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ABSTRACT

Cardiac hemosiderosis in major thalassemia has a high mortality rate. Serum ferritin levels are routinely performed to
measure iron deposit in the body. Early detection of cardiac dysfunction by routine echocardiography is very important to
prevent complications due to hemosiderosis. A cross-sectional study was performed to analyze the correlation between
serum ferritin levels and heart function in thalassemia major children under 18 years old in the Pediatric Hematology-
Oncology Outpatient Clinic at the Dr. Soetomo Hospital, Surabaya. The subjects were children diagnosed with thalassemia
major who had received more than ten transfusions and had ferritin levels above 500 pg/L. All subjects were selected
through consecutive sampling and echocardiography was carried out to measure right ventricular systolic function, left
ventricular systolic function, and diastolic function. The analyzed variables were serum ferritin levels, TAPSE index, ejection
fraction, and E/A ratio. Data were statistically analyzed using Chi-Square. 82 children were involved as the study subjects that
met the inclusion and exclusion criteria, with 1 subject was dropped out due to pneumonia. Serum ferritin was not correlated
with right ventricular systolic function, left ventricular systolic function, and diastolic function with Cramer's phi constant
0.14 and p=0.209); Cramer's phi constant 0.187 and p=0.09; and Cramer's phi constant 0.124 and p=0.264; respectively.).

Serum ferritin levels in major thalassemia were not correlated with cardiac function
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INTRODUCTION

Cardiac hemosiderosis (Iron Overload
Cardiomyopathy) in major thalassemia patient has a
high mortality rate! Heart function studies of
thalassemia patients with echocardiography
concluded that the initial phase of IOC was
characterized by an increase of end-systolic volume
and borderline ejection fraction, while dilatative
cardiomyopathy was found in the later stage.”

Serum ferritin has been used for the past few
decades to predict iron excess because it is practical
and inexpensive. Serum ferritin levels above 1800
Mg/L are associated with cardiac iron levels, and
serum ferritin levels above 2500 pg/L are associated
with an increased prevalence of cardiac disorders.’

Routine echocardiography based on an increase
in serum ferritin levels to a certain level is very
important to early evaluate the decline in heart
function to reduce the mortality due to IOC. Until
now, the correlation between serum ferritin and
heart function has never been studied at the
Regional Hospital Dr. Soetomo Surabaya.

METHODS

This study was a cross-sectional research involving
82 children of major thalassemia with age under
18 years in the Pediatric Hematology-Oncology
Outpatient Clinic at the Dr. Soetomo Hospital
Surabaya from July until September 2018. The
subjects were children diagnosed with major
thalassemia who had received more than ten
transfusions and had ferritin levels above 500 pg/L.
Subjects who suffered from comorbid disorders in the
field of hematology such as thalassemia with
malignancy, suspected bacterial infections, and
congenital heart disease were excluded. All subjects
were selected through consecutive sampling and
echocardiography was performed to measure right
ventricular systolic function, left ventricular systolic
function, and diastolic function. The analyzed factors
were serum ferritin levels, TAPSE index, ejection
fraction, and E/A ratio. Data were statistically analyzed
using SPSS ver. 17 and Chi-Square. The study was
approved by the Health Research Ethics Committee
Dr. Soetomo Hospital, Surabaya with number of
0388/KEPK/VII/2018.
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RESULTS AND DISCUSSION

A total of 82 children were involved as study
subjects that met the inclusion and exclusion criteria,
with 1 sample was dropped out due to pneumonia.
Based on Table 1, it can be seen that 45 of the 81
subjects (55.6%) were female. The average age of
patients was 9.75 (95% CI 8.79-10.71) years. The
median weight, mean height, and median upper arm
circumference was 25 (minimum-maximum 7-65) kg,
125 (minimum-maximum 68-160) c¢cm, and 20
(minimum-maximum 12-35) cm. Most subjects had
good nutritional status (46.9%), malnutrition (35.8%),
and malnutrition (17.3%). Hepatomegaly and
splenomegaly was found in 45 children (55.6%) and
46 children (56.8%), respectively. The median age for
clinical complaints started at the age of 36 months.
The majority of study subjects received blood
transfusions every 3 weeks with a range of intervals
of 2to 5 weeks (Table 1).

