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Abstract

Background: Iron overload is caused early progression of atherosclerosis in beta thalassemia patients due to
regular repeated blood transfusion. MRI T2* is a gold standard non-invasive method for detecting hepatic and
cardiac iron overload. The aim of this study was the comparison of carotid intima media thickness (CIMT) in the
patients and healthy control groups with Doppler ultrasound for early diagnosis of atherogenesis. Another purpose
was to assess the relationship between CIMT and iron overload among patients.

Materials and methods: This cross-sectional study was performed on twenty patients referred to the Sarvar clinic
and twenty age- and sex-matched control group. The CIMT was measured with Color Doppler ultrasound in both
groups. Then, MRI T2* results, demographic, and therapeutic information were extracted from their documents.
Results: CIMT was insignificantly higher in the patients compared to the control group. For example, it was 0.49
+0.05 vs. 0.45 + 0.03 (p = 0.009) for the right common carotid artery (RCCA) and 0.48 £ 0.06 vs. 0.46 + 0.04 (p
= 0.17) for the left common carotid artery (LCCA). There was no strong relationship between CIMT and age (p
=0.09 for RCCA, p = 0.00 for LCCA), sex, chelation type (for example, p = 0.51 for RCCA with Desferal and p
= 0.91 for LCCA with Desferal), age at diagnosis, age at the beginning on transfusion (p = 0.49 for RCCA, p =
0.20 for LCCA), age at the start of chelator (p = 0.74 for RCCA, p = 0.78 for LCCA), and hepatic and cardiac
iron overload.

Conclusion: Preventive and curative methods should be planned to cease its progression. Furthermore, early
initiation of chelator drugs with better efficacy and compliance may reverse the hepatotoxic and adverse
myocardial effects of excessive iron.
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association with ineffective erythropoesis
and excessive absorption of iron from

Introduction

Thalassemia major is an autosomal
recessive inherited disease. Every year, one gastrointestinal ~ tract is resulted in
hundred thousand infected neonates are secondary hemosidrosis.

born all over the world (1). In beta Iron overload is started to precipitate in

thalassemia (BT), a genetic defect in a gene
related to hemoglobin is happening because
of decreasing beta chain synthesis. The
excess production of alpha chain (relative
to beta) is resulted in precipitation of alpha
chain in hemoglobin A. Consequently,
inclusion of body and hemolytic anemia is
occurred (1-5). Hemolysis would be
occurred due to ineffective erythropoesis in
thalassemia patients (1). The common
treatment for BT major is regular repeated
blood transfusion (1-3,6). Transfusion in

reticuloendothelial system initially and in
other parenchymal organs, specially heart,
pancreas, hypophysis, and  gonads
accordingly (1,3-7). Excess iron builds up
the heart, liver, joints, pancreas, and
pituitary gland. If it remains untreated, it
can cause organ damage and lead to heart
attack, diabetes, cirrhosis, arthritis,
depression, and premature death (8). Early
chelation therapy prevents accumulation of
iron in tissues of BT major patients and
reduces the adverse effects of iron overload
in different organs (9-11). Iron chelators
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normalize the endothelial function and
decrease cardiovascular events risk. These
drugs prevent the early atherosclerotic
changes (12). Currently, there are three iron
chelators for curing BT disease: 1)
Deferiprone  (Ferriprox, = DFP), 2)
Deferasirox (Exjade, DFX), 3)
Deferoxamine (Desferal, DFO) (7). Beta
thalassemia patients receive chelators as
monotherapy or combined therapy (13).
DFP and DFX are preferentially used as
oral treatment, Dbecause of better
compliance and easy usage (7).

Magnetic resonance imaging (MRI) is a
non-invasive and reliable method for iron
overload  measurement  (3,4,6,14-16).
Recent progression in the field of MRI
provides more sensitive and meticulous tool
than using ferritin for evaluating iron
overload in different tissues, such as liver,
heart, and endocrine glands (3,16,17). T2*
technique is a gold standard for detecting
myocardial iron overload (17). Gradient
echo (GRE) sequences can be made
predominantly T2* weighted by using a
low flip angle, long echo time, and long
repetition time. GRE sequences with T2*-
based contrast are used to depict
hemorrhage, calcification, and iron
deposition in various tissues and lesions
(18).

