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Abstract
Background: Detection and quantification of liver iron overload are significant to initiate treatment and monitoring of iron 

overload. This study aimed to quantify liver iron deposits in β-thalassemia major patients using MRI T2* and its correlation with 
age and heart iron deposition. 

Methods and Results: This retrospective study included 54 records of patients between 5-16 years of age with hepatic iron 
deposition due to β-thalassemia major. Data were collected from MRI reports in Picture Archiving and Communication Systems-
Radiology Information System (PACS-RIS) and serum ferritin (SF) test results obtained from Hospital Information Systems and 
written into a dedicated datasheet. The information was recorded on a data collection sheet. The datasheet included all the required 
data, demographic data, lab results, T2* mapping for iron deposition in the liver and heart, and liver measurements.  

All subjects had high SF (from 1120 to 9850 ng/ml) with an average of 4317.93±2779.9 ng/ml. Age and SF correlated 
positively (r=0.368, P=0.0006). A negative correlation was observed between SF and liver T2* (r=-0578, P=0.000), whereas 
between liver T2* and heart T2* correlation had a positive direction (r=0.329, P=0.015)

Conclusion: MRI provides accurate, non-invasive, valid, and repeatable techniques, which are more acceptable to patients 
for assessing iron load. Furthermore, MRI T2* methods measure iron overload within the target organ precisely.(International 
Journal of Biomedicine. 2023;13(3):105-109.)
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Introduction
Hemochromatosis is a metabolic disorder that causes 

excess iron deposition, which leads to iron accumulation in the 
body’s organs, especially in the liver, heart, and pancreas, causing 
dysfunction or severe health complications.(1) Hemochromatosis 
was first described in 1865 by the French physician Armand 

Trousseau as “bronze diabetes.”(2) The hereditary nature of 
hemochromatosis was demonstrated by Marcel Simon and 
colleagues in the 1970’s.(3) Secondary hemochromatosis is the 
result of another disease or condition that creates iron overload.

Hereditary hemochromatosis (HH) is an autosomal 
recessive disease caused by mutations in the “high iron Fe”(HFE) 
gene. Two of the 37 allelic variants of HFE described to date 
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(C282Y and H63D) are significantly correlated with HH.(4) 

Homozygosity for the C282Y mutation was found in 52–100% 
of previous studies on clinically diagnosed probands.(5) Today, 
approximately 0.4% of Caucasians carry a homozygous(6,7) and 
approximately 6% a heterozygous HFE C282Y mutation.(7) The 
C282Y mutation causes excessive systemic iron accumulation.
(8,9) Normal iron absorption happens in the proximal small 
intestine, 1–2 mg daily. However, this absorption rate may 
increase to 4–5 mg daily with progressive accumulation of 
15–40 g of iron in patients with hereditary hemochromatosis. 
Despite this high prevalence, the mutation causes a clinically 
relevant phenotype only in a minority of cases.(10) HH is 
observed mostly in people of northern European origin, with 
a prevalence of approximately 1 per 220–250 persons, while 
it is less prevalent in patients of African descent.(6,11-12) Some 
rare forms of HH are increasingly found in patients clinically 
characterized as HH and negative for C282Y homozygosity in 
HFE.(13) They present with phenotypically proven hepatic iron 
overload with no other explanation. These forms are distributed 
in Asian populations, where they may represent the main non-
hematological cause of hereditary iron overload.(14-16)

Secondary hemochromatosis is mostly related to 
multiple red blood cell transfusions in patients with red blood 
cell disorders involving β-thalassemia major, myelodysplastic 
syndromes, aplastic anemia, and sickle cell disease.(17) Our study 
focused attention on thalassemia. β-thalassemia syndromes 
are the most common inherited hemoglobinopathies caused 
by a genetic deficiency in beta-globin. Although regular blood 
transfusion has increased the survival rate among thalassemia 
patients, treatment of the disease itself could lead to a chain 
of syndromes, such as iron deposits, that lead to organ 
dysfunction, which sometimes may cause death.(18)

The liver is one of the main sources of iron storage.  
Therefore, the detection of liver iron overload initiates treatment 
and prevents complications. A liver biopsy has been a standard 
reference for detecting and quantifying liver iron content. Still, 
its invasive nature limits its implementation, and its accuracy is 
greatly affected by hepatic inflammation, fibrosis, and uneven 
iron distribution. Also, serum ferritin (SF) has been used as a 
surrogate marker, but it is not reliable because its level may 
be affected by inflammation, vitamin C deficiency, oxidative 
stress, hepatic dysfunction, or malignancy.(19)

