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Abstract

Background Beta thalassemia (p-thalassemia) is a
hereditary disease caused by defective globin synthe-
sis and can be classified into three categories of minor
(B-TMi), intermedia (B-TI), and major (B-TM) tha-
lassemia. The aim of our study is to investigate the
effects of B-thalassemia and its treatment methods on
different parts of the eye and how early-diagnostic
methods of ocular complications in this disorder
would prevent further ocular complications in these
patients by immediate treatment and diet change.
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Methods We developed a search strategy using a
combination of the words Beta thalassemia, Ocular
abnormalities, Iron overload, chelation therapy to
identify all articles from PubMed, Web of Science,
Scopus, and Google Scholar up to December 2018. To
find more articles and to ensure that databases were
thoroughly searched, the reference lists of selected
articles were also reviewed.

Results Complications such as retinopathy, crys-
talline lens opacification, color vision deficiency,
nyctalopia, depressed visual field, reduced visual
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acuity, reduced contrast sensitivity, amplitude reduc-
tion in a-wave and b-wave in Electroretinography
(ERGQG), and decrease in the Arden ratio in Electroocu-
lography (EOG) have all been reported in p-tha-
lassemia patients undergoing chelation therapy.
Conclusion Ocular problems due to B-thalassemia
may be a result of anemia, iron overload in the body
tissue, side effects of iron chelators, and the compli-
cations of orbital bone marrow expansion.

Keywords Beta thalassemia - Ocular abnormalities -
Iron overload - Chelation therapy

Introduction

Thalassemia is one of the most common inherited
blood disorders which its typical characteristic is
abnormality in the production of hemoglobin chains. It
occurs as a result of various abnormalities in
hemoglobin genes and might be manifested in any of
the hemoglobin chains such as alpha, beta, gamma,
and delta. Beta thalassemia (3-thalassemia) occurs due
to the missing or reduced synthesis of beta chains [1].

There are three sub-types of B-thalassemia catego-
rized based on severity:

1. P-thalassemia minor (B-TMi) or [-thalassemia
carrier/B-thalassemia trait: in this condition,
hemoglobin chain deficiency is not severe enough
to cause malfunction.

2. P-thalassemia intermedia (B-TI): this is a condi-
tion in which beta chain deficiency in hemoglobin
is severe enough to cause severe anemia and
considerable disorder in the patients’ health, such
as skeletal deformities and spleen enlargement.

3. PB-thalassemia major (B-TM)/Mediterranean ane-
mia/Cooley’s anemia: in B-TM patients, lack of -
chain in hemoglobin contributes to a life-threat-
ening anemia and the patient requires regular
blood transfusions and permanent medical care

[2].

Despite rapid activation of bone marrow in the body
of B-TM patients for erythropoiesis, these patients are
still anemic because of ineffective erythropoiesis and
early destruction of red blood cells. Since this
hyperactivity in the bone marrow causes skeletal
deformities, immediate blood transfusion should be
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initiated as soon as the diagnosis of B-TM has been
confirmed. Regular transfusion regimen is required to
maintain hemoglobin concentration in normal range.
This will prevent chronic hypoxia of the body organs
and decrease the hyperactivity of bone marrow [2, 3].

Multiple transfusions result in iron overload in the
body. Iron is vital for a great amount of metabolic
processes in the body, and many enzymes require iron.
It is a crucial element of cytochrome protein and is
essential for ATP production, though excessive iron
level can lead to oxidative stress. Iron accumulation
might result in problems in heart, liver, glands, and
eyes and ultimately might lead to death. To remove
excessive iron, chelators’ drugs are used to reduce iron
accumulation. Iron chelator should selectively bind
the iron but no other important elements such as
cooper and zinc [4].

Deferoxamine (DFO) is the oldest iron chelator,
and if consumed regularly and sufficiently, it prevents
iron overload complications and increases the survival
in thalassemia patients. The main problem is that this
drug is administered through injection, and in the case
of excessive infusion of DFO to patients who do not
have excessive iron overload, visual and auditory
complications may occur [5]. In recent years, oral
chelators have been introduced to the market in two
forms of Deferasirox (DFX) and Deferiprone (DFP).
These oral regiments do not have injection problems
of DFO, and it has been claimed that they have less
side effects [6, 7].

Thalassemia and its management strategies can
lead to many ocular problems. Various studies have
reported ocular problems caused by variety of under-
ling factors such as anemia, iron overload, chelation
therapy and orbital bone marrow expansion [8].

Table 1 lists the prevalence of ocular problems in
these patients reported by previous studies [9-21]. It
has been reported that the prevalence of ocular
abnormalities in [B-thalassemia patients is between
10.5 and 74% [9-21]. The discrepancy in the reports
can be attributed to different parameters that had been
considered, different age-groups of the participants,
diverse treatment methods, frequency of blood trans-
fusions, and the type and dosage of iron chelator
agents.

