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Abstract

Background: Thalassemia patients have diabetes mellitus
subaltern to hemosiderosis.

Aim of Study: To asses iron overload in pancreas of
pediatrics beta-thalassemia major patients by T2*-Gradient-
echo Magnetic Resonance Imaging (MRI) and to study corre-
lation of results of data of MRI with affection with diabetes,
serum ferritin level, hepatic hemosiderosis, and spleen removal.

Methods: 20 (3-thalassemia major patients with regular
blood transfusion (11 males and 9 females) follow-up at the
Hematology Clinic, Children's Hospital, Tanta University.

Results: Striking reduction in hepatic and pancreatic
Signal Intensity Ratio (SIR) was appeared in thalassemic
patients contrasted with controls (p<0.001), Thalassemic
patients with anomalous glucose tolerance; demonstrating a
more level of secondary hemosiderosis in the form of low
signal intensity of pancreas and liver tissue contrasted with
thalassemics with typical glucose tolerance or controls
(»<0.001). Thalassemic patients with surgically removed
spleen had essentially bring down SIR of pancreas contrasted
with intact spleen patients (p<0.047). A solid connection was
available amongst hepatic and pancreatic siderosis in examined
patients (p<0.003).

Conclusions: T2* GRE MRI assume a vital part in detec-
tion of iron over-burden in B thalassemic patients, and was
more obvious in patients with unusual glucose tolerance. After
spleen removed, iron deposition might be more out of control
in the pancreas. We prescribe serious chelation system to
thalassemic patients generally and more in thalassemic patients
with IGT with regular follow-up by susceptibility weighted
sequences of magnetic resonance imaging.

Key Words: Pancreatic iron overload — MRI gradient echo
imaging — Thalassemia.

Introduction

B-THALASSEMIA major is an inherited hemo-
lytic anemia that is dealt with numerous blood
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transfusions which prompt iron over-burden,
prompts cell demise and organ weakness [1].

Principle locales of iron collection are liver,
spleen, heart and endocrine organ chiefly pancreas
and pituitary organ. Chelation treatment has been
utilized to dispose of it [2,3].

Serum ferritin is the principle test done to assess
press store, yet can prompt false outcomes if there
should arise an occurrence of inflammation and
liver sickness [4].

Liver is the primary site for iron storage in
patients with hemochromatosis or transfusion-
dependent anemia; therefore, Liver Iron Concen-
tration (LIC) accurately reflects total body iron
stores [5] . Usually, liver iron overload evaluation
is done by needle biopsy, which is invasive way
carry a many of complication with it, and psycho-
logically is un liked by patients [6].

Aggravation of the endocrine and exocrine
elements of the pancreas is a known complexity
in patients with beta-thalassemia major [7]. The
extent of impaired glucose tolerance and diabetes
in patients have thalassemia major is from 9% to
15% including on the time of assessment, the force
of chelation, transfusion, and patient consistence
[8] . The reason for diabetes in (3-thalassemia is
expanded fringe protection from insulin and direct
poisonous impact of overabundance press in the
acinar and beta cells of the pancreas bringing about
insulin inadequacy [9].

Magnetic Resonance Imaging (MRI) is the most
possible noninvasive strategy to assess hepatic iron
substance and demonstrates a decent connection
with biopsy comes about [10,11] . It is give us non-
invasive technique for evaluating the level of iron
in the liver and pancreas to affirming the finding,
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characterizing the seriousness and watching treat-
ment with high affectability, specificity, and positive
and negative predictive values [12].

Patients and M ethods

Our study scanned 20 Egyptian f3-thalassemia
major patients (11 males, 9 females) regular trans-
fuse blood at the Hematology Clinic, Pediatric
Department Hospital, Tanta University, Tanta,
Egypt in time from September 2016 to September
2017. Age went between 6-18 years (11.700 +
3.701). All thlassemic patients suffer from pallor
and hepatomegaly. All patients were regular trans-
fused blood each 2 to 4 weeks to save their hemo-
globin level at 9-11g/dl. Patients were advised to
take chelation therapy with subcutaneous deferox-
aminemesylate (Desferal,) (thirty to forty milligram/
kilogram body weight per day) or oral desferasirox
(twenty to forty milligram/kilogram/day). Patients
diseased with acute infection were briefly prohib-
ited from the investigation to avoid the impact of
disease on ferritin. Ferritin level ranged between
(101-11000ng/dl) (Table 1). Spleen surgically
removed in 14/20 patients (70%). The studied
patients were classified according to the results of
fasting and post prandial glucose test (FG, PPG)
into 15 patients with thalassemia major with Normal
Glucose Tolerance (NGT) and 5 patients with
abnormal glucose tolerance. Five healthy children,
3 males and 2 females; introduced as control group,
in the same range of age of our patients, with
normal CBC, serum ferritin and FBG and PPG.
Informed consent was taken before the scan from
all patients or their legal family.

