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ABSTRACT
Background: Magnetic Resonance Imaging (MRI) is a non-invasive
modality used to detect the iron overload in the liver and myocar-
dial . The aim of the current study was to assess both Liver Iron
Concentration (LIC) and Myocardium Iron Concentration (MIC)
for thalassemia major patients using MRI.

Methods and sample: The current study dealt with 70 thalassemia
patients aged 11-31y. 20 of them, do not suffer from heart disease
and do not have a satisfactory history of blood transfusion. cardiac
and liver T2* MRI and Serum Ferritin estimation was done for all
subjects. Measurements were obtained using (a 1.5T MRI Philips
Ingenia ), at the Radiology Department in Hebron Governmental
Hospital.

Results: The mean Serum Ferritin (SF) among participants was
2150 ng/ml (SD 2179ng/ml). Significant correlation was found in
participants between LIC, mean 15mg/g, (dry weight), and SF levels
(r = 0.522; p < 0.001), and also significant but weaker correlation
was found in patients between MIC, mean 1.3mg/g. (dry weight),
and SF levels (r=0.483; p<0.001). Seventeen participants (34%) had a
SF of <1000 ng/ml. Of them, 11 and 3 participants respectively had
LIC and MIC more than normal range.

Conclusions: The relaxation rates R2 (1/T2) and R2* (1/T2*) mea-
sured by MRI is a valuable non-invasive tool for quantification of
liver and myocardium iron deposition in patients with thalassemia
major
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1 INTRODUCTION
Magnetic Resonance Imaging (MRI) is a non-invasive medical imag-
ing modality that produces detailed three dimensional anatomical
and functional images. It utilizes a combination of a strongmagnetic
field and radio waves with a sophisticated technology that excites
and detects the change in the direction of the rotational axis of
protons in water that makes up living tissues. High-resolution MRI
play a great role in the diagnoses, treatment design and monitoring
the minimally invasive ablation procedures such as Non-Thermal
Irreversible Electroporation (NTIRE) technology to carry out the
treatment with high accuracy and effectiveness [1, 2].

In the literature, the reconstruction problem- in general- is the
determination of some property of an internal structure of an object
without having to damage the object. In doing so, different probes
have been used such as visible light, sound waves ray, Gamma ray,
nuclear magnetic resonance signals, and many others. A large vari-
ety of objects can be studied whose size ranges, frommeasurements
used by astronomer to microscopes. Among these, of course, is the
human body. In 1917 J. Radon, [3], showed that it is possible to
reconstruct a suitably regular real valued function f from the set
of all projections for angles of projections. Radon’s work found
application in the field of Computed Tomography [4-8]. In this
context, the function f of study corresponds to the density of tissue
at a point (x,y) in some plane slice through a human body and the
Radon Transform is a measure of the logarithm of the absorption of
an x-ray beam that passes through the body along the lines (rays).

It is impressive to observe that the one unifying Mathematical
tool for this technology is the Radon Transform. This Technology
is applied not only in medicine, but recent success in many other
fields, such as Seismology, Geophysics, Digital Rock Physics, and
others [9-11]. In addition, image registration techniques utilize the
Integral Transforms approach including the Radon, Fourier, Hough,
Trace Transform, and many others. Different approaches are pro-
posed to recover spatial transformations relating two images using
their Radon transforms another major approach related to Radon
transform uses invariant pattern recognition using the theory of
moments [12-16].

The success of computerized Tomography (CT),[6] motivated
researchers for different reconstruction methods to serve other
medical modalities such as Emission CT, Ultrasound CT, Magnetic
Resonance, and others.

Thalassemia is one of the most common blood diseases, where
the efficiency of red blood cell production is low. Thalassemia
patients who receive blood transfusion continuously accumulate
an amount of iron in the body’s cells. The accumulation of iron
amounts leads to a fatal iron overload (IO) [ 17]. Serum ferritin (SF)
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Figure 1: Liver and Myocardium muscle ROI.

test determines the level of iron in the blood. However, SF results
cannot be completely trusted in determining the amount of iron
stored in the liver or myocardium. Recently, studies have reported
the ability of MRI to detect the presence of amounts of iron in the
myocardium and liver [18-22].