Alternatively, the MRI T2* technique is a valid, non-
invasive, and reproducible method for evaluating tissue iron 
loading and, therefore, more acceptable to patients.  It measures 
iron load within the objective organ by measuring the effect 
of local distortion of magnetic fields caused by excess iron in 
tissues. Iron concentrations are based on measurements of proton 
transverse magnetization decay rates, relaxometry (R2 or R2*), 
as great signal decay rates indicate great iron absorption.(20,21)

In 2005, Wood et al.(21) measured the R2* from a single, 
mild hepatic segment by drawing ROI boundaries of the liver, 
and excluding hilar vessels from obtaining an R2* map by using 
the gradient-recalled-multi-echo (GRE MR) imaging technique 
with a single breath-hold for each echo GRE sequence.

In 2019 Sobhani et al.(19) assessed the role of multi-
echo T2*-weighted image (T2*WI) in MRI quantification of 
hepatic iron deposition in patients with β-thalassemia major.  

They explained that patients with high SF are likelier to have 
higher liver or cardiac iron load. 

Thalassemia is an inherited disease that causes many 
complications, and the treatment of the disease itself could 
lead to a chain of syndromes, which sometimes may cause 
death. Despite this, there is a shortage of regional studies to 
establish regional references.

This study aimed to quantify liver iron deposits in 
β-thalassemia major patients using MRI T2* and its correlation 
with age and heart iron deposition. 

Materials and Methods
The study included 54 records of patients between 5-16 

years of age with hepatic iron deposition due to β-thalassemia 
major. Patients diagnosed with another hemochromatosis type 
or MRI contraindicated for him were excluded.  The study was 
carried out at the Medina Maternity and Children Hospital in 
Al Medina Almonawara from Dec 2021 to May, 2022.  

Study design, data collection, and analysis
In this descriptive and retrospective study, patients 

underwent MRI with a 1.5-T machine (GE, Healthcare) using 
a body coil or cardiac coil, respiratory triggering or navigators, 
and peripheral gating.  All patients received frequent blood 
transfusions and chelation therapy (Deferasirox), a dose of 
approximately 750-1500 mg per day, through 170 days. The 
demographic data were extracted from patients’ documents. 
Patients underwent liver and cardiac MRIs.

Data were collected from MRI reports in Picture 
Archiving and Communication Systems-Radiology Information 
System (PACS-RIS) and SF test results obtained from Hospital 
Information Systems and written into a dedicated datasheet. 
The information was recorded on a data collection sheet. 
The datasheet included all the required data, demographic 
data, lab results, T2* mapping for iron deposition, and liver 
measurements.  

Statistical analysis was performed using the statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized as 
frequencies and percentages for categorical variables. Minimum, 
maximum, and mean±SD were used for summarizing the data. 
A scatterplot was used to show the relationship between two 
quantitative variables measured for the same individuals. 
Pearson’s Correlation Coefficient (r) was used to determine 
the strength of the relationship between the two continuous 
variables. A probability value of P<0.05 was considered 
statistically significant.

Ethical approvals were obtained from the The 
institutional review board (IRB) at King Salman bin Abdulaziz 
Medical City (IRB number: 040-22).

Results
Of the 54 pediatric β-thalassemia major patients between 

5 and 16 years of age, the largest group was the 9-12 years, 
representing 48.1% (Table 1). All subjects had high SF (from 
1120 to 9850 ng/ml) with an average of 4317.93± 2779.9 ng/ml 
(Table 2). Age and SF correlated positively (r=0.368, P=0.0006) 
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(Table 3). There was a significant positive correlation between 
age and liver size (r=0.303, P=0.026) (Table 3).  No correlation 
was found between liver T2* and age (P=0.662) (Table 3). A 
negative correlation was observed between SF and liver T2* 
(r=-0578, P=0.000) (Table 3, Figure 1), whereas between liver 
T2* and heart T2* correlation had a positive direction  (r=0.329, 
P=0.015) (Table 3, Figure 2).

