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Abstract

Background: Patients with chronic hemolytic anemialike
thalassemia need repeated blood transfusions which lead to
iron overload. MRI has emerged for the noninvasive assessment
of iron overload in various tissues.

Aimof Sudy: The aim of this study isto assessthe role
of MRI in the evaluation of hepatic iron overload in multi
transfused P-Thalassemic children and to correlate the results
with serum ferritin levels.

Patients and Methods: In 45 cases of multi-transfused
child with thalassemia, Liver Iron Concentration (LI1C) was
measured by MRI T2* and compared to serum ferritin (tradi-
tional marker of iron overload).

Results: There were a significant positive correlation
between serum ferritin and LIC (r=0.557 and p<0.01) when
SF level below 4000ng/ml, and the correlation became very
weak when serum ferritin above 4000ng/ml. Also, there were
asignificant negative correlation of LIC with T2* (r=-0.999
and p<0.01) and a significant positive correlation with R2*
(r=1.000 and p<0.01) and no significant correlation with age,
sex, splenectomy and frequency of blood transfusion.

Conclusion: MRI T2* provides accurate reproducible and
non-invasive technique for assessing tissue iron concentration.
Through the widespread application of this technique it should
be possible to improve management of tissue iron overload
allowing earlier chelation intensification.
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Introduction

0-THALASSEMIA major is a hereditary hemo-
lytic anemia characterized by ineffective erythro-
poiesis and hemolysis. Thalassemiais a major
health problem in Egypt sinceit is estimated that
out of 1.5 million live births, 1000 children with
thalassemia are born annually [1].

The treatment of choice for thalassemia patients
isblood transfusions. Although it isalife-saving
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measure, repeated transfusions result in iron dep-
osition within the tissues. Thisiron overload is
exaggerated by intestinal iron absorption stimulated
by tissue hypoxia, apoptosis of defective erythroid
precursors generated by ineffective erythropoiesis,
and hemolysis of native and transfused red blood
cells. After repeated transfusions without the use
of appropriate chelation therapies, the resulting
accumulation of iron may cause endocrine and
cardiac dysfunction, hepatic effects, and finally,
patient death, which commonly occurs in the second
decade of life [2].

Liver isthe primary site for iron storage in
patients with hemochromatosis or transfusion-
dependent anemia; therefore, Liver Iron Concen-
tration (L1C) accurately reflects total body iron
stores [3].

Ferritin is ametalloprotein that isfound in
cells. It stores and releases iron in a controlled
manner. In normal individuals, a small amount
appearsin the circulation and in general reflects
the total body iron. It is an acute phase reactant,
and the serum levels may be disproportionately
greater than the degree of iron loading in infections,
inflammatory states, liver dysfunction and malig-
nancies [4].

Liver core biopsy has a high sampling variabil-
ity, which limitsits utility for quantitative assess-
ment of diffuse liver disease because regional
heterogeneity may occur [5] . Furthermore, liver
iron overload cannot be quantified reliably by using
US or CT, athough severe iron overload can be
detected by using CT. For these reasons, noninva-
sive imaging techniques that allow visualization
of the entire liver are desirable for measurement
of liver iron [g].
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MRI isakey tool in the current management
of patients with thalassemia. Given its capability
of assessing iron overload in different organs
noninvasively and without contrast, it has signifi-
cant advantages over other metrics, including serum
ferritin and liver biopsy. L1C can be measured
either with relaxometry methods T2*/T2 or signal
intensity ratio techniques [7].

MRI machines can generate images at various
observation or “echo” timesto vary the contrast
among different organs. All organs darken with
increasing echo time, but those containing iron

darken morerapidly Fig. (1). Thisis dueto the
fact that, the magnetic field in aclinical scanner
is extremely homogenous, but iron within the
tissues creates local magnetic field disturbances
that cause the images to darken faster. T2* repre-
sents the echo time necessary for atissue to become
twice as dark. Alternatively, image darkening can
be expressed by R2*, its rate of darkening. Some
investigators prefer to report R2* values rather
than T2* values, because R2* is directly propor-
tional to iron concentration. R2* values are simply
1000/T2* and vice versa, making it easily to convert
one representation to another [g].

