body iron deposits has been observed, so serial 
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ferritin measurements are very useful for monitoring 
iron overload. A good correlation has been shown 
between ferritin levels and liver iron concentration; 
therefore, long-term ferritin changes usually reflect 
changes in iron deposits in the body31. In addition, 
sequential monitoring of serum ferritin levels has 
prognostic value. In patients with thalassaemia, 
ferritin levels lower than 2,500 µg/L are correlated 
with an increased heart disease-free survival, while 
levels greater than 2,500 µg/L suggest a poor course, 
with increased mortality from cardiomyopathy7. 
Additionally, measurement of serum ferritin levels 
has the advantage of being a simple, low-cost, easy-
to-perform, and non-invasive procedure. This assay 
is, therefore, the most commonly used indirect method 
for assessing iron overload. However, this method is 
not free of disadvantages. Because ferritin is an acute 
phase reactant, its short-term values may fluctuate 
in response to infections, inflammation, hepatitis, 
haemolysis, or vitamin C deficiency. Consequently, 
it is recommended that ferritin levels are measured 
at intervals of at least 2 weeks in cases of febrile 
episodes. The guidelines on thalassaemia treatment 
from the Thalassaemia International Federation also 
recommend concomitant measurement of C-reactive 
protein in these cases32.

3.2.3 Measurement of iron deposits in the liver
The liver is the main organ for iron storage, and 

liver iron concentration is closely correlated with iron 
balance in the body. Thus, high levels of liver iron 
(more than 15 mg Fe/g of dry liver) are predictive of 
cardiac risk, cardiomyopathy, and early death from 
heart lesions6. 

Measurement of liver iron concentration by liver 
biopsy is considered the best method for assessing 
the deposits in the body because it is a direct 
measurement of liver iron, and its standardisation 
has been widely validated. Moreover, this technique 
provides additional information on liver histology, 
although it has certain risks and drawbacks, including 
the fact that it is an invasive technique and that it may 
be contraindicated in patients with thrombocytopenia. 
In addition, it requires a sample greater than 1 mg of 
liver tissue, which in patients with liver fibrosis, in 
whom deposits may be heterogeneously distributed, 
substantially increases the coefficient of variation.

At present, measurement of liver iron concentration 

by non-invasive methods, such as MRI, has replaced 
liver biopsy because it has been found that the results 
of the two techniques have a good correlation33,34. MRI 
of the liver has high sensitivity and specificity, with 
values considered thresholds in the management of 
patients with iron overload secondary to transfusion. 
Additionally, it offers a series of advantages over liver 
biopsy, including the fact that it can measure iron at 
different points of the liver parenchyma and that it 
can be performed regularly as it is a non-invasive 
technique. In contrast, it has the disadvantage of being 
an indirect method, which requires prior validation 
and appropriate MRI equipment.

3.2.4 Measurement of iron deposits in the heart
A high percentage of patients with transfusion iron 

overload die from cardiomyopathy. Measurement of 
iron deposits in this target organ is, therefore very 
important, particularly since there is not always a 
close correlation between liver and heart iron. Indeed, 
moderate increases in liver iron are sometimes 
associated with a marked increase in heart iron. 
This is because the heart can take up labile plasma 
iron directly, which is the toxic fraction of non-
transferrin-bound iron, and cause cardiomyopathy. It 
is, therefore, currently recommended to monitor not 
only iron deposits in the liver, but also in the heart. 
Measurement of heart iron by MRI T2* is a rapid, 
effective, non-invasive and reproducible technique. 
It has been shown that when T2* relaxation time 
decreases below 20 ms, there is a pathological 
accumulation of iron in the myocardium and a 
progressive reduction of the ejection fraction. This 
methodology is already being validated in many 
hospitals with state-of-the-art MRI equipment35-37. 
Combining the sensitivity of echocardiography with 
the study of ejection fraction is of less use, since 
there may be high iron levels in the heart, with a near 
normal ejection fraction38. 

The clinical diagnostic value of cardiac MRI T2* 
has recently been established. Patients with cardiac 
MRI T2* values of less than 10 ms are at increased 
risk of heart failure, while patients with cardiac MRI 
T2* values of less than 5 ms are at greater risk of 
arrhythmias. It has also been reported that cardiac 
MRI T2* is a better predictor of possible heart failure 
and arrhythmia than serum ferritin and liver MRI39. 
The main disadvantage of this procedure is that it is 
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not readily available at all hospitals, being confined 
to highly specialised centres.

