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Abstract  

Background:  Hepatic iron overload in pediatric population  

with repeated blood transfusion is an important morbidity  

warranting the evolution of a noninvasive method of liver  

iron quantification. MR T2*/R2* relaxometry technique has  
shown promising results in this domain.  

Aim of Study:  To show the value of MR T2*/R2* relax-
ometry technique, in assessment of hepatic iron overload in  
a sample pediatric patient population at our hospital on repeated  

blood transfusions therapy for thalassemia and sickle cell  

anemia.  

Patients and Methods:  A total of 44 patients, mean age  
11.14±3.38 (range: 6-17 years old) patients with thalassemia  

and sickle cell anemia who had received more than 20 blood  

transfusions and on chelation therapy at the time of the  

examination, underwent MRI T2*/R2* relaxometry study.  
The corresponding iron overload was calculated for each  
patient, then correlation between R2* and serum ferritin level  

was done by using Pearson's correlation coefficient.  

Results:  Serum ferritin levels ranged between 56.7 and  
11524ng/mL (mean 3605.8ng/mL). R2* values ranged between  
77.1 and 11426Hz (mean 2361Hz). Based on the calculated  
Liver Iron Concentrations (LIC) values which ranged between  

0.47 and 42.55mg/g (mean 11.38mg/g) 9 patients (20.45%)  
showed normal hepatic iron load, 10 patients (22.73%) showed  
mild iron overload, 13 patients (29.55%) showed moderate  
overload and 12 patients (27.27%) showed severe overload.  

The correlation between R2* and serum ferritin was a weak  

positive one with a Pearson's coefficient of 0.49 (p=0.000645).  
The correlation between LIC and serum ferritin was a moderate  

positive one with a Pearson's correlation of 0.5 ( p=0.000494).  

Conclusion:  Quantification of liver iron deposition in  
children with chronic hemolytic anemia receiving multiple  

blood transfusions is empirical for chelation therapy monitor-
ing. R2* relaxometry shows promising results as an effective  
quantitative tool for estimation of hepatic iron overload when  

compared to serum ferritin levels, therefore providing a safer  

alternative in contrast to tissue biopsy.  
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Introduction  

HEPATIC  iron overload is a major complication  
of repeated therapeutic blood transfusions in chil-
dren with chronic hemolytic anemia. It is a high-
risk factor for liver morbidity, damage and even  

mortality. Therefore, it has to be carefully followed  

and monitored to decide on and adjust proper  
timing of effective chelation [1] .  

Liver iron levels are known to mirror the total  

body iron contents with a proportionate relationship  

[2] .  

In the pediatric population, in particular, a non-
invasive quantification of hepatic iron load is a  
must [3] . Traditionally, non-targeted percutaneous  
hepatic biopsy has been the method of choice for  

such assessment, however it is invasive, risky and  

suffers from sampling variability [4-7] . Other tech-
niques such as measurement of liver magnetic  
susceptibility with a Superconducting Quantum  

Interference Device (SQUID) [8,9] , ultrasound, CT  
and dual energy CT [10,11]  are not optimal for  
repeated iron load calculations [1] .  

MRI based evaluation has shown promising  
results by exploring the paramagnetic properties  
of iron in tissue with macroscopic modifications  
in B0 as well as the signal changes induced by  
ferritin and hemosiderin characterized by T1, T2  
and T2* relaxation time shortening [1,12] . Different  
MR strategies have been proposed for both quali-
tative and quantitative assessment of hepatic iron,  

including signal intensity (liver/paraspinal muscles)  

ratio, quantitative relaxometry and MR susceptom-
etry [10,13-17] .  

The aim of this study is to show the impact of  

MR T2*/R2* relaxometry technique, as regards to  

its methodology, usefulness, limitations and re-
maining challenges in a sample pediatric patient  
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population at our hospital. Our reference standard  
is the laboratory serum marker (serum ferritin)  

which has remained the method of diagnosis and  
deciding marker for chelation therapy initiation or  
modification at our institution.  

Patients and Methods  

Patients:  

The study was approved by our Hospital's Eth-
ical Committee. We included a total of 44 patients  

(21 boys/23 girls), mean age 11.14±3.38 SD (range:  
6-17 years old). They were referred to our Radiol-
ogy Department in Children's Hospital (Abu El-
reesh) for MRI evaluation of liver iron load between  

April and November 2019.  