Laboratory investigations: Complete Blood
Count (CBC) was performed, Fasting Blood Glu-
cose (FBG), Postprandial Blood glucose (PP).

T2* MRI imaging technique:

All MRI scans were done based on literature
datawith al1l.5 T scanner (GE medical system,
sigma explorer). The pulse sequence used was T2-
weighted gradient-echo sequence TR=13.9ms, the
axial scan cuts must started just above the hepatic
dome and extend down wards involving all pan-
creatic tissue including head , body and tail. The
image was obtained in the axial plane, flip angle
359 with 8 echo times, first echo timein 1msand
interval was 1.3ms [13,14] .

Image inter pretation:

Weuse (S. AX. Cardiac R2* BH) for measuring
the signal intensity of organs. The intensity of the
signals (S1) of the liver and pancreas were measured
by 2 circles of interest (ROIs) of each that measured

1cm2, drown away from vessel's, ducts and organ
edges, and the average is calculated. The (S AX.
Cardiac R2* BH) introduce mean of signal intensity
of different (ROIs) in form of T2*=(N) and R2*=
(N) (N=number), T2* isindirectly proportional
with iron overload, and R2* isdirectly proportional
with iron overload. So, the hemosiderosislevel in
pancreas classified into (mild when R2*=30-100
Hz, moderate when R2*=100-400Hz and sever
when R2* >400Hz).

Table (1): Ferritin level of thalassemic of patients.

Range Median IQR
Ferritin level (ng/dl) 101-11000 3400 3775
HbF 3-88 29.5 295

Satistical analysis:

Test of data was done by using Statistical Pack-
age for the Social Sciences (Version 17). We com-
pared between thalassemic and controls, thalassem-
ic non diabetic and diabetic of patients by using
students t-test for parametric measures and mann-
Whitney U-test for non parametric measures. And
to compared between controls, thlassemic non
diabetic and thlassemic diabetic groups of patient
byusing kruskal-wallis test. We were using pearson
correlation coefficient also.

We considered p-value <0.05 as cut-off value
for significance.

Results

Iron overload confirmed when R2* value of
pancreas more than 30Hz and classified according
this (30-100Hz mild hemosiderosis, 100-400Hz
moderate and more than 400Hz is sever). Pancreatic
hemosiderosis appear in 17/20 (85%) of patients.
Theintensity of signal of the liver and the pancreas
were apparent decreased in thalassemic groups of
patients in comparison to controls (p<0.001) (Table
2). Therange of T2* pancreas was between (1.9
and 24Hz) and T2* liver ranged between (1 and
19.6Hz).

Thalassemic patients with anomal ous glucose
tolerance showed more reduction in SIR of the
liver and the pancreas compared to those with NGT
(p<0.001) as shown in (Table 2). Signal intensity
of pancreas was correlated with liver (p<0.003)
and with age of diagnosis (p<0.002). Pancresatic
SIR in our cases decreased when serum ferritin
increased in most of cases denoting a negative
correlation with serum ferritin (p<0.004) as shown
in (Table 3).
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Thalassemic patients with surgically removed
spleen (12 case) showed clear reduction in intensity
of signal of the pancreas compared to intact spleen
patients (6 case) (p<0.047).

Correlation of intensity of signal of pancreas
with age, sex, family history and consanguinity
history is not significant. Also correlation with
hemoglobin level and platelet count and HbF show-
ing no significance.

No correlation between interval of blood trans-
fusion and signal intensity of pancreas.

80% Of hepatic siderosis is sever, 5% moderate
and 15% mild, however, pancreatic siderosis is
25% sever, 40% moderate, 20% mild and 15%
normal.

Table (2): Correlation between thalassemic patients (diabetic
and non diabetic) and control in intensity of signal
of pancreas.

