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Abstract 
 
Background β-Thalassemia occurs in higher frequency in the Mediterranean area and the Middle East. 

Classically serum ferritin and liver biopsy have been needed to monitor patient's response to 
chelation therapy. Magnetic resonance imaging (MRI) has been proved effective in detecting and 
quantifying iron in the heart and liver. 

Objective To assess the value of MRI T2* procedure in assessment of hepatic (LIC) serum ferritin level and 
MRI T2* of liver and myocardium in patients with BTM. 

Methods A cross -sectional study was conducted at Al-Imamein Al-Kadhimein Medical City in Baghdad, from 
September 2016 to September 2017, 45 patients with BTM were collected from the Thalassemia 
center in Ibn AL-Baldy Hospital. Hepatic and myocardial T2* MRI results were taken from the file 
records of the patients from the same center.The results of hepatitis B and C and serum ferritin 
were taken from the file records.  

Results The total number of patients was 60, 15 patients were excluded because of heart failure and 
hepatitis B and C, the mean age was (19.95±6.85 years), male: female ratio equal to 1:1. Fifty-one 
patients (85%) were on Deferasirox and 19 patients (31.76%) were splenectomized. Serum ferritin 
ranged between (1009-10600 ng/l). Liver T2* MRI ranged from (0.5-17 ms) with a mean of 
(3.66±3.13 ms). Mild-moderate severity found in the majority, 18 cases (40%), 13 cases (28.9%) 
respectively, with strong inverse correlation between liver MRI and serum ferritin level. 
Myocardial T2* MRI ranged from (1.88-33.2 ms) with a mean of (13.16±7.81 ms). Moderate-severe 
degree of severity in the majority, 12 cases (26.67%), 19 cases (42.22%) respectively, with 
significant inverse correlation between serum ferritin and myocardial MRI. There is no positive 
correlation between myocardial T2* MRI nor liver T2* MRI with mean age of the patients.   

Conclusion The study shows that MRI is an accurate and non-invasive method to assess iron overload in liver 
and heart in β-thalassemia patients with regular transfusion. 
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Introduction 
-Thalassemia occurs in higher frequency 
in the Mediterranean area and the 
Middle East (1). Infants with severe beta β 
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thalassemia major (BTM) are well at birth. 
Symptoms emerge during the second six 
months of life when fetal hemoglobin (HbF) is 
replaced by adult hemoglobin (HbA) (2). In 
transfused patients with BTM, cardiac 
hemosiderosis is the most feared complication. 
Without early institution of iron chelation 
therapy, they develop a sterile pericarditis, 
ventricular arrhythmias, end-stage restrictive 
cardiomyopathy, heart failure, and death (3).  
Hepatomegaly is prominent early in the disease, 
even in the absence of transfusion, the 
accelerated rate of erythropoiesis enhances 
dietary iron absorption from the gut, resulting in 
a chronic state of iron overload, with liver 
fibrosis and, potentially, end-stage liver disease 
(4). Serum ferritin levels in those with BTM may 
be quite elevated, reflecting the presence of 
iron overload (5).  
Magnetic resonance imaging (MRI) methods for 
assessing tissue iron can be separated into two 
groups: signal intensity ratio (SIR) methods and 
relaxometry methods (R2) (6). R2 of the liver 
demonstrates a significant positive correlation 
with serum ferritin and hepatic iron 
concentration (LIC) determined from liver 
biopsy material (7).   
Myocardial iron has been evaluated by MRI 
using SIR and relaxometry techniques. MRI 
studies have demonstrated discordant results 
regarding the relationship of myocardial iron 
with hepatic iron and serum ferritin (8).  
MRI studies have shown that cardiac siderosis 
increases with age, but that siderosis progresses 
more slowly in the heart than in the liver (9).  
This study aimed to assess the value of MRI T2* 
procedure in assessment of hepatic (LIC) and 
myocardial iron concentration (MIC). Also, to 
assess the correlation between serum ferritin 
and T2* MRI of liver as well as the correlation of 
serum ferritin and T2* MRI of myocardium. 
 
Methods 
A cross-sectional study was conducted at AL- Al-
Imamein Al-Kadhimein Medical City in Baghdad, 
from September 2016 to September 2017. 
Cases were taken from Ibn Al-Balady hospital – 

