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Introduction: Iron overload is a common feature of thalassemia intermedia due to regular 
blood transfusion and increased gastrointestinal iron absorption. Early detection and adequate 
iron chelator can decrease morbidity and mortality from iron overload. Liver iron concentration 
(LIC) by MRI T2* is the best non-invasive way to measure body iron stores. However, this 
method is expensive and not available nationwide in Indonesia. The aim of this study was to 
identify liver iron overload and correlation of transferrin saturation, serum ferritin, liver MRI T2* 
and LIC with transient liver elastography in adult thalassemia intermedia patients.
Methods: This is a cross-sectional study of 45 patients with thalassemia intermedia with blood 
transfusion and with and without iron chelator therapy. The study was conducted at Cipto 
Mangunkusumo Hospital from August through October 2016. We performed measurements of 
transferrin saturation, serum ferritin level, transient liver elastography and liver MRI T2*. 
Pearson and Spearman correlation tests were used to evaluate the correlation between transient 
liver elastography with transferrin saturation, serum ferritin, liver MRI T2*and LIC.
Results and Discussion: This study showed that 64.4% of study subjects are β-Hb 
E thalassemia intermedia. Furthermore, 84.4% of study subjects have regular transfusion. 
Based on liver MRI T2*all subjects suffered from liver iron overload, 48.9% had severe 
degree. Median value of liver MRI T2* was 1.6 ms. Mean serum ferritin was 2831 ng/mL, 
with median transferrin saturation of 66%. Mean of LIC corresponding to liver MRI T2* and 
mean liver stiffness measurement was 15.36±7.37 mg Fe/gr dry weight and 7.7±3.8 kPa, 
respectively. Liver stiffness correlated with serum ferritin (r=0.651; p=0.000), liver MRI T2* 
(r=−0.357; p=0.016), and LIC (r=0.433; p=0.003). No correlation was found between liver 
elastography and transferrin saturation (r=0.204; p=0.178).
Conclusion: Serum ferritin, liver MRI T2*and LIC correlated with liver elastography. No 
correlation was found between transferrin saturation and liver elastography.
Keywords: liver MRI T2*, LIC, serum ferritin, thalassemia intermedia, transient liver 
elastography

Introduction
Thalassemia is a red blood cells genetic disorder characterized by the abnormality 
formation of globin chain alpha, beta, or both. Thalassemia major (TM) is generally 
characterized by severe anemia and clinically appears in infancy (<2 years), 
requiring red blood cell transfusions on a regular basis for growth and live, while 
thalassemia trait is generally asymptomatic and do not require red blood cell 
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transfusion.1,2 Thalassemia intermedia (TI) is a group of 
thalassemia phenotype spectrum which is between the 
major and trait thalassemia.

Indonesia is one of the countries with the highest pre
valence of thalassemia genetic, called “thalassemia belt”.3 

Based on data from Thalassemia Center in RSCM, there 
are 9031 TM patients in Indonesia,4 and this is expected to 
rise in line with the high number of thalassemia gene 
carriers who are asymptomatic, and generally they have 
not done premarital screening.

Unlike the TM, iron overload is still an important issue 
in TI, and associated with the increase of morbidity and 
mortality.5 Even if thalassemia intermedia patients do not 
get a blood transfusion, they are still at risk for iron over
load, due to increased iron absorption in the gastrointest
inal tract.6 Iron overload can be monitored by serum 
ferritin, which is a very quick, inexpensive, non-invasive, 
and generally widely available examination. But the value 
of this serum ferritin can be elevated in other conditions 
such as infection, inflammation, malignancies, etc. Liver 
iron concentration (LIC) is the gold standard in estimating 
the value of iron body load and can predict accurately total 
body iron.7–9

Liver biopsy is the gold standard in assessing the LIC 
directly. However, it is associated with several side effects 
and disadvantages such as pain, bleeding, infection, exten
sive sampling variability, and inter-observer variability. 
Therefore, a non-invasive examination has been developed 
in assessing LIC, such as magnetic resonance imaging 
(MRI). T2* MRI examination of liver is now a validated 
examination in assessing LIC.10,11 This examination is 
non-invasive, fast, accurate and reproducible.2 But it has 
not been equally distributed across thalassemia service 
center in Indonesia. In thalassemia patients, liver toxicity 
due to iron overload can lead to fibrosis, cirrhosis, and 
even liver cancer.

