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ABSTRACT

In Thalassemia, Serum markers of iron overload, serum ferritin and
transferring saturation are used to predictiron concentration in the body
but have many shortcomings. Liver T2* MRI has been developed to
replace Liver biopsy in assessing Liver iron concentration (LIC). This study
was conducted to correlate Serum ferritin levels with Iron deposition in
the liver by T2-MRI. This was a Hospital based Cross-Sectional study
conducted on 36 children aged 2-18 with Beta Thalassemia major for over
one year. They were subjected to T2 MRI evaluation of the Liver and also
blood samples for Serum ferritin and CBC. The mean age of study
participants was 9.69 years. The Mean Serum Ferritin level was 1677.28
mcg/L and the mean of hepatic MRI T2* results in the liver was 3.37ms.
Thirteen patients (36.1%) patients had a Liver iron content of >15mg
Fe/dry Liver calculated by using R2*at 1.5 T. On average, females have
higher MRI T2 relaxation time with a mean difference being 0.94 msec
(95% Cl: -1.5-3.4, F (1,34)=0.61, P value=0.44). In Our study, 52.2% of
male participants, 53.8% of females, 60% of participants with Serum
Ferritin >2500 mcg/L and 58.4% of participants with Serum Ferritin
1000-2500 mcg/L had severe iron deposition in the Liver by T2 MRI.
Spearman’s correlation coefficient (rho-0.341, p-value-0.042) showed a
moderately positive relation between Serum Ferritin and Liver Iron
content. Scatter plots showed a weak negative relationship between
Serum ferritin and T2 relaxation time and a weak positive relationship
between Serum ferritin and Liver Iron content. Liver T2*MRI as a tool to
identify iron deposition in the liver is important to include serum Ferritin.
Assessment of Serum Ferritin alone may result in delayed initiation of
chelation therapy, which may prolong patient exposure to high iron levels
and associated morbidity and mortality risks. Further studies are required
with a bigger sample size to give a definite recommendation.
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INTRODUCTION

Hemoglobinopathies are the most common
single-gene disorders in humans™. Beta Thalassemia is
a group of inherited blood disorders characterized by
a genetic deficiency in the synthesis of the R-globin
chain®®. The main complication of the multiple blood
transfusions to these patients is iron overload and the
deposition of iron in various organs, such as the
reticuloendothelial system, the liver, the heart and the
endocrine glands™. In iron overload states, unbound
iron accumulates in the hypothecates and leads to
severe oxidative stress with the overproduction of
toxic ROS, which leads to severe hepatic inflammation
and fibrosis®. Serum markers of iron overload, serum
ferritin and transferrin saturation are inexpensive
techniques and widely used to predict iron
concentration in the body and to monitor therapeutic
response after starting iron chelation therapy
However, these techniques cannot be used solely to
monitor iron levels in the body. Ferritin as an acute
phase reactant will increase sharply in the presence of
inflammation. Patients who have frequent transfusions
will have fully saturated transferrin®™®. Liver biopsy was
considered the gold standard for detecting iron
overload. However, it is associated with several side
effects and disadvantages such as pain, bleeding,
infection, extensive sampling variability and inter-
observer variability and is not suitable for related
long-term follow-up. Therefore, a non-invasive
examination T2* MRI has been developed to replace
Liver biopsy in assessing Liver iron concentration (LIC).
T2* MRI can measure the concentrations of iron in the
liver and the heart and is particularly beneficial in
tailoring the appropriate chelation treatment for each
patient T2* MRI examination of the liver is now a
validated examination in assessing LIC"*". In 2012, the
Thalassemia Clinical Research Network issued a
recommendation stating that T2* imaging of the liver
and heart should be performed at least annually,
beginning at the age of 10 years old. The imaging may
be performed more frequently in patients with
dangerous levels of cardiac iron as demonstrated by
T2* values <10 or excess levels between 10 and 20
ms™. Another study in China suggested that MRI
evaluation of iron be performed from about 6 years of
age™ and a USA study recommends that it should be
conducted even earlier™,

Aims and Objectives: To correlate Serum ferritin levels
with Iron deposition in the liver by T2* MRI in
transfusion-dependent Beta Thalassemia major
patients.