Discussion
Iron overload in β-thalassemia major patients occurs 

because the rate of iron entering the body is considerably 
greater than the rate of clearance, leading to excess iron 
discharge into the blood. The body has no mechanism for 
eliminating excess iron, so it is collected and stored in 
crystalline form within ferritin and hemosiderin. This study’s 
primary objective was quantifying hepatic iron deposition 
in patients with β-thalassemia by multi-echo T2* weighted 
sequence through the relaxometry method where short Time 
to Echo (TE) (0.9 - 11 ms) was used with a breath-hold. Then 
MRI images were transferred to a post-processing program 
(GE Cardiac VX) for MRI analytical software. The region 
of interest (ROI) of about 1-2cm or more was placed in the 
greater part of the liver parenchyma to measure the signal 
intensity for each TE.  

This study, conducted on β-thalassemia major patients 
of a range of ages from 5 to16 years, has presented various 
results for iron overload (mild, moderate, severe). This study 
followed the method of Wood et al.,(21) which used a multi-
echo T2*-weighted sequence with short TEs and a breath-hold 
for hepatic iron quantification. While short TE is considered 
key to detecting iron concentration, especially in defining 
severe iron overload in the liver;(22) also, a long TE makes 
respiratory motion artifacts appear in images.(23)  

Our study showed a moderate positive correlation 
between age and SF (Table 3). This explains that as age 
increases, blood transfusions increase and thus lead to 
increased iron deposits.  On the contrary, Bandyopadhyay 
et al.(23) performed a similar study which demonstrated that 
patients at a younger age had more elevated ferritin levels, 
which illustrates that these differences were due to improper 
chelation regimens or that the patients had not obtained 
chelation treatment. Furthermore, they observed no significant 
correlation between the age and liver T2*, similar to our study 
findings. This explains the heterogeneous distribution of 
depository iron.

A moderate negative correlation (r=-0.578) was 
observed between SF level and liver T2*, like Azarkeivan et 
al.,(24) S Kaban & Ç Damar,(25) and El Sherif et al.(26) This result 
shows that patients with high SF are more likely to have a 

Table 1.
The age groups of the patients

Age group N Percentage (%)
5 – 8 yrs. 13 24.1
9 – 12 yrs. 26 48.1
13-16 yrs. 15 27.8

              Total 54 100

Table 2. 
Testing parameters               

Mean Maximum Minimum Variance SD

Age  2.04 3.00 1.00 0.53 0.73

Weight, kg 30.82 56.00 13.00 94.34 9.71

Ferritin, ng/ml 4317.93 9850.00 1120.00 7728225.88 2779.9

T2* liver  2.49 8.00 0.30 3.83 1.96

T2*heart  24.05 45.70 4.00 131.13 11.45

Liver size, cm 16.74           20.50                  12.11                    5.86                        2.42

Table 3. 
Pearson correlations between the variables of the study.

               Correlations SF Liver size T2* liver

Age
Pearson Correlation 0.368 0.303  - 0.069

P-value 0.006 0.026  0.622

SF
Pearson Correlation  -0.578

P-value  0.000

T2* heart
Pearson Correlation  0.329

P-value   0.015

            

Fig. 1. Scatter plot with a fit line of SF with T2* liver.

Fig. 2. Scatter plot with a fit line of T2* heart with T2* liver.  
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higher liver iron load. A high SF level in the blood may be 
evidence of iron loading within the body in general; however, 
the excess iron load distribution among the various organs 
occurs randomly in the body. Variations in the concentration 
of iron may usually be related to the chelation protocol.(27) 
Ferritin level decreases by a factor of 820.39 when liver T2* 
increases by 1. Heart T2* value increases by a factor of 1.9281 
when liver T2* increases by 1.  

In our study, there is a positive correlation (r=0.329, 
P=0.015) between liver T2* and heart T2*, while most 
previous studies, like Kolnagou et al.,(28) showed no correlation 
between heart T2* and liver T2*. In contrast, El Sherif et al.(26) 
demonstrated a moderate negative correlation between hepatic 
and cardiac iron deposition.  

The variations in results may be because of distinctions 
in clinical data, genetic and study population, sample size, 
SF levels, chelation protocols, and iron deposits in different 
organs. 

Conclusion
Our results indicate negative correlations between iron 

concentration measurement by liver T2* and SF. There is no 
significant correlation between age and iron concentration in 
liver T2*, despite the notable correlation between the age and 
SF test, illustrating that as age increases, the blood transfusions 
increase, thus leading to increased iron deposits in the body. 
The study showed that the iron deposition in the liver is 
considered an indication of iron deposition in other organs, 
like the heart, as the study’s hypothesis stated. MRI provides 
accurate, non-invasive, valid, and repeatable techniques, 
which are more acceptable to patients for assessing iron load. 
Furthermore, MRI T2* methods measure iron overload within 
the target organ precisely.  Monitoring and follow-up of iron 
overload using MRI T2* for all hemochromatosis patients 
is helpful for early detection of any potential complication. 
Conducting the study on large sample size and other organs is 
recommended.