One of the most complications of
thalassemia is the cardiovascular type. The
cardiovascular complications cause 71%
mortality rate in BT patients (1,13). Iron
overload is caused changes in arterial
structure and  atherosclerotic  plaque
formation in BT major patients (19-21).
Iron, as a catalytic agent, accelerates the
low-density lipoprotein (LDL) oxidation.
Oxidized LDL is recognized by
macrophages; accordingly, accumulation of
lipid in these cells and formation of foam
cells is occurred. Foam cells are
characteristic cells in early onset
atherosclerosis. Oxidized LDL also causes
changes in endothelial cell integrity by its
cytotoxic effect and diapedesis of
circulating monocyte by its chemotactic
effect. Therefore, the atherosclerotic
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lesions are progressed (1, 3, 5,9, 19, 20, and
22). Color Doppler ultrasound of carotid
artery is a non-invasive and available
method  for early  detection  of
atherosclerosis in BT patients.

Increased carotid intima media thickness
(CIMT) is a useful marker for
atherosclerosis (5,20). The test measures
the thickness of the inner two layers of the
carotid artery-the intima and media- and
alerts physicians to any thickening when
patients are still asymptomatic (23).

In the present study, we aim to measure
CIMT in BT major patients as a marker for
early detection of atherosclerosis and
compare the results with healthy control
group. Then, we assess the relationship
between iron overload level and the
occurrence of BT major which is evaluated
by cardiac and hepatic MRI T2*. In
addition, the effect of different factors, such
as age, sex, age at diagnosis, age at the
beginning of transfusion, chelation therapy
type, and duration on CIMT in these
patients is investigated. Early detection of
atherosclerosis and early chelation therapy
is resulted in decreasing the adverse effect
of iron overload in BT major.

Materials and Methods

This study was a cross-sectional study with
two case/control groups that was performed
in 2018 on twenty patients with BT major
and twenty normal healthy sex- and age-
matched group, as control. Patients of the
control group were from the Ghaem and
Emdad hospitals (Mashhad, Iran). The case
group was referred to the Sarvar
thalassemia clinic (Mashhad, Iran) for their
periodic blood transfusion and had previous
documents there. The demographic data
was extracted from their documents; for
example, age, sex, weight, chelation
therapy type, age at the beginning of
chelation therapy, age at the beginning of
blood transfusion, transfusion volume and
interval, and age at diagnosis. All patients
were received regular transfusion and
chelating therapy from their childhood.
Patients with history of smoking, cardiac
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abnormality, atrial fibrillation, arterial
hypertension, hyperlipidemia, diabetes
mellitus, thyroid dysfunction, and those
who received cardiac drugs were excluded
from the study. The selected patients were
those who performed hepatic and cardiac
MRI T2* recently in 2016, 2017, and 2018.
Iron overload was detected with
quantitative T2*. CIMT was measured with
high frequency probe in right and left side.
The control group was selected from
healthy population referred to the clinic for
other causes unrelated to thalassemia
patients and were matched with case group
on the base of age and sex.

Color Doppler ultrasound

In all BT major patients and control group,
B-mode and color-coded duplex ultrasound
were performed with Esoate Mylab ™ Six
machine (Esoate, Italy) and by 3-13 MHZ
large broad band high frequency vascular
linear array SL1543 transducer. Common
carotid, internal carotid, and external
carotid artery were assessed in both sides.
The study was started with placing the
probe on common carotid arteries (CCA) in
lower cervical area in transverse plane. We
angulated the transducer to caudal for
evaluating the CCA origin from
brachiocephalic artery in the right and
aortic arch in the left. Then, CCA was
followed to cranial direction until CCA
bifurcation was appeared and its two
branches, internal carotid arteries (ICA)
and external carotid arteries (ECA), were
traced until the probe was blocked by
mandible bone. This examination was
repeated in longitudinal plane parallel to
long axis of CCA. These vessels were
evaluated  for the  presence  of
atherosclerotic plaque, other obstructive
lesions, and sub-intimal lucencies that
bulged into arterial lumen. At the end,
intima media thickness (IMT) was
measured in longitudinal plane in 2 cm
proximal to CCA bifurcation, ICA, and
ECA. For IMT measurement, the cursor
was placed in the junction of lumen and
intima and continued to the junction of
media and adventitia (from the first
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echogenic line to the second echogenic
line) in far arterial wall. These
measurements were done in each of
common carotid artery, internal carotid, and
external carotid for three times. Then, the
average was determined.

