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Abstract

Background: Paediatric patients with transfusion dependent thalassemia require regular lifelong red cell transfusions.
Blood transfusions increase the risk of iron overload, which can lead to cardiac hemosiderosis. Serum ferritin can be a
parameter for evaluating systemic hemosiderosis.

Objective: To evaluate the correlation between serum ferritin levels and impaired heart function in children with
transfusion dependent thalassemia

Methods: A cross sectional study was conducted with transfusion-dependent thalassemia who attended a cardiology
and hemato-oncology outpatient clinic from January to December 2018 and had undergone more than 10 transfusion
periods. Serum ferritin levels were taken from the mean of 3 measurements before echocardiography.
Echocardiography examination was performed by a cardiologist using a 3D Doppler tool to evaluate ejection fraction
(EF), tricuspid annular plane systolic excursion (TAPSE) and E / A ratio by calculating the initial diastole (E wave) and
atrial contraction (wave A). Data analysis used the Spearman correlation with p <0.05.

Results: There were 45 children with a median age of 10 (2-17) years and had received a median of 18 (10-51) blood
transfusions. The mean serum ferritin level was 4,321 (1,168-15,233) ng / mL. Blood transfusion frequency was
associated with an increase in serum ferritin (rho 0.74, P <0.005). From echocardiography examination, approximately
3/45 children had a feature of dilated cardiomyopathy. The mean value of EF 70 (SD 14.32), TAPSE 1.97 (SD 0.57) cm
and an E / A ratio 1.68 (SD 0.46). Serum ferritin was negatively correlated with the ejection fraction (rho = -0.78, P
<0.001), TAPSE (rho =-0.65, P <0.001) but positively correlated with the E / A ratio (rho = 0.67, P <0.001).

Conclusion: Paediatric patients with TDT have decreased cardiac systolic and diastolic function, and serum ferritin
correlates with the decreased cardiac function.
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1. Introduction

Thalassemia are a group of congenital disorders of haemoglobin synthesis, which is characterized by mutations in the
two globin chains alpha or beta and causing a disturbance in the balance of the globin chains [1]. Paediatric thalassemia
case in Dr. Soetomo academic general Hospital reached 686 people within 5 years, and 80% of them were transfusion
dependent thalassemia (TDT) patients. TDT is a terminology used in a group of thalassemia patients who require
regular and lifelong blood transfusions to maintain optimal haemoglobin levels. The recurrent transfusions will cause
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complications of iron overload which will eventually lead to systemic iron accumulation (hemosiderosis). Iron begins
to build up in target organs and causes progressive damage, including damage to the heart, liver, lungs, kidneys, and
endocrine organs [2]. Cardiac hemosiderosis is the most serious complication of TDT, with a morbidity rate of 63.6%
and a mortality rate of up to 71% [3]. Iron overload cardiomyopathy is the most common cause of impaired heart
function in TDT patients with various clinical manifestations [4,5]. Serum ferritin levels are thought to have a correlation
with impaired heart function due to cardiac hemosiderosis. Studies have identified a significantly lower risk of cardiac
disease and death in at least two-thirds of cases where serum ferritin levels have been maintained below 2,500 pg/L
[2,6]. Cardiac complications are difficult to avoid, but can be controlled with early screening methods and the use of
adequate iron chelation therapy. Echocardiography is a non-invasive device that widely available, relatively inexpensive
and easy to perform to detect impaired heart function in TDT patients [2,5]. This study aimed to evaluate the correlation
between serum ferritin levels and impaired heart function in children with transfusion dependent thalassemia.