Moreover, most of the studies have worked on f3-
TM patients, while less attention has been paid to B-TI
and B-TMi patients. The findings reported ocular
complications such as retinopathy, crystalline lens
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Because of shorter axial length reported in majority
of prior studies, a higher prevalence of hyperopia than
other forms of refractive errors is expected. Khalaj
et al. [29] investigated the prevalence of refractive
errors in B-thalassemia major patients and found that
the prevalence of hyperopia was considerably higher
(68%) in thalassemia group compared to the normal
population in the control group (5.6%), being similar
in age and gender.

Two other studies conducted in Iran demonstrated
that mean degree of refractive errors in B-thalassemic
patients was slightly more positive in comparison with
normal population, though the difference between the
two groups was not statistically significant. The reason
is compensatory mechanism of steeper cornea and
thicker crystalline lens [16, 25]. Elkitkat et al. [30]
stated that in emmetropization process of [-tha-
lassemic children, their cornea get steeper and their
crystalline lens get thicker as a compensatory mech-
anism for greater risk of hyperopia that is due to
shorter axial length and if these changes occur
severely, myopic shift emerges.

Dry eye

Dry eye in B-thalassemia patients have been explored
using a variety of techniques. Analyzing the quality of
tear film using tear break-up time test (TBUT), studies
have shown that tear break-up time occurs in less than
10 s in 13.3%, 33%, and 46.15% of B-thalassemic
patients [17, 18, 31].

Gartaganis et al. have reported that in 56.73% of 8-
thalassemic patients, the moistened area in the
Schirmer strip was less than 10 mm within 5 min
and rose bengal staining was abnormal in 20% of the
patients [31]. They also utilized conjunctival cytology
by cytobrush to recognize the effective factors in
ocular surface disorders. Their investigations revealed
goblet cell loss and squamous metaplasia that are
normally observed in patients with dry eye. It can be
inferred that fewer goblet cells which are responsible
for mucin production may be the underlying factor for
shorter time in TBUT results in these patients [31].

Deficiency in trace elements and lack of vitamins
can be other factors affecting the ocular surface
changes in P-thalassemic patients. Vitamin E is an
effective antioxidant, and studies have demonstrated
that its level is low in the blood plasma of (-
thalassemic patients. This could be effective on

oxidant/antioxidant balance and make the ocular
surface more sensitive to in vitro oxidative modifica-
tions [31-33].

Jafari et al. revealed that there is a relationship
between dry eye and increase in the serum ferritin
level. Since increase in iron deposition in glands
creates cytotoxic effects and could cause endocrine
and exocrine dysfunction and since lacrimal glands are
typical tubuloacinar exocrine glands, iron overload
could damage their exocrine secretions and subse-
quently interfere with tear film production [17, 31, 34].

Cataract

The prevalence of cataract in B-thalassemic patients,
as reported in different studies, varies from 6.3 to
45.7% [9-11, 13-15, 17, 18]. A diverse sub-type of
crystalline lens opacity has been reported among -
thalassemic patients, such as posterior subcapsular
haze, posterior cortical haze, streaks in posterior
capsule, and peripheral punctate lens opacity at the
cortex [9-11, 13-15, 17, 18]. The contributory factor
to the development of cataract in [-thalassemic
patients might be free radical damage due to iron
overload [35]. In these patients, the iron overload
causes greater oxidative stress and eventually cataract
formation [36-38]; thereby, several studies have
claimed that chelating drugs could have a protective
effect by decreasing iron overload [35].

On the other hand, some studies have indicated that
cataract development can be the result of chelating
agents [14]. They reveal that there is a relationship
between crystalline lens opacity and consuming
chelators. Yet there are studies that have demonstrated
that the cataract formation could be observed in [-
thalassemic patients who did not undergo chelation
therapy. Hence, chelation therapy [9], per se, is not
responsible for cataract formation in these patients.

Few studies have addressed the prevalence of
cataract in B-thalassemic patients undergoing different
chelation agents [14, 16, 17]. Jafari et al. reported that
the prevalence of cataract was higher among the
patients who were on DFP. In this study, the preva-
lence of cataract in patients who were on DFO,
combinations of DFO and DFP, and DFX was 6.7%,
13.7%, and 7.7%, respectively [17]. In a study
conducted by Nowroozzadeh et al., the prevalence of
cataract formation in a group on DFP was greater
(18.8%) than the group on DFO (10.7%) [16].
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Similarly, Mahdizadeh et al. [39] in a case report
stated that cataract occurred in two of their patients
who were on DFP therapy. Contrary to the findings of
these studies, Taneja et al. [14] revealed that the
prevalence of cataract in patients who were on DFO
was higher than patients who were on DFP. Overall,
since in most of the studies most patients undergoing
DFP or Deferasirox were previously treated by DFO, it
cannot be certainly concluded which chelator was
responsible for these changes.