T2* pancreas Kruskal-Wallis
Diabetic (ms) Test

Range Median IQR X2 p-value
Non diabetic 2.6-42.5 9.2 186 16.764 <0.001*
Diabetic 1.9-2.5 2 0.3
Controls 38-45 415 425
Mann-Whitney Test
N&D N&C D%C
0.001 * 0.005* 0.008*

Table (3): Correlation of ferritin level with pancreatic T2*.

Cases Serum ferritin T2* of pancreas

1 216 42 .5ms (normal)

2 2900 4.8ms (moderate iron overload)
3 3990 9.1ms (moderate iron overload)
4 6000 1.9ms (sever iron overload)

5 1000 39.5 (normal)

6 1000 19.2ms (mild iron overload)

7 3400 2.6ms (moderate iron overload)
8 1100 25.2ms (mild iron overload)

9 4144 6.6ms (moderate iron overload)
10 101 37ms (normal iron overload)

11 1900 14.5ms (mild iron overload)

12 1600 7.5ms (moderate iron overload)
13 2800 2ms (sever iron overload)

14 3500 10.1ms (mild iron overload)

15 5000 3.5ms (moderate iron overload)
16 11000 9.2ms (moderate iron overload)
17 5000 7.1ms (moderate iron overload)
18 3400 2ms (sever iron overload)

19 10000 2ms (sever iron overload)

20 7850 2.2ms (sever iron overload)

Correlation between serum ferritin and T2* of pancreas.
r=0.610, p-value=0.004.
Moderate negative significant correlation.
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Cases:
Case No. I:

Fig. (1): Axial images showing manually drawn ROI of liver
and head and body of pancreas.

Fig. (1) MRI T2* multi-echo sequence of upper
abdominal cut of male patient aged 9 years old,
diagnosed as B-thalassemia major at 2 years with
Hb F=25% (N up to=1%), Hb=6g/dl, platlate count
=506000/cmm and blood transfusion every 6 weeks.
Serum ferritin level=3990ng/ml. And splenectomy
is done (TR 13.9ms, flip angle 35, TE first=1ms,
TE interval=1.3ms, 8 echoes, acquisition time:
14.5s) showing loss of signal intensity of liver and
pancreas from the first echoes. Denoting irone
overload.

» T2* of'pancreas=9.1ms.
* T2* of'liver=2.9ms.

Diagnosis: Moderate heamsiderosis of pancreas
and liver.
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Case No. 2:

Fig. (2):

MRI T2* multi-echo sequence of upper abdom-
inal cut of female patient aged 10 years, diagnosed
as thalassemic at 1 month with Hb F=14% (N up
to=1%), Hb=7mg/dl, platlate count=506000mg/dl,
blood transfusion avery 15 day. Serum ferreten
level=6000ng/ml and not splenectomized. The
patient is diabetic also (TR 13.9ms, flip angle 35,
TE first=1ms ,TE interval= 1.3ms, 8 echoes, ac-
quisition time: 14.5s) showing loss of signal inten-
sity of liver and pancreas from the first echoes.
Denoting irone overload.

* T2* of pancreas=1.9ms.
* T2* of liver=1.4ms.

Fig. (3): Axial images showing manually drawn ROI of liver
and head and body of pancreas.

Diagnosis:
Sever pancreatic heamsiderosis leading to dia-
betes.

Sever heamsiderosis of liver.

Discussion

Magnetic Resonance (MR) imaging is the most
sensitive and specific imaging test in the diagnosis
of organ iron overload in thalassemic patients
dependent blood transfusion. The effect caused by
the iron overload leads to signal loss in the affected
tissues, particularly with the T2* weighted sequenc-
es, which give us noninvasive way to diagnose
iron over-burden without biopsies [15].

The amassing of iron particles in the tissues,
in light of the superparamagnetic properties of the
iron, causes neighborhood twisting in the magnetic
fields and relaxation of the spins which results in
shortening of the longitudinal relaxation time (T1)
and the transverse relaxation time (T2), and par-
ticularly the transverse relaxation time as affected
by magnetic field inhomogeneity (T2*). This effect
causes a loss of signal intensity in the affected
organs that is proportional to the iron deposition
[16] .

In our examination, we utilize the single breath
T2* gradient echo sequence because of its short
filtering time which is more advantageous in young-
sters.

The percent of diabetes in thalassemia major
patients is 25% and this come in concurrence with
different examinations changed from 8% up to
27% [17-19].

In our thalassemic patients with strange glucose
tolerance showed higher serum ferritin contrasted
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with patients with Normal Glucose Toleranceisin
concurrence with khalifa et a., as serum ferritin
cause destruction of pancreatic cells leading to
glucose disturbance [19,20] .