MATERIALS AND METHODS

A Hospital-based Cross-Sectional Study was conducted
on children of age group 2-18 years already diagnosed
with Transfusion dependent Thalassemia (TDT)

admitted in the Department of Pediatrics, Sri
Venkateswara Ramanarain Ruia Government General
Hospital, a Tertiary care hospital attached to Sri
Venkateswara Medical college over one year after
getting clearance from Ethical Clearance Committee.
Before collection of data, all subjects were briefed
about the purpose of the study and written informed
consent was obtained. All the tests and procedures
were done free of cost and no financial burden was
imposed on the patient. All thalassemia children who
were younger than 2 vyears or who had <12
transfusions to date, were positive with HIV, Hepatitis
B, Hepatitis C, Chronic inflammatory disease and
associated malignancy were excluded from the study
before selecting the Study subjects. Based on the
previous study of Eghbali™ the mean of hepatic
T2-MRI was 26.46+£9.19ms. The sample size was
Calculated.

Sample Size Calculation is,

n= Z0°

d2
where,

z=1.96

0=9.19

d=3

n=(1.96)*(9.19)> = 32431 = 36
32 9

All the study subjects satisfying inclusion criteria were
enrolled in the study. After a detailed history and
physical examination, the study subjects were
subjected to T2 MRI evaluation of the Liver and also
blood samples for Serum ferritin level along with
investigations Complete Blood picture, C-Reactive
Protein and Liver enzyme levels were collected. Serum
Ferritin level was measured by ELISA. T2 MRI-Phillips
Ingenia, 1.5 tesla performed MRI. A dedicated Iron
quantification T2 weighted multi-echo sequence using
a phased array surface coil. Each scan will be for about
20 minutes and includes the measurement of liver T2*
relaxation. Fasting and sedation were not needed
before the exam. The MRI instrument's cut-off points
are as follows™: Liver: normal >16ms, mild: 4-8 ms,
moderate: 4-2ms, severe <2 ms. Liver Iron content
measured on 1.5T, LIC (mg Fe/g dry liver)=0.026* R2*+
0.07.

Statistical Analysis: Data was analyzed by descriptive
statistics. The results were reported as number
(percentage) for categorical variables, meantstandard
deviation (SD) for normally distributed variables and
median (inter quartile range (IQR)) for non-normally
distributed variables. Spearman's tests were used to
assess the correlation of liver T2* MRI with serum
ferritin level. Categorical data were compared using
the chi-square and Fisher exact test.
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Ethical Considerations:

e Before the collection of data all the parents were
briefed about the procedure and purpose of the
study and then written informed consent was
obtained from the parent of the subject.

All investigations related to the study were done
free of cost and no financial burden was imposed
on parents of the subject.

Confidentiality of individual information was
maintained.

No conflict of interest.

RESULTS AND DISCUSSIONS

We studied 36 patients with B-thalassemia major who
were transfusion-dependent. In the present study, it
was found that 52.8% of study participants belonged to
the age group of 11-18 years followed by the age group
of 6-10 years (255) and the age group of 2-5 years
(22.2%). The mean age of study participants was 9.69
years. Twenty-three (36.2%)were males. Only four
(11.2%) patients had a history of parental
consanguinity. Most patients around 50% already had
transfusions between 100-200. In the present study,
Serum Ferritin levels were in between 1000-2500
accounting for 66.6% of total study participants. The
Mean Serum Ferritin level was 1677.28mcg/L The
mean of hepatic MRIT2* results of iron overload in the
liver was 3.37ms. Thirteen patients(36.1%) patients
Had Liver iron content of >15 mg Fe/dry Liver
calculated by using R2*at 1.5 T. The distribution of
various variables among the study participants is
shown in (Table 1).