Previous studies have shown that MRI is better than the SF test
in detecting the amount of iron in the liver than in the myocardium.
SF and T2* MRI myocardium results in thalassemia patients were
weak while the difference was significant [23-26]. Therefore, the
current study assesses iron levels in both myocardium and liver
using MRI of thalassemia patients.

Serum markers such as serum iron, transferrin, and ferritin can
be assessed through blood serology, and provide the simplest and
least expensive method to assess body iron stores. While they show
some correlation with quantitative Liver Iron Concentration (LIC),
serum iron markers are often inaccurate and, because they are acute
phase reactants, can be confounded by systemic conditions such
as malignancy or inflammatory states. Although these limitations
are widely recognized, serum markers remain the primary means
of diagnosis, and are often used to initiate and modify chelation
therapy.

The current study aims to validate MRI in determining the
amount of iron in both myocardium and liver and to use T2*MRI
to estimate IO in thalassemia patients in Palestine.

2 METHODOLOGY AND MATERIALS
Liver and myocardium MRI used to estimate the amount of iron
in tissues. Procedure was performed using a body coil on a 1.5T
(PHILIPS-INGENIA). Multiple recombined gradient echo (MERGE)
T2* images were applied.

A dedicated protocol was applied to capture multiple images
during a single breath hold with 12 echoes, first echo time (TE)
0.8 ms, ΔTE = 1.3 ms, and TR 200 ms. Each sequence time equals
seven minutes. To measure the intensity of the TE signal, a region
of interest (ROI) was determined for the 1.2-1.4 cm2. The liver and

myocardium ROIs were determined by plotting it in the right lobe
that does not contain any blood vessels or bile ducts as shown in
(Fig. 1); [27, 28]. T2* value or the reciprocal R2* (=1/T2*) is calcu-
lated by using a gradient echo sequence. However, the signal loss
in this sequence is very fast due to the strong local variations in
the magnetic field known as the susceptibility effect e.g. the iron
oxide. For MIC, the gradient echoes of T2* at the breath-hold and
ECG gates which were used with varying TEs. The triggering tech-
nique was used in conjunction with the heart cycle. Multi-localizer
sequences were obtained followed by a 2-chamber, 4-chamber, and
a Short-axis localizer.

A section was taken during the contraction of the ventricles by
using the same parameter. The sequence performed during a single
breath-hold as follows: TR = 200 ms, 10 echoes, TE1 = 2 ms, and
longest TE2 of 20. To measure the signal intensity of the TE in
the period of ventricles constriction, the ROI was drawn with a
1.0–1.3cm2 as shown in (Fig.1).

A consultant hematologist selected patients for MRI scan and
provided baseline clinical data (hematocrit, SF levels, age, sex, dis-
ease type, chelation system, and hemoglobin). The schedule of
procedures was arranged in agreement with the MRI department
at Hebron Governmental Hospital.

Interpretation and reporting performed locally in the MRI unit,
and results were submitted to the referring physician for further
patient management.

2.1 Research setting
The study focused on Palestinian patients with thalassemia major,
whose ages ranged between 11 and 31 years. Patients were sampled
and their SF examined. At the same time, iron levels in the my-
ocardium and liver were measured by T2*MRI and then the results
were compared.
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2.2 Sample and population
The study population consisted of all thalassemia patients who
underwent blood transfusions several times in Hebron Governmen-
tal Hospital - Palestine. A total of 70 subjects participated in this
study, 50 patients with thalassemia major, and 20 healthy subjects
as a control group. Patients were selected based on the evaluation
of a consultant hematologists/pediatricians. All participants un-
derwent an MRI procedure from December 2018 to March 2019,
and a printed or online report of the procedure including liver and
myocardium IO assessment provided to the participant within 15
days of examination. Participants clinical record including (age,
gender, diagnosis, transfusion history, chelation, doses, hemoglobin
level, ferritin level, history of hepatitis C and splenectomy) were
collected from the Hospital Information System (HIS) at Hebron
General Hospital.