thalassemia center including all the patients 
who had been diagnosed as BTM with specific 
inclusion criteria at the previous time period, 
they were older than 5 years and transfusion 
dependent. The total number of cases was 60 
patients. Each patient was inquired for his 
name, sex, age, chelating agents used and 
whether splenectomy was done. All the 
included patients had to fulfill the following 
criteria: BTM patient of more than 5 years old, 
and were receiving regular transfusion of 
packed red blood cells 10-15 ml per Kg body 
weight at 2-4 weeks interval (in order to 
maintain their hemoglobin level above 10 
mg\dl), without any incidence of hepatitis B or C 
or any congenital or acquired liver diseases and 
who didn't develop heart failure. Screening for 
hepatitis B and C were taken from the file 
records of the patients. 
For each patient included in the study, a T2* 
MRI study (for assessment of iron overload in 
the liver and the heart) had to be documented, 
the results were taken from the file records of 
the patients, for the patients who didn't have 
the required MRI study,  researcher had 
arranged an MRI  appointment for them in the 
Radiology Department of Al-Imamein Al-
Kadhimein Medical City, furthermore, serum 
ferritin study was conducted monthly for each 
of them. Measurements were carried out by an 
enzyme-linked immune florescent assay, 
(BiomeriEux closed system Minividas apparatus, 
French). The results were taken from the file 
records of the patients. Each case was sent for 
ECHO study to exclude any patients with 
evidence of heart failure. 
The exclusion criteria were any patients 
younger than 5 years, and patients with 
associated hepatitis B or C, to avoid any other 
parenchymal changes that can alter our results. 
Ethical committee approval had been taken to 
perform MRI study for the included patients.  
 
MRI of liver  
MRI studies performed for the elected BTM 
patients with a 1.5 T Avanto (magneto) system 
(Siemens medical System). Three transverse 
images were recorded using a body matrix coil, 
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visualizing the right liver lobe, and posterior 
vertebral muscles in the same slice. 
 
 
 
MRI of heart 
MRI studies performed for the elected BTM 
patients with a 1.5 T Avanto (magneto) system 
(Siemens medical System). Three mid-
ventricular short axis slices were imaged with a 

slice thickness of 10 mm and a slice gap of 0.6 
mm. using body matrix coil, gradient echo 
sequence (T2*) with 8 echo times (3.6-16 ms) 
was used to obtain the images. The field of view 
was 400 mm with the Field of view (FOV) was 
75%, with prospective ECG triggering. The 
images were acquired at the mid-diastolic phase 
whereas the heart motion was minimal. 
Normal values of MRI T2* of Liver and Heart to 
measure iron overload (Table 1).

  
Table 1. Normal values of MRI T2* of Liver and Heart to measure iron overload (8)  

 

 Normal/ms Mild/ms Moderate/ms Severe/ms 

T2* Heart <20 14-20 10-14 >10 
T2* Liver >6.3 2.8-6-3 1.4-2.7 <1.4 

 
 

Statistical analysis 
Data were analyzed by IBM SPSS statistics 
version 24; spearman test had been used to 
correlate S. ferritin level, liver T2* in ms, cardiac 
T2*value in ms. Chi square test and paired 
sample T-Test with Bootstrap to assess P. value, 
a value of > 0.05 is considered significant. 
Descriptive variables were presented as 
numbers and percentage, continuous variables 
were presented as mean and standard 
deviation.  
 

Results 
Sixty patients were included in this cross 
sectional study, their mean age was (19.95 ± 
6.85) years distributed in numbers (Table 2), 31 
cases (52%) were females and 29 (52%) were 
males, male:female ratio 1:1. All are BTM, on 
regular blood transfusion and on regular iron 
chelating agent for more than 18 months, 15 of 
the  patients were excluded from the study 
because  11 was hepatitis C positive and 4 had 
with heart failure. MRI was done for 45 patients 
only. 

 
 

Table 2. Age distribution of the patients 
 

Age (year) No. % 

<10 2 3 
10-14 11 18 
15-19 21 35 
20-23 13 22 
>24 13 22 

Total 60 100 

Fourteen patients had undergone splenectomy 
(23.33%) and fifty-one patients (85%) were on 
Deferasirox (Exjade), only five of the sixty 

patients (8.3%) were on Deferoxamine 
(Desferal) and four patients (6.7%) stopped the 
treatment as shown in (Table 3). 
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Table 3. Type of chelating agents 

 

Type of chelating therapy No.  % 

Deferasirox 51 85 
Deferoxamine 5 8.3 
Non-compliant 4 6.7 

 
 

The serum ferritin range between (1009-10600) 
ng/l with mean (3737.16±2759.56) ng/l. 
Correlation of liver T2* MRI with serum ferritin 

and mean age shown in (Table 4), the majority 
had mild to moderate degree of severity.  

 
 

Table 4. Correlation of liver T2* MRI with serum ferritin and mean age 
 

Liver T2* 
MRI 

No. (%) Age (year) MRI liver (ms) S. Ferritin (ng/l) 

Normal 5 (11.1) 24.8±4.88 10.48±3.8 2351.0±1945.63 
Mild 18 (40.0) 22.94±7.13 4.41±1.11 2238.28±1994.29 

Moderate 13 (28.9) 17.0±6.1 1.86±0.36 3898.77±1783.64 
Severe 9 (20.0) 16.89±3.72 0.97±0.34 7271.56±2532.85 

Total 45 (100) 20.22±6.72 3.66±3.13 3737.16±2759.56 

r. value    -0.528 
P. value    <0.001 

 
 

There was strong inverse correlation between 
liver MRI and serum ferritin level (r = -0.528) 
with significant P value of <0.001. as it is shown 
in (Figure 1). 
Correlation of myocardial T2* MRI with serum 
ferritin and mean age is shown in (Table 5), the 
majority had moderate to severe degree of 
severity. 

