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Purpose: To evaluate choroidal thickness in a group of beta-thalassemia patients as assessed 
by enhanced depth imaging optical coherence tomography.
Patients and Methods: This single-center, observational study involved transfusion- 
dependent beta-thalassemia (TD-β-thal) patients and healthy controls. One eye of each 
participant was included in the study. Submacular and peripapillary choroidal thickness, 
as well as central macular thickness and retinal nerve fiber layer thickness, were 
evaluated.
Results: Thirty-eight TD-β-thal patients (mean age 42 ± 10.7 years) and 22 healthy controls 
(mean age 40.3 ± 10.2 years) were included in the study. Subfoveal choroidal thickness was 
297.4 ± 74.5 μm in the patient group and 358.4 ± 71.4 μm in the control group (p=0.003). 
Overall, in the submacular area, the choroid was found to be significantly thinner in the beta- 
thalassemia population compared to controls in all evaluated points, except for the spot 
located 1500 μm nasally to the fovea (p=0.093). In the peripapillary area, choroidal thickness 
was also significantly lower in the thalassemic population compared to the controls (nasal 
p=0.033, temporal p=0.01, superior p=0.01), except for the inferior quadrant (p= 0.191). We 
did not observe statistically significant differences in the retinal nerve fiber layer thickness 
and the central macular thickness between the two groups (p=0.658 and p=0.276, respec-
tively). No correlations with hemoglobin, serum ferritin or iron levels emerged. Patients with 
the intermediate subtype appeared to have significantly thinner choroids than the ones with 
thalassemia major.
Conclusion: Our findings suggest that choroidal thickness in the submacular and peripapil-
lary area is significantly reduced in thalassemic patients, compared to healthy individuals. 
Choroidal thinning in beta-thalassemia possibly reflects the effect of chronic anemia and 
underlying hemodynamic changes on choroidal tissue.
Keywords: central macular thickness, retinal nerve fiber layer thickness, iron chelation 
treatment, erythrocyte transfusion

Introduction
Beta-thalassemia is the most predominant hemoglobinopathy and genetic defect in 
Greece, with the prevalence of heterozygous carriers in the general population 
being estimated as high as 7.5%.1 It is characterized by impaired synthesis of 
hemoglobin beta chains with clinical phenotypes varying from completely asymp-
tomatic individuals to severe microcytic hypochromic chronic anemia with growth 
disturbance and multiple organ dysfunction.
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Depending on the severity of anemia, red blood cell 
(RBC) transfusions may regularly be required to improve 
survival in beta-thalassemia major (β-TM) and intermedia 
(β-TI). In transfusion-dependent beta-thalassemia (TD-β- 
thal) patients, lifelong blood transfusions are complicated 
by iron overload that burdens major organs, such as the 
heart and liver and render essential the administration of 
iron chelators, such as deferoxamine which are known to 
cause ocular toxicity.2

Several ocular findings, including dry eye, lens opaci-
ties, shorter axial length, venous tortuosity, retinal pigment 
epithelium (RPE) degeneration and optic neuropathy have 
been associated with beta-thalassemia.3,4 It is often uncer-
tain to what extent these abnormalities are the result of 
chronic anemia itself which can per se induce retinal 
abnormalities or indicators of iron chelators’ toxicity.2

The choroid represents the principal oxygen and nutri-
ents’ supply source for the outer retina. Notably, it 
accounts for 95% of all ocular blood flow5 and determines 
a crucial role in thermoregulation of the retina, secretion of 
growth factors and disposal of retinal metabolism products 
through circulation.6 Previously available tools for chor-
oidal imaging such as indocyanine green angiography, 
laser Doppler flowmetry and ultrasound may reveal vas-
cular and anatomic alterations but the advent of enhanced 
depth imahing optical coherence tomography (EDI-OCT) 
has permitted direct visualization and anatomical assess-
ment of choroidal tissue and layers in a cross-sectional 
fashion.7 Choroidal thickness, which has recently been 
thoroughly investigated, is influenced among others by 
age, refractive status, and axial length,7 while diurnal 
variations have also been observed.8

Hemodynamic changes that occur in TD-β-thal patients 
could result in alterations in a highly vascularized tissue such 
as the choroid. Previous studies focusing on either β-TM9,10 

or thalassemic trait subjects,11 concluded that subfoveal chor-
oidal thickness was in fact decreased in beta-thalassemia. 
Our study aimed to evaluate posterior segment structures 
and determine the possible effect of beta-thalassemia, on 
choroidal thickness in the wider submacular area, as well as 
the peripapillary area, in TD-β-thal, including both β-TM and 
β-TI patients.

