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Abstract

AIM: To investigate the accuracy of T2*-weighted mag-
netic resonance imaging (MRI T2*) in the evaluation of
iron overload in beta-thalassemia major patients.

METHODS: In this cross-sectional study, 210 patients
with beta-thalassemia major having regular blood trans-
fusions were consecutively enrolled. Serum ferritin levels
were measured, and all patients underwent MRI T2* of
the liver. Liver biopsy was performed in 53 patients at an
interval of no longer than 3 mo after the MRIT2* in each
patient. The amount of iron was assessed in both MRI
T2* and liver biopsy specimens of each patient.
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RESULTS: Patients’ ages ranged from 8 to 54 years
with a mean of 24.59 * 8.5 years. Mean serum ferritin
level was 1906 + 1644 ng/mL. Liver biopsy showed a
moderate negative correlation with liver MRI T2* (r =
-0.573, P = 0.000) and a low positive correlation with
ferritin level (- = 0.350, £ = 0.001). Serum ferritin levels
showed a moderate negative correlation with liver MRI
T2* values (+ = -0.586, £ = 0.000).

CONCLUSION: Our study suggests that MRI T2* is
a non-invasive, safe and reliable method for detecting
iron load in patients with iron overload.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Conventional treatment of beta-thalassemia major requires
regular blood transfusions to maintain pre-transfusion
hemoglobin level above 90 g/ LMA major drawback of
this treatment is transfusion siderosis, which, in association
with the increased intestinal iron absorption, apoptosis
of the erythroid precursors and peripheral hemolysis,
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leads to inexorable iron accumulation in various organs
such as the heart, liver and endocrine organs”. The as-
sessment of body iron is still dependent upon indirect
measurements, such as levels of serum ferritin, as well as
direct measurements of the liver iron content"’. Serum
ferritin has been widely used as a surrogate marker but it
represents only 1% of the total iron pool, and as an acute
phase protein, it is not specific because the levels can be
raised in inflammation (e.g hepatitis) and liver darnagem.
Liver iron concentration measured by needle biopsy is the
gold standard for evaluation of siderosis. However, it is an
invasive technique which is not easily repeated and its ac-
curacy is greatly affected by hepatic inflammation-fibrosis
and uneven iron distribution, More recently, biomagnetic
susceptometry and magnetic resonance imaging (MRI)
have been validated for measuring iron overload, and these
techniques have great merit in being noninvasive. Bio-
magnetic susceptometry is a non-invasive, well calibrated
and validated method as a quantitative measurement tech-
nique, but it has limited clinical value because of its high
cost and technical demands'®. MRI has been considered a
potential method for assessing tissue iron overload, as iron
accumulation in vatious organs causes a significant reduc-
tion in signal intensity stemming from a decrease in the T2
relaxation time!™.

The objective of the present study was to report our
experience of the MRI technique in assessing hepatic
iron overload in thalassemic patients.

MATERIALS AND METHODS
Between January 2008 and April 2009, 210 patients with

beta-thalassemia major (114 females, 96 males) referred to
the thalassemia clinic of Firuzgar Hospital were consecu-
tively enrolled in this cross-sectional study. Ages ranged
from 8 to 54 years with a mean of 24.59 £ 8.5 years.

Patients were treated conventionally with regular blood
transfusion, in order to maintain the pre-transfusion he-
moglobin concentration above 90 g/L. Regarding chela-
tion therapy, all patients were receiving deferoxamine at a
dose of 40 mg/kg, 5-7 times per week, by 8-houtly subcu-
taneous infusion.

The study was approved by the Institutional Review
Board Ethics Committee of Iran University of Medical
Sciences and written informed consent was obtained from
all patients for the procedures studied.

Serum ferritin

A 5 mL blood sample was obtained from each patient for
routine laboratory tests and measurement of ferritin level.
Serum ferritin concentrations were assayed in all patients
before the MRI scan, using an enzyme-linked radioimmu-

noassay method (Monobind Kit, USA).

Liver biopsy

Liver biopsy was petformed with a 16-gauge Tru-Cut
needle (TSK Laboratory, Japan) in 53 patients who gave
written informed consent to undergo the biopsy for this
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study. Each specimen was at least 2 cm in length. The
specimens were kept in 10% formaldehyde solution, and
were sent to the Department of Pathology of Firuzgar
Hospital. The specimens were stained with hematoxy-
lin & eosin and viewed by an expert pathologist. The
amount of stainable iron was graded 0-4 according to
the Scheuer ¢ a/” method.

It is notable that the interval between liver biopsy
and MRI of the liver and heart was less than 3 mo in all
patients.

MRI technique
MRI scans were performed using a 1.5 Tesla Magnetom
Siemens Symphony scanner (Siemens Medical Solution,
Erlangen, Germany). Each scan lasted about 10-15 min
and included the measurement of hepatic and myocardi-
al T2* quantities. A standard quadrature radiofrequency
body coil was used in all measurements for both excita-
tion and signal detection. Respiratory triggering was used
to monitor the patients’ breathing. Cardiac electrocardio-
graphic gating was used. Spatial presaturation slabs were
used to suppress motion-related artifacts.