Competing Interests
The authors declare that they have no competing 

interests. 

References
1. McDowell LA, Kudaravalli P, Sticco KL. Iron Overload. 
2022 Apr 28. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2023 Jan–. PMID: 30252387
2. Trousseau A. Glycosurie, diabète sucré. Clinique médicale 
de l’Hôtel-Dieu de Paris, 2nd edition, Paris, 1865, 2: 663-698.
3. Simon M, Alexandre JL, Bourel M, Le Marec B, Scordia 
C. Heredity of idiopathic haemochromatosis: a study of 106 
families. Clin Genet. 1977 May;11(5):327-41. doi: 10.1111/
j.1399-0004.1977.tb01324.x.
4. Pointon JJ, Wallace D, Merryweather-Clarke AT, 
Robson KJ. Uncommon mutations and polymorphisms in the 
hemochromatosis gene. Genet Test. 2000;4(2):151-61. doi: 

10.1089/10906570050114867. 
5. Hanson EH, Imperatore G, Burke W. HFE gene and 
hereditary hemochromatosis: a HuGE review. Human Genome 
Epidemiology. Am J Epidemiol. 2001 Aug 1;154(3):193-206. 
doi: 10.1093/aje/154.3.193.
6. Adams PC, Reboussin DM, Barton JC, McLaren CE, 
Eckfeldt JH, McLaren GD, et al.; Hemochromatosis and Iron 
Overload Screening (HEIRS) Study Research Investigators. 
Hemochromatosis and iron-overload screening in a racially 
diverse population. N Engl J Med. 2005 Apr 28;352(17):1769-
78. doi: 10.1056/NEJMoa041534. 
7. European Association For The Study Of The Liver. 
EASL clinical practice guidelines for HFE hemochromatosis. 
J Hepatol. 2010 Jul;53(1):3-22. doi: 10.1016/j.
jhep.2010.03.001. 
8. Radford-Smith DE, Powell EE, Powell LW. 
Haemochromatosis: a clinical update for the practising 
physician. Intern Med J. 2018 May;48(5):509-516. doi: 
10.1111/imj.13784.
9. Porter JL, Rawla P. Hemochromatosis. 2023 Mar 31. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2023 Jan–. PMID: 28613612.
10. Hollerer I, Bachmann A, Muckenthaler MU. 
Pathophysiological consequences and benefits 
of HFE mutations: 20 years of research. Haematologica. 2017 
May;102(5):809-817. doi: 10.3324/haematol.2016.160432.
11. Bacon BR, Adams PC, Kowdley KV, Powell LW, Tavill 
AS; American Association for the Study of Liver Diseases. 
Diagnosis and management of hemochromatosis: 2011 
practice guideline by the American Association for the Study 
of Liver Diseases. Hepatology. 2011 Jul;54(1):328-43. doi: 
10.1002/hep.24330.
12. Phatak PD, Bonkovsky HL, Kowdley KV. Hereditary 
hemochromatosis: time for targeted screening. Ann Intern 
Med. 2008 Aug 19;149(4):270-2. doi: 10.7326/0003-4819-
149-4-200808190-00009. 
13. Porto G, Brissot P, Swinkels DW, Zoller H, Kamarainen 
O, Patton S, et al. EMQN best practice guidelines for the 
molecular genetic diagnosis of hereditary hemochromatosis 
(HH). Eur J Hum Genet. 2016 Apr;24(4):479-95. doi: 10.1038/
ejhg.2015.128.
14. Lok CY, Merryweather-Clarke AT, Viprakasit V, 
Chinthammitr Y, Srichairatanakool S, Limwongse C, et 
al. Iron overload in the Asian community. Blood. 2009 Jul 
2;114(1):20-5. doi: 10.1182/blood-2009-01-199109. 
15. Hayashi H, Wakusawa S, Motonishi S, Miyamoto 
K, Okada H, Inagaki Y, Ikeda T. Genetic background of 
primary iron overload syndromes in Japan. Intern Med. 
2006;45(20):1107-11. doi: 10.2169/internalmedicine.45.1876. 
16. McDonald CJ, Wallace DF, Crawford DH, Subramaniam 
VN. Iron storage disease in Asia-Pacific populations: the 
importance of non-HFE mutations. J Gastroenterol Hepatol. 
2013 Jul;28(7):1087-94. doi: 10.1111/jgh.12222. 
17. Labranche R, Gilbert G, Cerny M, Vu KN, Soulières D, 
Olivié D, et al. Liver Iron Quantification with MR Imaging: 
A Primer for Radiologists. Radiographics. 2018 Mar-
Apr;38(2):392-412. doi: 10.1148/rg.2018170079. 