2. Methods

This is an analytic observational research using cross sectional design. Subjects were children under 18 years old with
thalassemia, who attended cardiology and hemato-oncology outpatient clinics in Dr. Soetomo General Hospital. Samples
were taken during January - December 2018. Total sampling was performed in this study, with 45 children who met the
inclusion criteria. Inclusion criteria were thalassemia patients who had received transfusions more than 10 times per
year, had serum ferritin data, and had undergone echocardiography examination. The exclusion criteria were patient
with sepsis and using inotropic support. Informed consent was obtained from all individual participants included in the
study. Serum ferritin examination was carried out in the clinical pathology laboratory in the Dr. Soetomo General
Hospital. Serum ferritin levels were taken from the mean of 3 measurements before echocardiography.
Echocardiography was performed within 1-2 months after the last serum ferritin measurement. Paediatric cardiologist
using a 3D Doppler Echocardiography to assess cardiac dysfunction. Assessment of cardiac dysfunction is divided into
impaired cardiac systolic and cardiac diastolic function. Cardiac systolic function was assessed using the ejection
fraction (EF) and tricuspid annular plane systolic excursion (TAPSE) parameters. Cardiac diastolic function was
assessed using the parameter E / A ratio by calculating the initial diastole (E wave) and atrial contraction (wave A). Data
analysis used the Spearman correlation with p-value less than 0.05 was considered statistically significant. All the
statistically significant results were analyzed by SPSS 17.0 software (IBM SPSS).

Ethical issues. Ethical clearance was obtained from the Ethics Committee of Dr. Soetomo General Hospital (ERC 0990 /
KEPK /Il / 2019). Parental written informed consent was obtained prior to data collection.

3. Results

Table 1 Baseline Characteristic

Characteristic N (%)
Gender

Boy 25 (55.6)
Girl 20 (44.4)
Age

2 - <5 years 11 (24.4)
5-12 years 20 (44.42)
>12 - 18 years 14 (21.12)
Chelation Therapy

Deferiprone 32 (71.1)
Deferasirox 7 (15.6)
Deferiprone + Deferoxamine 4(8.9)
Deferasirox + Deferoxamine 2(4.4)
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Ferritin Serum

< 10000 ng/mL 38 (84.4)
>10000 ng/mL 7 (15.6)
Frequency of transfusion

< 20 kali / tahun 29 (64.4)
> 20 kali / tahun 16 (35.6)

The baseline characteristics of the patients are presented in Table 1. Of the 45 TDT patients, 25 were boys, with the 5-
12 year age group dominating the study subjects. Iron chelation monotherapy with deferiprone was the most widely
used in 71% of subjects. Mean serum ferritin levels > 10000 ng / mL were found in 7 patients.

Heart functions were examined from echocardiography profile (Table 2). The mean value of EF, TAPSE, and E/A ratio
were 70 = 14.32(%), 1.97 = 0.57 (cm), and 1.68 * 0.46 respectively. Meanwhile there were 3 patients with
cardiomyopathy based from EF value less than 45%. Table 3 express the correlation between serum ferritin and
echocardiography profile that represented the cardiac function. Serum ferritin was negatively correlated with the
ejection fraction (rho =-0.78, P <0.001), TAPSE (rho =-0.65, P <0.001) but positively correlated with the E / A ratio (rho
=0.67,P <0.001).

Table 2 Echocardiography profile

Echocardiography profile | Mean / Median (SD)
Ejection Fraction; EF (%) 70 £ 14.32
TAPSE (cm) 1.97 £ 0.57
E/A ratio 1.68 +0.46

Table 3 Correlation between serum ferritin levels and echocardiography profile

Echocardiography Profile | Ferritin Serum Value p
(Correlation Coefficient)

Ejection Fraction (EF) -0.787 0.000*

TAPSE -0.648 0.000*

E/A ratio 0.667 0.000*

4. Discussion

In this study, boy have higher prevalence than girl. Some studies showed the same result [1,7,8]. Other studies found
that female are more common to thalassemia [9,10]. Thalassemia are inherited in an autosomal recessive pattern and
does not involve sex chromosomes. It causes males and females to inherit the relevant gene mutations equally with no
preference for gender [11]. Deferiprone monotherapy was mostly used in our hospital (71.7%), as well as in several
other study centres. This is probably due to minimal side effects and drug availability [9,12]. Retrospective studies show
that the use of deferiprone monotherapy provides a protective effect against heart function and increases the survival
rate compared to routine deferoxamine therapy.[13,14] Deferiprone administration of 92mg / kg / day can reduce iron
deposit levels in the heart by 2.2% in a period of 1 month. Deferiprone also has a significant effect on increasing LVEF
compared to deferoxamine [15]. Our study found that 29 patients (64.4%) received transfusions 11-20 times a year,
while the remaining 16 patients (35.6%) received transfusions more than 20 times per year. Several studies conducted
on transfusion-dependent thalassemia patients showed that the average patient required transfusions of more than
twice in a month, and more than 10 times per year [16,17]. Meanwhile, a local study conducted at the Thalassemia
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Foundation in Banyumas district showed that the average patient had minimal blood transfusion once a month with a
cumulative transfusion frequency more than twelve times / year [8].