Patients and Methods
This prospective, observational, single-center study took 
place at the Ophthalmology Department in association 
with the Hematology Department of the University 
Hospital of Patras in South Western Greece, between 

May 2019 and April 2020. All procedures of this study 
were in accordance with the tenets of the Declaration of 
Helsinki. The study protocol was approved by the 
University Hospital of Patras Ethics Committee (reference 
number 9894/20-5-2016) prior to initiation of the study.

Inclusion criteria in the study group were individuals 
diagnosed with β-TM or β-TI, who underwent regular 
RBC transfusions. No restrictions were applied regarding 
the type of iron chelation treatment. The control group 
consisted of 22 age- and sex-matched healthy volunteers 
who were randomly selected after a general screening 
examination at the ophthalmology outpatient clinic.

Exclusion criteria included any history of previous 
intraocular surgery or laser therapy, ocular trauma, glau-
coma, uveitis, amblyopia, strabismus and retinal abnorm-
alities detected on ophthalmological examination, as well 
as other chronic systemic disease, such as systemic hyper-
tension, diabetes mellitus, neurodegenerative disorders, or 
connective tissue disease and cigarette smoking.12 

Furthermore, to minimize the effect of axial length, 
patients with refractive error exceeding 3 diopters were 
excluded. Individuals who did not consent to the proce-
dures of the study, could not maintain proper fixation or 
provide proper image quality due to severe media opacities 
or ocular surface disease were also excluded.

After receiving written informed consent, a detailed 
medical history was taken for all enrolled subjects. 
Hemoglobin and ferritin levels were evaluated in all 
patients on the day of the examination. All participants 
underwent a complete ophthalmic examination, including 
refraction and logMAR best corrected visual acuity 
(BCVA), slit lamp examination, intraocular pressure 
(IOP) measurement by Goldmann applanation tonometry 
and dilated fundus examination.

Spectral-domain optical coherence tomography 
(Heidelberg Engineering, SD-OCT, software version 5.3, 
Heidelberg, Germany) using the enhanced depth imaging 
(EDI) mode, which allows for choroidal depiction and 
reproducible measurement of choroidal thickness,13 was 
performed in the right eye of all subjects. Eye-tracking 
was used to ensure image quality and improve acquisition 
time. Moreover, to enhance choroidal visualization and 
reduce noise, automatic real-time averaging was applied. 
The OCT scanning position was precisely matched with 
the scanning laser ophthalmoscope fundus image. Three 
single 30° (8.7mm length) line macular scans, centered on 
the fovea, were acquired in both the horizontal and vertical 
meridian for each participant. The fovea was manually 
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identified and was defined as the concave area in the center 
of the macula, without inner retina layers, with a slight 
thickening of the ellipsoid zone. For peripapillary choroi-
dal imaging, the standard protocol for retinal nerve fiber 
layer (RNFL) assessment was used. Three 360° circular 
scans of 3.4mm diameter, centered on the optic disc were 
received. Measurements of central macular thickness 
(CMT) and RNFL thickness were also recorded.

All OCT scans were assessed for image centration and 
quality. Scans with poor reproducibility, decentered 
images or images of a signal-to-noise ratio <20 dB were 
excluded. All measurements were obtained by an experi-
enced and masked physician (FT) between 9 am and 12 
am, to minimize diurnal fluctuation of choroidal 
thickness.8 All subjects were examined in the same room 
under the same environmental and lighting conditions.14 

Participants were asked to abstain from caffeine consump-
tion in the morning of the examination.15 Examination was 
conducted before patients’ admission for scheduled RBC 
transfusion to avoid possible choroidal thickness changes 
due to hemodynamic alterations during or after red blood 
cell transfusion.

