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Abstract. Aim: Thalassemia is a severe genetic blood disorder, and several organs,
including eyes, can be affected. The mechanism of ocular abnormalities in thalas-
semia is multifactorial; one of them is regular blood transfusion, which can cause
iron overload. Ocular abnormalities can also occur because of the side effects of iron
chelators. This study evaluated ocular involvement in children with Beta-thalassemia
major and its association with serum ferritin levels. Methods: A cross-sectional study
was undertaken at the Thalassemia daycare center in a tertiary referral hospital in
Medan. All patients’ hemoglobin was measured before transfusion, and serum ferritin
levels were measured at six-month intervals. A Pediatric Ophthalmologist carried out
the ophthalmological assessment, which included a detailed history of visual prob-
lems and visual acuity testing. Fisher’s Exact test and Spearman test were used for
statistical calculation. Results: Thirty-seven beta-thalassemia major children ranging
from three to 18 years old. Visual acuity, anterior segment, fundus, and retina were
evaluated. Ophthalmologic examinations showed that ocular involvement increased
with age. Visual acuity was reduced in 16.2% of the subjects. Papilledema was the
most common ocular finding among the subjects (13.5%), followed by cataracts
(8.1%) and optic atrophy (8.1%). A significant correlation between blood transfusion
volume and serum ferritin levels was found. Conclusion: Ocular involvement was
found in more than half of the subjects in this study. However, regular ophthalmologic
evaluations by serum ferritin examination were required to detect early alterations in
their visual system for a better quality of life.
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INTRODUCTION

halassemia is a severe genetic blood disorder
caused by a mutation in the globin gene. Ab-

normal globin chains cause excessive destruc-
tion of red blood cells [1]. One of the most common
hemoglobinopathies is Beta-thalassemia major. The
therapy for beta-thalassemia major is regular blood
transfusions throughout life. Although transfusions
can decrease mortality, accumulation of iron from a
repeated blood transfusion and increased intestinal
iron absorption due to ineffective erythropoiesis can
lead to organ damage such as the liver, heart, and
endocrine gland [2].

The mechanism of ocular manifestation in thalas-
semia is multifactorial. One of them is regular blood
transfusion therapy, which causes iron overload. To
overcome iron overload, an iron chelating agent is
given. The Thalassemia International Federation
(TIF) guidelines recommend starting iron chela-
tion therapy when serum ferritin levels are greater
than 1000 ng/ml or after receiving 10-20 times pack
red cell transfusions [3, 4]. However, iron-chelating
agents also chelate other essential metals for normal
eye function, such as copper and zinc, increasing the
risk of ocular abnormalities. Nyctalopia, visual field
defect, cataract formation, damage to retinal pigment
epithelium (RPE), optic neuropathy, and decreased
visual acuity are some ocular abnormalities that can
occur due to iron deposition in the eye or as side ef-
fects of iron chelators [3, 5, 6].

This study aimed to assess the prevalence of ocu-
lar involvement in multi-transfused beta-thalassemia
children and determine their correlation with serum
ferritin levels.

MATERIALS AND METHODS

The ethics committee approved this study. Written
consent has been given by all individuals (children
and their guardians) who participated in this study.
A cross-sectional study was conducted at the Thal-
assemia daycare center in a tertiary referral hospital
in Medan. The inclusion criteria for this study were
children with Beta-thalassemia major, aged 18 years
old, and who had undergone two years’ worth of
blood transfusion. This study also included subjects
who received a dose of 15 ml/kg BW packed red cells
to maintain hemoglobin concentrations after transfu-
sion above 11 g/dL for at least two years. This study
excluded subjects with a history of corneal disease,
contact lens use, prior ocular surgery, ocular trauma,
and topical eye medication use. Thirty-seven children
with beta-thalassemia major participated in this study.