There was strong inverse correlation between 
myocardial MRI and S. ferritin (r = -0.468) with 
significant P value of 0.001 (Figure-2). 
The mean myocardial T2* MRI was 
(13.16±7.81), While the mean liver T2* MRI was 
(10.48±3.8) ms, with a discordant result 
regarding the relationship between myocardial 
iron content and hepatic iron content (Figure 3). 
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Figure 1. Relationship between liver T2* MRI and serum ferritin 
 
 

Table 5. Correlation of myocardial T2* MRI with serum ferritin and mean age 
 

Myocardial 
T2* MRI 

No. (%) Age (year) MRI liver (ms) S. Ferritin (ng/l) 

Normal 10 (22.2) 21.7±6.38 25.05±4.36 2882.3±2843.73 
Mild 4 (8.89) 22.5±6.95 16.62±1.05 2149.0±428.15 

Moderate 12 (26.68) 19.83±8.19 12.95±1.07 2380.75±1334.9 
Severe 19 (42.23) 19.21±6.13 6.31±2.18 5378.11±2901.13 

Total 45 (100) 20.22±6.72 13.16±7.81 3737.16±2759.5 

r. value    -0.468 
P. value    0.001 
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Figure 2. Relationship between myocardial T2* MRI and serum ferritin 
 
 
 
 

 
 

Figure 3. Difference between liver and myocardial T2* MRI in the study group 
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Discussion 
Regarding the distribution of severity of iron 
overload in hepatic and cardiac T2 MRI finding, 
14 cases (31%) were of normal to mild severity 
in cardiac MRI where 31 cases (69%) were of 
moderate to severe degree in cardiac MRI, on 
other hand; 23 (51%) cases were of mild to 
moderate severity and the rest 22 (49%) cases 
were of moderate to severe degree, which is the 
same outcome of Noetzli et al. study in Tehran, 
which shows that there is no correlation 
between cardiac and hepatic T2 MRI in relation 
to  the severity of the disease (11).  
Correlating hepatic MRI finding with the 
severity of the disease, a relatively small 
number of cases (9 cases; 20%) were with 
severe degree of hepatic MRI finding, which 
may be due to the fact that the chelating agents 
acting more efficiently on the liver with easy 
excretion of iron overload from the liver than 
that of the heart. 
In the present study, analyzing of correlation 
between hepatic T2 MRI finding and the serum 
ferritin, the study shows that there is significant 
correlation between them with a P value of 
<0.001, which is the same finding in Majd et al. 
study in Iran (10), Eghbali et al. study (12), and 
Zamani et al. study in Iran (13). Such results can 
be accepted when understanding that 70% of 
iron stores in the body are deposited in the liver. 
Regarding the correlation between cardiac T2 
MRI finding and serum ferritin level, the study 
shows that there is strong correlation between 
them with a P value equal to 0.001, which is also 
significant in Majd et al. study in Iran (10) and Kirk 
et al. study in UK (14). Such finding can be 
explained due to iron overload toxicity in the 
heart that occurs in disease process; which is 
associated with many cardiac complications 
such as heart failure and arrhythmias which are 
the main causes of death in patients with BTM. 
This finding is in contrast to Azarkeivan et al. 
study in Iran, which shows there is no significant 
correlation between serum ferritin level and 
cardiac T2 MRI, which is explained by 
documentation of paradoxical low serum 
ferritin level in certain patients with heavy iron 
overload (15).  
Differences in iron kinetics and variations in 
chelation schemes may be responsible for the 

lack of correlation of the MRI-determined 
myocardial iron with that of the liver. More 
active elimination of iron from the hepatocytes 
than from the myocytes may play a role in the 
absence of correlation in patients receiving 
chelation therapy (8). 
Splenectomy was done for 15 out of 45 cases 
(33%) cases, while in Vichinsky et al. study, 45% 
of 407 cases had been splenectomized (16), while 
in Fahmy et al. study, 12 cases (17%) of the 
seventy cases had been splenectomized (17).  
This study concluded that there is strong 
correlation between serum ferritin and liver and 
heart MRI findings, so we can depend on serum 
ferritin in centers which lack MRI technique to 
assess the iron overload in heart and liver. 
MRI is accurate and non-invasive method to 
assess iron over load in the vital organ (heart 
and liver), in β - thalassemia patients who are on 
regular transfusion. 
This study recommends: 
1. A larger study to find the correlation 

between serum ferritin and iron overload in 
heart, liver, pituitary gland and pancreas. 

2. Using MRI as a yearly standard follow up in β-
thalassemia patients with regular transfusion 
who are at high risk with iron overload so we 
can early detect the complications of the 
organs that suffer from iron overload.   
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