*Correspondence: 
Dr. Mahasin G. Hassan, Ph.D, mghassan@pnu.edu.sa



109F. A. Nasser et al. / International Journal of Biomedicine 13(3) (2023) 105-109

18. Awad FM, Alshazly SA. Hepatic iron deposition in 
patients with sickle cell disease: Role of breath-hold multiecho 
T2*-weighted MRI sequence. Egypt J Radiol Nucl Med.   
2014;45(3):651–5. 
19. Sobhani S, Rahmani F, Rahmani M, Askari M, Kompani 
F. Serum ferritin levels and irregular use of iron chelators 
predict liver iron load in patients with major beta thalassemia: 
a cross-sectional study. Croat Med J. 2019 Oct 31;60(5):405-
413. doi: 10.3325/cmj.2019.60.405.
20. Paisant A, Boulic A, Bardou-Jacquet E, Bannier E, 
d’Assignies G, Lainé F, Turlin B, Gandon Y. Assessment of 
liver iron overload by 3 T MRI. Abdom Radiol (NY). 2017 
Jun;42(6):1713-1720. doi: 10.1007/s00261-017-1077-8. 
21. Wood JC, Enriquez C, Ghugre N, Tyzka JM, Carson S, 
Nelson MD, Coates TD. MRI R2 and R2* mapping accurately 
estimates hepatic iron concentration in transfusion-dependent 
thalassemia and sickle cell disease patients. Blood. 2005 Aug 
15;106(4):1460-5. doi: 10.1182/blood-2004-10-3982. 
22. Shah N, Mishra A, Chauhan D, Vora C, Shah NR. Study 
on effectiveness of transfusion program in thalassemia major 
patients receiving multiple blood transfusions at a transfusion 
centre in Western India. Asian J Transfus Sci. 2010 Jul;4(2):94-
8. doi: 10.4103/0973-6247.67029.
23. Bandyopadhyay U, Kundu D, Sinha A, Banerjee K, 
Bandyopadhyay R, Mandal T, Ray D. Conservative management 
of Beta-thalassemia major cases in the sub-division level 
hospital of rural West Bengal, India. J Nat Sci Biol Med. 2013 

Jan;4(1):108-12. doi: 10.4103/0976-9668.107269.
24. Azarkeivan A, Hashemieh M, Akhlaghpoor S, Shirkavand 
A, Yaseri M, Sheibani K. Relation between serum ferritin and 
liver and heart MRI T2* in beta thalassaemia major patients. 
East Mediterr Health J. 2013 Aug;19(8):727-32.
25. Kaban S, Damar Ç. Interrelationship between liver T2*-
weighted magnetic resonance imaging and acoustic radiation 
force impulse elastography measurement results and plasma 
ferritin levels in children with β-thalassemia major. J 
Clin Ultrasound. 2022 Jan;50(1):108-116. doi: 10.1002/
jcu.23095.
26. El Sherif AM, Ibrahim AS, Elsayed MA, Abdelhakim AS, 
Ismail AM.  The impact of magnetic resonance imaging in the 
assessment of iron overload in heart and liver in transfusion-
dependent thalassemic children: Minia experience. Egypt J 
Radiol Nucl Med. 2021;52, 264. doi: 10.1186/s43055-021-
00645-4 52, 264
27. Johnston JD. Non-invasive assessment of hepatic iron 
stores by MRI. Ann Clin Biochem. 2004 May;41(Pt 3):254. 
doi: 10.1258/000456304323019695. 
28. Kolnagou A, Natsiopoulos K, Kleanthous M, Ioannou A, 
Kontoghiorghes GJ. Liver iron and serum ferritin levels are 
misleading for estimating cardiac, pancreatic, splenic and total 
body iron load in thalassemia patients: factors influencing 
the heterogenic distribution of excess storage iron in organs 
as identified by MRI T2*. Toxicol Mech Methods. 2013 
Jan;23(1):48-56. doi: 10.3109/15376516.2012.727198. 