All patients’ hemoglobin was measured before trans-
fusion, and serum ferritin levels were measured at
six-month intervals. All records were kept in the thal-
assemia daycare center. A Pediatric Ophthalmologist
carried out the ophthalmological assessment, which
included a detailed history of visual problems and vi-
sual acuity testing. To test visual acuity, a teller acu-
ity card was used for children under two years old,
Cardiff for children aged two until preschool, and a
Snellen chart for children older than five. The ante-
rior segment was examined using a slit lamp. Indirect
retinoscopy, fundus photo, and optical coherence to-
mography (OCT) were used to evaluate the poste-
rior segment. From the OCT examination, a defect
on nervus opticus (edema or atrophy) could be seen.
This finding could also be used to determine whether
the patient had a visual acuity loss even though there
was no complaint from the patient.

The Shapiro-Wilk test was used to analyze the nor-
mality of quantitative variables. Descriptive data
were represented as frequency, percentage, mean +
standard deviation (SD), and median (min-max). The
relationship between ocular involvement and serum
ferritin levels was analyzed using the Chi-Square
test or Fisherman’s Exact Test (if the cell expected
count was less than five). The Spearman test deter-
mined the correlation between serum ferritin levels
with frequency and transfusion volume. A P-value of
< 0.05 was considered statistically significant for the
statistical calculation using the Statistical Package
for Social Science (SPSS) version 24.0 with a 95%
confidence interval.

RESULTS

Thirty-seven patients with thalassemia aged 3-18
were enrolled in this study. Twenty subjects (51.3%)
were male, and 17 (48.7%) were females. Table 1
shows the baseline characteristics of all subjects.
The predominant ethnicity in this study was Java-
nese (59.8%). All patients received regular blood
transfusions, but only 31 patients (83.8%) received
iron chelation therapy. Twelve patients (32.4%)
were on deferasirox, and 19 (51.4%) were on deferi-
prone. Serum ferritin level was less than 1000 ng/
ml in four subjects (10.8%), 1000-5000 ng/ml in 21
subjects (56.8%), 5000-10.000 ng/ml in eight sub-
jects (21.6%), more than 10.000 ng/ml in four sub-
jects (10.8%). The median serum ferritin level was
2892 ng/ml, the mean transfusion volume was 186.5
+ 88.7, and the mean transfusion frequency was 18.3
* 9.4 times. Table 2 describes the age distributions
of subjects with ocular involvement. The prevalence
of ocular involvement in patients under five and 5-10
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years old was 60%, while in patients above 10 years
old, it was 83.3%.

Table 3 describes the ocular involvement found in
the subjects, while the relationship between serum
ferritin levels and ocular involvement is shown in
Table 4. Of the 37 subjects, ocular involvement was
found in 25 (67.6%) subjects. Among subjects, pa-
tients with serum ferritin levels between 1000 and
5000 ng/ml had the most hyperpigmentation of the
bulbar conjunctiva and anterior chamber, 63.6%
and 50%, respectively. Fifty percent of subjects with
serum ferritin levels of 5000-10 000 ng/ml had re-
duced visual acuity.

Table 1. Baseline characteristics of subjects

This study found five (13.5%) subjects with papill-
edema, three (8.1%) subjects with cataracts, and
three (8.1%) subjects with optic atrophy. Papilledema
was identified in 60% with serum ferritin levels of
1000-5000 ng/ml. There was 33.3% ocular atrophy
in each group of subjects with serum ferritin levels of
more than 1000 ng/ml. Cataracts were observed in
66.7% of the subjects with serum ferritin levels be-
tween 1000 to 5000 ng/ml. However, there was no
significant association between serum ferritin levels
and bulbar conjunctival hyperpigmentation, anterior
chamber hyperpigmentation, visual acuity, and ocu-
lar abnormalities.

