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Abstract

Introduction: Major thalassemia patients need lifelong transfusions. The consequence of these repeated transfusions is iron accumula-
tion in different organs. The main aim of the present study was to investigate the correlation between heart, liver and pancreas hemosid-

erosis in thalassemic patients from Iran.

Methods: This cross-sectional study was conducted on 164 major thalassemia patients at Zafar Adult Thalassemia Center, a referral
thalassemia center in Tehran, Iran, from May to November 2014. All patients were on regular blood transfusion at 2—4 week intervals to
keep their hemoglobin at a level of 7-9 gr/dL before each transfusion. Demographic data were gathered from patients’ history. MRI T2* of

liver, heart and pancreas were performed for all patients.

Results: There were a moderate correlation between pancreatic T2* and cardiac T2* relaxation times (r = 0.42, P < 0.001), a moderate
correlation between T2* of pancreas and liver (r = 0.41, P < 0.001), and a weak correlation between T2* relaxation times of heart and liver

(r=0.31, P < 0.001).

Conclusion: Poor correlation between liver and heart, as well as a weak to moderate correlation between pancreas and liver T2* relax-
ation times indicate that relying on liver MRI T2* to predict the exact condition of pancreas or heart iron overload might not be a reliable ap-
proach in thalassemia major patients. Our findings suggest the advantage of using pancreas and heart MRI T2* as a non-invasive method

for estimation of iron overload instead of relying on liver MRI T2*.
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Introduction

eta Thalassemia major is a type of hemolytic anemia char-

B acterized by defective biosynthesis of beta globin chains.'

The most important mainstay of treatment in beta thalas-

semia is packed red blood cell transfusion. Thalassemic patients

need lifelong transfusions and the consequence of these repeated

transfusions is iron accumulation in different organs, such as
heart, liver, endocrine glands, pancreas, lungs, and kidneys.!

In recent years, advances in the management of patients with
B-thalassemia major has improved the survival of patients,> so
finding non-invasive methods for estimation of iron overload in
different organs of these patients has become an important sub-
ject. Serum ferritin acts as a marker for evaluation of iron stores,
but some conditions such as inflammation, infection, liver disease
or hepatitis can raise the ferritin level, as well.®> Although biopsy
has been suggested as the most reliable method for estimating
organ iron overload, its implementation is limited because of its
invasive nature.*

The T2* magnetic resonance imaging (MRI) technique seems
to be an accurate, valid and non-invasive method for assessment
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of tissue iron stores. This method has revolutionized the manage-
ment of thalassemia patients, especially in the tailoring of chela-
tion regimens.*”’ Despite some previous studies on cardiac, hepat-
ic and kidney MRI T2* among Iranian patients, there is no pub-
lished data on the MRI T2* of pancreas among Iranian patients.* '3

Endocrine and exocrine function impairment of the pancreas has
been reported to be a common complication among thalassemic
patients.™ One of the most important endocrinopathies among
thalassemic patients is diabetes mellitus. The incidence of diabe-
tes mellitus in adult major thalassemia patients varies from 10%
to 30% worldwide.'>'® The exact etiology of diabetes mellitus in
thalassemic patients is uncertain, but iron accumulation in pan-
creas is one of the most probable causes.!” Iron overload has been
defined by T2* values < 6.3 milliseconds, T2* < 20 milliseconds
and T2* <21 milliseconds in the liver, heart and pancreas, respec-
tively.!81

In the present study, we evaluated the correlation between hemo-
siderosis of myocardium, liver and pancreas among Iranian major
thalassemia patients by means of MRI T2*.

Patients and Methods

The present study was conducted at Zafar Adult Thalassemia
Center, a referral thalassemia center in Tehran, Iran, from May
to November 2014. The study was approved by the Ethics com-
mittee of Shahid Beheshti University of Medical Science, Teh-
ran, Iran, and written consent was obtained from all participants.
All patients were major thalassemia patients and were receiving
regular blood transfusions (10 mL packed RBC/kg body weight)



at 2-4 week intervals to keep their hemoglobin at a level of 7-9
gr/dL before each transfusion. The majority of the patients were
receiving chelation therapy with subcutaneous desferrioxamine
mesylate (30-40 mg/kg/d four to five days per week). Patients
with a history of hepatitis B and C or acute infections were ex-
cluded from the study to avoid these conditions influencing the
serum ferritin. The patients were selected from 600 patients who
had the inclusion criteria. The sample selection was based on the
convenient sampling method. Each patient who fulfilled the inclu-
sion criteria and agreed to be included participated in this study.

Measurement of serum ferritin was carried out by electroche-
miluminescence (Elecsys 2010 Chemistry Analyzer, Roche Diag-
nostics, Basel, Switzerland).