Hepatic MRI T2*

Iron overload in liver was estimated by
using MRI as a non-invasive method. MRI
was performed with 1.5 Tesla Siemens
Avanto machine (Siemens, Germany). A
standard quadrature radio frequency (RF)
body coil was used in all measurements for
signal detection and stimulation. All
individuals were positioned in supine and
entered magnet cradle. Respiratory
triggering head-first configuration was used
for breath monitoring and spatial pre-
saturation slab for motion related artifact
suppression. MRI T2* was provided
successfully from 12 axial images of liver
from hepatic center next to large vessels
(hepatic hilum) with 12 different TEs (TE=
echo time, from 1.29 ms to 22.14 ms). Each
of images was obtained in gradient echo
sequence with 25s breathe hold using the
setting of: repetition time (RT)=200 ms, flip
angel=20 degrees, matrix resolution=128
pixels, field of view (FOV)=96 x128,
sampling bandwidth=1950 hz/px, slice
thickness=10 mm, and FOV phase=75%.
Then, signal intensity of liver parenchyma
was measured in three region of interest
(ROI) (greater than 1 cm?); one ROI in the
right, and two ROIs in the left liver lobe.
One ROI was measured in each paraspinal
muscle for comparison. The mean signal
intensity of liver to muscle was calculated
for each sequence. Final value of hepatic
intracellular  iron  concentration = was
measured with special software. Patients
were divided into four groups based on their
hepatic iron overload severity from MRI
T2* results: greater than 6.3 ms (normal),
2.8-6.3 ms (mild), 1.4-2.7 ms (moderate),
lower than 1.4 ms (sever).

Cardiac MRI T2*

Cardiac MRI T2* was obtained by 32-
channel phase array coil using 14s breath
hold bright blood Multi-echo GE sequence.
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Eight short axis images at the level of
papillary muscle in mid-ventricular area
with eight different TEs (from 2.97 ms to
21.63 ms) were provided. Other settings
were: RT=200 ms, slice thickness=10mm,
flip angel 20 degrees, FOV=256x77,
sampling bandwidth=810 hz/px, matrix
resolution=256 ms, and FOV phase=75%.
Three or four ROIs were drawn manually
which contained entire intra-ventricular
septum thickness except blood pool far
from cardiac apex and confined with
superior and inferior intra-ventricular
insertion points. The mean signal intensity
of ROIs was calculated for each of eight
images. Then, a curve was drawn at the end.
Patients were divided into four groups
based on their cardiac iron overload
severity from MRI T2* results: greater than
20 ms (normal), 14-20 ms (mild), 10-14 ms
(moderate), lower than 10 ms (sever).

The cardiac iron overload was divided into
two groups: normal and abnormal. Hepatic
iron overload was also divided into two
groups: normal and mild, moderate and
more. Then, mean CIMT was measured in
these groups. The type of chelators was
divided into two groups: Desferal and non-
Desferal.

Ethical consideration

This study was approved by ethical
committee of Mashhad University of
Medical Sciences
(IR.MUMS.FM.REC.1396. 697).
Statistical analysis

Quantitative variables were explained in the
form of mean =+ standard deviation (S.D.),
but qualitative values were reported in the
form of numbers and percentile.
Independent student t-test was used for the
comparison of quantitative variables with
normal distribution, but Mann-Whitney U
test for the abnormal distribution ones
between two groups. Qualitative variables
were compared by Chi-square. Pearson
correlation coefficient was used for
variables with normal distribution, but
Spearman correlation coefficient was used
for the abnormal ones. P-values lower than
0.05 were statistically significant in all
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evaluations. All data were analyzed using
SPSS software.

Results

Among BT major patients, seven females
(35%) and thirteen males (65%) were
attended in our study. In the control group,
eleven females (55%) and nine males
(45%) were considered. The average age of
BT patients was 21.3 + 8.2 years and similar
age distribution was in the control group
(22.8 £ 11.0 years). Other basic information
is summarized in Table 1.

Type of chelators was different among our
patients. Most of our patients were advised
Deferoxamine (Desferal) (35%) and
Desferal+Deferiprone (L1) (Table II). The
patients had most frequently no cardiac
involvement (65%) and the second most
common cardiac iron overload was
moderate (Table 1II). Mild hepatic
involvement was detected in most of our
BT patients (Table II).

The average IMT of right and left common
carotid, internal carotid, and external
carotid arteries was insignificantly higher in
the case group than the control group and
only right common carotid arteries (RCCA)
and right internal carotid arteries (RICA)
had significant difference between two
groups (Table III). No correlation was
found between hepatic and cardiac iron
overload based on MRI T2* results and
CIMT. However, mild correlation was
detected in left internal carotid arteries
(LICA) (Table IV).