The MRI T2* of the liver was determined using
a single 10 mm slice through the center of the liver
scanned at 12 different echo times (TE 1.3-23 ms). Each
image was acquired during an 11-13 s breathhold using a
gradient-echo sequence (repetition time 200 ms, flip an-
gle 20°, base resolution matrix 128 pixels, field of view
39.7 cm X 19.7 cm, sampling bandwidth 125 kHz).

Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences, version 15 for Windows™
(SPSS@ Inc., Chicago, IL). Continuous variables are pre-
sented as mean + SD and count (percent) for categorical
variables. The relationship between continuous variables
was evaluated by the Pearson cortelation coefficient for
normally distributed data and Spearman’s Rank correla-
tion coefficient for non-normally distributed data. All
tests of significance were two-tailed and considered to be

significant at P < 0.05.

RESULTS

All patients underwent MRI and 53 patients had a liver
biopsy. The mean serum ferritin level of all patients was
1906 + 1644 ng/mL. Serum ferritin levels showed a
moderate negative correlation with liver T2* MRI values
(r=-0.586, P = 0.000) (Figure 1). Of the 53 patients
who had a liver biopsy, 5 patients had grade I liver sider-
osis, 19 had grade I, 17 had grade Il and 12 had grade
IV liver siderosis. The degree of siderosis assessed by
liver biopsy showed a moderate negative correlation with
liver T2* MRI (r = -0.573, P = 0.000) and a low positive
correlation with ferritin level (»= 0.350, P = 0.001).

DISCUSSION

It is evident that different non-invasive methodologies
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Figure 1 Serum ferritin levels showed a moderate negative correlation
with liver T2* magnetic resonance imaging values. MRI: Magnetic reso-
nance imaging.

have been implemented for the detection of organ-specif-
ic iron butrden in patients with thalassemia major. Among
these, MR relaxometry has the potential to become the
method of choice for non-invasive, safe and accurate as-
sessment of organ-specific iron load"”. Until recently
serum ferritin levels and liver biopsy have been the most
commonly used methods for estimating body iron stores
in the thalassemic population. However, ferritin levels are
not fully acceptable because there have been significant
variations due to inflammation, infections and chronic
disorders'”.

Liver iron load vs serum ferritin

We found a moderate correlation (» = -0.59, P < 0.001)
between serum ferritin levels and hepatic T2* levels.
These findings are compatible with other reported studies
with highest correlation™ ", Attempts to correlate serum
ferritin levels and hepatic iron concentrations have failed
to demonstrate a linear relationship between the two pa-

11
rametersl ].

Histological grade of siderosis vs liver T2*

Liver biopsy has been regarded as the most precise
method to measure body iron content if direct measure-
ment of the iron concentration was applied. However,
this is an invasive procedure which is not available in
most clinical settings.

Our results revealed no reasonable correlation be-
tween histological grade of siderosis (HGS) and serum
ferritin. However, a moderate correlation with liver T2* (»
=0.57, P < 0.001) indicated that HGS could still be con-
sidered as a method of evaluating thalassemic patients.
Liver iron concentration showed significant correlation
with hepatic T2* (» > 0.9). These results indicated that
MRI T2* measurement is of more value than HGS in
thalassemic patients.

The most important limitation of our study was the
lack of a consideration of intervening factors that may
affect the serum ferritin levels such as C-reactive protein,
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white blood cell count and liver function tests.

In conclusion, although hepatic iron content and se-
rum ferritin levels have been considered as the gold stan-
dards in evaluating body iron load for several years, iron
accumulation in different organs proceeds independently.
This emphasizes the importance of direct iron load mea-
surement in each involved organ and direct evaluation of
the efficacy of different therapeutic measures.

According to our study, the serum ferritin level is not
a reliable method for estimating the level of iron overload
in thalassemic patients. MRI T2* is a more accurate and
non-invasive method which we recommend for measure-
ment of iron load in these patients.

COMMENTS

Background

Iron overload is a common and serious problem in thalassemic major patients.
As iron accumulation is toxic in the body'’s tissues, accurate estimation of iron
stores is of great importance in these patients to prevent iron overload by an
appropriate iron chelating therapy.

Research frontiers

Liver biopsy is the gold standard for evaluating iron stores but it is an invasive
method which is not easily repeatable in patients. Introduction of other more
applicable methods seems to be necessary.

Innovations and breakthroughs

The authors found that MRI T2 * might be an accurate method for estimation of
whole body iron.

Applications

According the findings, the authors suggest that clinicians consider MRI as an ac-
curate method to evaluate the iron overload in patients with thalassemia major.
Peer review

This is an interesting report.
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