Magnetic resonance imaging protocol

Magnetic resonance imaging was performed for all patients at
Pardis Noor Clinic, Tehran, Iran, with a 1.5 Tesla scanner (Achie-
va 1.5T A-series, Philips Medical Systems).

A standard RF body coil was used in all measurements. We
used the Royal Brompton protocol which is based on a single-
breath, multi-echo, fast gradient-echo sequence for T2* measure-
ments.” For measuring myocardial T2*, scans were synchronized
to the cardiac cycle using standard ECG gating.” We then took a
single 10 mm-thick short axis, mid ventricular slice positioned
half way between the base and the apex of the left ventricle.’
The liver T2* was measured by imaging a single trans-axial slice
(10 mm) through the center of the liver. > MRI T2* of pancreas
was performed in the axial plane, flip angle 200 with 7 mm slice
thickness, image matrix 250 x 250 pixel, and field of view of 370
(350400 mm).

Estimation of sample size and statistical analysis

In order to have 90% power, to detect a correlation as small as
0.25, with a type I error of 0.05, we needed at least 160 samples.
We included 164 samples in our study. To assess the normal distri-
bution of data, we used Kolmogorov-Smirnov test and Q-Q plot.
To present data, we used mean, standard deviation, median and
range, frequency and percent. To evaluate the relation of different
factors, we used spearman correlation coefficient. The magnitude
of the correlation was defined based on the value of the corre-
lation coefficient. A correlation less than 0.4 was considered as
weak, 0.4 to 0.6 was considered as moderate, and more than 0.6
was considered as strong. Also, to fit the proper line to the scatter
plot of the variables, we used the Loess method. All statistical
analyses were performed using SPSS (IBM SPSS statistics for
windows, version 22.0 Armonk, NY: IBM corp.). P values less
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than 0.05 were considered statistically significant.
Results

Between May and November 2014, 164 patients (89 female, 75
male) were included in this study.

The mean age was 30, with a range of 1060 years. The mean
value of serum ferritin was 1544 + 1470 n/mL. Demographic
characteristic of patients are shown in Table 1.

The mean relaxation time of pancreas, heart and liver were 15.41
+12.36,25.23 + 11.27 and 8.09 + 9.16 milliseconds, respectively.
In the present study, 125 patients (76.2%) had pancreatic iron
overload. Fifty six patients (34.1%) had myocardial iron overload
including 22 patients (13.4%) with mild, 18 patients (11%) with
moderate and 16 patients (9.8%) with severe cardiac hemosidero-
sis. Also from all participants in our study, 98 patients (59.8%)
had liver iron overload and only 9 patients (5.5%) had severe liver
hemosiderosis. The mean iron loading in the liver was 4.03 + 3.24
mg/gr/dry weight. The findings related to liver, heart and pancreas
MRI T2" are summarized in Table 2.

In the present study, there was a moderate negative correlation
between ferritin and relaxation time of liver T2*(r = -0.57), but a
weak negative correlation between ferritin and cardiac relaxation
time (r = -0.32, P < 0.001) (Table 3). Also, there was a moder-
ate negative correlation between ferritin and pancreas relaxation
time (r =-0.46, P <0.001) (Table 3) (Figure 1). When comparing
the T2* readings of pancreas, heart and liver, there was a moder-
ate positive correlation between relaxation time of pancreas with
liver (0.41, P <0.001) (Table 3) (Figure 2) and heart (r = 0.42, P
< 0.001) relaxation times (Figure 3). Finally, there was a weak
correlation between T2* of heart and liver (r = 0.31, P < 0.001)
(Table 3).

Discussion

Assessment of organ specific hemosiderosis is a key point in
improving the survival of transfusion-dependent thalassemia pa-
tients.?’ The advent of MRI T2* have revolutionized the manage-
ment of thalassemia patients.”! The aim of the present study was
to investigate the correlation between heart, liver and pancreas
hemosiderosis among thalassemia major patients in Iran. Our re-
sults showed that 76.2 % of all patients had pancreatic iron over-
load which is in agreement with similar studies, such as the study
by Matter et al?* Several other studies have reported that pan-
creatic hemosiderosis occurs in 75%-100% of thalassemia major
cases.'®?2 [n the current study, 34.1% and 59.8% of our patients

Table 1. Demographic data of the patients.

Parameter Values
Age (yrs) Mean + SD 3010
Median (range) 29 (10 to 60)
Gender Female 89 (54.3%)
Male 75 (45.7%)
Ferritin Mean + SD 1544 + 1470
Median (range) 1100 (13 to 8000)
Normal 73 (46.8%)
Abnormal 83 (53.2%)
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Table 2. Findings in liver, heart and pancreas MRI T2*.