Fig. (1): Hepatic MRI GRE sequence; Up: In images of the 5 initial echos, slow signal decay can be noted in
the liver. The R2* is 47Hz, which correspondsto an LIC of 1.39mg Fe/g dry liver, indicating an
absence of iron overload. Down: Thereisrapid decay in the signal of the liver. The R2* is 700Hz,
which corresponds to 18mg Fe/g dry liver, indicating severe iron overload.

Patients and M ethods

This study was carried out upon 45 multi trans-
fused [3-thalassaemic children from January 2019 to
June 2019. The patients were referred for MRI as-
sessment of liver siderosis at our ingtitute and undergo
MRI which includes measurement of liver T2*.

We studied 45 patients with B-thalassemia (23
females and 22 males), with amean age of 12.4 +
2.74 (ranged between 6-15 years). The exclusion
criteriawere as follows: Patients younger than 5
years, patients with liver decompansatoin, patients
who are contraindicated to perform MRI and pa-
tients who refused the examination. All patients
were on regular transfusion programme and on
iron chelation therapy since early childhood years.

The present study considers the following pa-
rameters. (A) Serum ferritin, (B) Liver iron con-
centration, (C) Liver T2 relaxation time.

Ethical committee approval to perform MRI
T2* technique and patients or guardians consents
were obtained.

MRI technique:
The MRI study was performed in MRI Unit of
Radiology Department, Ain Shams University

Hospitals using super conductive MR scanner
(Philips Achieva-XR 1.5 Ted a).

Using a standard scanning protocol:

» All metallic objects were removed from the
patient's body.

* The patient was supine, head first into MRI
machine and we used a body coil.

* Patients were instructed about the importance of
being calm with no motion throughout the time
of examination.

* MRI protocol of the hepatic iron overload includ-
ing:
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1- Multiple axial gradient echo (GRE) images
with different TE, TR was 100ms, Hip angle=20
and glice thickness was 10mm with no gap interval.

2- By the use of post image processing specific
software system, Region of Interest (ROI) will be
drawn. Signal intensity analysis was performed in
the periphery of the liver away from the large
central vessels.

3- The TEs and ROI values will beinserted in
the columns of the spread sheet program that sup-
ports an MS-Excel file.

Please insert the values of TE and
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4- Automatically a curve will be generated and
T2*, R2*, LIC will be calculated Fig. (2).

5- The software also provides areference table
for the results Fig. (3).

In heavily-iron loaded tissues, signal decay
occurs rapidly with noise dominating the signal at
later echo times. To minimize the potential for
noise to cause over-estimation of T2* in heavily
iron-loaded tissues, these later points are not used
for curvefitting for very low values of T2* and
we did truncation.

LIVER ROI from an individual patient
Data set TE ROI
1 1 134 160
2 2 114 140
3 3 99
4 4 81 120
5 5 70 100
6 6 59 y=175.72¢. %%
7 7 49 80 R?=0.9869
8 8 40 60
9 9 35
10 10 28 40
11 11 20
12 12 15 22
T2* 52 ms
Ly G 0 2 4 6 8 10 12 14
LIC 490 mglg
LIC calculation according to: Hankins JS, et al., Blood. 2009; 113: 4853-5.
T2* Norma >114 T2* Light 3.8-11.4 T2* Moderate 1.8-3.8 T2 Severe <18
R2* Norma <88 R2* Light 88-263 R2* Moderate 263-555 R2*  Severe >b55
LIC Norma <2 LIC Light 27 LIC Moderate 7-15 LIC Severe >15

Fig. (2): Sample screenshot of the results section of the software with the automatic curve generation, T2*, R2*, and LIC
displayed. Along with the results, the software also provides areference table.

T2 Normal >11.4 T2* Light 3.8-114
R2* Normal <88 R2* Light 88-263
LIC Norma <2 LIC Light 2-7

T2* Moderate
R2*  Moderate
LIC Moderate 7-15

1.8-3.8 T2* Severe <18
263-555 R2* = Severe >555
LIC Severe >15

Fig. (3): Sample screenshot of the reference table provided by the software.