Table 1: Distribution of Various Variables in the Study Participants
Characteristics of Study Participants

Variable Values
Age, Mean (years) 9.69

2-5 years n (%) 8(22.2)
6-10 years n (%) 9 (25)
11-18 years n (%) 19(52.8)
Gender

Male n (%) 23(63.8)
Female n (%) 13(36.2)
Parental Consanguinity

Non Consanguineous n (%) 32 (88.8)
Consanguineous n (%) 4(11.2)
No of Transfusions

<50 n (%) 9 (25)
50-100 n (%) 5(13.8)
100-150 n (%) 9 (25)
150-200 n (%) 9 (25)
>200 n (%) 4(11.2)
S Ferritin (mcg/L) Mean 1511
Mild =<1000 n(%) 7(19.4)
Moderate 1000-2500,n(%) 24(66.6)
Severe > 2500n(%) 5(13.8)
T2 * at 1.5 T (ms) Mean 3.37
>16 n (%) 1(2.8)
8-16 n (%) 4(11.2)
4-8 (Mild) n (%) 2(5.5)
2-4 (Moderate) n (%)) 10 (27.8)
<2 (Severe) n (%) 19(52.8)
R2* at 1.5T (sec-1)

<60 n(%) 1(2.8)
60-120, n(%) 3(8.3)
120-270 (Mild )n (%) 4(11.1)
270-580 (Moderate) n (%) 15 (41.7)
>580 (Severe) n (%) 13(36.1)
Liver Iron Content (mg Fe/g dry liver) n (%)

<1.8 1(2.8)
1.8-3.2 3(8.3)
3.2-7 (mild Overload) 4(11.1)
7-15(Moderate Overload) 15 (41.7)
>=15 (Severe Overload) 13 (36.1)

MRI T2 relaxation time by gender

10

MR T2 relaxation time in msec

Female Male

Gondeor

Fig. 1: Association of Hepatic MRI T2* Times and
Gender in Beta Thalassemia Patients

There was no evidence of a statistical difference in MRI
T2 relaxation time between the two genders. On
average, females have higher MRI T2 relaxation time
with a mean difference being 0.94 msec (95% Cl: -1.5
-3.4, F (1,34) =0.61, P value =0.44). After adjusting for
gender, there was no evidence of a difference in
between number of transfusions and MRI T2 relaxation
time as shown in (Fig. 1). For every 100 transfusions
MRI T2 relaxation time would decrease by 1 milli
second (95% Cl: 0-2, LR Chi-Square =2.75, P value - 0.1)
as shown in (Fig. 2)

3 of MRI T2

by number of

MR T2 relaxation Sme in mses

Number of transfusions

Fig. 2: Scatter Plot of Hepatic MRI T2* Times and
Number of Blood Transfusions in Beta
Thalassemia Patients

Table 2: Comparison of Sex, Number of Transfusions and Serum Ferritin
Levels Among Four Groups of Patients with B-thalassemia with
Different Levels of Iron Deposition According to Hepatic T2* MRI

Variable Normal Mild Moderate Severe
T2 Median (ms) >8 4-8 2-4 <2
Gender n(%)

Male 3(13) 3(13) 5(21.7) 12 (52.2)
Female 0 1(7.7) 5(38.5) 7(53.8)
Number of Transfusions

n (%)

<50 3(30) 0 4(40) 3(30)
50-100 0 0 2(50) 2(50)
100-150 2(20) 2(20) 1(10) 5(50)
150-200 0 0 3(33.3) 6(66.7)
>200 0 0 0 3(100)
Ferritin mcg/L

Mild (<1000) n (%) 2(28.6) 0 3(42.8) 2(28.6)
Moderate (1000-2500) n (%)  2(8.3) 2(8.3) 6(25) 14(58.4)
Severe (>2500) n(%) 1(20) 0 1(20) 3(60)

Based on the results of liver T2*, patients were
categorized into four groups: normal, mild, moderate
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and severe iron load. The hepatic T2* times showed
significantly different values among four groups of
patients. In Our study, 52.2% of male participants and
53.8% of females had severe iron deposition in the
liver. It was observed in the present study that all three
cases with >200 blood transfusions had severe iron
deposition in the Liver. In our study, 60% of
participants with Serum Ferritin >2500 mcg/L and
58.4% of participants with Serum Ferritin 1000-2500
mcg/L had severe iron deposition in the Liver as shown
in (Table 2).