However, studies have displayed that antioxidants
could reduce exudative reactions and consequently
could maintain crystalline lens clarity. Considering
antioxidants’ role in maintaining crystalline lens
clarity, several studies have reasoned that crystalline
lens opacity in these patients is due to nutritional
deficiency [36].

Retinal abnormalities

Different studies have reported retinal disorders in -
thalassemic patients such as retinal pigment epithe-
lium (RPE) degeneration and mottling, peripheral and
central retinal thinning, venous tortuosity and
engorgement, retinal hemorrhage, retinal edema,
cup-to-disc ratio enlargement, and macular scar
[1-21, 40—45]. The prevalence of retinal disorders
reported in different studies is illustrated in Table 1.
Retinal disorders in B-thalassemic patients can be
classified into two general groups: pseudoxanthoma
elasticum (PXE)-like and non-PXE-like retinal abnor-
malities [41]. PXE is a progressive genetic disorder
caused by mutations in the ABCC6 gene, and its
principal characteristic is calcium fragmentation and
mineralization of elastic fibers. In this disorder,
calcium and other minerals are deposited in the elastic
fibers of blood vessels, skin, and Bruch’s membrane
beneath the RPE layer [46]. These changes in
hemoglobinopathies were originally reported in 1950
in a patient with sickle cell [47], and since then they
were frequently reported in different types of hemo-
globinopathies, including B-thalassemia [41]. These
acquired changes, which are similarly observed both
in B-thalassemic patients and in PXE ones, are called
PXE-like syndrome [48]. It is well known that the
development of PXE-like manifestations including
angioid streaks (AS), peau d’orange, and optic disc
drusen is actually acquired [20, 48, 49]. Furthermore,
there are studies that reported pattern dystrophy-like
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macular changes including vitelliform maculopathy
and butterfly-shaped macular lesions in patients
undergoing prolonged DFO treatment [42—45]. Some
researchers proposed iron overload of tissues and
associated oxidative stress due to hemolytic disorders
as a potential cause of elastic fiber damage in -
thalassemia patients [20, 48, 50]. While some others
believe that even if iron contributes to changes in the
elastic fibers, it cannot explain the clinical and
structural similarities with inherited PXE [51]. It is
reported that the level of ABCC6/Abcc6 transport
activity is an influential modulator of calcification and
could be the pathomechanism for elastic fiber miner-
alization. Martin et al. [51] in their animal study found
a progressive decrease in Abcc6 production in mice.
This down-regulation mediated by changes in the
transcriptional regulation of Abcc6. Because of sim-
ilarity of transcriptional regulators in human and
mouse ABCC6/Abcc6 genes [52], it can be speculated
that similar to mice, molecular changes could lead to
ABCC6 endowment and increased susceptibility to
dystrophic mineralization in ocular tissue and pro-
gressive development of PXE manifestations in some
of these patients [51].

In AS, structural alterations are formed as tears in
elastic lamina Bruch’s membrane and afterward RPE
undergoes degeneration and atrophy [53]. The inci-
dence of AS has been reported in different studies
[45, 53-56]. This disorder is usually asymptomatic,
but if the lesion expands to the fovea or causes
choroidal neovascularization (CNV), hemorrhage, and
scar in macula, it might result in progressive vision
loss [20, 41]. Even in some cases, vision loss has been
reported due to the RPE atrophy without CNV
formation [57].

Small confluent dark yellowish lesion in RPE is
called peau d’orange usually observed prior to the
manifestation of AS [20]. These lesions are usually
observed at the posterior pole very early in the disease
and more peripheral in later stages [58].

Vascular tortuosity is one of the non-PXE-like
anomalies in B-thalassemia patients. Mild and chronic
anemia between transfusion sessions are the causes of
this anomaly and lead to tissue hypoxia and retinal
tortuosity [59, 60]. Moreover, it has been found that
there is a relationship between iron overload and
patient’s age with vascular tortuosity formation.
Another risk factor for retinal disorders is iron
overload due to repeated transfusion. RPE is the site
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of accumulation and deposition of iron in retina;
thereby, these disorders are usually observed in RPE
[4, 61]. Indeed, the presence of iron in retina becomes
challenging when ferrous iron (Fe*"), which could
produce hydroxyl radicals from hydrogen peroxide
during a Fenton reaction, causes oxidative damages to
retina and RPE [62, 63]. To decrease iron overload and
its complications, chelating agents should be utilized.
A large number of studies have reported that chelation
therapy could prevent retinal damage caused by iron
overload. However, the amount of drug consumption
and dosage should be properly controlled to prevent
adverse effects of excessive iron and other associated
minerals removal [63].