Our examination showing hepatic and pncreatic
lower signal intensity ratio of patients with tha-
lassemia contrasted with controls (Table 2); the
conclusion of hepatic siderosis was show up in
20/20 patients (100%) (15% mild, 5% moderate
and 80% sever) and analysis of pancreatic siderosis
wasin 17/20 patients (85%) (20% mild, 40% mod-
erate and 25% sever). Midiri et al., Papakonstanti-
nou et al., Au €l al. and Noetzli et al., said that
pancreatic secondary hemosiderosislead toabnormal
dark MRI signal, and there is press over-burden
in the pancreas in thalassemic major cases up to
75-100% [21-24] .

Our examination additionally recognized lower
signal power of the liver and pancreas in thalassem-
ic patients with abnormal glucose in connection
with patients with ordinary glucose tolerance
(Table 2), in concurrence with Matter et al., 2010
and Doaa Mohammad Y oussef et al., what's more,
in concurrence with Papakonstantinou et al .,
[22,34,35] .

Au et a., result was decreased in iron overload
in pancreas with age, so T2* increase in this case,
in other hand, Christoforidis said that there was a
decrease of T2* of liver with increasing of age
[23,25] . Lastly, our result of this part of study was
positive significant relation between iron overload
in liver and pancreas and age of diagnosis, but, no
relation was seen with age of patients.

We watched additionally negative noteworthy
connection between's serum ferritin and SIR of the
pancreas (Table 3), like Midiri et al., [21] yet not
concurrence with others [22,26] . Argyropoulou et
a., stated that there was no relationship between,
S pancreatic iron deposition/siderosis and serum
ferretin.Argyropoulou et al., said the way that T2
relaxation time relies upon not onlysiderosi sbut
also fatty invasion of the pancreas [26].

Likewise, negative relationship between's serum
ferritin and intensity of signal of liver in our con-
sidered patients was distinguished in concurrence
with numerous examinations [22,26-29] ; while no
comparative connection was noted in different
investigations [25,30] .

We detect a strong relationof pancresatic T2*
and hepatic T2*. Thisresult was like Brewer et
al., [31], but no similar correlation in Papakonstan-
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tinouetal., Aud a., and Noetzli et al., [22-24,32];
this conflict may be dueto their patients are adult
and pancreatic parenchymais replaced by fat which
is affect values of MRI.

At last, we distinguish likewise huge decrease
in pancreatic signal in surgically removed spleen
thalassemic patients contrasted with those with in
place spleen in concurrence with Doaa Mohammad
Youssef et al., [35]. Thisdueto lack of other store
for iron as spleen in our case [31,33,34] . For this,
surgically removed beta thalassemia major patients
ought to be entirely observed for pancreatic iron
over-burden by MRI to maintain a strategic distance
from pancreatic brokenness.

We saw that inclusion of children B thalassemic
patients who not affected yet by fatty infiltration
and many other disease is the main advantage of
our study, and al of them are examined in one
MRI machine and same doctors. The main study
limitation is our patient are very young, so they
afraid from MRI machine and need every time
psychological sedation. However, we hope in the
future that MRI used in detection of risky tha-
lassemic patient who exposed to diabetes to prevent
there affection.

Summary and Conclusion:

Striking decrease in the liver and the pancreatic
signal was appeared in thalassemic patients con-
trasted with controls (p<0.001), Thalassemic pa-
tients with anomal ous glucose tol erance; demon-
strating amore level of secondary hemosiderosis
of liver and pancreasin form of lower signal in-
tensity of their tissues contrasted with thalassemics
with typical glucose tolerance or controls (p<0.001).
Thalassemic patients with surgically removed
spleen had essentially bring down SIR of pancreas
contrasted with intact spleen patients ( p<0.047).
A solid connection was available amongst second-
ary hemosiderosis of liver and pancreas in examined
patients (p<0.003).

T2* gradient weighted MRI assume avital part
in detection of iron over-burden in B thalassemic
patients, and was more obvious in patients with
unusual glucose tolerance. After spleen removed,
iron deposition might be more out of control in
the pancreas. We prescribe serious chelation system
to thalassemic patients generally and morein
thalassemic patients with IGT with regular follow-
up by susceptibility weighted sequences of mag-
netic resonance imaging to survey change of
secondary hemosiderosis of pancreatic tissue.
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