The mean serum ferritin level was in the range
between 650.0 pg/L and 14,244 ug/L with a median
of 2209.06 pg/L. Median serum ferritin level in
adolescent age group (13-18 years), children age
group (7-12 years), preschool age group (4-6 years),
and the toddler age group (1-3 years) was 2481.03
pg/L (1220 - 14244 pg/L), 2179.85 pg/L (750-10861

Table 2. Serum ferritin levels in children with major

thalassemia
Serum Ferritin Level
Variables (median) ug/L
(minimum-maximum)
Age group
Adolescent (13-18 years old) 2481.03
(1220 - 14244)
Children (7-12 years old) 2179.85
(750 — 10861
Preschool (4-6 years old) 2150,64
(650 — 3593)
Toddler (1-3 years old) 1882,28

(1475 - 3641.39)

Chelating therapy adherence

Poor 2150.64
(1220,51 — 9000)
MOderate 2367.03
, (750 — 14244
High 1850,85

(650 —4327.93

Transfusion interval

ug/L ), 215064 pg/L (650-3593 pg/L), and 188228 CVery 2 weeks 3200
. (12581- 14.244)
Mg/L (1475-3641.39 ug/L), respectively (Table 2).
. . . . Every 3 weeks 2436
The results of echocardiography in children with 750 — 9000
major thalassemia were presented in Table 3. The E 4 c ( 2800 )
median value of TAPSE, E/A ratio, and the average Very 4 weeks
(650 — 4353)
Table 1. Characteristics of the subjects
Variables n =381
Female gender (n;%) 45; 55.6

Age (mean; CI 95%) years old
Nutritional status (%)
Good (n,%)
Moderate malnutrition (n,%)
Severe malnutrition (n,%)
BB (median) kg
TB (median) cm
LLA (median) cm

Hepatosplenomegaly

Age at clinical presentation (median) months
Age at diagnosis (median) months
Transfusion intervals (median) weeks

Chelating agent adherence
high (n, %)
moderate (n, %)
poor (n, %)

9.75;8.79-10.71

38:46.9
29;35.8
14; 173
25;7- 65
125 ; 68-160
20;12-35
46 ; 56,8%
36;1-121
47 ;2-168
3;2-5

12, 14.8
56;69.1
13,16

Correlation between Serum Ferritin and Heart Function - Frans, et al.



Indonesian Journal of Clinical Pathology and Medical Laboratory, 2019 Nov, 26 (1) : 96 - 101

PAGE 98

ejection fraction of thalassemia major children was
2.19 cm (1.2-4.34), 1.89 (0.52-2.75), and 71.48%
(69.55). - 73.41), respectively.

Table 4 showed heart function in each group of
serum ferritin levels. In this study, there were 41
patients (50.6%) with abnormal TAPSE values and 40
patients (49.4%) with normal TAPSE values. There
were 14 patients (17.2%) with diastolic dysfunction
and 67 patients (63.8%) with a normal diastolic
function. There were 2 patients (2.5%) with left
ventricular systolic dysfunction values below the
normal ejection fraction of 51.21% and 44.55%.

In major thalassemia children with serum ferritin
levels > 2500 ug/L, there were 20 of 34 children
(58.8%) with an abnormal TAPSE index, whereas in
major thalassemia children with serum ferritin levels
<2500 pg/L, there were 21 of 47 children (44.7%)
with abnormal TAPSE index. Levels of ferritin in the
serum of major thalassemia children were not
correlated to right ventricular systolic function
(Cramer's phi constant 0.14 at p=0.209).

There were 2 children with an abnormal ejection
fraction and ferritin levels > 2500 pg/L. The results of
the Chi-Square test showed no significant
correlation between serum ferritin levels and left
heart systolic function (Cramer's phi constant 0.187,
p=0.09).

In major thalassemia children with serum ferritin
levels> 2500 ug/L, there were 4 of 34 children
(11.8%) with an abnormal E/A ratio. Meanwhile, in
major thalassemia children with serum ferritin levels

Table 3. Cardiac function of children with major
thalassemia

Value

2.19 (1.2-4.34)
1.89 (0.52-2.75)
71.48 (69.55-73.41)

Variables

TAPSE (median, min-max) cm
E/A ratio (median, min-max)
Ejection fraction

(mean, 95% CI) %

<2500 pg/L, there were 10 out of 47 children (21.3%)
the abnormal E/A ratio. Serum ferritin levels in
children with major thalassemia were not correlated
to diastolic function (Cramer's phi constant 0.124
and p=0.264).

This study was a cross-sectional study which
aimed to determine the correlation between serum
ferritin levels and heart function in major
thalassemia children in the Dr. Soetomo Hospital.
Non-transferrin-bound iron will enter specific cells,
especially hepatocytes, cardiomyocytes, anterior
pituitary cells, and pancreatic cells (alpha cells). Iron
accumulation within cells will stimulate formation of
reactive-oxygen species, which damage lipids,
proteins, Deoxyribose Nucleic Acid (DNA), and
subcellular organelles, including lysosomes and
mitochondria. This damage will result in cellular
dysfunction, apoptosis, and necrosis leading to
organ toxicity and organ dysfunction.’