Images were converted to a 1:1 pixel ratio for analysis 
by a blinded investigator (OM). The standard Heidelberg 
Explorer software was employed for image processing. 
CMT and RNFL thickness measurements were automati-
cally provided. Choroidal thickness measurements were 
conducted subfoveally and at 500µm intervals, centrifug-
ally from the fovea in all four sectors. More specifically, 

calipers were positioned to mark the areas of interest 
manually using the incorporated Spectralis software at 
500, 1000 and 1500 μm nasally, temporally, superiorly 
and inferiorly to the fovea (Figure 1). The peripapillary 
choroidal thickness was evaluated in a superior, inferior, 
temporal and nasal location. Since no software for auto-
mated choroidal thickness measurement is available, mea-
surements were performed manually as the perpendicular 
distance from the hyperreflective outer border of the ret-
inal pigment epithelium/Bruch membrane complex to the 
inner scleral border. The boundaries’ delineation was per-
formed using a built-in ruler tool by two blinded experi-
enced observers. The average measurement value of 3 
obtained scans was used for statistical analysis.

Statistical Analysis
Statistical analysis was performed with the assistance of 
the SPSS statistical software (SPSS for Windows, version 
23.0; SPSS, Inc., Chicago, IL, USA). All data were 
expressed as mean ± standard deviation. The normality 
of the data was assessed using the Kolmogorov–Smirnov 
test. When p> 0.05 the null hypothesis, that data are taken 
from normal distributed population, is accepted.

Comparison of obtained values between the thalasse-
mia and control group was conducted, using the indepen-
dent samples t-test for continuous variables and the Mann– 
Whitney U-test for nonparametric data.

Multivariable linear regression analysis, with the step-
wise method, was conducted in the beta-thalassemia group 

Figure 1 Representative EDI-OCT images. Horizontal macular line scans obtained from a β-ΤΜ patient (top) and a healthy control (bottom). Choroidal thickness was 
measured subfoveally as well as at 500, 1000 and 1500μm locations nasally and temporally to the fovea. 
Abbreviations: β-ΤΜ, beta-thalassemia major; EDI-OCT, enhanced depth imaging optical coherence tomography.
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in order to evaluate possible correlations of CMT, SFCT 
and RNFL thickness with various independent variables 
such as age, sex, body weight, type of chelation therapy 
administered at the time of inclusion in the study, type of 
beta-thalassemia, years of transfusion dependency, levels 
of hemoglobin, serum ferritin values, iron and C-reactive 
protein levels, possible treatment with antiplatelets, history 
of splenectomy or hypothyroidism and imaging data 
depicting the severity of iron load in the liver and heart, 
estimated by T2*-weighted magnetic resonance imaging. 
We also included in the multivariable regression analysis 
the axial length and the spherical equivalent.

For all statistical analyses performed, differences were 
considered statistically significant at 2-tailed p value 
of <0.05.

A power analysis was performed and the minimum 
sample size required in this study was calculated as at 
least 35 participants in the study group and at least 17 
healthy volunteers with significance level being set to 
<0.05 and statistical power 0.9. The sample size calcula-
tion was conducted using the GPower software (version 
3.1) and was based on the results of a previous study.16

Results
The present study included 60 eyes of 60 participants. 
Complete data were collected for 38 patients (15 males, 
23 females) with β-TM or β-TI and 22 healthy controls (12 
males, 10 females). Demographic data of the two groups 
are summarized in Table 1. The mean age was 42 ± 10.7 
years for the thalassemia patients and 40.3 ± 10.2 years for 
controls. The two groups did not differ significantly with 

respect to age and sex (p = 0.55 and p=0.58, respectively). 
Similarly, no significant differences were recorded as far 
as BCVA, IOP and refractive status are concerned between 
the two study groups (p=0.187, p=0.390 and p=0.704, 
respectively).

The clinical characteristics of the beta-thalassemia 
group are presented in Tables 2–4. In this group 60.5% 
of the patients were classified as β-TM and 39.5% as β- 
TI. The patients examined had been receiving RBC 
transfusions for a mean of 28 ± 12 years. Their mean 
hemoglobin value was 9.4 ± 0.7 g/dl and the median 
ferritin value was 1106 ng/mL (range 117 to 15719 ng/ 
mL). As far as iron chelation treatment is concerned, at 
the time of the examination 12 patients were under 
deferasirox, 6 under deferoxamine, one under deferi-
prone, while 13 were receiving a combination regimen 
of deferoxamine plus deferiprone, and the remaining 6 
deferoxamine plus deferasirox.

Table 5 shows the CMT, RNFL and choroidal thickness 
subfoveally and at the selected locations in the two groups. 
There was no statistically significant difference in CMT 
between beta-thalassemia patients and healthy volunteers 
(p=0.276).