It can be concluded that serial measurements of 
serum ferritin currently remain a key method for the 
systematic monitoring of iron overload and chelation 
therapy. However, it is recommended that this method 
is combined with MRI to calculate the total amount 
of iron in the body, and with MRI T2* to detect iron 
deposits in the heart (Table II).

3.3 How often should iron overload be measured
The appropriate management of iron overload 

requires regular assessment of iron deposition, 
particularly if patients continue to receive transfusion 
therapy (Table II). Regarding the frequency at which 
this monitoring should be performed, the following 
should be taken into account: (i) in patients who are 
transfused regularly (every month or even every 
2-3 weeks), ferritin should be measured every 3 
months1; (ii) iron deposits in the liver (MRI) and 
heart (MRI T2*) should be measured at least once 
a year, if possible. This monitoring should continue 
to be performed regularly if the patient remains on 
a transfusion regimen; (iii) previously transfused 
patients, even those no longer receiving transfusions, 
should continue to be monitored regularly until the 
their ferritin levels are lower than 500 µg/L; and (iv) 
patients with thalassaemia intermedia or other types 
of dyserythropoiesis who are not regularly transfused 
should be monitoring lifelong.

4.  Alert  on the  r i sk  of  transfus ion 
haemosiderosis based on a patient's 
transfusion history
In 2002, the European Parliament and the 

Council Directive (European Parliament and 
Council Directive 2002/98/EC of 27 January, 2003) 
established standards of quality and safety for the 
collection and handling of human blood in order 
to ensure a high level of health protection40. This 
Directive was subsequently adapted to the Spanish 
legal framework in a Royal Decree of the Ministry 
of Health and Consumer Affairs (RD 1088/2005, 
of 16 September)41. A Ministerial Order (Order 
SCO/322/2007, of 9 February) was subsequently 
issued on the traceability and reporting of adverse 
reactions and serious adverse effects of blood 
and blood components, including transfusional 

haemosiderosis as a potential adverse effect of 
transfusion42. As with other related serious adverse 
effects, transfusion departments should establish 
mechanisms that guarantee its early detection, and 
appropriate monitoring, control and reporting to the 
relevant health authorities.

Monitoring and evaluation of patients receiving 
multiple transfusions should be a common practice 
in transfusion departments in order to detect the 
population at risk of iron overload5,11,18. At present, 
a system to control and monitor patients receiving 
multiple transfusions has not been fully established 
by transfusion departments. Furthermore, no 
communication channels have been established with 
the care units to inform the physician who is caring 
for the patient.

In order to establish an adequate, functional 
haemovigilance programme that alerts transfusion 
departments to the risk of transfusion haemosiderosis, 
the following should be taken into account (Figure 2):
1. Information management systems in clinical 

services and transfusion departments should 
be connected. The prescriber of the transfusion 
should know, at the time of the prescription, the 
following variables related to the patient:

 1.1 requirements for specific blood components 
(patients requiring irradiated blood 
components, cytomegalovirus-seronegative 
patients, phenotyping for certain red blood 
cell antigens, etc.).

 1.2 History of adverse reactions that may have 
occurred during previous transfusions, if any.

 1.3 Number of blood components received over 
a given period.

2. Computer management systems in transfusion 
departments should be adapted in order to:

 2.1 Identify patients receiving a given number 
of units of packed red blood cells within 
a defined period (adult patients more than 
20 units or paediatric patients more than 
10 units in 1 year);

 2.2 Be able to transmit this information to a 
patient's electronic clinical records.

 2.3 Issue an alert to the physician caring for 
the patient. After evaluation of the iron 
status, the physician will report back to the 
transfusion service in the case of secondary 
haemosiderosis.