The most common oldest chelating agent in [3-
thalassemic patients is intravenous DFO therapy. DFO
toxicity has led to nyctalopia, color vision deficiency,
visual field defects, visual acuity impairment, and RPE
changes [41, 64]. There is significant correlation
between DFO dosage and its ocular side effects. In
most studies, when patients were on DFO with dosage
of less than 50 mg/kg/d, mild or no ocular toxicities
have been reported [17, 65]. Some studies have
revealed that the retinal toxicity due to intravenous
DFO therapy is reversible to some extent after
discontinuing the drug [66, 67]. Therefore, it is
essential to perform ocular examinations by imple-
menting different methods such as electrodiagnostic
procedures (especially ERG), visual field testing, color
vision testing, confocal near-infrared (NIR) reflec-
tance imaging, fundus fluorescein angiography (FFA),
late-phase indocyanine green (ICG) angiography,
fundus autofluorescence (FAF), and spectral domain
optical coherence tomography (SD-OCT). Table 3
summarizes previous retinal findings with different
imaging techniques in [-thalassemia patients who
were under chelation therapy [14, 42, 45, 68-74].

Viola et al. [45] used multimodal imaging such as
confocal scanning laser ophthalmoscope (cSLO),
NIR, FAF, and SD-OCT to investigate and follow up
clinical course of B-thalassemia patients with DFO
retinopathy. They found pattern dystrophy-like
changes in half of their patients. Follow-up examina-
tions of their patients during a 40-month period
revealed a progressive development of RPE atrophy
in most of their cases. Therefore, in cases requiring
long-term treatment with chelator drugs, observing
early changes such as pattern dystrophy-like alter-
ations in deep structures of the retina could predispose

sight-threatening complications such as RPE atrophy
[45]. Therefore, early diagnosis and long-term follow-
up of retinal findings, either PXE-like or related to
DFO, are essential and would be helpful in the
decision to discontinue or switch therapy to prevent
sight-threatening ocular problems.

Oral DFP and DFX are the alternative drugs to
intravenous DFO therapy in these patients [7, 75, 76].
Most of the studies on animals showed that DFP is an
effective retinal iron chelator. DFP could pass through
blood retinal barrier and chelate intracellular iron
without inducing any retinal toxicity. Consequently, in
most studies, DFP has been introduced as retinal
protected iron chelator [77, 78]. In contrast, a number
of studies reported that RPE degeneration had been
developed in patients on DFP [12, 17]. Jafari et al. in a
study comparing retinal abnormalities in thalassemic
patients undergoing different chelating drugs con-
cluded that the prevalence of RPE degeneration was
higher in a group who consumed DFP + DFO [17].
Similarly, Taher et al. confirmed the prevalence of
RPE degeneration in patients undergoing DFP was
four times more than the patients who were on DFO
[12]. Since in all of these studies, prior to taking DFP,
the patients were on DFO therapy, we could not
certainly claim that the side effects are due to DFP
therapy or DFO usage.

Furthermore, studies have shown that DFX is an
effective systemic chelator, though there is no evi-
dence confirming its penetration to the retina [41].

Contrast sensitivity

Scant research has been conducted on contrast sensi-
tivity in P-thalassemic patients [79-81]. In 2000,
Gartaganis et al. investigated contrast sensitivity using
CSV-1000 test in patients with thalassemia major
receiving regular transfusion and being treated by
subcutaneous infusions of DFO. They found out that
contrast sensitivity in all frequencies was less than that
of the normal participants [79]. In 2010, Spyridon
et al. investigated contrast sensitivity using B-VAT II-
SG Mentor Video Acuity Tester in 3-TM patients who
were regularly transfused and cured by subcutaneous
infusions of DFO. They observed a significant differ-
ence in contrast sensitivity of these patients and the
control group in several spatial frequencies studied
(2,3, 6 cycle/degrees). Conclusively, they stated that
DFO administration could make changes in the retina
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Table 3 Retinal imaging findings in PB-thalassemia patients with retinopathy reported in some previous studies

References

Diagnostic
tests

Study design

Mean
age
(years)

Abnormal
group (n)

Mean years Abnormal retinal findings in p-thalassemia
on patients

chelation

therapy

Wu [68]

Viola [45]

Gelman [69]

Van Bol [70]

Eleftheriadou
[71]

Simon [72]

Viola [73]

Taneja [14]

FP, NIR,
SD-OCT

FP, FAF,
NIR, SD-
OCT

FP, FAF,
NIR, SD-
OCT

FP, FFA,
FAF, SD-
OCT

FP, FFA,
SD-OCT

FP, FFA,

FP, FAF

FP, FFA

Observational
case report

Retrospective
review

Observational
case report

Observational
case report

Observational
case report

Observational
case report

Prospective,
Cross-
sectional,
case—control
study

Prospective,
observational

1 34

20 45.1

197 41

45 11.3

20 Numerous distinct hypo-pigmented lesions at
the mid-periphery of the retina in both eyes

32 Various kinds of pattern dystrophy fundus
changes at posterior pole, including
butterfly-shaped-like, fundus
flavimaculatus-like, fundus pulverulentus-
like, and vitelliform-like changes.
Abnormal FAF and/or NIR signals
corresponded to accumulation of materials
within the BM-RPE complex on SD-OCT.
Forty-month follow-up examinations
showed progressive incidence of RPE
atrophy in locations of pattern dystrophy-
like alterations