The choroidal thickness of thalassemic patients was 
significantly reduced subfoveally, compared to healthy 
participants (p=0.003). Furthermore, in the patient group 
the choroid was significantly thinner at 11 out of the 12 
evaluated peripheral points of the posterior pole, compared 
to healthy controls. No statistically significant difference 
in choroidal thickness was observed between the two 
groups at 1500 μm nasally. (p=0.093).

Table 1 Demographic Characteristics of the 2 Groups

Beta-Thalassemia Control p

Number 38 22

Age, years (mean ± SD) 42 ± 10.7 40.3 ± 10.2 0.550*

Sex 0.258†

Male, n (%) 15 (39.5) 12 (54.5)
Female, n (%) 23 (60.5) 10 (45.5)

BCVA, logMAR
Median (range) 0 (0–0.3) 0 (0–0) 0.187‡

Spherical equivalent, Diopters
Median (range) 0 (−3.0 to +2.5) 0 (−3.0 to +1.5) 0.704‡

Intraocular pressure, mmHg
Median (range) 13 (10–18.5) 13 (11–17) 0.390‡

Notes: *Independent samples t-test; †Chi-square test; ‡Mann–Whitney U-test.
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The average RNFL thickness values did not differ 
significantly between the two groups (p=0.658). 
However, the peripapillary choroid, evaluated at points 

located temporally, nasally and superiorly was signifi-
cantly thinner among beta-thalassemia patients, in compar-
ison to healthy individuals (p=0.010, p=0.033 and 
p=0.010, respectively). Nevertheless, there was no signifi-
cant difference at the inferior peripapillary area between 
the 2 groups (p=0.191).

Multivariable Linear Regression Analysis
Multivariable linear regression analysis in the beta- 
thalassemia group revealed that CMT correlated signifi-
cantly with age (p<0.001), weight (p=0.003) and axial 
length (p=0.043) (F= 8.883, R2 = 0.506). More precisely, 
CMT increased significantly with age, weight and axial 
length.

The RNFL thickness correlated significantly negatively 
with the spherical equivalent (p<0.026) (F= 5.564, R2 = 
0.166).

Finally, the SFCT was found to be significantly asso-
ciated with the type of beta-thalassemia (p=0.007) and the 
presence of hypothyroidism (p=0.032) (F= 6.352, R2 = 
0.320). More precisely, patients with β-TI had significantly 
lower SFCT compared to patients with homozygous beta- 
thalassemia. Furthermore, significantly higher SFCT was 
found in patients with a history of hypothyroidism.

Discussion
In the present study, we proceeded based on the assump-
tion that evaluation of the choroid could provide more 
information on the ocular blood supply status in thalasse-
mic patients. We mainly demonstrated that TD-β-thal 
patients have significantly thinner choroids than healthy 

Table 2 Characteristics of the Beta-Thalassemia Group

Characteristics

Type of Beta-Thalassemia

Major, n (%) 23 (60.5)

Intermedia, n (%) 15 (39.5)

Years of transfusion 28 ± 12

Body Weight (Kg) 63.3 ± 11

Hb (g/dl) 9.4 ± 0.7

Platelets (x103/mL) 373.5 ± 199

Bilirubin (mg/dl) 2.1 ± 1

LDH (IU/mL) 265.4 ± 122.6

Ferritin (ng/mL) 2183.8 ± 3024.9

Fe (μg/mL) 213.4 ± 47.7

TIBC (μg/mL) 288.9 ± 104.9

Tf Sat (%) 0.8 ± 0.2

CRP (mg/dl) 1.3 ± 1.9

LIC (Fe mg/g) 9.6 ± 11.5

T2* Liver (ms) 8.6 ± 8.9

T2* Cardiac (ms) 41.8 ± 17.9

LVEF (%) 62.8 ± 7.8

Splenomegaly, n (%) 8 (21.1)

Splenectomy, n (%) 18 (47.4)

Abbreviations: Hb, hemoglobin; LDH, lactate dehydrogenase; Fe, iron; TIBC, total 
iron binding capacity; Tf Sat, transferrin saturation; CRP, C reactive protein; LIC, liver iron 
concentration; T2* Liver and T2* Cardiac, T2* weighted magnetic resonance imaging 
values correlate with iron load in the liver and heart; LVEF, left ventricle ejection fracture.