Blood Transfus 2013; 11: 128-39  DOI 10.2450/2012.0114-11

Remacha Á et al

128-139_114-11.indd   134 18/12/2012   9.57.22



135

5. Action protocol in the case of iron overload
In the event of iron overload, the first requirement 

is to define which patients should receive chelation 
therapy, analysing both the inclusion and the 
exclusion criteria for such therapy. Other important 
aspects to be defined are the appropriate time to start 
treatment, the type of chelator to be used, and its route 
of administration. Finally, the efficacy and safety of 
the chelating agent, both in the short- and in the long-
term, must be evaluated, in conjunction with careful 
monitoring to minimise the adverse effects of the 
chelator and to accurately define dose adjustments or 
even cessation of treatment, either because of lack of 
efficacy of the chelator or because of adverse effects 
secondary to chelation43. 

5.1 Types of currently available chelating agents
The basic criteria for selecting a chelator are 

its efficacy and long-term safety, together with 
good treatment compliance. Chelator drugs take up 
toxic iron and remove it through the urine and/or 
faeces25,43-45. The essential characteristics of a good 
chelator include: (i) a high and specific affinity for 
ferric iron (Fe3+); (ii) good penetration into cells and 
tissues, without subsequent redistribution throughout 
the body; (iii) elimination of labile plasma iron or 
the toxic iron fraction over 24 hours, thus allowing 

a negative iron balance to be achieved; (iv) oral 
administration and long half-life in plasma (these 
two aspects will contribute to a good adherence to 
therapy); (v) good efficacy and very long-term safety, 
since chelation therapy must often be continued 
throughout the entire life of the patient; and (vi) an 
adequate cost-effectiveness ratio.

There are currently three iron chelators on the 
market: deferoxamine, deferiprone and deferasirox 
(Table IV).

5.1.1 Deferoxamine
Deferoxamine has been shown to be an effective 

chelator through the experience gained in patients with 
thalassaemia major over the past 40 years, which makes 
it the standard drug for comparative studies to evaluate 
new chelators45. Due to its chemical structure and high 
molecular weight, it has poor oral bioavailability. 
In addition, given its rapid clearance from plasma, 
deferoxamine must be given as a slow subcutaneous 
infusion at doses of 25-50 mg/kg/day over 8-12 hours, 
5 to 7 days a week46. This hinders compliance with 
treatment as well as tolerance. The drug dose, as with 
the other two oral chelators, depends on the severity of 
iron overload and transfusion requirements43. 

From a pharmacological viewpoint, deferoxamine 
has two disadvantages. The first is that it has poor 

Figure 2 - Algorithm to alert transfusion departments of the risk of transfusion haemosiderosis.
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intracellular penetration. The second is that it does 
not provide 24-hour chelator coverage. Its adverse 
effects include local problems at the administration 
site, growth disorders, loss of hearing capacity, vision 
disturbances, gastrointestinal symptoms and risk of 
Yersinia enterocolitica infection. The drug has been 
approved by both the American and European Health 
Agencies (the U.S. Food and Drug Administration 
[FDA] and the European Medicines Agency [EMEA]) 
for the treatment of all patients with iron overload 
aged 3 years and older.

5.1.2. Deferiprone
Deferiprone is an oral chelator approved by the 

EMEA for second-line treatment of patients with 
thalassaemia major aged 10 years or older in whom 
deferoxamine is contraindicated or inadequate45. 
The recommended dose is 75 mg/kg/day orally, as 
three divided doses every 8 hours. There are several 
studies comparing deferoxamine and deferiprone47-51. 
Unlike deferoxamine, deferiprone does not allow a 
negative iron balance to be obtained, but it has been 
shown to be useful in chelating myocardial iron more 
effectively, thereby achieving an improved ejection 
fraction and an increase in T2*50. It is very useful 
alone or in combination with deferoxamine in clear 
cases of heart iron overload. Reported side effects 
include agranulocytosis (0.5%) and neutropenia 
(5%), as well as gastrointestinal disorders in 35% 
of patients, arthralgia and joint disease, changes 
in transaminases and zinc deficiency52. Its use is 
not approved for the treatment of iron overload in 
myelodysplastic syndromes.

5.1.3. Deferasirox
Deferasirox is an orally administered chelator 

with a slow plasma clearance and a long half-life of 
11-19 hours, which allows single daily dosing. At a 
dose of 20-30 mg/kg/day it can obtain a negative iron 
balance with a reduction in liver deposits, as measured 
by the liver iron concentration, and a reduction in 
heart deposits with an increase in T2*. Deferasirox 
therapy offers the advantage over previous chelators 
of achieving a persistent elimination of the toxic 
labile plasma iron fraction over 24 hours, and it has 
been approved by the FDA and EMEA as first-line 
treatment for patients with thalassaemia aged 6 years 
and older, for second-line treatment of children from 
2 years of age and for transfusion patients with iron 
overload of any aetiology53. 

