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BACKGROUND: Thalassemia major is one of the most common hereditary disorders, and it causes ineffective hematopoiesis
in the body through disarrangement of the hemoglobin synthesis balance. Regular blood transfusions cause complications of
iron overload in the body in these patients. Tissue iron status can be determined by measuring serum and liver biopsy ferritin
levels and by T2* MRI. This study assessed the relationship between serum ferritin and hemoglobin by T2* MRI of the heart
and liver.

METHOD: This cross-sectional descriptive study was carried out on patients with beta-thalassemia intermedia and major who
visited the Center for Thalassemia and Hemoglobinopathies at Shafa Hospital, Ahwaz, between 2014 and 2015. All patients
were receiving regular blood transfusions every 2—4 weeks. Pearson’s correlation test was used to assess serum ferritin and T2*
values from heart and liver MRI.

RESULTS: A total of 260 patients (mean age is 23-year-old) were enrolled in the study. The incidence of iron overload in the
liver and heart was 83% and 39%, respectively. Serum ferritin levels showed a very strong inverse correlation with T2* values
on heart (= -3.54, p < 0.0001) and liver (»=-3.03, p < 0.0001) MRI. Additionally, a meaningful interaction was observed
between the T2* values from liver and heart MRI (»= 0.29, p < 0.0001).

CONCLUSION: Serum ferritin is strongly and inversely correlated with T2* values of MRI of the liver and heart in patients
with thalassemia. Therefore, T2* MRI can be used to assess tissue iron levels with very high accuracy.
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Introduction patients are exposed to increased risk of the complications of

iron-overload after blood transfusion. Iron-overload in the
Thalassemia is a group of hereditary hematologic abnormal-  body causes numerous complications for the patient, includ-
ities that are inherited in an autosomal recessive manner; it  ing hypogonadism (35%—55%), hypothyroidism (9%—11%),
causes imbalances in the synthesis of hemoglobin chains and  hypoparathyroidism (4%), diabetes (6%—10%), and hepatic
eventually leads to ineffective hematopoiesis. Homozygosity  fibrosis and heart failure (34%). Myocardial diseases are the
for beta-thalassemia can cause both thalassemia major and  most dangerous complication of iron overload, and seventy
intermedia. Regular blood transfusion is the most important  one percentof deaths in patients with thalassemia major are
maintenance therapy for these patients and is aimed at reportedly due to myocardial diseases. Thus, the iron status in
maintaining hemoglobin levels at 7-9 mg/dL. This treatment  patients receiving blood transfusions should constantly be
brings about normal growth to the age of 10 years. However, monitored. Evaluation of serum iron levels by measuring

ferritin is one of the simplest methods. It is noteworthy that

this factor is not always reliable. Ferritin is an acute phase
Received September 30, 2016; accepted July 18, 2017 protein that increases under the influence of inflammatory
Correspondence: Abbas Khosravi diseases, such as liver disease and malignancies. Liver iron
E-mail: a-khosravi@razi.tums.ac.ir concentration in liver biopsy samples is strongly related to an
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accumulated iron in the body and is considered to be a gold
standard for iron overload. However, this technique is
associated with significant disadvantages, including its
aggressiveness that results in damage, albeit minimal, to
liver tissue, as well as the lack of distribution of iron in the
liver, which may cause false negative results. However,
magnetic resonance imaging (MRI) has been introduced as a
non-invasive method for assessing levels of iron accumulated
in the tissues that appears to offer similar results to the gold
standard methods, and changing the therapeutic management
of thalassemia patients. Therefore, evaluation of iron deposits
in the body can be easily diagnosed before the onset of
clinical symptoms.

T2-star magnetic resonance imaging (T2* MRI) allows
evaluation of complexes with high molecular weight iron
levels, such as ferritin and hemosiderin, which will, in turn,
induce an increase in T2 relaxation. This method is now
available worldwide and is widely used for assessing the
amount of iron deposited in the heart and liver. We
investigated the relationship between hemoglobin, as the
main source of iron, and serum ferritin levels, based on T2*
MRI analysis of the liver and heart.