Table 3 Comorbidities of the Beta-Thalassemia Group

Condition

Heart Disease

Afib, n (%) 5 (13.2)
PHTN, n (%) 2 (5.3)

HF, n (%) 1 (2.6)

Thromboses, n (%) 2 (5.3)

Hypothyroidism, n (%) 13 (34.2)

Abbreviations: Afib, atrial fibrillation; PHTN, pulmonary hypertension; HF, heart 
failure.

Table 4 Medications Administered in the Beta-Thalassemia 
Group

Treatment

Chelation Treatment (at the Time of Inclusion in the Study)

Deferasirox, n (%) 12 (31.6)
Deferoxamine, n (%) 6 (15.8)

Deferoxamine and Deferiprone, n (%) 13 (34.2)

Deferiprone, n (%) 1 (2.6)
Deferoxamine and Deferasirox, n (%) 6 (15.8)

HU, n (%) 9 (23.7)

Anti-PLT, n (%) 14 (36.8)

HRT, n (%) 15 (39.5)

Abbreviations: HU, hydroxyurea; Anti-PLT, antiplatelet drugs; HRT, hormone 
replacement therapy.
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controls, although we did not notice any statistically sig-
nificant difference in CMT and RNFL thickness in com-
parison to normal subjects.

Our findings regarding choroidal thickness are overall 
in agreement with the results of previously published 
studies. More specifically, El-Shazly et al demonstrated 
that thalassemic patients receiving two different chelation 
regimens (deferoxamine or deferasirox) had thinner chor-
oids than the control group.9 Moreover, Ulusoy et al, 
reported that SFCT was significantly higher in controls, 
when comparing them to beta-thalassemia and sickle cell 
disease patients.10 Their results, similarly to our study, did 
not correlate with hemoglobin, hematocrit and serum fer-
ritin values. Significantly lower submacular choroidal 
thickness has also been found in children with β-TM. In 
this study, a positive correlation of SFCT with hemoglobin 

and a negative one with ferritin levels was found.17 

Comparable studies on beta-thalassemia minor, in adults 
and children, indicated that choroidal thickness is signifi-
cantly decreased in the trait group as well.11,18

Patients with beta-thalassemia undergo hemodynamic 
changes and are at increased risk of vascular and throm-
boembolic complications.19,20 Anemia induces tissue 
hypoxia,21 while there is evidence of flow-mediated 
endothelial dysfunction.22 For instance, chronic iron over-
load is implicated in structural and functional changes in 
arteries, due to increased reactive oxygen species produc-
tion through reduced nitric oxide bioavailability.23 

Moreover, some authors support that frequent transfusions 
of stored RBCs, can affect microvascular endothelial func-
tion via a proinflammatory route.24 The above-mentioned 
mechanisms, along with increased platelet and RBC 

Table 5 Comparison of the Central Macular Thickness (CMT), Retinal Nerve Fiber Layer (RNFL) Thickness and Choroidal Thickness 
(CT) Subfoveally (SFCT) and at the Selected Locations

Beta-Thalassemia 
(n=38)

Control 
(n=22)