Inclusion criteria were:  
1- Patients with thalassemia (n=32) and sickle cell  

anemia (n=12).  

2- Patients that have received more than 20 blood  
transfusions.  

3- Patients receiving chelation therapy at the time  
of the examination. We excluded patients with  

established liver fibrosis, inflammation or stea-
tosis to optimize our MRI technique performance  

since the presence of such pathologies might  
decrease the sensitivity of R2* relaxation to  

iron overload [18,19] .  

MRI examination protocol:  
We used our 1.5 Tesla Siemens MRI machine  

(MAGNETOM Aera, Erlangen, Germane) for all  
patients. To measure the hepatic T2* relaxation  

time, a single axial mid-hepatic (at the main portal  

vein origin) multiecho fast gradient-echo MFGRE  
T2* sequence was performed.  

The parameters used were:  Breath-hold acqui-
sition in compliant children (no breath-holding in  

younger and non-compliant ones), flip angle 20º,  

FOV 30, slice thickness 10mm, 4 regularly spaced  

echo times from 1.2ms-25.8ms, TR 200ms, 1 ex-
citation, matrix 96/96, bandwidth 83kHz, acquisi-
tion time 21 s.  

Post-processing calculations were done on the  
Siemens MMWP Multi Modalities workplace. For  
each patient, a region of interest was drawn within  

the right liver lobe on T2* maps, excluding any  
vasculature. Once the relaxation time T2* value  

was obtained in ms, we converted it to the relaxa-
tion rate R2*, its reciprocal (R2*=1000/T2*) in  
Hz since the latter is directly proportional to the  

Liver Iron Concentration (LIC).  

A signal decay curve was also obtained for each  
case showing progressive decay of liver signal  
with the echo times.  

Then we used the established Wood's formula  

[15]  to calculate the corresponding liver iron load  

to each R2* value for all patients (Fe mg/g= R2*  

X 0.0254+0.202).  

We used the following cut-off values to grade  

the liver iron concentration and hence iron hepatic  
overload, based on Garbowski MW, et al., study  
[20] :  
• T2*:  Normal: >11.4ms, Light: 3.8-11.4ms,  

Moderate: 1.8-3.8ms, Severe: <1.8ms.  

• R2*:  Normal: <88Hz, Light: 88-263Hz, Moderate:  
263-555Hz, Severe: >555Hz.  

• LIC:  Normal: <2mg/g, Light: 2-7mg/g, Moderate:  
7-15mg/g, Severe: >15mg/g.  

Reference standard:  
We obtained the serum ferritin levels for the  

study population from patients' files. Hyperfer-
ritinemia was considered when serum ferritin levels  

exceeded 140ng/mL [21] .  

Statistical analyses:  

The SPSS software (Statistical Package for the  

Social Science; SPSS Inc., Chicago, IL, USA),  
release 21 Versions for Mac was used. Mean ±  
Standard Deviation (SD) or number/percentage  

(%) were used for data expression. Correlation  

between R2* and serum ferritin level was done by  
using Pearson's correlation coefficient.  

The p-values by Chi-square test were deter-
mined: <0.05=significant, <0.01=highly significant  
and >0.05=non-significant.  

Results  

Forty-four patients were included in this study,  
21 males and 23 females. Patients' age ranged  

between 6 and 17 years; mean age, 11.14 ±3.38  
SD.  

All patients were under chelation treatment at  

the time of the study.  

Serum ferritin levels ranged between 56.7 and  
11524ng/mL (mean 3605.8ng/mL).  

The T2* values ranged between 0.4 and 66.7ms  

(mean 10.28ms± 14.4SD).  

The R2* values ranged between 77.1 and 11426  
Hz (mean 2361Hz).  
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Based on the calculated LIC values which  

ranged between 0.47 and 42.55mg/g (mean 11.38  

mg/g) 9 patients (20.45%) showed normal LIC, 10  
patients (22.73%) showed mild LIC, 13 patients  

(29.55%) showed moderate LIC Fig. (1) and 12  
patients (27.27%) showed severe LIC.  