1 month NIR-displayed areas of increased stippling
through the macula. Diffused areas of
stippled hyper- and hypo-autofluorescence
appeared in FAF. SD-OCT revealed
ellipsoid zone disruptions, photoreceptors

attenuation, and deposits within the RPE

1 month FAF showed hypo-autofluorescence in the
macular zone, whereas FFA revealed a
circular hyper-fluorescence staining in the
macular area. SD-OCT displayed a serous
detachment of the neuro-epithelium
accompanied by photoreceptor outer
segment expansion. RPE mottling in the
macular zone was noticed after
discontinuation of DFO

FP showed small, circular, hyper-pigmented
lesions in both eyes. FFA revealed granular
hyper-fluorescence combined with pigment
decompensation and mottling hypo-
fluorescence patches. The chief OCT
finding was the granuloid-like
accumulations at the photoreceptors and
RPE level. Discrete granuloid-like
accumulations were observed in the
innermost layers of the macula and choroid

23 FP represented macular RPE mottling. FFA
showed speckled hyper-fluorescence along
with well-differentiated zones of blocked
fluorescence.

36 Abnormal FAF was observed in both eyes of
18 of the 197 patients and was labeled as 4
phenotypic patterns: minimal change, focal,
patchy, and speckled

2 RPE degeneration and retinal venous
tortuosity in patients who were under
subcutaneous DFO therapy
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Table 3 continued

References Diagnostic ~ Study design Abnormal Mean Mean years Abnormal retinal findings in B-thalassemia

tests group (n)  age on patients

(years) chelation
therapy

Genead [42] SD-OCT, Observational 1 45 20 Macular vitelliform lesion in the right eye and

FA. FAF case report a hypo-pigmented macular lesion and

FP retinal pigment mottling in the left eye

Arora [74] FP, FFA Observational 1 81 3 FP showed symmetrical area of abnormal

case report

pigmentation in the macular areas of both
eyes. FFA revealed RPE atrophy without
leakage

SD-OCT spectral domain optical coherence tomography, FFA fundus fluorescein angiography, FAF fundus autofluorescence, /ICGA
indocyanine green (ICG) angiography, FP fundus photography, NIR confocal near-infrared reflectance imaging, RPE retinal pigment
epithelium, BM-RPE Bruch membrane—retinal pigment epithelium, DFO deferoxamine

causing contrast sensitivity reduction in B-TM
patients; therefore, these patients should be regularly
monitored for ocular complications [81].

In 2017, Ghazanfari et al. compared contrast
sensitivity in B-TM patients who were treated by
DFO and DFX with normal population using Freiberg
visual acuity and contrast test (FrVACT). The results
of their study indicated that contrast sensitivity in
thalassemic patients who were treated by DFO was
significantly lower than that of the normal control
group in all spatial frequencies studied (1, 5, and 15
cycle/degrees). Furthermore, it was revealed that
contrast sensitivity in the group treated by DFX was
similarly lower in all frequencies, though the differ-
ence was not statistically significant [80].

There are quite a lot of studies investigating the
contrast sensitivity evaluation in the early diagnosis of
ocular disorders. Most of them have demonstrated that
the contrast sensitivity test is more sensitive than
visual acuity test [82, 83]. Most researchers believe
that patients with lower contrast sensitivity require a
more meticulous examination in the follow-up ses-
sions to prevent more ocular problems [83]. The
results of a study conducted by Ghazanfari et al. also
confirmed that contrast sensitivity test is more sensi-
tive than visual acuity test in the diagnosis of ocular
disorders in B-thalassemic patients. It also showed that
contrast sensitivity was affected before the manifes-
tation of other complications in these patients. There-
fore, it is recommended to perform contrast sensitivity
test in the regular ocular examination of these patients
[80].

Visual field defects

The prevalence of visual field defects in B-thalassemic
patients is between 33.7 and 74%, and the most
common type of visual field defect in these patients is
general depression [11, 17]. Researchers believe that
visual field defect might be due to toxic effects of
chelating agent and that there is a strong relationship
between chelating agent dosage and visual field loss.
Research has shown that visual field defect occurs in
patients receiving chelator with the dose of over
40-50 mg/kg/d [13, 17, 72].

Electrodiagnostic findings

Practically, ocular electrodiagnostic evaluations are
used to measure the function of the retina and optic
nerve and can detect various functional defects and
retinal degeneration as well as visual-related neuro-
logical defects [84—86]. Many previous studies on -
thalassemic patients have implemented flash-elec-
troretinography (FERG), pattern-ERG, multifocal-
ERG, electrooculography (EOG), and visual evoked
potential (VEP) [11, 13, 15, 19, 65, 8§7-92].