The same results were obtained when
comparing IMT with hepatic and cardiac
involvement severity, which were not
significant in any of mentioned groups
(Table V). There was no correlation
between age and sex with CIMT
measurements. Moderate correlation was
found between RICA-CIMT and age at
diagnosis and between age at the beginning
of transfusion and CIMT, but generally
there were no correlations between other
CIMT measurements and age at diagnosis
and age at the beginning of transfusion.
Also, age at the beginning of chelator drugs
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had no relationship with CIMT among beta
thalassemia patients (Table VI).

In our study, no relationship was found
between CIMT  measurements and
chelation type (ANOVA results, Table

VII). There was a borderline relationship
between chelator type and cardiac overload,
but there was no relationship between
chelator type and hepatic iron overload
(Table VIII).

Table I: Basic information of the beta thalassemia patients participated in the present study

Characteristics Minimum Maximum Mean + S.D.
Weight (Kg) 29 68 49.6+11.5
Age at diagnosis (Month) 3 108 20.4+31.5
Age at the beginning of transfusion (Month) 108 22.6 +32.7
Transfusion volume (IU) 1 3 2.05+0.30
Transfusion interval (Days) 20 25 21.7+1.70
Age at the beginning of chelation (Year) 1 15 4.72 £4.45

S.D.=Standard deviation; IU=International unit

Table I1: Chelator type, cardiac involvement severity, and hepatic involvement severity in the
participated patients in the present study

Number of patients Percentage
Chelator type Desferal 7 35%
Desferal+L1 7 35%
Exjade 2 10%
Osveral 4 20%
Cardiac involvement severity Normal 13 65%
Mild 1 5%
Moderate 4 20%
Sever 1 5%
Very sever 1 5%
Hepatic involvement severity Normal 2 10%
Mild 9 45%
Moderate 4 20%
Sever 3 15%
Very sever 2 10%

Exjade=Deferasirox; L1=Deferiprone; Desferal=Deferoxamine

Table III: The average intima media thickness (IMT) of right and left common carotid, internal and
external carotid arteries in the patients

Case group Control group P-value
Right common carotid 0.49 £ 0.05 0.45+ 0.03 0.009
Right internal carotid 0.45+0.07 0.40 £ 0.08 0.049
Right external carotid 0.39 + 0.08 0.36 + 0.05 0.20
Left common carotid 0.48 £ 0.06 0.46 £ 0.04 0.17
Left internal carotid 0.44 +0.07 0.40 + 0.06 0.05
Left external carotid 0.37+£0.05 0.34 £ 0.05 0.60

The values are mean + standard deviation (S.D.). P-values show the comparison between case and control group for
each measurement using t-test. The significant P-values are shown in bold (p < 0.05).
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Table IV: The correlation between hepatic and cardiac iron overload based on MRI T2* results and
carotid intima media thickness (CIMT)

Cardiac involvement Hepatic involvement
severity severity

Right common carotid artery Correlation 0.13 0.08
P-value 0.57 0.72

Right internal carotid artery Correlation 0.06 0.14
P-value 0.80 0.53

Right external carotid artery Correlation 0.049 0.20
P-value 0.83 0.38

Left common carotid artery Correlation 0.01 0.08

P-value 0.94 0.71

Left internal carotid artery Correlation 0.42 0.38

P-value 0.06 0.09

Left external carotid artery Correlation 0.07 0.24

P-value 0.78 0.29

Table V: The average of intima media thickness (IMT) in different cardiac and hepatic iron overload
groups of patients

Cardiac iron = Mean IMT P- Hepatic iron Mean IMT P-
overload value overload value
Right common carotid Normal 0.49 £ 0.05 0.72 Normal+mild 0.48 £ 0.05 0.51
Right common carotid Abnormal 0.48 + 0.05 Moderate+more 0.50 £ 0.05
Right internal carotid Normal 0.46 + 0.07 0.79 Normal+mild 0.45 +0.07 0.97
Right internal carotid Abnormal 0.45 +0.07 Moderate+more 0.45 +0.06
Right external carotid Normal 0.39 + 0.09 0.96 Normal+mild 0.40 + 0.09 0.44
Right external carotid Abnormal 0.39 +0.07 Moderate+more 0.37 £0.08
Left common carotid Normal 0.49 + 0.07 0.81 Normal+mild 0.47 £0.05 0.33
Left common carotid Abnormal 0.48 + 0.06 Moderate+more 0.50 + 0.08
Left internal carotid Normal 0.46 + 0.06 0.36 Normal+mild 0.46 £0.07 0.33
Left internal carotid Abnormal 0.42 +0.09 Moderate+more 0.43 £ 0.08
Left external carotid Normal 0.36 = 0.05 0.90 Normal+mild 0.37 £0.05 0.63
Left external carotid Abnormal 0.37 +0.07 Moderate+more 0.36 £ 0.06

The presented values are mean + standard error (S.D.). The P-values are the results of comparing different groups.