The correlation between R2* and serum ferritin  
was a weak positive one with a Pearson's coefficient  

of 0.49 (p=0.000645) Diagram (1).  

The correlation between LIC and serum ferritin  

was a moderate positive one with a Pearson's  

correlation of 0.5 (p=0.000494) Diagram (2).  

Fig. (1): Hepatic MRI, MFGRE sequence, top row: Images of the 4 initial echoes. There is rapid decay in the  

signal in the liver. The T2* is 4.2ms. Bottom row: R2* mapping: The R2* is 97Hz, which corresponds  

to 7.43mg Fe/g dry liver, indicating moderate iron overload.  
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Diagram (1): Weak positive correlation between R2* (x axis)  

and serum ferritin (y axis).  

Discussion  

Estimation of hepatic iron load is mandatory  
in the pediatric population receiving repeated blood  
transfusions for chronic hemolytic anemia. Previ-
ously considered the procedure of choice for liver  

iron quantification, hepatic tissue biopsy is invasive  

and not without risks, warranting the need for a  

safer alternative [2] .  

Furthermore, serum ferritin alone is not com-
pletely reliable to assess liver iron overload since  
it is often subjected to variations related to patho-
logical conditions such as infection, inflammation,  
and chronic diseases. Also, cases of severe iron  
overload with mismatching low serum ferritin  
levels have been reported [7] .  

The role of MRI T2* in assessment of LIC has  
been illustrated in several studies [5-7,10-12,14,15] .  

We analyzed the diagnostic role and accuracy  
of MRI R2* relaxometry and correlated it with  
serum ferritin levels.  

We included 44 patients with chronic hemolytic  
anemia ranging between 6 and 17 years old, under  

chelation therapy.  

Serum ferritin levels ranged between 56.7 and  
11524ng/mL (mean 3605.8ng/ml).  

In the study done by Fahmy HS et al., on 70  
patients with B thalassemia and sickle cell anemia  
serum ferritin ranged between 301 and 12927 [12] .  
Median serum ferritin was 2001ng/ml (ranging  
between 94 and 16927), in Verlhac S et al., study  
done on 68 children who mainly received transfu-
sion for sickle cell anemia [3] .  

Our population T2* values ranged between 0.4  
and 66.7ms (mean 10.28ms± 14.4SD), and the  
reciprocal R2* values ranged between 77.1 and  
11426Hz (mean 2361Hz). The subsequent LIC  

Y Values  

Diagram (2): Moderate positive correlation between LIC (x  

axis) and serum ferritin (y axis).  

values ranged between 0.47 and 42.55mg/g (mean  
11.38mg/g).  

The correlation between R2* and serum ferritin  
was a weak positive one with a Pearson's coefficient  

of 0.49 (p=0.000645).  

Eghbali et al., and Christoforidis studies showed  

a strong positive correlation between hepatic T2*  
MRI and serum ferritin levels [27,28] .  

We found that the correlation between LIC and  

serum ferritin was a moderate positive one with a  

Pearson's correlation of 0.5 (p=0.000494).  

Verlhac et al., also found an existing correlation  
between LIC and serum ferritin ( r=0.553, p<0.001),  
as well as between LIC and the number of transfu-
sions (r=0.350, p=0.001) [3] . As did several other  
studies [24-27] .  

This is in disconcordance with Fahmy et al.,  

study who reported a significant negative correla-
tion between liver T2* MRI and serum ferritin  
levels [12] .  

Verlhac et al., compared R2* relaxometry (R2*=  

1000/T2*) to the reference technique liver/muscle  

Signal Intensity Ratio (SIR). However, with the  
advances in multiecho-GRE sequences, SIR is now  
seen as less accurate than R2* relaxometry in the  
setting of mild and moderate iron overload [22] .  
Furthermore, it requires multiple breath-holding  

acquisitions, clearly not suitable for pediatric  
patients [15,23] .  

Quantification of liver iron deposition in chil-
dren with chronic hemolytic anemia receiving  
multiple blood transfusions is empirical for chela-
tion therapy monitoring. R2* relaxometry shows  
promising results as an effective quantitative tool  

for estimation of hepatic iron overload when com-
pared to serum ferritin levels, providing a safer  
alternative in contrast to tissue biopsy.  
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