Materials and methods

Subjects

This cross-sectional study was carried out on patients with
beta-thalassemia intermedia and major, who visited the
Center for Thalassemia and Hemoglobinopathies at Shafa
Hospital, Ahwaz, between 2014 and 2015. Patients included
all patients with thalassemia major and intermedia who
typically received regular blood transfusions at 2-4 week
intervals, in order to maintain hemoglobin levels between 7
and 9 g/dL (10 mL red blood cell [RBC] packed cells per
kilogram of bodyweight). Hepatitis B and C patients were
excluded from the study in order to avoid overload due to iron
chelation by deferoxaminemesylate (30-40 mg/kg daily for
4-5 days per week), due to their effect in the amount of
ferritin. This study was approved by the Ethics Committee of
the Medical University of Ahwaz, and all patients gave
improved consent.

Ferritin measurement

Ferritin measurement was conducted by electrochemilumi-
nescence (Elecsys 2010 Chemistry Analyzer, Roche Diag-
nostics, Basel, Switzerland). Measurement of hemoglobin
was conducted by cell counter system.

MRI protocol
MRI was performed at the Imaging Center of Ahwaz

Golestan Hospital in Iran, using a 1.5 Tesla scanner (Achieva
1.5T A-series, Philips Medical Systems,USA) for all patients.

A standard RF body coil was used for all measurements.
The Royal Brompton protocol was used to conduct MRIs.
The scans were synchronized with cardiac cycles using a
standard ECG port for the measurement of myocardial T2*.
Then, a short axis of 10-mm thickness was placed in the
middle of the ventricular part between the beginning and end
of the left ventricle. The measurement of liver T2* was
performed by imaging a single trans-axial slice (10-
mmthickness) imaging in the liver. The normal T2* value
was considered more than 20 ms with 95% confidence
interval; signals of 14-20 ms indicated moderate amounts of
iron overload, signals of 10-14 ms indicated average iron
overload, and signals of < 10 indicated severe iron overload.
Patients were divided into 4 categories based on evaluation of
liver images: normal (> 6.3 ms), moderate (2.8-6.3 ms),
intermediate (1.4-2.8 ms) and severe ( < 1.4 ms) in terms of
iron levels.

Statistical analysis

Descriptive statistics were first used to report information.
Then, the Pearson correlation test was used to assess the
relationship of ferritin and hemoglobin with heart and liver
T2*MRI. A correlation coefficient of < 0.4 was considered to
indicate weak, 0.4-0.6 intermediate, and > 0.6 strong corre-
lation. All statistical analyses were conducted in SPSS
software (IBM SPSS Statistics for Windows, version 22.0
Armonk, NY, USA). A p-value < 0.05 was considered to be
significant.

Results

A total of 260 patients (mean age of 23-years-old) were
enrolled in this study. The study included 228 patients with
thalassemia major and 32 with thalassemia intermedia
diagnostically. Clinical and demographic information of the
patients is summarized in Table 1.

The average amount of hemoglobin and ferritin was 8.3
mg/dL and 2688 mg/mL. The average time of relaxation in
the heart and liver was 11.7 and 3.86 ms, respectively. Iron
increase was observed in 102 patients (39.2%), of which 45
patients (44.1%) had iron overload. In addition, the hepatic
survey showed that 216 patients (83%) had increased iron
deposition; among these, 75 patients (34%) had iron overload
(Table 2). There were significantly more patients who were
identified as having an iron overload based on the liver than
based on the heart MRI data (Chi-square test, p < 0.001).