Deferasirox is a well-tolerated treatment; its side 
effects include gastrointestinal disorders (26%), 
which are more common in children43, transient 
and moderate elevations of creatinine (36%), which 
disappear upon reducing or discontinuing the drug, 
skin rash (8%), elevation of transaminases (2%) and, 
very rarely, cataracts and impaired hearing. Treatment 
should not be started if the patient's creatinine exceeds 
twice the normal baseline value, or if the creatinine 
clearance is less than 60 mL/min.

Deferasirox offers advantages over previously 
described treatments, because its use is associated 
with increased compliance, a lower number of 
discontinuations and an improved quality of life. 
Clinical experience with this drug is now considerable 
(5 years), although limited compared to the extensive 
experience with deferoxamine43,53,54. 

Table IV - Characteristics of currently available chelator agents.

Active substance

Deferoxamine Deferiprone Deferasirox

Approved indication Fe overload in TM >6 years Fe overload in TM >10 years1 Transfusion overload1

Dose 25-50 mg/kg/day 75 mg/kg/day 10-30 mg/kg/day

Route of administration SC infusion 8-10 h/day Oral/8 h Oral/24 h

NTBI (24 h) Persists Signs detected Negative

Compliance Poor Good Good

Main adverse effects Local problems Agranulocytosis Renal impairment
GI toxicity

Clinical experience in TM 30-40 years 12 years 5 years

Legend 
Fe: iron; SC: subcutaneous; NTBI: non-transferrin-bound iron; GI: gastrointestinal; TM: thalassaemia major. 1When deferoxamine is contraindicated 
or inadequate.
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Dosing and dose adjustments of deferasirox 
largely depend on changes in iron overload and 
adverse effects. If ferritin levels fall below 500 µg/L, 
treatment should be temporarily interrupted. When 
ferritin levels rise again above 500 µg/L, the drug 
may be restarted at a dose of 5 mg/kg less than the 
previous dose used. In thalassaemia major, the goal 
is to maintain serum ferritin levels at approximately 
1000 µg/L or lower using deferasirox doses of 
20-30 mg/kg/day. For dosing and dose adjustments 
based on adverse effects, we recommend adhering to 
the clinical guidelines on chelation in patients with 
myelodysplastic syndromes43.

5.2. Control of chelation therapy
For a safe control of adverse effects, it is 

recommended that patients undergo various tests 
before starting chelation therapy, and also during its 
administration (Table V).
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Table V - Control of chelation therapy.

Prior to starting 
chelation therapy

After 15 
days

After 1 
month Monthly Every 3 

months
Once a 

year

Complete blood test + + + +

Iron metabolism study:
- Ferritin
- Transferrin
- Transferrin saturation index
- Sideraemia

+ +

Liver function:
- AST, ALT
- Creatinine
- Creatinine clearance
- Proteinuria
- Zinc

+
+
+
+
+3

+
+1

+1

+1

+
+1

+1

+1

+
+1

+1

+1

+2, 3

+2, 3

+2, 3

+3

Liver MRI (LIC) + +

Heart MRI (T2*) + +
ECG and LV function by echocardiography 
or nuclear medicine + +

Blood glucose + +

Hormonal tests:
- TSH, Free T4
- FSH, LH, testosterone (boys) or oestradiol (girls) 
  in peripubertal or pubertal patients
- IGF-1 and cortisol

+ +

Growth assessment in children +2 +2

Hearing tests +1, 2 +1, 2

Ophthalmologic test +1, 2 +1, 2

Legend
1deferasirox; 2deferoxamine; 3deferiprone.
ALT: alanine aminotransferase; AST: aspartate aminotransferase; LIC: liver iron concentration; MRI: magnetic resonance imaging; ECG: 
electrocardiogram; LV: left ventricle; TSH: thyroid-stimulating hormone; T4: thyroxine; FSH: follicle-stimulating hormone; LH: luteinising 
hormone; IGF-1: insulin-like growth factor-1.
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