Table VI: The effect of age at the beginning of chelator drugs with carotid intima media thickness
(CIMT) among beta thalassemia patients
Age Age at diagnosis Age at the Age at the
beginning of beginning of
transfusion chelation

Right common carotid artery Correlation
(RCCA) P-value 0.09 0.49 0.49 0.74
Right internal carotid artery Correlation 0.42 0.53 0.50 0.04
(RICA) P-value 0.07 0.02 0.02 0.86
Right external carotid artery Correlation 0.11 0.09 0.10 0.09
(RECA) P-value 0.64 0.70 0.69 0.71
Left common carotid artery Correlation 0.76 0.34 0.30 0.07
(LCCA) P-value 0.00 0.14 0.20 0.78
Left internal carotid artery Correlation 0.42 0.37 0.33 0.19
(LICA) P-value 0.06 0.10 0.16 0.43
Left external carotid artery Correlation 0.03 0.12 0.16 0.15
(LECA) P-value 0.89 0.60 0.51 0.52
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Table VII: The relationship between carotid intima media thickness (CIMT) measurements and
chelation type based on ANOVA

Chelator type Mean P-value

RCCA Desferal 0.50 £0.03 0.51
Desferal+L1 0.51 £0.05
Exjade 0.50 + 0.00
Osveral 0.50 £0.08

RICA Desferal 0.44 £0.09 0.96
Desferal+L1 0.46 £0.07
Exjade 0.44 +0.00
Osveral 0.46 £0.05

RECA Desferal 0.39+£0.09 0.84
Desferal+L1 0.37 £0.08
Exjade 0.39 + 0.00
Osveral 0.42+0.10

LCCA Desferal 0.49 £ 0.08 0.91
Desferal+L1 0.50+0.07
Exjade 0.47+0.01
Osveral 0.47 £0.06

LICA Desferal 0.43 +£0.08 0.91
Desferal+L1 0.46 + 0.08
Exjade 0.45 £ 0.04
Osveral 0.46 £0.07

LECA Desferal 0.35+0.04 0.63
Desferal+L1 0.37+0.07
Exjade 0.37 +0.03
Osveral 0.40 £ 0.06

The values are mean + standard deviation (S.D.). See Table VI for abbreviations. Exjade=Deferasirox; L 1=Deferiprone;

Desferal=Deferoxamine

Table VIII: The relationship between chelator type and cardiac/hepatic overload in the participated

patients
Chaletor type Cardiac iron Total P- Hepatic iron
overload value overload
Desferal Normal  Abnormal 0.05 Normal  Abnormal 0.16
7 7 14 6 8 14
50% 50% 100% 42.9% 57.1% 100%
Non-Desferal 6 0 6 5 1 6
100% 100% 100% 83.3% 16.7% 100%
Discussion increase of CIMT in BT patients compared

Our study demonstrated insignificantly
higher mean CIMT measurements of
external, internal, and common carotid in
both sides in BT major patients compared
to healthy control group. These differences
were only significant for the right common
and internal carotid (0.49 £ 0.05 vs. 0.45 +
0.03 and 0.45 £ 0.07 vs. 0.40 £ 0.08, Table
V). This finding is in agreement with most
previous studies that showed significant

36

to the control group (1,3-5,13,20-22,24-
27). The reasons of insignificant increase in
CIMT in BT major patients in the
comparison with age- and sex-matched
control group in most of our measurements
may be: 1) the mean age of the patients
attended in our study was low (21.3 £ 8.20
years), so this age was too early for
initiation of the atherogenic effect of iron
and development of CIMT; 2) the low mean
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age of our patients at diagnosis (20.4 +31.5
months) and starting chelation therapy
(4.72 + 4.45 years) showed that early
detection and treatment prevented adverse
effects of transfusion and iron overload and
caused reduction of IMT among them; 3)
most patients in our study had normal to
mild hepatic and cardiac involvements on
the basis of MRI T2*, so the total body iron
did not reach to the high level which is
essential for atherosclerosis development.
It should be noted that atherosclerosis
development can be detected by an increase
in CIMT.