Results

The study included 45 patients: 22 males
(48.9%) and 23 females (51.1%). The ages of the
patients ranged from 6 to 15 years, with a mean
of 12.4£2.74 years. In our study 20 patients under-
went splenectomy representing 44.4% of cases.
All the patients received iron chelation therapy
since early childhood years (Table 1).

The frequency of blood transfusion ranged from
10 to 40 days and the patients received regular
blood transfusion as follows: 1 (2.2%) received
blood transfusion every 10 days, 14 (31.1 %) every
15 days, 14 (31.1%) every 21 days, 14 (31.1%)
every 30 days and 2 (4.4%) every 40 days Fig. (4).

Table (1): Distribution of the studied cases according to
different parameters (n=45).

Age:

Range 6-15

Mean = SD 12.40+2.74
Sex:

Female 23 (51.1%)

Male 22 (48.9%)
Flenectomy:

No 25 (55.6%)

Yes 20 (44.4%)
Chelation therapy 45 (100.0%)
Freguency of blood transfusion (in days):

Mean £ SD 22.53+7.35

Range 10-40
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Frequency of blood transfusion

31.1% 31.1% 31.1%

positive correlation with R2* (r=1.000 and p<0.01)
and with serum ferritin (r=0.596 and p<0.01) Fig.
(5) and no significant correlation with age, sex,
splenectomy and frequency of blood transfusion
(Tables 3,4).

Table (3): Correlation of LIC with different parameters.

10 days | 15 days | 21 days|30 days | 40 days
[ Seriest] 1 14 14 14 2

Fig. (4): Frequency of blood transfusion among study cases.

The serum ferritin levelsin the studied patients
ranged from 360-10000ng/ml, with a median value
of 2707.7. There were 35 cases with serum ferritin
<4000ng/ml representing 77.8% and 10 cases
>4000ng/I representing 22.2% (Table 2).

T2* value ranged from 0.8 to 15.7 with ame-
dian value of 2mswhile R2* value ranged from
63.6 to 1181.9 with amedian value of 512.4Hz
(Table 2).

Table (2): Distribution of the studied cases according to serum
ferritin and MRI parameters (n=45).

LIC
r p-vaue
T2* -0.999 0.000
R2* 1.000 0.000
Serum ferritin 0.596 0.000
Age -0.073 0.632
Frequency of blood transfusion 0.032 0.837

p-vaue >0.05: Non Significant (NS).
p-vaue <0.05: Significant (S).
p-value <0.01: Highly Significant (HS).

Table (4): Correlation of LIC with other different parameters.

LIC Test
value value Sig.
Median (IQR) Range 3

Serum ferritin:

Median (IQR) 2707.7 (1572-3496.4)
Range 360-10000
Cases <4000 35 (77.8%)
Cases >4000 10 (22.2%)
T2*:
Median (IQR) 2(1.3-5)
Range 0.8-15.7
R2*:
Median (IQR) 512.4 (200.6-776)
Range 63.6-1181.9
LIC:
Median (IQR) 13.9(5.1-21.3)
Range 1.33-32.6

Sex:
Female 14.2 (5.25-23) 3-32.6 -0.965 0.335 NS
Male 13.55(3.96-17.74) 1.33-30.7

Flenectomy:
No 14.1 (7-19.8) 2.36-30.7 -0.148 0.882 NS
Yes 12.85 (4.25-22.67) 1.33-32.6

The LIC ranged from 1.33 to 32.6mg/g with a
median value of 13.9 (Table 2) and its characteris-
tics among the studied cases were as follows: 1
(2.2%) had no overload, 12 (26.7%) had mild
overload, 14 (31.1 %) had moderate overload, and
18 (40%) had severe overload.

There were a strong negative correlation of
LIC with T2* (r=—0.999 and p<0.01) and strong

p-vaue >0.05: Non Significant (NS).
p-vaue <0.05: Significant (S).
p-value <0.01: Highly Significant (HS).

Serum ferritin <4000ng/ml showed strong neg-
ative correlation with T2* Fig. (6) (r=—0.560 and
p<0.01) and strong positive correlation with R2*
(r=0.562 and p<0.01) and with LIC (r=0.557 and
p<0.01). However, there was no correlation between
serum ferritin and different MRI parameters when
serum ferritin >4000ng/ml (Table 5).