A series of studies has indicated that the changes in
electrophysiology tests are related to toxic effects of
chelation therapy. Although the findings related to
these changes are highly controversial, there is general
agreement that chelating agents especially DFO have a
substantial effect on various electrodiagnostic tests
[65, 87, 89, 90]. Table 4 demonstrates the results of
some previous studies that used these methods to
investigate adverse effects of chelation therapy on
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electrophysiological tests [65, 87-92]. The results of
studies demonstrated that ERG and VEP findings in
children with thalassemia are slightly similar to the
findings of these tests in SIDERosis bulbi cases [18].

Most of the studies that have utilized pattern VEP
(PVEP) test of [-thalassemic patients to evaluate
neurophysiologic manifestations of the disease have
reported greater latency time in PVEP test in these
patients [65, 92-94]. However, there are several
studies showing no significant difference in PVEP of
[B-thalassemic patients compared to the normal pop-
ulation [88]. Overall, the results of these studies
revealed that in [B-thalassemic patients, neurologic
abnormalities influencing VEP responses are due to
several underlying factors, such as chronic hypoxia,
intraocular iron overload, bone marrow expansion,
and toxicity of DFO [95, 96].

In some studies, neurotoxicity due to DFO has been
highlighted as the most important cause of VEP
changes in these patients [91, 92, 94].

It is remarkable that in most cases neurophysiolog-
ical manifestations are not associated with any clinical
signs and symptoms. Arden conducted a study on
flash-ERG, pattern-ERG, and EOG in 43 patients with
B-TM and B-TI who had no clinical symptoms. He
pointed out that pattern-ERG was influenced to a
greater extent in comparison with flash-ERG and
EOG. Although the findings of this study showed
reduced Arden ratio in EOG test and some abnormal-
ities in flash-ERG, these changes were not consider-
able. Altogether, he did not find any correlation
between chelating agent dosage, blood ferritin level,
and neurophysiological changes. Thus, he proposed
that these changes are attributed to B-cells damage
caused by iron deposition in pancreas, followed by
diabetes mellitus and retinal disorder [97]. Jiang et al.
conducted a study on older patients with B-thalassemia
and reported that the function of rod cells and
accordingly scotopic activity of the retina became
interrupted as the result of progressive iron accumu-
lation. The authors also documented that the toxicity
of chelation agents was not so effective. Indeed,
effectiveness of chelating agents appears in long-term
consumption and causes more severe functional
complications [98]. Furthermore, Gelmi et al. worked
on thalassemic patients who were not previously
exposed to higher dosages of DFO. They came to the
conclusion that in older patients, the amplitude of N1-
P1 in VEP test was greater than normal values, and this
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can be attributed to iron overload. Furthermore, they
stated that abnormalities found in ERG test results
increased with age and defects due to iron overload,
included mostly in b-wave. Based on their findings,
iron overload was more effective than DFO toxicity in
these conditions [90]. However, some studies showed
contradictory results and worked on DFO toxicity
effect on cone responses, though they found that the
results related to rod cells were normal [44, 70]. Even
in several studies, the findings indicated reduction in
both rod and cone responses [99].

A closer look at the literature on ERG and EOG,
however, reveals a number of gaps and shortcomings.
To date, this is not clearly stated in the literature
whether ERG and EOG tests could show any signs
before FFA and SD-OCT clinical manifestations.
However, it is prudent to pay attention to the results
of these tests and use them as a clinical guideline
before retinal manifestations [41, 100]. Many studies
have highlighted the importance of EOG test. They
have emphasized that decline in Arden ratio in EOG is
extremely beneficial since majority of complications
related to iron overload occur in RPE layer [100, 101].
In contrast, some other studies have reported normal
EOG findings in B-thalassemic patients [91]. Kertes
et al. introduced multifocal-ERG as an effective
method in the diagnosis of maculopathies resulted
from DFO toxicity [102]. They reported depression of
responses, especially in central areas, and the results
were consistent with previous research [89, 102].
Studies have made a comparison between oral iron
chelator and DFO. It was found that electrodiagnostic
findings related to DFO show a greater decrease than
oral iron chelator group. It was observed more in the
figures related to wave latency in comparison with
wave amplitude [89].

Although the results of quantitative studies on
electrodiagnostic test in B-thalassemic patients are not
consistent, electrophysiological results in most of the
studies, even in the absence of ocular clinical signs and
symptoms, have been a warning for the onset and
progressing of clinical manifestations in these
patients. Therefore, it can be concluded that regular
electrophysiological tests in thalassemic patients can
be helpful in controlling drug consumption and in
early diagnosis of ocular disorders, particularly mac-
ular degeneration, when there are no signs or
symptoms.
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Table 4 Electrodiagnostic findings in B-thalassemia major patients reported in some previous studies