Few studies showed opposite results in
which the CIMT was similar in case and
control groups, but arterial stiffness was
increased significantly among thalassemia
patients (2,9). Similar to our study (with
significant difference in CIMT between
case and control group), Abaza et al. (20)
clarified the significant increase in mean
CIMT solely in right anterior, right
posterior, and left anterior arterial wall in
BT major group compared to control. This
increase was regardless of iron overload.
This means that CIMT level is not
influenced by iron deposition amounts.
Also, there were no differences in CIMT
between men and women and those with
good or poor compliance to chelation drugs
in the present study. In contrast to our
study, Kraml et al. (19) demonstrated
strong relationship between asymptomatic
carotid atherosclerosis and iron deposition
in both men and women in beta thalassemia
major. But, IMT had positive relationships
with transfusion duration and duration of
disease occurrence.

Our study represented no relationship
between CIMT and patients’ age and sex,
chelator type, and hepatic and cardiac iron
overload in BT major. Only moderate
correlation was found between right
internal carotid IMT and age at diagnosis,
and age at the beginning of transfusion.
Other CIMT measurements did not
correlate with age at the diagnosis of BT
major, age at the beginning of transfusion,
and age at the beginning of chelation
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therapy.  Several  studies  reported
significant increase of IMT in men and with
rising age. These results are in contrast with
ours (5,22,25). Abdelsamei et al. (5)
showed positive relationship between the
duration of first transfusion and CIMT.
Therefore, the longer time passed from the
first transfusion, the higher level of IMT
should be expected and more atherogenic
effects should be detected. Akhlaghpour et
al. (3) reported no correlation between
mean IMT and hepatic iron overload in 10-
19 years old group in BT major patients; but
in other age groups, an increase of IMT was
found with increasing hepatic iron overload
severity.

In our study, half of the fourteen BT major
patients who received Desferal (50%) and
none of the six patients who received non-
Desferal drugs, had cardiac iron overload
(Table VIII). Although, there was only a
borderline relationship between cardiac
iron deposition severity and chelator type,
but this significant difference was
demonstrated lower efficacy of Desferal on
myocardial iron overload. So, the patients
with Desferal consumption were suffered
from cardiac involvement. In Desferal
group, eight out of fourteen (57.1%) and in
non-Desferal group, one out of six (16%)
had moderate or more hepatic iron overload
severity (Table VIII). Although, there was
no significant relationship between hepatic
iron overload and chelator type, this
difference may be implicated to the lower
effectiveness of Desferal on hepatocyte
iron deposition. Thus, the importance of
non-Desferal drugs on hepatic and
myocardial iron overload may be
characterized. These statistically
insignificant findings may be due to small
sample size in our study; therefore, further
studies would be necessary to obtain more
precise comparisons.

Wahidiyat et al. (7) showed DFP preference
for myocardial and DFO for hepatic iron
overload. Ansari et al. (17) represented the
significant influence of combined or
monotherapy of DFX in decreasing
myocardial and hepatic overload and
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improving MRI T2* values. No significant
improvement was found in serum ferritin
and MRI T2* (hepatic and cardiac) using
DFO after twelve months. DFP alone or
combined with DFO demonstrated a
selective choice for myocardial iron
overload in previous research (6,13). This
result may be due to better compliance of
DFP and DFX with one-dose oral daily use
in comparison with DFO in the form of
subcutaneous injection. A clue challenge of
chelation therapy is regular consumption of
drugs; so that even a short course of
treatment cessation would be resulted in
hazardous influence on body organs
(10,28). However, a recent study showed
no difference in the presence or absence of
compliance (20).

The limitations of our study were small
sample size and difficulty in finding
thalassemia patients without cardiac
disease. Most of the BT major patients were
used cardiac affecting drugs and suffered
from some degrees of cardiac insufficiency.
Generally, our studied population was
young children and adolescence; therefore,
limited exposure time of thalassemia and
iron overload would be expected that could
have influenced our results.

Our findings suggest that early detection of
vascular problems, such as atherosclerosis,
can be found with Doppler ultrasound prior
to the measurement of T2* values (due to
iron overload) in beta thalassemia patients.
Further research should be done with
greater sample size on better indices other
than CIMT that can detect atherosclerotic
plaque formation and progression. In
addition, better chelation agents should be
assessed for the reduction of hepatic and
cardiac MRI T2* values. MRI T2* is an
expensive  method, not  available
everywhere, and not easily applicable for
children. Moreover, an experienced
radiologist is needed for interpretation of
the results. Therefore, other alternative
methods for detecting iron overload must
be planned.
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Conclusion

Preventive and curative methods should be
planned to  cease  atherosclerosis
progression. Furthermore, early initiation
of chelator drugs with better efficacy and
compliance may reverse the hepatotoxic
and adverse myocardial effects of excessive
iron.