Table (5): Correlation between MRI finding and serum ferritin.

T2* R2* LIC

p- r p- r p-
value value value

Serum ferritin (all cases) —0.598 0.000 0.598 0.000 0.596 0.000
Serum ferritin <4000 —-0.560 0.000 0.562 0.000 0.557 0.001

Serum ferritin >4000 0.056 0.877 —0.079 0.829 —0.079 0.829

p-vaue >0.05: Non Significant (NS).
p-vaue <0.05: Significant (S).
p-vaue <0.01: Highly Significant (HS).
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40 20
30 15
O
=20 & 10
10 5
0 0
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Serum ferritin Serum ferritin
Fig. (5): Correlation of L1C with serum ferritin showing a Fig. (6): Correlation of T2* with serum ferritin showing a
highly significant positive correlation. highly significant negative correlation.

Please insert the values of TE and

LIVER ROI from an individual patient
Dataset TE ROl 1400
1 1 1150
2 2 940 1200
;5 o 1000
4 4 716
5 5 630 y=1341.1e. **°x
6 6 521 800 R=0.999
7 7 450
8 8 378 600
9 9 331
10 10 275 400
1 11 235
12 12 200 200
T2 63 ms 0
R2* 1576 Hz O 2 4 6 8 10 1214
LIC 3.96 mg/g

LIC calculation according to: Hankins JS, et al., Blood. 2009; 113: 4853-5.

T2* Normal >11.4 T2* Light 3.8-11.4 T2* Moderate 1.8-3.8 T2* Severe <18
R2* Normal <88 R2* Light 88-263 R2* Moderate 263-555 R2* Severe >555
LIC Normal <2 LIC Light 2-7 LIC Moderate 7-15 LIC Severe >15

Figs. (7,8): 15 years old male on regular blood transfusion every 21 days with history of splenectomy. Serum ferritin=472.6ng/ml.
The result was mild hepatic iron overload with an LIC of 3.96mg/g.

Please insert the values of TE and

LIVER ROI from an individual patient
Dataset TE ROl 700
1 1 654
2 2 326 600
3 3 166 =59
4 4 87
5 5 42 y=1195.670.%*
6 6 27 400 R*=0.996
7 7 25
8 8 26 300
9 9 25
10 10 19 200
1 1u 25
12 12 24 100
T2* 15ms 0
R2* 649.4 Hz 0 2 4 6 8 10 12 14
LiC 17.74 my/g

LIC calculation according to: Hankins JS, et al., Blood. 2009; 113: 4853-5.

T2* Normal >11.4 T2* Light 3.8-11.4 T2* Moderate 1.8-3.8 T2* Severe <1.8
R2* Normal <88 R2* Light 88-263 R2* Moderate 263-555 R2* Severe >555
LIC Normal <2 LIC Light 2-7 LIC Moderate 7-15 LIC Severe >15

Figs. (9,10): 6 years old male on regular blood transfusion every 15 days and no history of splenectomy. Serum ferritin=3220ng/ml.
The result was severe hepatic iron overload with hepatic LIC of 17.74mg/g.
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Discussion

Thalassemiais a serious disease and one of its
major complication is iron overload because of
repeated blood transfusion as along term treatment;
therefore the quantitative determination of the
deposition of iron in various organs in multi-
transfused patients with thalassemiais of outmost
importance for the effective monitoring of iron
chelation therapy. In the past, the liver iron con-
centration was quantitated only by biopsy and
ferritin levels [9].

However, Serum Ferritin (SF) level aloneis
not fully acceptable. It iswidely recognized as an
acute phase reactant and marker of acute and chron-
ic inflammation, and is nonspecifically elevated
in awide range of inflammatory conditions, includ-
ing chronic liver and kidney diseases, rheumatoid
arthritis and other autoimmune disorders, acute
infection, and malignancy [10].