An accurate assessment of iron load in patients with 
thalassemia during long-term follow-up are essential, not 
only for the prevention of complications due to iron but 
also for monitoring the adequacy of iron chelation treat
ment. Until now, iron chelation adequacy treatment was 
assessed by measurement of serum ferritin and LIC.12 It is 
a serial measurement that makes it a very expensive exam
ination. So far, we have not found yet a publication about 
the correlation between liver elastography and liver 
MRIT2* on IT, transfusion-dependent thalassemia (TDT) 
and non-transfusion-dependent thalassemia (NTDT) 
patients. Liver elastography is used to measure liver 

fibrosis since it is a non-invasive method and correlates 
well with the degree of fibrosis.13–15 This method is a vital 
tool that can be added to the armamentarium of assessing 
chronic liver injury due to iron overload. The examination 
can be performed bedside, using a portable machine, and 
provide instantaneous results. The limitation of this 
method is the inability to assess fibrosis status when 
there is ascites or tumor present. This study is expected 
to assess the correlation of liver elastography and liver 
MRI T2* as standard tests to assess the LIC.

Methods
This cross-sectional study aimed to identify liver and 
blood iron overload in adult patients with TI and the 
correlation between transferrin saturation, serum ferritin, 
MRI T2* liver, and LIC assessed by MRI T2* liver exam
ination with liver elastography value in Hematology– 
Oncology Division of the Internal Medicine Department 
Policlinic General Hospital National Center Cipto 
Mangunkusumo (RSUPNCM) in August 2016 to 
October 2016.

Patients diagnosed with thalassemia (thalassemia α, 
thalassemia β and thalassemia β-Hb E) using the method 
of Hb microcapillary electrophoresis, high-performance 
liquid chromatography (HPLC) or by DNA analysis, 
aged at least 18 years and do not have Hepatitis B or 
hepatitis C, human Immunodeficiency Virus (HIV), severe 
infection, massive ascites, hepatic failure, congestive heart 
failure, BMI>30 kg/m2, total bilirubin>3g/dl, claustropho
bia (phobia of narrow or closed place) and willing to 
participate in this research were included in this study.

We conducted demographic data such as age, gender, 
ethnicity, age of first thalassemia diagnosis and age of first 
transfusion. Clinical data such as splenectomy status, iron 
chelation therapy, and drug inducers of hemoglobin F were 
collected through interviews and medical records. Complete 
physical examination, and venous blood sampling for per
ipheral blood complete test, liver function test (AST, ALT, 
total bilirubin, direct, indirect), the levels of serum ferritin 
and transferrin saturation were conducted in all subjects. On 
the same day, we conducted liver Elastography examination 
using FibroScan® by Echosens™ with M probe in 
Hepatology Procedure Room RSUPNCM, performed by 
two operators (consultants of gastro-entero-hepatology and 
one trainee) who do not have prior knowledge about the 
patient iron status. The elasticity was obtained though multi
ple measurements, averaged by the machine. Normal mea
surement ranges from 2 to 7 kPa. T2* MRI examination of 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

Journal of Blood Medicine 2021:12 236

Atmakusuma and Lubis                                                                                                                                             Dovepress

http://www.dovepress.com
http://www.dovepress.com


the liver using 1.5 T MRI Siemens™ Avanto Magnetom® 

completed by CMR Tools software, carried out in the 
Department of Radiology RSUPNCM, with the funding 
coming from National Health Insurance (JKN) as routine 
checks, which were analyzed by two consultant radiologists 
who did not know the status of the iron and liver FibroScan 
results, with a maximum distance of 1 month.