Conflict of interest
The authors declare no conflict of interest.

References

1. Jindal G, Chavan P, Kaur R, Jaswal S,
Singhal KK, Palta A, et al. Carotid intima-
media thickess and oxidative stress markers
for assessment of atherosclerosis in
children with B thalassemia major.
Thalassemia Rep 2016; 6: 4939-4941.

2. Stakos DA, Margaritis D, Tziakas DN,
Kotsianidis I, Chalikias GK, Tsatalas K, et
al. Cardiovascular involvement in patients
with B-thalassemia major without cardiac
iron overload. International J Cardiol 2009;
134: 207-211.

3. Akhlaghpoor S, Hoseini M, Jafarisepehr
AH. Association of iron overload based
quantitative T2*MRI technique and carotid
intima-media thickness in patients with
beta-thalassemia: A cross-sectional study.
BMC Cardiovasc Disord 2010; 10: 62—-69.
4. Verma MR, Patkar DP, Karnik AS,
Merchant R, Chate S, Agawane K, et al.
Carotid  artery intimal  thickness
measurement as a marker of iron overload
in beta-thalassemia patients and as
predictor of early atherosclerosis. European
Society of Radiology: Educational
exhibition 2016; Poster No. C-0752.

5. Abdelsamei HA, El-Sherif AM, Ismail
AM, Abdel Hakeem GL. The role of the
carotid Doppler examination in the
evaluation of atherosclerotic changes in B-
thalassemia patients. Mediterr J Hematol
Infect Dis 2015; 7: €2015023—-e2015025.

6. Soltanpour MS, Davari K. The
correlation of cardiac and hepatic
hemosiderosis as measured by T2*MRI
technique with ferritin  levels and

Iran J Ped Hematol Oncol. 2021, Vol 11, No 1, 30-40


http://dx.doi.org/10.18502/ijpho.v11i1.5005 
https://ijpho.ssu.ac.ir/article-1-541-en.html

[ Downloaded from ijpho.ssu.ac.ir on 2025-10-28 ]

[ DOI: 10.18502/ijpho.v11i1.5005 ]

Mortazavi Ardestani et al

hemochromatosis gene mutations in Iranian
patients with Beta thalassemia major.
Oman Med J 2018; 33: 48-54.

7. Wahidiyat PA, Yosia M, Sari TT.
Comparison of deferiprone to deferasirox
and deferoxamine to cardiac and hepatic
T2*MRI in thalassemia patients: evidence-
based case report. Acta Med Indones 2018;
50: 168-176.

8. Gujja P, Rosing DR, Tripodi DJ,
Shizukuda Y. Iron overload
cardiomyopathy, better understanding of an
increasing disorder. J Am Coll Cardiol
2010; 56: 1001-1012.

9. Piccione MC, Piraino B, Zito C,
Khandheria BK, Bella GD, Gregorio CD, et
al. Early identification of cardiovascular
involvement in patients with B-thalassemia
major. Am J Cardiol 2013; 112: 1246
1251.

10. Elalfy MS, El-sherif KNH, Ebeid FSE,
Ismail EAR, Ahmed KA, Darwish YW, et
al. Renal iron deposition by magnetic
resonance imaging in pediatric B-
thalassemia major patients: relation to renal
biomarkers, total body iron and chelation
therapy. Eur J Radiol 2018; 103: 65-70.
11. Stoyanova E, Trudel M, Felfly H,
Lemsaddek W, Garcia D, Cloutier G.
Vascular endothelial dysfunction in B-
thalassemia occurs despite increased eNOS
expression and preserved vascular smooth
muscle cell reactivity to NO. Plos ONE
2012; 7: e38089—e38093.

12. Gaenzer H, Marschang P, Sturm W,
Neumayr G, Vogel W, Patsch J, et al.
Association between increased iron stores
and impaired endothelial function in
patients with hereditary hemochromatosis.
J Am Coll Cardiol 2002; 40: 2189-2194.
13. Adly AAM, El-Sherif KNH, Ismail
EAR, El-Zaher YA, Farouk A, El-Refaey
AM, et al. Vascular dysfunction in patients
with young B-thalassemia: relation to
cardiovascular complications and
subclinical atherosclerosis. Clin  Appl
Thromb/Hemost 2015; 21: 733-744.