Tissue biopsy isthe traditional gold standard
for diagnosis of iron overload, but iron deposition
tendsto be patchy. So, biopsies may miss the areas
of deposition and provide afalse negative result
plusitisaninvasiverisky procedure. Also the
discomfort and risk that aliver biopsy causesto
the patients along with the weak correlation be-
tween liver fibrosis and iron concentration dimin-
ishes the value of this examination, especially
when this has to be repeated serially [9].

Therefore, the use of accurate, non-invasive,
rapid and single MRI sequences such as T2* for
the detection and quantification of hepatic iron
overload is amagjor step for the monitoring of
chelation therapy and the diagnosis of organ si-
derosis among thalassemia patients [11].

The objective of our study wasto highlight the
effectiveness of MRI in measuring the amount of
iron deposited in the liver of regularly transfused
patients with thalassemia.

We included 45 patients with B-thalassemia
Magjor (23 females and 22 males), with a mean age
of 12.40+2.74 years (ranged between: 6-15 years).
All patients were on regular transfusion and on
iron chelation therapy.

In our study, there were no significant correla-
tions between L1C and age, sex or the rate of blood
transfusion. Thisresult isin agreement with many
previous studies conducted by Pakbaz et al. [12],
Musallam et al. [13] and Cappellini et al. [14], who
reported that there was no clear correlation between
any f-thalassemic patients characteristicsand LIC.

Also, in our study there was no significant
correlation between LIC and splenectomy in keep-
ing with other studies done by Papakonstantinou
et a. [15], Angelucci et al. [16] and El Shanshory
et a. [17], who reported that splenectomy and its
timing had little insignificant effect on LIC and
total body iron.

Our study showed a negative correlation be-
tween LIC and T2* and positive correlation be-
tween LIC and R2*. These findings agreed with
other studies conducted by Fahmy et al. [9], Ander-
son [11] and El Shanshory et al. [17] who reported
that LIC is greatly associated with T2* and R2*
and the larger the liver iron overload, the greater
the decrease of Signa Intensity (Sl) on MR images
which is represented with T2* asliver parenchyma
darkens progressively with increased TE.

These results can be explained by the paramag-
netic properties of iron that can affect susceptibility
of tissue and produce changes in the magnetic field
so that high iron overload |eads to decrease in
(T2*, T2) and increase in (R2, R2*). Another
explanation of thisfinding could be attributed to
the mechanism of MRI, which does not image the
iron directly, but instead images water protons as
they diffuse near iron depositsin the tissue of
interest such as heart and liver. Theiron acts as
little magnets, destroying the homogeneity of the
magnetic field in iron laden tissues. The moving
water protons each experience significantly differ-
ent magnetic profile and become desynchronized
from one another. This causes the image to darken
at arate proportiona to theiron concentration [17].

Majd et al., [18] showed that serum ferritin has
statistically significant positive correlation with
L1C and significant negative correlation with T2*
of Liver which agreed with our results. However,
these correlations became non significant when
the SF was above 4000ng/ml; among our patients
there were ten patients with very high SF level
above 4000ng/ml including one case with mild
LIC and two cases with moderate LIC. Thisisin
agreement with other studies conducted by
Azarkeivan et al. [4 and Neufeld [19] who reported
that the correlation between serum ferritin and
liver T2* and LIC is greatly weakened in patients
with serum ferritin level >4000ng/ml and serum
ferritin as a surrogate measure of LIC is highly
varied.

These results could be explained by many fac-
tors. Serum ferritin can be affected by the presence
of hepatitis C which increases SF. Another expla-
nation of thisfinding is that SF which is an acute
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phase reactant generated in response to inflamma-

tion, contains much less iron than normal ferritin
and thisisvery apparent in patients with 3-
thalassemia and hepatitis C virus 20 and interpre-

tation of serum ferritin values may be complicated

by avariety of conditions that alter concentrations
independently of changesin the body iron burden
including fever, acute and chronic hepatic damage,

hemolysis and ineffective erythropoiesis; all of
which are common in patients with 8 -thalassemia
major [21].

In conclusion MRI T2* provides accurate re-
producible and non-invasive technique for ng
tissue iron concentration. Through the widespread
application of thistechnique it should be possible
to improve management of tissue iron overload
allowing earlier chelation intensification.
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