This study has obtained proper ethical clearance, 
established by Ethics Committee of The Faculty of 
Medicine, University of Indonesia; Ethical Approval 
Number: 600/UN2.F1/ETIK/2016. Appropriate informed 
consent to participate in this study has been obtained 
from the subjects prior to study commencement. This 
study was conducted in accordance with the Declaration 
of Helsinki. Data were analyzed with SPSS 20 for 
Windows. Pearson’s correlation coefficient (r) was per
formed to analyze the distribution of normal data or 
correlation coefficient.

Results
There were 45 subjects of the study, 28 (62.2%) were women, 
the median age of subjects was 33 (18–84) years (Table 1). 
A total of 42.4% of the subjects were in the range of 18–30 
years age group. β-Thalassemia Hb E showed to be the highest 
proportion of thalassemia (64.4%). A total of 48.9% of the 
subjects diagnosed with thalassemia at the age of 20 years and 
the majority of subjects (71.1%) is TI with regular blood 
transfusions, with the median age of first receiving blood 
transfusion was 19 years old. Almost all subjects (95.6%) 
received iron chelation therapy, iron chelation with deferi
prone is the most used.

Based on the assessment of iron load by checking trans
ferrin saturation and serum ferritin, majority of the subjects 
had complications of iron overload. A total of 66.7% of the 
subjects had a transferrin saturation levels ≥55%, with 
a median value of 66%, with a range of 31–100%. A total of 
93.3% of the research subjects had a mean serum ferritin >800 
ng/mL, with the largest group of >2000 ng/mL, which is about 
60% of the study subjects. T2* MRI examination of the liver 
obtained all the study subjects had hemosiderosis complica
tions (median 1.6 ms) with 48.9% of subjects experienced 
severe hemosiderosis. LIC mean values obtained through 
T2* MRI examination was 15.36±7.37 mg iron/g dry weight 
liver. Elastography mean value and AST liver was 7.7±3.8 kPa 
and 33.3 U/L (Table 2).

Liver Iron Concentration Based on the 
Liver MRI T2*
LIC values obtained from the calculation of MRI T2* 
liver showed as much as 49.9% of the study subjects 
study experienced severe complications of hemosidero
sis (>15 mg iron/g of liver dry weight), and only 11.3% 
of research subjects with a light hemosiderosis 
(Table 3).

Correlation Between Serum Ferritin and 
Liver Elastography Values
Based on Pearson correlation test, there was a positive 
correlation between serum ferritin and liver elastography 
values (r = 0.651; p <0.001; Figure 1). Pearson correlation 
of test results obtained a weak correlation between LIC 
and liver elastography value (r=0.433; p=0.003; Figure 2), 
with a positive direction.

Table 1 Characteristic Data Based on Demographic Research 
Subjects

Characteristics N=45

Gender, n(%)

Female 28(62.2)
Male 17(37.8)

Age, median (IQR) 33(22)

Age group, n(%)

18–30 years 19(42.2)

31–40 years 11(24.4)
41–50 years 10(22.2)

51–60 years 3(6.7)

>60 years 2(4.4)

Thalassemia type, n(%)

Thalassemia α 2(4.4)

Thalassemia β 14(31.1)

Thalassemia βHbE 29(64.4)

Age of thalassemia diagnosis, median (IQR) 20(33)

2–6 years, n(%) 11(24,4)
7–18 years, n(%) 10(22.2)

> 18 years, n(%) 24(53.3)

First transfusion age (years), median (IQR) 19(27)

2–6 years, n(%) 12(26.7)

7–18 years, n(%) 10(22.2)
> 18 years, n(%) 23(52.1)
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Correlation Between Liver Elastography 
with Liver MRI T2*
Spearman correlation test results obtained weak correla
tion between the value of liver elastography and MRI T2* 
of liver (r=−0.357; p=0.016), with a negative direction 
(Figure 3).