Table 2. Association between the age and ocular involve-

ment
Characteristic n (%)
Age, year Ocular Involvement
<5 5(13.5) Age (years) P-value*
No (% Yes (%
510 20 (54.1) o (%) es (%)
>10 12(32.4) <5 2 (40.0%) 3(60.0%)
Gender 510 8 (40.0%) 12 (60.0%) 0.431
Male 20 (51.3)
Female 17 (487) >10 2(16.7%) 10 (83.3%)
Ethnicity *Fisher’s Exact test
Acehnese 2(5.4)
Javanese 22 (59.5)
Karonese 3(8) Table 3. Ocular involvement findings
Melayunese 2(5.4)
n (%)

Padangnese 6 (16.2)
Sundanese 1(2.7) Characteristics of bulbar conjunctiva
Chinese 1(27) Normal 26 (70.3)
Mean body weight, kg (mean + SD) 245+88 i i

- Hyperpigmentation 11(29.7)
Mean body height, cm (mean + SD) 1236 +18.9
Mean BMI, kg/m? (mean + SD) 154422 Characteristics of the anterior chamber
Median age at diagnosis, month (min-max) 30.0 (3.0-180.0) Normal 31(83.8)
Iron chelati t
fon che'aling agen Hyperpigmentation 6(16.2)
Deferasirox 12 (32.4)
Deferiprone 19 (51.4) Visual acuity
None 6(16.2) Normal 31(83.8)
Serum ferritin level Decrease 6(16.2)
<1000 ng/ml 4(10.8)
1000-5000 ng/ml 21 (56.8) Ocular abnormalities
5000-10000 ng/ml 8(21.6) None 26 (70.2)
> 10.000 ng/ml 4(108) Papilledema 5(13.5)
Median serum ferritin level, ng/ml (min-max 2892 (430-31285) _
Mean transfusion volume, ml ( mean + SD) 186.5 + 88.7 Complicated cataract 3@1
Mean transfusion frequency, time (mean + SD) 18.3+ 9.4 Optic atrophy 381)

Ocular involvement in children with beta-thalassemia major
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Table 4. Association between ocular involvement and serum ferritin level

Serum ferritin level Bulbar conjunctiva P-value*
category Normal (%) Hyperpigmentation (%)
<1000 2(7.7) 2(18.2)
1000-5000 14 (53.8) 7 (63.6) 0485
5000-10 000 6 (23.1) 2(18.2)
>10000 4(15.4) 0(0.0)
Anterior chamber
Normal (%) Hyperpigmentation (%)
<1000 3(9.7) 1(16.7)
1000-5000 18 (58.1) 3 (50.0) 0.835
5000-10 000 7(22.6) 1(16.7)
>10 000 3(9.7) 1(16.7)
Visual acuity
Normal (%) Decreased (%)
<1000 3(9.7) 1(16.7)
1000-5000 19 (61.3) 2(33.3) 0.230
5000-10 000 5(16.1) 3(50.0)
>10 000 4(12.9) 0(0.0)
Ocular abnormalities
. Complicated cataract .
None (%) Papilledema (%) (%) Optic atrophy (%)
<1000 3(11.5) 1(20.0) 0(0.0) 0(0.0)
1000-5000 15 (57.7) 3(60.0) 2 (66.7) 1(33.3) 0.835
5000-10 000 6(23.1) 0(0.0) 1(33.3) 1(33.3)
>10 000 2(7.7) 1(20.0) 0(0.0) 1(33.3)

*Fisher’s exact test

The correlation between frequency and transfusion
volume with serum ferritin level is shown in Table 5.
The blood volume of transfusion was significantly as-
sociated with serum ferritin levels (P-value < 0.05).
However, the transfusion frequency did not show a
significant relationship.

Table 5. Correlation between frequency and volume of
transfusion with serum ferritin level

Mean P-value*
Frequency of transfusion, time 18.35 0.389
Serum ferritin level, ng/ml 5122.83
The volume of blood transfusion, ml 186.5 0.014
Serum ferritin level, ng/ml 5122.83

*Spearman test

DISCUSSION

Patients with thalassemia are required to undergo a
lifelong blood transfusion. Therefore, siderosis and
adverse ocular changes can occur as a result of the

disease or due to iron overload and chelation ther-
apy. Patients with thalassemia can exhibit various
ocular abnormalities, such as color vision anomalies,
decreased visual acuity, papilledema, and other ab-
normalities. Due to the liberation of free iron from he-
molysis, thalassemia major may also be associated
with non-proliferative pigmentary retinopathy.