p

CMT (μm) 224.7 ± 17.9 229.7 ± 15.4 0.276*

RNFL (μm) 102.1 ± 10.9 100.9 ± 8.7 0.658*

SFCT (μm) 297.4 ± 74.5 358.4 ± 71.4 0.003*

500μm temporal CT (μm) 291 ± 67.9 344.8 ± 78.8 0.007*

1000μm temporal CT (μm) 279.5 ±72.3 335.4 ± 69.1 0.005*

1500μm temporal CT (μm) 261.8 ± 67.1 327.5 ± 65.3 <0.001*

500μm nasal CT (μm) 292.2 ±76.9 336.09±70.99 0.032*

1000μm nasal CT (μm) 273.4 ± 80.8 320.9 ± 63.1 0.021*

1500μm nasal CT (μm) 252.2 ± 82.6 291.5 ± 68.4 0.093†

500μm superior CT (μm) 302.2 ± 78.9 356.6 ± 70 0.009*

1000μm superior CT (μm) 289.8 ± 73.6 352.2 ± 70.9 0.002*

1500μm superior CT (μm) 278.3 ± 79.4 341.5 ± 64.7 0.009†

500μm inferior CT (μm) 285.7 ± 81.7 346 ± 73.5 0.006*

1000μm inferior CT (μm) 280.4 ± 73.7 343.7 ± 78.1 0.003*

1500μm inferior CT (μm) 275.4 ± 78.6 330.6 ± 65.3 0.007*

Temporal peripapillary (μm) 181.2 ± 65.6 222.8 ± 42.5 0.010*

Nasal peripapillary (μm) 160.3 ± 70.4 198.4 ± 54.9 0.033*

Superior peripapillary (μm) 176 ± 60.2 215.7 ± 46.6 0.010*

Inferior peripapillary (μm) 143.1 ± 54 160.8 ± 41.8 0.191*

Notes: *Independent samples t-test; †Mann–Whitney U-test.
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aggregation, presence of RBC membrane microparticles, 
erythroid cells deformities, and post-splenectomy status 
are some of the factors met in beta-thalassemia, that con-
tribute to a status of hypercoagulability.20 Additionally, 
blood disorders, including anemia, can disrupt retinochor-
oidal circulation.25 Stasis, increased resistance and dis-
turbed permeability have been associated with the 
development of anemic retinopathy and may equivalently 
affect choroidal vessels as well.26 Nonetheless, in contrast 
to choroidal thickness, CMT was not significantly affected 
in our study. This finding, in comparison to the relatively 
young age of the enrolled patients, may reflect a primary 
impairment of the choroid which may in time affect the 
supplied retina and retinal thickness.

We also investigated possible correlations between ocular 
findings and the clinical characteristics of thalassemic 
patients that pertain to the course of the systemic condition. 
Laboratory parameters like hemoglobin, serum ferritin, iron 
and C-reactive protein, spleen status, as well as imaging data 
depicting the severity of iron load in the liver and heart, 
estimated by T2*-weighted magnetic resonance imaging, 
type of chelation regimen administered at the time of enroll-
ment in the study and other comorbidities were included in 
our multivariable regression analysis. According to our 
results, patients with β-TI tended to have significantly thinner 
choroids than those suffering from β-TM. To our knowledge, 
by now there has been no comparison of choroidal thickness 
between the two thalassemic subgroups. A potential explana-
tion might be that with β-TI patients the initiation of transfu-
sions is delayed, rendering them severely anemic for a longer 
period of time, with an increased subsequent cardiovascular 
burden, including pulmonary hypertension and heart failure, 
conditions that are known to affect blood flow and choroidal 
thickness.27,28 Furthermore, in thalassemic patients with 
hypothyroidism, SFCT was increased in comparison to 
euthyroid ones. This finding agrees with a previous study in 
otherwise healthy individuals with hypothyroidism.29 

Regarding the chelation treatment received at the time of 
inclusion in the study we could not find any statistically 
significant correlation with CMT, RNFL thickness or SFCT.

Our study has certain limitations. Due to the small 
study population, as well as the frequent changes in chela-
tion regiments and dosage over the last 5 years, according 
to retrospective analysis of patients’ medical records, we 
thought it would be more indicative to classify them based 
on the subtype of beta-thalassemia rather than iron chela-
tors. Although the type of chelation received at the time of 
enrollment was included in multivariable regression 

analysis, solid conclusions could not be drawn, since the 
majority of the patients had been exposed to different 
regimens in the past and the number of patients in some 
chelation subgroups was too small. Another limitation is 
that we could not predict or exclude confounders like the 
possible effects of accommodation and the impact of ret-
inal image blur due to uncorrected refractive error in 
choroidal thickness measurements.30,31 We relied solely 
on pretransfusion single-point measurements. It would be 
interesting to also examine post-transfusion choroidal 
thickness. However, we decided to evade it, not to accent-
uate patient inconvenience. Lastly, a comparison of all 
three subtypes of the beta-thalassemia spectrum (ie, 
including carriers) to assess the effect of the severity of 
anemia on posterior pole structures might be of value.

Conclusions
In addition to SD-OCT for retinal disease, the application 
of EDI–OCT has widened the field of choroidal imaging, 
allowing further comprehension of its involvement in the 
pathophysiology of ocular disease. The outcomes of the 
present study along with those of the abovementioned 
studies, confirm that choroidal thickness is indeed reduced 
in all forms of beta-thalassemia. Varying RNFL and retinal 
thickness measurements between studies, together with 
contradictory evidence on correlating parameters, imply 
that further research and larger prospective studies may 
help establish the physiological relationships that might 
link our findings to the ocular manifestations encountered.
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