Diagnostic ~ Author Abnormal Normal Mean years Testing parameters Findings
tests (year) group (n)  group on DFO
()
PVEP
Economou 32 40 13.1 £ 64 P100 amplitude No significant difference
[87] between patients and control
group
Olivieri 24 65 3 (0.33-6) P100 latency The mean latency in the
[65] patients with abnormal
responses was 118mse and
significantly higher than
normal group
El-shazly 60 60 12.03 £ 2.05 N75 and P100 latency and No significant differences in
[88] amplitude PVEP parameters were found
among the three studied
groups
Dettoraki 38 14 36 £ 3.8 The amplitude and latency of No significant difference
[86] the P100
FERG
Dettoraki 38 14 36 £ 3.8 The rod response, maximal Scotopic: significant decreased
[86] response and single flash a-wave and b-wave
cone amplitude and no differences
response in a- and b-wave latencies
Photopic: delayed cone b-wave
implicit time and no
differences in a-wave
amplitude and latency and
b-wave amplitude
Maximal combined ERG
response was similar in two
groups
Gelmi [89] 31 31 At least Amplitude of a- and b-waves The amplitude of the a-wave
5 years after 1 min of dark and b-wave was significantly
adaptation higher than normal group
(more prominent in b-wave)
Shahriari 50 - At least Amplitude and latency of a-  The amplitude of the a-wave
[11] 3 years and b-waves in both and b-wave was significantly
photopic and scotopic lower than normal only in
phases. scotopic phase, but latency of
a- and b-waves was higher
than normal both in scotopic
and in photopic phases.
Merchant 60 - At least Amplitude of a-wave Reduced a-wave amplitude in
[19] 2 years 20% of cases.
PERG
El-shazly 60 60 12.03 £ 2.05 P50 and N95 latency and P50 latency was significantly
[88] amplitude higher and P50 amplitude

was significantly lower in
patients compared with
normal group.

NO95 latency and amplitude
were statistically
insignificant among the two
groups
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Table 4 continued

Diagnostic ~ Author Abnormal Normal Mean years Testing parameters Findings
tests (year) group (n)  group on DFO
()
Merchant 60 - At least P50 amplitude Reduced P50 amplitude in
[19] 2 years 15% of cases.
EOG
Wong [90] 34 34 8.75 £ 2.16  Arden ratio All patients had normal EOG
findings
mfERG
El-shazly 60 60 12.03 + 2.05 PI1 amplitudes of all rings A statistically significant lower
[88] amplitude in patients
compared with normal
participants
Dettoraki 38 14 36 £ 3.8 The retinal response density Significantly decreased RRD
[86] (RRD, amplitude per unit in ring 1 (central 0°-2°) and

retinal area, mV/deg2) and
the implicit time (P1 latency,
ms) of the first positive peak

the P1 latency was
significantly delayed in ring
2 (2°-7°)

of each 5 selected rings

PVEP pattern visual evoked potential, FERG flash-electroretinography, PERG pattern electroretinography, EOG electrooculography,

mfERG multifocal electroretinography

Ocular abnormalities in B-thalassemia minor (B-
TMi)

Scant research has been conducted on the ocular
disorders of B-TMi. In 1953, Rudd et al. conducted a
longitudinal case study. They followed up a patient
with B-TMi for several years. At first, no ocular
disorder was observed, though they observed visual
acuity as a result of retinal hemorrhages several years
later [103]. In 1986, Kinsella and Mooney reported
manifestations of retinal AS in a 42-year-old patient
with minor thalassemia. The patient was — 3.5 diopter
myopic suffering from a long-term anemia with blood
transfusion in her pregnancy. AS were observed in
both of her eyes which could be because of iron
deposition during blood transfusion in her three
pregnancies along with development of defects in
Bruch’s membrane as a result of myopia [56].

Ocular abnormalities in B-thalassemia intermedia

(B-TD)