This study was conducted to find various ocular
changes in patients with thalassemia on regular
transfusion. In 37 thalassemia children, we found 25
subjects (67.6%) with ocular involvement. All subjects
had no complaints. Previous studies reported the
prevalence of ocular involvement in 68.5%, 41.3%,
and 57.8% of their subjects [6, 9, 10]. It is difficult
to make an accurate comparison because different
results of ocular abnormalities reported in previous
studies may happen because of the different param-
eters used to evaluate them.

Visual acuity was affected in 16.2% of the subjects
in this study, whereas a study in India reported 26%
[11]. We also found pigmentation of the conjunctiva
in 29.7% of the individuals. It was higher than the
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previous study, which reported only 7.6% [12]. This
study found the most prevalent ocular abnormality
was papilledema (13.5%). Both complicated cata-
racts and optic atrophy were found in three subjects
(8.1%).

From our findings, subjects aged > 10 years had a
higher frequency of ocular involvement (83.3%),
while the younger subjects had 60% frequencies in
both groups. This shows that the longer the disease
duration, the more eye changes. This result was sup-
ported by Gartaganis S. et al. and Gosai D. et al,,
who reported similar findings [6, 11].

Iron is an important component of many metabolic
processes. On the other hand, iron may play a role in
the pathogenesis of eye diseases as a source of oxi-
dative damage. Iron causes oxidative damage to lip-
ids, proteins, and DNA by creating free radicals in the
Fenton reaction, and it has been shown to disrupt the
blood-retinal barrier [13]. Most ocular abnormalities
were found in subjects with serum ferritin levels of
1000-5000 ng/ml; 60% with papilledema, and 66.7%
with complicated cataracts. Three subjects with optic
atrophy were divided into each group of subjects with
serum ferritin levels greater than 1000 ng/ml. How-
ever, no significant correlation was found between
serum ferritin levels and ocular abnormalities. This
finding was consistent with Jafari R et al., who found
no correlation between ocular abnormalities and
mean serum ferritin level [9]. This result could be be-
cause this study used serum ferritin level as a marker
for iron overload instead of more accurate tests such
as liver iron concentration measurement or MRI [14].
Nevertheless, appropriate regulation of iron is neces-
sary to prevent iron toxicity and ocular abnormalities
in children with Beta-thalassemia.

This study found no significant correlation between
transfusion frequency and serum ferritin level. On the
other hand, a study by Susanah S et al. reported a
positive correlation between serum ferritin levels and
the amount of transfusion in their patients [15]. This dif-
ference could occur because our study has fewer sub-
jects, and some of the subjects had already received
iron chelation therapy during this study. However, we
found a significant relationship between blood transfu-
sion volume and serum ferritin levels (P < 0.05).

This study has limitations. Not all the patients use
iron chelating therapy due to their low socioeconomic
level; thus, we could not evaluate the effect of chela-
tion therapy on the ocular abnormality. We also did
not compare ocular abnormalities with the frequency
and volume of blood transfusion therapy for patients

with thalassemia, nor did we compare differences be-
tween iron chelation regimens. There is also a pos-
sibility that their ocular abnormalities could have oc-
curred before their first blood transfusion treatment.
Therefore, further prospective investigations with a
large sample of patients with thalassemia are sug-
gested.

CONCLUSIONS

Ocular involvement was found in more than half of the
subjects in this study. Regular ophthalmologic evalu-
ations by serum ferritin examination were required to
detect early alterations in the Thalassemia children’s
visual system to maintain their quality of life.
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