In clinical practice, serum ferritin has been
commonly used to assess the severity of iron
overload and the effectiveness of therapy. The
benefits of serum ferritin are its wide availability,
inexpensive cost, and positive correlation with
patient morbidity and mortality. However, the
measurement of serum ferritin is completely reliable
because it can be affected by inflammation, liver
disease, and malignancy. Echocardiographic-based
studies showed that a good prognosis was obtained
if serum ferritin was <2500 ug/L.’

The subjects of this study were children aged up
to 18 years most of them were 9 years old. In this
study, the majority of major thalassemia children
were diagnosed at the age of 46 months (4 years)
with the youngest age and the oldest age was
diagnosed at the age of 2 months and 168 months
(14 years), respectively. Most of the clinical
complaints was observed at the age of 36 months
with the youngest age ofcomplaint was 1 month.

Table 4. Correlation between serum ferritin and cardiac function

Ferritin >2500 ug/L

Ferritin < 2500 ug/L

Variables (n=34) (n=47) P r
TAPSE
Abnormal 20 14 0.209 0.140*
14 26
Normal
Ratio E/A
Abnormal 4 10 0.264 0.124
Normal 30 37
Ejection fraction
Abnormal 2 0 0.09 0.187
Normal 32 47

* Chi-Square, significant at p < 0.05
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These results were comparable with research
conducted by Indonesian Thalassemia Foundation in
Banyumas which reported mean age of 12.3 years
with a mean age at initial diagnosis of thalassemia
was 3.7 years and the earliest was at age of
2 months.’®

In this study, there were 46 children (56.8%) with
hepatosplenomegaly. This result was in accordance
with the latest Thalassemia International Federation
(TIF) in 2014 suggesting that complaints of major
thalassemia including parlor, mild jaundice and
hepatosplenomegaly began to appear clinically at
the age of 6 to 24 months, which are J

Based on gender, the number of male patients
was 22 (45.8 %). Study by Bornaun found that 35%
of thalassemia children were male.” Whereas, while
this study was somewhat different from Ibrahim in
Egypt that found 70% of thalassemia children were
male.” Thalassemia is a genetic disease caused by an
autosomal recessive single allele factor called
chromosome 11p15,5. However, it is not genetic
diseases caused by allele factors linked to sex/sex
chromosomes.” Nutritional status on the subject
study was assessed using upper arm circumference.
Based on nutritional status, most subjects had good
nutrition ( 46.9%) moderate malnutrition (35.8%),
and severe malnutrition (17.3%). Nutritional
deficiencies commonly found in thalassemia were
due to hemolytic anemia, increased nutritional
requirements, and another morbidity such as iron
overload diabetes, and use of iron chelation.”

The majority of patients had moderate levels of
adherence to iron chelation therapy (69.1%), with
16% of patients and 14.8% of patients had a low level
of adherence and a high level of adherence,
respectively. The results of a study in India involving
91 major thalassemia children reported that the
majority of patients had moderate adherence
(48.4%),low level of adherence (41.9%), and a high
level of adherence (7.5%). The instrument used in the
two studies was the same, namely the Morisky
Medical Adherence Scale-8 (MMAS-8)
questionnaire.”

Serum ferritin is a simple, non-invasive, widely
available, and more economical laboratory
parameters that are used by researchers use it to
measure serum ferritin levels to determine iron
status in the body. Serum ferritin is also associated
with body iron levels.”” Research in Europe proved a
positive correlation between serum ferritin levels
and iron concentration in the liver (r =0.63)."”

Serum ferritin levels above 2500 pg/L are
associated with an increased risk of heart and
endocrine disease and are a signal to optimize the
dose of chelation therapy. Single measurement

levels of serum ferritin can lead to misinterpretations
or may not represent the condition of the patient,
due to the high variability, especially if the patient is
experiencing inflammation, infections, vitamin C
deficiency, liver dysfunction, and iron overload
(levels above 4000 pg/L). This implies the need to
evaluate cardiac siderosis as early as possible.”

In this study, there were 36 patients (44.4%) with
right ventricular systolic dysfunction and 14 patients
(17.2%) with diastolic dysfunction. There were 2
patients (2.5%) with left ventricular systolic
dysfunction with an ejection fraction below normal
levels of 51. 21% and 44. 55%, respectively.

The results of this study was comparable with
case-control design studies to assess right heart
function in 85 major thalassemia children in Turkey
with a mean TAPSE value of 2.1+0.3 cm and E/A ratio
1.4£0.2. Right ventricular diastolic dysfunction in
major thalassemia occurs before no systolic use.’