2.3 Inclusion criteria
All Palestinian thalassemia patients with chronic regular blood
transfusions or with an abnormal level of SF in Hebron General
Hospital, who were referred to clinical MRI and aged ≥ 11 years
were included.

2.4 Exclusion criteria
Patients with contra-indications for MRI, such as permanent pace-
makers or Cochlear implants, cerebral aneurysm clips, etc. or <11
years old were excluded.

2.5 Research design
The researchers adopted a prospective case study design utiliz-
ing files in HIS at Hebron Governmental Hospital, comparing tha-
lassemia patients MRI and SF results to a control group results.

2.6 Statistical analysis
Statistical analysis in this study was based on SPSS software ver-
sion 16. The Mean values of SF, LIC, and MIC were calculated. In
addition, the correction coefficient was calculated for MIC, LIC, T2*,
and SF levels. T-test was used for the comparison of means. The
value p< 0.05 was considered as significant change. The various
variables were analyzed by Pearson correlation coefficient. Coeffi-
cient of determination (R2) for curve fitting was calculated from the
preprogrammed excel sheet. Results are expressed as mean ±SD.

3 RESULTS
50 patients with thalassemia major, referred for liver and my-
ocardium iron detection were enrolled in the study. The age range
of the participants was 11–31 y (mean 20.6 ± 6.18 SD, median of 21),
of which 38 (76%) were males and 12 (24%) were females. 20 partici-
pants as controls with age range of 11to 31 y (mean 21.6± 5.64 SD,
median of 21Y), of which 12 males were (60%) and 8 females were
(40%). The weight range of the participants was 33–83 kg (mean 67
± 13.364 SD) and of controls was 42–86 kg (mean 67 ± 12.0265 SD).

The height range of participants was 122-164 cm (mean 144.62
± 13.06 SD) and controls were 126-175 cm (mean 154.7 ± 12.95 SD).
The participants’ AST range was 15-143 U/L (mean 53.20 ± 27.750
SD) and of the controls was 14-30 U/L (mean 21.50 ± 4.628 SD), the

difference was statistically significant (p < 0.001) . The participants’
ALT range was 13-137 U/L (mean 68.12 ± 36.136 SD) and it was
20-35 U/L (mean 27.50 ± 4.490 SD), the difference was statistically
significant (p < 0.001).

The range of hemoglobin of the participants was 6.2–10.5 g%
(mean 7.4 ± 1.214 SD) and of controls was 10.2–13.4 g% (mean 11.79
± 0.941 SD), the difference being statistically significant (p < 0.001).

Among 50 participants, 14 had previous splenectomy. No sta-
tistically significant variant was seen in the mean SF levels, liver
T2*, LIC, heart T2* and MIC values in patients with and without
splenectomy. Participants mean SF was 1505.882 ng/ml (SD 2843.9
range: 76–12,800, median: 481.5). While controls mean SF was 98.7
ng/ml (SD 25.03, range: 72–142, median: 89.5).

Mean liver T2*, R2*, LIC in participants with normal and ab-
normal SF levels are depicted in Table 1. Statistically significant
variation (p < 0.001) was seen in mean LIC between group of partic-
ipants having normal and abnormal SF. Mean heart T2*, R2*, MIC
among participants with abnormal and normal SF levels are shown
in Table 2. There was a statistically significant difference found in
mean MIC (p < 0.001) between groups of participants with normal
and abnormal SF levels. Among the 50 patients, 39 (78%) had a blood
transfusion every 2 weeks, while 11 (22%) had a blood transfusion
every 3 weeks. No statistically significant variation in mean SF, T2*,
LIC, cardiac T2*, and MIC values was observed between patients
on 2-week and -3-weekly transfusion therapy.