Parameter Value
T2* - Pancreas (ms) Mean + SD 15.41+12.36
Median (range) 11.61 (1.83 to 70)
Pancreas Hemosiderosis No 39 (23.8%)
Yes 125 (76.2%)
T2* Heart Mean = SD 2523 +£11.27
Median (range) 25.06 (6.02 to 49.98)
Cardiac Hemosiderosis No 108 (65.9%)
Yes 56 (34.1%)
Severe 16 (9.8%)
Moderate 18 (11.0%)
Mild 22 (13.4%)
T2* - Liver (ms) Mean + SD 8.09+9.16
Median (range) 4.11 (1.13 to 42.54)
Loading - Liver (mg/g/ dry weight) Mean + SD 4.03+3.24
Median (range) 3.29 (0 to 12.6)
Liver Hemosiderosis No 66 (40.2%)
Yes 98 (59.8%)
Severe 9 (5.5%)
Moderate 50 (30.5%)
Mild 39 (23.8%)

Table 3. Spearman correlation of Ferritin, T2* readings of pancreas, heart and liver.

First parameter Second parameter r P
Ferritin T2* - Pancreas (ms) -.46 <0.001
T2* - Heart (ms) =32 <0.001
T2* - Liver (ms) -.57 <0.001
T2* - Pancreas (ms) T2* - Heart (ms) 42 <0.001
T2* - Pancreas (ms) T2* - Liver (ms) 41 <0.001
T2* - Heart (ms) T2* - Liver (ms) 31 <0.001
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Figure 2. The relation between pancreas and liver MRI T2* relaxation
time (r=0.41, P <0.001) and its corresponding fitted line based on Loess
method.

Figure 1. The relation between pancreas MRI T2* relaxation time and
ferritin (r = -0.46, P < 0.001) and its corresponding fitted line based on
Loess method.
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Figure 3. The relation between pancreas and cardiac MRI T2* relaxation time (r = 0.42, P < 0.001) and its corresponding

fitted line based on Loess method.

had cardiac and liver iron overload, respectively. Also, serum fer-
ritin level was higher than 1000 ng/mL in 83 cases (53.2 %)).

There was a negative weak correlation between serum ferritin
and cardiac MRI T2* relaxation time (r =-0.32, P <0.001). Thus,
ferritin level could not accurately predict cardiac iron overload, as
measured by T2* magnetic resonance imaging. This finding is in
concordance with previous published data,”®3* and further em-
phasizes the importance of MRI T2* as a more accurate method
for investigating cardiac iron overload. Also, we found a negative
moderate correlation between ferritin and the relaxation time of
liver T2* (r = -0.57, P < 0.001). This finding is also in line with
results from other studies.?***3* Therefore, serum ferritin cannot
satisfactorily estimate the iron burden of liver.

Also, another important aspect of our study was a moderate
negative correlation between ferritin level and pancreatic T2*
relaxation time (r = - 0.46, P < 0.001). Similar to our findings,
Au et al. showed that hemosiderosis of the pancreas could not be
accurately predicted by ferritin levels.”* Argyropoulou et al. also
found no correlation between pancreas hemosiderosis and serum
ferritin levels.*

Our results showed a moderate correlation between pancreas
and liver T2* relaxation time (r = 0.41, P < 0.001). This finding
is in concordance with Au et al.,® and Matter ef al.,”> whereas de
Assis et al.,” and Papakonstantinou et al.,** found no correlation
between liver T2* relaxation time and pancreatic relaxation time.
In other words, liver siderosis is a poor predictor of pancreatic
hemosiderosis.”

In the present study, we found a moderate correlation between
pancreatic and cardiac T2* relaxation time (r = 0.42, P < 0.001).
This finding is similar to other studies findings.”*% Noetzli et
al., have reported that pancreatic hemosiderosis would precede
cardiac iron overload. These authors have suggested the possi-
bility of predicting cardiac siderosis almost 10 years in advance
by studying the pancreas iron deposition in thalassemic patients.?
There was also a week correlation between T2* of heart and liver
(r=0.31, P<0.001)

According to our results, liver MRI T2* or serum ferritin lev-
els cannot predict pancreatic and cardiac siderosis, indicating that

body tissues have different iron deposition patterns. This can be
attributed to organ specific mechanisms of iron uptake and re-
lease, the heterogeneous distribution of transferrin receptors and
differential iron transport kinetics.

In conclusion, poor correlation between liver and heart, as well
as a weak to moderate correlation between pancreas and liver T2*
relaxation times indicate that relying on liver MRI T2* to predict
the exact condition of pancreas or heart iron overload might not
be a reliable approach, so using one organ MRI readings to predict
iron overload in other organs has serious limitations. Our findings
also suggest the advantage of using the pancreas and heart MRI
T2* as a non-invasive method for estimation of iron overload in-
stead of relying on liver MRI T2*.
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