Discussion
Gastrointestinal iron absorption is increased due to chronic 
anemia and erythropoiesis, and also repeated blood trans
fusions which render thalassemia intermedia patients at 

high risk for the occurrence of iron overload.16 In the 
study, iron overload was assessed by serum ferritin, trans
ferrin saturation and LIC by MRI T2*. Iron load varies 
greatly with time, depending on the intensity of the trans
fusion, administration of chelating iron and iron absorption 
in the gastrointestinal tract, which is heavily influenced by 
the severity of ineffective erythropoiesis and chronic 
anemia.17–24 Serum ferritin level also changes and varies 
in line with changes in body iron load.25–27 Because of 
that, in this experiment, we used the mean serum ferritin in 
the past year to avoid the presence of other factors that 
affect serum ferritin values such as infection, inflamma
tion, etc.28–30 The mean serum ferritin showed a chronic 
condition compared with serum ferritin levels only. The 
mean ferritin per year was 2831±1828 ng/mL. A total of 
60% of the subjects experienced a severe iron overload in 
ferritin values >2000 ng/mL.

In this study, most of the subjects received blood 
transfusions on a regular basis; hence, the mean serum 
ferritin levels were high. Furthermore, the iron which 
was distributed to the reticuloendothelial system (RES), 
increased ferritin synthesis and was released into the cir
culation, leading to a high serum ferritin.31–35 One out of 
three subjects with serum ferritin <800 ng/mL (229 ng/ 
mL) had LIC 7.81 mg iron/gram dry weight of the liver 
and did not receive iron chelation. This showed the impor
tance for monitoring the serum ferritin level as well as 
charge of excess iron.36 Monitoring of LIC should be done 
regularly if possible, to achieve optimal iron 
chelation.37–39

Based on MRI T2* examination of the liver, we found all 
subjects experienced liver toxicity; 48.9% of the subjects 
experienced severe liver hemosiderosis (MRI T2*<1.8 ms). 
The proportion of subjects experienced severe liver hemosi
derosis (LIC >15 mg iron/g of liver dry weight) was not 

Table 2 Characteristic Thalassemia-Related Data of Study 
Subjects

Characteristics N=45

Transfusion requirement of the year, n (%)

1–3 times a year 7 (15.6)
4–6 times a year 6 (13.3)

> 6 times a year 32 (71.1)

A history of splenectomy, n (%)

Yes 44 (97.8)

No 1 (2.2)

Iron chelation, n (%)

Not getting iron chelating agent 2 (4.4)
Deferiprone 31 (68.9)

Deferasirox 11 (24.4)

Combination deferiprone + deferasirox 1 (2.2)

Pre-transfusion hemoglobin (current 
research), mean (SD)

7.7 (1.5)

<7 g/dl, n (%) 9 (20.0)

7–9 g/dl, n (%) 23 (51.1)

> 9 g/dl, n (%) 13 (28.9)

Mean Hb pre-transfusions per year, median 
(IQR)

8 (1.1)

<7 g/dl, n (%) 9 (20.0)

7–9 g/dl, n (%) 32 (71.1)

> 9 g/dl, n (%) 4 (8.9)

AST U/L mean (SD) 33.3 (19.4)

ALT U/L mean (SD) 28.8 (21.1)

MRI T2* liver ms, median (IQR) 1.6 (1.64)

LIC mg iron/g dry weight liver, mean (SD) 15.36 (7.37)

Liver elastography, kPa mean (SD) 7.7 (3.8)

Abbreviations: AST, aspartate transaminase; ALT, alanine aminotransferase; 
hsCRP, high-sensitive C-reactive protein; MRI, magnetic resonance imaging; LIC, 
liver iron concentration; IQR, inter quartile range; SD, standard deviation.

Table 3 Liver MRI T2* and LIC Result

Variables N (%)

Liver MRI T2* 45
Light hemosiderosis (3,8–11 ms) 5 (11.1)

Moderate hemosiderosis (1,8–3,8 ms) 18 (40.0)

Severe hemosiderosis (<1,8 ms) 22 (48.9)

LIC values based on liver MRI T2* 45
Mild iron overload (2–7 mg/g) 6 (11.3)

Moderate iron overload (7–15 mg/g) 17 (37.8)

Severe iron overload (>15 mg/g) 22 (49.9)

Abbreviations: MRI, magnetic resonance imaging; LIC, liver iron concentration.
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Figure 1 Correlation between serum ferritin and liver elastography.