Participants LIC mean was 5.696 mg/g (SD 8.879, range: 0.48–
35.6, median: 2...39) and mean LIC in controls was 0.73 mg/g (SD
0.5293, range: 0.1–1.5, median: 0.5146). There were 41 patients with
abnormal LIC and 9 patients with abnormal LIC values. Among
the 50 patients, 9 (18%) patients had normal (degree one) LIC, 10
(20%) patients had degree 2 (moderate) LIC, 13 (26%) patients had
degree 3 (light) LIC, and 18 (36%) patients had degree four (severe)
LIC. Participants with a normal LIC also had a normal MIC, 30
patients had a normal MIC and 11 had an abnormal MIC out of the
41 patients with an abnormal LIC.

The distribution of patients with normal and abnormal LIC and
MIC is shown in Table 1. The mean SF levels in participants with
normal LIC was 385 mg/g (SD 319) and variance was seen between
mean SF levels in normal vs. abnormal LIC (p < 0.001). Participants
mean MIC was 1.5 mg/g (SD 1.3, range: 0.42–4.77, median: 0.81)
and mean MIC in between controls was 0.58 mg/g (SD 0.1, range:
0.4–1, median: 0.61).

Among the 50 patients, 5 (10%) patients had grade 4 (severe) MIC,
4 (8%) patients had grade 3 (moderate) MIC, 3 (6%) patients had
grade 2 (light) MIC, and 38 (67%) patients had normal (grade 1) MIC.
Amongst the 34 participants with normal MIC, 15 had normal LIC
and 23 had abnormal LIC. All the 12 participants with abnormal
MIC also had abnormal LIC.

Among the participants with normalMIC themean SFwas 1498.5
mg/g, and in participants with abnormal MIC SF levels was 3357.8
mg/g.

Statistically, a significant difference was seen between the mean
SF levels in group of participants with normal vs. abnormal MIC
(p 0.01). Liver T2* had significant weak negative correlation with
SF levels (r = -0.327, p 0.011). Heart T2* had moderate negative
correlation with SF levels (r = -0.4750, p 0.002).
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Table 1: Mean Liver T2*, R2*, LIC and Heart T2*, R2* MIC among participants with normal and abnormal SF

Parameters Liver
T2*Mean (SD)

Liver R2*Mean
(SD)

LICMean (SD) Heart T2*Mean
(SD)

Heart R2*Mean
(SD)

MIC Mean (SD)

Normal SF 19.115 (13) 84.4 (76.7) 1.8(2.14) 36.49(7.47) 29 (7.6) 0.61 (0.19)
Abnormal SF 3.5 (3.9) 512.7 (241.) 16 (07.8) 22.7 (10.4) 53.4 (35.2) 1.5 (1.3)

LIC Liver iron concentration; MIC Myocardial iron concentration; SF serum ferritin

Table 2: Distribution of participants with normal and abnormal LIC and MIC

Normal MIC (%) Abnormal MIC (%) Total (%)
Normal LIC 9 (100) 0 (0) 9 (18)
Abnormal LIC 30 (60) 18 (36) 41 (82)
Total 39 (78) 18 (36) 50 (100)

Liver T2* had weak positive correlation with heart T2* (r = 0.339,
p 0.01).

LIC had moderate positive correlation with SF (r = 0.546, p <
0.001). MIC had moderate positive correlation with SF (r = 0.454,
p < 0.001). There was also a significant positive correlation found
between LIC and MIC (r = 0.437, p 0.001).

4 CONCLUSION
An MRI can be used to estimate the amount of iron in the liver
and myocardium. Most previous studies recommended the use of
T2*MRI for iron detection. In addition, both liver and myocardial
iron concentrations are obtained from the T2*GRE sequence can be
repeated several times for aquirate iron quantification. There are
limitations to the accuracy of the MRI method in hematology and
hepatology. but, relaxation rates measured by MRI are a valuable
non-invasive tool for estimating iron deposition in the liver and
myocardium in patients with thalassemia major, and it is expected
that they will be used frequently in the near future for this purpose.
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