The hemoglobin levels did not show a significant
correlation with T2* values of hepatic and cardiac MRI,
while serum ferritin showed a strong, inverse correlation with
T2* values in both heart (»=—3.54, p < 0.0001) and liver (»=
—-3.03, p < 0.0001) images (Table 2, Figs. 1, 2). A significant
relationship (= 10.29, p < 0.0001) was also observed between
cardiac and hepatic T2* values (Fig. 3).
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Table 1 Clinical and demographic characteristics of the patients
Characteristics Major thalassemia Intermediate thalassemia
n =228 n=32
Age 23.05 23.06
Sex Male 104(45.6%) 11(34.4%)
Female 124(54.4%) 65.6%)
Spleen No palpitation 173(75.9%) 27(84.4)
0-2 cm 13(5.7%) 0
2-4 cm 10(4.4%) 1(3.1%)
4-6 cm 11(4.8%) 0
Up to 6 cm 21(9.1%) 4(12.5%)
Splenectomy 95(41.7%) 17(53.1%)
Liver Normal 205(89.9%) 30(93.8%)
Less than 2 cm 4(1.8%) 1(3.1%)
2-4 cm 7(3.1%) 0
Up to 4 cm 12(5.3%) 1(3.1%)
Table 2 Pearson’s correlation of hemoglobin, ferritin, and cardiac and hepatic T2* MRI results
MRIT2* Hemoglobin Pearson correlation p value Ferritin Pearson correlation p value
Heart 0.024 NS -3.53 »<0.0001
>20 ms (158) 8.31 1988.32
14-20 ms (30) 8.43 3075.07
10-14 ms (27) 8.14 4861.33
<10 ms (45) 8.27 3584.62
Liver 0.086 NS -3.03 p<0.0001
> 6.3 ms (44) 8.43 1099.12
2.8-6.3 ms (52) 8.31 1471.69
1.4- 2.8 ms (89) 8.15 3142.39
< 1.4 ms (75) 8.38 3925.45
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Figure 1 The relation between heart T2* MRI relaxation time

and ferritin levels (» = —3.54, p < 0.0001)

MRI T2*heart

Figure 2 The relation between liver MRI T2* relaxation time
and ferritin (» = -3.03, p < 0.0001)
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Figure 3 The relation between heart and liver T2* MRI
relaxation time (» = 0.29, p < 0.0001).

Discussion

Accumulation of iron in various tissues is the most important
complication in thalassemia patients receiving blood transfu-
sions. Although iron-chelating therapies are used to control
iron concentration, monitoring the concentration of tissue
iron seems crucial. Iron levels have been evaluated by several
methods, including measuring serum ferritin levels and by
chemical examination of liver biopsy samples. Each of these
methods has some disadvantages. Currently, the T2* MRI
method has revolutionized the evaluation of tissue iron in
thalassemia patients. It seems that this method can reflect the
amount of iron in tissue well. For this reason, this study
evaluated the relationship of ferritin and hemoglobin levels
with liver and heart T2* MRI data, and determined the
prevalence of iron overload in patients with thalassemia.

The results of this study indicated that approximately 39%
of patients suffered from increased iron levels in the heart, of
which 44% represented iron overload. Azarkeivan et al.
(2016) also reported that 34% of patients had increased iron
levels in the heart, and 32% of them had severe iron overload.
Merchant et al. also proved that iron overload observed on
MRI assessment of thalassemia patients was significantly
increased as compared with healthy subjects. Assessment of
the relationship between hemoglobin levels and cardiac T2*
MRI results did not show any significant correlation.
However, ferritin levels were strongly and inversely corre-
lated with the results of T2* MRI of the heart. These findings
agreed with those of other studies (Eghbali et al., 2014; Chen
et al., 2015;Azarkeivan et al., 2016). However, Merchant et
al. (2011)found no significant relationship between ferritin
levels and cardiac T2* MRI data.

The results of cardiac MRI revealed that more than 80% of
patients suffered from iron overload in the liver, and 34% of
them showed severe iron overload. Further, assessing the

relationship between the hemoglobin level with T2* MRI
of liver showed no positive relationship, while the serum
ferritin level showed strong inverse relationship with T2*
MRI of liver. These findings were in line with those of other
studies.

The results from heart and liver T2* MRI were directly
correlated. Nevertheless, this was not confirmed by the study
of Merchant et al. (2011). Azarkeivan et al. (2016) also
showed a lack of relationship between liver and heart MRI in
patients with thalassemia. However, in this study, the
incidence of iron overload in the liver was significantly
higher than that in the heart. These findings seem to suggest
that cardiac iron overload follows that of the liver. The
confirmation of this finding will require further studies.

Overall, the results of this study indicate that serum ferritin
levels have a strong inverse relationship with T2* values of
MRI of the liver and heart in patients with thalassemia.
Therefore, T2* MRI can indicate body iron level in a non-
invasive, highly accurate manner. The relatively high sample
volume was an advantage, while the lack of investigation of
other involved tissues, such as pancreas and kidneys, was a
limitation of this study.
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