The results of this study was different from the
study of 100 thalassemia major children and 100
controls aged up to 18 years in Egypt and Saudi
Arabia that reported left and right ventricular
dysfunction measured by tissue doppler
echocardiography, although the results of
conventional echocardiography showed normal
heart function. In the study, the TAPSE value of
2.41+0.42 and E/Aratio of 2.2 + 0.8 were found.”’

This study showed that serum ferritin level of
major thalassemia was not correlated with right
ventricular systolic function (Cramer's phi constant
0.14, p=0.29 ). The results of the Chi-Square test
showed no significant correlation between serum
ferritin levels and left ventricular systolic function
(Cramer's phi constant 0.187, p=0.09). Serum ferritin
levels in the thalassemia major children were not
correlated with diastolic function (Cramer's phi
constant0.124 at p 0.264).

A case-control study in Turkey involving 63 major
thalassemia patients and controls aged 4 to 21 years
reported a low E/A ratio in major B-thalassemia
patients compared with controls, but there was no
significant correlation between serum ferritin with
diastolic heart function.” Research by Sayed in Egypt
in 56 patients aged 6-16 years with thalassemia
major reported no correlation between serum
ferritin levels and ejection fraction (p=0.13), but
there was a significant correlation between the ratio
of E/A and ferritin levels (p=0.00)."

A prospective study of 30 major thalassemia
children in Bangalore, India reported a significant
correlation between serum ferritin levels and
gjection fraction (r = -0.051 at p <0.001) and
insignifant correlation between the E/A ratio and
serum ferritin (r = -0.187)." Eghbali in Iran proved a
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significant correlation between serum ferritin levels
and ejection fraction (r = 0.3, p=0.05) in 66
thalassemia children aged 3-26 years with an
average age of 1619 years. Ferritin levels ranged
from 303-8333 pg/L, with mean serum ferritin of
1912+1748 ug/L.” Research in Egypt reported that
serum ferritin levels was not correlated with the E/A
ratio (correlation coefficient 0.12, p. 48), but serum
ferritin levels were correlated with the parameters of
mitral inflow diastolic wave and isometric
contraction time.”

Research on thalassemia patients aged 14-29
years using echocardiographic modality and MRI T2
* showed correlation between serum ferritin and
heart T2 * (rs = -0.329, P=0.002), but no correlation
between serum ferritin and ejection fraction
(p=0.399). This study concluded that serum ferritin
levels could be used for the diagnosis of iron
overload in areas with unavailability of MRI T2 **°

The abnormal TAPSE index in the subject of this
study and the low value of the ejection faction
indicated that there was a systolic function in major
thalassemia patients. Unfortunately, there was no
baseline data on the initial heart function parameters
at the start of the diagnosis of thalassemia major.

The impaired cardiac function was due to the
increased susceptibility of the right ventricle to the
effects of iron deposition because of the thin walls.”
An increased E/A ratio in patients with thalassemia
was a sign of diastolic dysfunction. Iron myocardium
deposition in some major thalassemia patients does
not directly affect left ventricular contractility, but
causes left ventricular restriction and was detected as
diastolic (restrictive) dysfunction. An increased E/A
ratio represents an increase in the preload phase due
to chronic anemia.”

Study by Kremastinos aboutthe comparison of
serum ferritin between major thalassemia patients
and clinical heart failure showed significant
differences between serum ferritin of thalassemia
major patients with clinical right and left heart failure.
Serum ferritin used in the study was taken from an
average of 30 measurements of serum ferritin over
the past five years. The serum ferritin levels were
considered more accurate to be aniron reserve index
due to general fluctuation of serum ferritin.”

The limitations of this study were the use of heart
function parameters only restricted to TAPSE,
ejection fraction, and E/A ratio. The researchers did
not measure the parameter of other functions using
doppler echocardiography. In addition, there was no
baseline data on the initial heart function parameters
at the start of the diagnosis. Ferritin levels in this
study were the average ferritin levels within the last
three months because researchers did not obtain

data on ferritin levels longer than three months due
to routine ferritin levels measurement on
patientsevery three months. However, researchers
did not us standart modalities in measuring cardiac
hemosiderosis, MRI T2 * due to its limited
availability.

CONCLUSION AND SUGGESTION

There was no correlation between serum ferritin
levels and systolic and diastolic heart function in
thalassemia major children. Researchers suggested
the measurement of cardiac function parameters
with conventional echocardiography and tissue
Doppler echocardiography periodically at the
beginning of the diagnosis. Further study with the
MRI T2 * modality was needed to examine cardiac
hemosiderosis in children with major thalassemia.
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