14. Karimi M, Amirmoezi F, Haghpanah S,
Ostad SP, Lotfi M, Sefidbakht S.
Correlation of serum ferritin levels with

Iran J Ped Hematol Oncol. 2021, Vol 11, No 1, 30-40

hepatic  MRI T2 and liver iron
concentration in nontransfusion beta-
thalassemia intermediate patients: A
contemporary issue. Pediatr Hematol Oncol
2017; 34: 292-297.

15. Karakus V, Kurtoglu A, Soysal DE,
Dere Y, Bozkurt S, Kurtoglu E. Evaluation
of iron overload in the heart and liver tissue
by Magnetic Resonance Imaging and its
relation to serum ferritin and hepcidin
concentration in patients with thalassemia
syndromes. Indian J Hematol Blood
Transfus 2017; 33: 389-395.

16. Ali N. Iron overload assessment in B
thalassemia major- is T2* magnetic
resonance Imaging the answer? Electron
Physician 2017; 9: 5609-5610.

17. Ansari S, Azarkeivan A, Miri-Aliabad
G, Yousefian S, Rostami T. Comparison of
iron chelation effects of deferoxamine,
deferasirox, and combination of
derefoxamine and deferiprone on liver and
cardiac T2*MRI in thalassemia major.
Caspian J Intern Med 2017; 8: 159-164.
18. Chavhan GB, Babyn PS, Thomas B,
Shroff MM, Haacke EM. Principles,
techniques, and applications of T2*-based
MR imaging and its special applications.
Radiographics 2009; 29: 1433-1449.

19. Kraml P. The role of iron in the
pathogenesis of atherosclerosis. Physiol
Res 2017; 66: S55-S67.

20. Abaza SE, Abdel-Salam A, Baz AA,
Mohamed  AA. Carotid  Doppler
ultrasonography as a screening tool of early
atherosclerotic changes in children and
young adults with B-thalassemia major. J
Ultrasound 2017; 20: 301-308.

21. Sherief LM, Dawood O, Ali A,
Sherbiny HS, Kamal NM, Elshanshory M,
et al. Premature atherosclerosis in children
with  beta-thalassemia  major:  new
diagnostic marker. BMC Pediatr 2017; 17:
69-71.

22. Merchant RH, Chate S, Ahmed J,
Ahmad N, Karnik A, Jankaria B.
Evaluation of carotid artery dynamics &
correlation with cardiac & hepatic iron in
B-thalassemia patients. Indian J Med Res
2016; 143: 443-448.

39


http://dx.doi.org/10.18502/ijpho.v11i1.5005 
https://ijpho.ssu.ac.ir/article-1-541-en.html

[ Downloaded from ijpho.ssu.ac.ir on 2025-10-28 ]

[ DOI: 10.18502/ijpho.v11i1.5005 ]

Relationship between hepatic and cardiac iron overload with MRI T2* and carotid intima media thickness

23. Casella IB, Presti C, Porta RMP,
Sabbag CRD, Bosch MA, Yamazaki Y. A
practical protocol to measure common
carotid artery intima-media thickness.
Clinics 2008; 63: 515-520.

24. Cheung YF, Chow PC, Chan GC, Ha
SY. Carotid intima-media thickness is
increased and related to arterial stiffening in
patients with beta-thalassaemia major. Br J
Haematol 2006; 135: 732-734.

25. Gullu H, Caliskan M, Caliskan Z, Unler
GK, Emmisler E, Ciftci O, et al. Coronary
microvascular function, peripheral
endothelial function and carotid IMT in
beta-thalassemia minor. Thromb Res 2013;
131: e247-252.

26. Hahalis G, Zacharioglou E,
Xanthopoulou I, Koniari I, Kalogeropoulou
C, Tsota I, et al. Coronary atherosclerosis
burden is not advanced in patients with B-
thalassemia despite premature extracardiac
atherosclerosis: A coronary artery calcium
score and carotid intima-media thickness
study. J Geriatr Cardiol 2016; 13: 158—-162.
27. Dogan M, Citak EC. The evaluation of
carotid intima-media thickness in children
with  beta-thalassemia major. Cardiol
Young 2012; 22: 79-83.

28. Aubart M, Ou P, Elie C, Canmniffe C,
Kutty S, Delos V, et al. Longitudinal MRI
and ferritin monitoring of iron overload in
chronically transfused and chelated
children with sickle cell anemia and
thalassemia major. J Pediatr
Hematol/Oncol 2016; 38: 497-502.

40

Iran J Ped Hematol Oncol. 2021, Vol 11, No 1, 30-40


http://dx.doi.org/10.18502/ijpho.v11i1.5005 
https://ijpho.ssu.ac.ir/article-1-541-en.html
http://www.tcpdf.org