Figure 2 Correlation between liver iron concentration (LIC) and liver elastography.
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much different (49.9%). Clinical spectrum of TI patients was 
very wide and varied, from mild and did not need blood 
transfusions, to severe with regular transfusions such as 
TM. However, non-transfusion-dependent thalassemia 
(NTDT) patients were still at risk of having excess iron 
load. The ineffective erythropoiesis and chronic anemia 
caused reduced hepcidin levels that lead to increase iron 
absorption in the gastrointestinal tract and increase iron 
release from macrophages of the RES.40–47

It must always be remembered that, in contrast to TM, 
serum ferritin can not be used to assess the severity of iron 
overload in thalassemia intermedia, especially IT 
NTDT.8,9 A significant association between serum ferritin 
and LIC has been clear in the TM patients who receive 
regular transfusions. This is similar to the study conducted 
by Taher, et al11 in Lebanon. In this study, where the 
majority of study subjects were IT with regular transfu
sion, with a mean serum ferritin 2831 (1828) ng/mL, we 
found a high iron overload in the liver, with an average 
LIC 15.36 (7.37) gr iron/gr liver dry weight. The high LIC 
value was predicted because of the high requirement for 
blood transfusions.48–58

In this study, a serial transferrin saturation examina
tion was not obtained from medical records, so we could 
not see the trend of transferrin saturation in the 
past year. The other was the use of iron chelation in 
the study subjects, deferiprone was the most used iron- 
chelating agent in this study. It showed a declining 
optimal transferrin saturation within 2 hours after defer
iprone ingestion and increased within 6 hours.59–63 

Deferiprone time lapse between consumption and time 
of blood sampling for the examination, which was not 
uniform in each research subject, could affect transferrin 
saturation values, related to the concentration of iron 
chelation and a half-life in the blood. Severe hepatic 
impairment (liver damage/necrosis of hepatocytes) can 
also lead to an increase in ferritin and transferrin decline 
in production.64–68

In this research, study subjects were IT patients with 
the majority of blood transfusions on a regular basis. In 
this study, serum ferritin used is the mean serum ferritin 
for 1 year, which was considered to represent the trend and 
chronicity of the charge of iron overload. Then, compared 
with the measurements of serum ferritin during the course, 

Figure 3 Correlation between MRI T2* and liver elastography.
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this was different from the previous study using serum 
ferritin at the time of the study. In this study, moderate 
correlations were shown, between the mean serum ferritin 
and elastography. Iron overload and liver iron exposure in 
the long term might cause iron toxicity in liver which 
proceed into fibrosis. Liver elastography was used to 
assess liver fibrosis.69

In this study, the factors that can affect the liver fibrosis 
had been excluded, which were an infection of hepatitis 
B or C, as the long-term complications resulting from 
transfusions in patients with thalassemia. Thalassemia 
patients with excess iron load and hepatitis infection, 
liver fibrosis was not only due to iron toxicity but also 
infection such as hepatitis provided a major 
contribution.55–57 In contrast to the study by Pipaliya et 
al,13 a weak correlation in this study was predicted 
because of difference in MRI methods used. In the study 
by Pipaliya,13 MRI T2* was used. Besides, variation of 
patient populations especially in subjects with TM might 
influence the results.69

Conclusion
The proportion of liver iron overload in adult patients with 
thalassemia intermedia was 100% in General Hospital 
National Center Cipto Mangunkusumo (RSUPNCM) 
assessed by MRI T2* examination 100%. There was no 
correlation between transferrin saturation with a liver elas
tography level. There was a moderate correlation between 
serum ferritin by liver elastography value. Furthermore, it 
showed a weak correlation between LIC based on liver 
T2* MRI examination and liver elastography value. 
Adding to that, there was a weak negative correlation 
between the liver elastography and MRI T2* liver.
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