The mean value of EF (%) in this study was 70 * 14.32. Several studies showed varied EF values in TDT patients, but on
average, they showed a decrease in the mean EF when compared to controls who did not suffer from TDT.[18,19] EF
describes the fraction of the volume of blood pumped by the heart in each contraction. EF is mostly used to assess left
heart systolic function, and although rarely it can also be used to assess systolic function of the right heart to the
pulmonary circulation [20]. Trends in the value of the left ventricular ejection fraction (LVEF) and dimensions of the
heart are useful for evaluating therapy. LVEF can be an indicator of subclinical cardiotoxicity. Decreased heart function
is a poor prognostic sign of ongoing treatment and is an indicator for intensification of therapy. If the LVEF value does
not improve after adequate therapy, cardiomyopathy may be considered [21].

The right ventricle has a unique geometric shape, making it difficult to measure systolic function. TAPSE describes a
shortened apex to basal fraction of the right ventricle, making it more specific and easier to use for measuring right
ventricular systolic function than the EF parameter [22]. The normal value of TAPSE depends on age, but some experts
formulate the mean normal value of TAPSE to be 2.3 #+ 0.5 mm. The median TAPSE value in this study was 1.97 + 0.57
mm. A TAPSE value of <16mm in adults and <10mm in children is an indication of systolic dysfunction [23,24]. The
mean E / A ratio in this study was 1.68 * 0.46. The normal value of the E / A ratio in children 12-18 years is 1.88 *
0.56.[24] The E / A ratio describes the diastolic activity of the heart by measuring the flow of blood through the mitral
valve using Doppler echocardiography. Wave E represents passive ventricular filling in the early diastolic phase
(preload dependent) and wave A represents active ventricular filling in the late diastolic phase as a result of atrial
contraction. A slowing E / A ratio <0.8 indicates impaired cardiac relaxation [24,25].

There was a significant correlation between serum ferritin and heart function profile (table 3). Echocardiographic
parameters change with increasing levels of ferritin. Ferritin serum levels have a negative correlation with the EF value,
in which the higher the ferritin level the lower the EF value (r =-0.787, p = <0.05). A study in Iran showed an association
between serum ferritin levels and a significant reduction in EF values with r = 0.3 and P = 0.05 [26]. LVEF decreased
significantly in thalassemia patients with high ferritin levels when compared to the control group who had normal
ferritin levels [1]. Systolic dysfunction in the right heart can be seen from the decreasing TAPSE value and inversely
proportional to the serum ferritin level (r = -0.648, p = <0.05). Studies in Italy found consistent results of TAPSE values
< 15mm with cardiac diastolic dysfunction, but no precise results on serum ferritin levels [27]. Hamdy et al compared
TAPSE value in thalassemia patients with ferritin levels above and below 2000ng / mL, and found that the TAPSE value
at ferritin levels > 2000ng / mL was higher [28]. Diastolic dysfunction is expressed by the value of the E / A ratio, which
is directly proportional to the serum ferritin level (r = 0.667, p = <0.05), in which the higher the ferritin level, the slower
the E / A time. Studies in Greece show that ferritin levels have a significant correlation to the E / A ratio parameter [19].

We also found studies with different result from ours. Subroto et al. conducted a study on 62 thalassemia patients and
found that there was no association between serum ferritin levels and impaired heart function [29]. A similar study
conducted in Iran found that there was no correlation between echocardiography results and serum ferritin levels [30].
Meanwhile, research by Eghbali et al found that ferritin levels only correlated with the EF value, but not with the E / A
ratio [26].

The limitation of this study is using a retrospective design with incomplete echocardiography record data. This study
also did not evaluate the level of adherence to the use of iron chelation therapy. A larger sample size is expected to
provide better result.

5. Conclusion

In paediatric patients with TDT there are decreased of cardiac function. There are significant correlation between serum
ferritin levels and impaired cardiac systolic and cardiac diastolic function.
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