Fig. 3: Correlation Between Hepatic MRI T2* Times
and Serum Ferritin Levels in Beta Thalassemia
Patients (r=0.341, p-0.042)

As there are few extreme values (outliers) in the
distribution of S. Ferritin, Spearman's correlation
coefficient is used. Spearman’s rho is 0.341 with a
p-value of 0.042 which implies the relation is
moderately positive (Fig. 3).

Fig. 4: Scatter Plot of Hepatic MRI T2* Times and
Serum Ferritin Levels in Beta Thalassemia
Patients

(Fig. 4) indicates a weak negative relationship on a
scatter plot, with Serum ferritin on the X-axis and T2
relaxation time on the Y-axis.

Fig. 5: Correlation Between Serum Ferritin Levels and
Liver Iron Content in Beta Thalassemia Patients

(Fig. 5) indicates a weak positive relationship on a
scatter plot, with Serum ferritin on the X-axis and Liver
Iron content on the Y-axis.

Beta-thalassemia majoris a hereditary genetic disorder
of hemoglobin that leads to hemolysis., an effect
makes these patients need repeated blood
transfusions that lead to iron overloading including the
liver, heart, spleen, bone marrow, pancreas and
endocrine system®*”*®. The magnetic resonance signal
of the hepatic tissue depends on the T1 and T2
relaxation times (TR) of itsiron content. T2* isinversely
related to intracellular iron. Increased tissue iron
displays a moderate decrease in T1 signals and an
extreme decrease in T2 signal intensities™*". Owing to
the late development of the clinical findings and
echocardiographicabnormalities, MR-T2* has become
the strongest biomarker for the simultaneous
evaluation of liver and heartiron burden®®?. Measuring
serum ferritin levels remains the primary screening test
and is still used to monitor the efficacy of chelation
therapy. A serum ferritin level greater than 2500ng/ml
is considered an important risk factor for developing
iron-induced complications such as liver cirrhosis, heart
failure, arrhythmia, impaired growth and delayed
puberty®™?. Our study observed that 60% of
participants with Serum Ferritin >2500 mcg/L and
58.4% OF participants with Serum Ferritin 1000-2500
mcg/L had severe iron deposition in the Liver. In this
study, the level of Serum ferritin ranged from 700-
5000mcg/L. Our study shows the Spearman rank
correlation coefficient between Serum ferritin and T2
relaxation time is -0.34, correlating negatively.
Spearman's correlation coefficient is 0.341 with a
p-value of 0.042 which implies the relation is
moderately positive between Serum Ferritin and liver
iron content. Also, Eghbali™ studied the association
between liver and heart T2* and levels of serum
ferritin in TM patients and they reported a correlation
between serum ferritin level and liver T2*MRI.
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However, Puliyel® reported that ferritin cannot predict
total body iron changes with little relevance between
cardiac and hepatic iron content and levels of serum
ferritin. Wood™” reported that MR-R2* mapping could
accurately estimate LIC in transfusion-dependent TM
patients. Previous studies found that the frequency of
MR-T2* relies on the iron concentration and chelation
therapy used>". In this study, a moderate positive
statistical significance was found regarding the
association between Serum Ferritin and liver T2* (Fig
3, Fig 4). Zamani's study revealed no reasonable
correlation between the histological grade of siderosis
(HGS) and serum ferritin. A moderate correlation was
seen between serum ferritin levels and hepatic T2*
levels. Iron concentration in the liver showed a
significant correlation with hepatic T2*. These results
indicated that T2* MRI measurement is of more value
than HGS in patients with thalassemia®".

Limitations of the Study:

e  Further studies are required with a bigger sample
size to give a definite recommendation.

e Serum Ferritin was assessed using a single
measurement taken on the same day as the MRI
examination., an average value of ferritin levels
over the last 3-6 months might have more
accurately reflected the true body iron status.

CONCLUSION

In our study, we observed that Serum Ferritin alone as
a marker for Iron overload may not be adequate to
assess the Iron overload in organ states-Liver Iron
deposition and subsequently to guide Iron chelator
therapy dosage adjustment. Therefore Liver T2*MRl as
a tool to identify iron deposition in the liver is
important to be included clinically. Assessment of
Serum Ferritin alone may result in delayed initiation of
chelation therapy, which may prolong patient exposure
to high iron levels and associated morbidity and
mortality risks.
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