Similar to B-TMi, few studies have been conducted on
the ocular disorders in B-TI patients. In 1989, Aesso-
pos et al. carried out a study and employed fundus
examination on 100 patients with B-thalassemia (62
patients with B-TM and 38 patients with B-TI). They
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observed AS in 20% of patients (9 patients with f-TM
and 11 patients with B-TT). They also concluded that
there was a positive relationship between the age of
patients and the occurrence of AS. None of their
patients who were under 20 manifested AS [54]. In
2008, another study was conducted by Aessopos et al.,
and they presented two cases that were both suffered
from progressive decline in visual acuity due to AS. As
expected, elastic fibers in these patients were gradually
degenerated and caused PXE-like anomalies [57].
Barteselli et al. (2014) evaluate 255 Italian patients
with B-thalassemia, (153 B-TM and 102 B-TT). In order
to characterize their ocular phenotype, they used
confocal scanning laser ophthalmoscope (cSLO) in
NIR reflectance imaging and other imaging modali-
ties. They found PXE-like fundus changes in 11.1% of
B-TM and 52% of B-TI patients. PXE-like lesions in -
TI patients were peau d’orange (42.2%), AS (31.4%),
pattern dystrophy-like changes (7.8%), and optic disc
drusen (2.0%). Similar to previous reports, their
results showed that TI patients carry a higher risk of
developing ocular PXE-like lesions than TM, espe-
cially in older cases, in cases of previous splenectomy
and in cases that needed transfusions and treatment
with iron-chelating agents. In order to determine the
relationship between fundus alterations and multiple
hematologic parameters and the reason for higher
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prevalence of ocular changes in TI patients compare to
TM ones, they compare hematologic parameters such
as hemoglobin (Hb) level, liver iron concentration
(LIC), and serum ferritin level between two groups
and found that except age, Hb level, and LIC, no other
differences were found between B-TM and [-TI
groups [20]. Since 90% of excess iron is deposited in
the liver, the iron concentration in the liver can be
indicative of iron levels throughout the body and
widely used to determine the necessary dose and the
efficacy of a chelation regimen [104, 105]. Musallam
et al. (2012) report that in spite of lower serum ferritin
levels in B-TI patients, in comparison with B-TM, iron
liver concentration is higher in these patients [105].
Therefore, longer age and longer chronic hypoxia due
to non-transfusion-dependent anemia in B-TI patients
can be the reason for the higher incidence of PXE-like
ocular problems in them [20, 106]. Another risk factor
for the development of ocular PXE-like lesions in [3-
thalassemia patients is splenectomy [20]. Since the
intact spleen may be a reservoir of excess iron,
splenectomized patients may show a higher rate of
complications related to iron overload [107]. In
consistent with these findings, Barteselli et al. [20]
found a strong correlation between splenectomy and
PXE-like fundus changes. In general, as PXE-like
lesions are age dependent and their prevalence is
higher in patients over 30, their development is more
likely in B-TI patients who normally live longer than
the major thalassemic patients [48, 57].

Management strategies

The first step in management process of B-thalassemic
patients is regular blood transfusion. Although it
prevents anemia, it results in excessive iron accumu-
lation in the body and failure in organs, such as heart,
liver and the eye. Hence, these patients inevitably
require undergoing iron chelation therapy to remove
excessive iron from the body [4].

Ophthalmic abnormalities in these patients might
be as a result of several underlying factors, such as the
disease itself, iron accumulation, and toxicity of
chelating agents [8]. Consequently, these patients
should repeatedly undergo eye examinations so that if
each of these complications occurs, the patient is
referred to hematologist for further necessary deci-
sions and chelation therapy modification to inhibit or
prevent more adverse effects.

Several techniques can be recommended to imme-
diately detect ocular disorders in [-thalassemia
patients. As discussed above, contrast sensitivity
evaluation is one of the most suitable methods that is
affected before the manifestation of symptoms and
clinical signs like visual acuity loss and even patho-
logical complications [82, 83]. Since contrast sensi-
tivity tests are inexpensive and available, they could
be included in routine eye examination of f-tha-
lassemic patients. Likewise, prior research suggests
that electro-diagnostic tests, especially ERG and
EOG, could be practical in the early diagnosis of the
effects of B-thalassemia and its treatment plans [76].

Another clinical test for the investigation of early
ophthalmic manifestations of B-thalassemia and its
management strategies is FAF. Abnormal fluctuations
in FAF have been reported in these patients prior to
observable changes in fundus examination. This is an
effective, fast, and noninvasive method for monitoring
retinal involvement in these patients [43, 45, 74]. FAF
using short-wavelength light mainly originates from
the RPE and is useful for detecting secondary changes
within this layer [45].

Other methods that could be particularly helpful in
the early diagnosis of B-thalassemia complications are
visual field investigation particularly by utilizing
advanced technologies like micro-perimeter devices,
SD-OCT and confocal near-infrared (NIR) reflectance
imaging [43, 45, 70, 108]. Long-wavelength light used
in NIR reflectance helps to visualize early alterations
occurring within Bruch’s membrane underneath the
RPE, which absorbs shorter-wavelengths lights [108].
Since most of the complications related to B-tha-
lassemia are age dependent and appear in people over
20, it would be suggested that regular ocular checkups
be performed in their second decade of life. This issue
is largely important when PXE-like lesions especially
AS are observed in the process of the disease.
Moreover, if CNV is formed, we should take treatment
actions to prevent retinal hemorrhages and vision loss.

Conclusion

The literature review has shown that B-thalassemia
can give rise to various ocular abnormalities as a result
of anemia, repeated blood transfusion, iron overload,
and chelation therapy. However, a number of chal-
lenges remain to be addressed concerning which
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factors are more effective in development of ocular
complications. There is little information about the
adverse effects of different chelating agents. Some
claim that chelating drugs cause complications; on the
other hand, others state that they play a protective role.
With the advent of new iron chelators, it is necessary
to plan future studies with greater sample sizes in
different thalassemic groups who have used just one
type of chelating medication since the start of
treatment to better understand the complications of
different chelators.

Since life expectancy in B-thalassemic patients has
improved over time, the possibility of ocular abnor-
malities increases. It is demonstrated that primary
fundus alterations in P-thalassemia patient’s eyes
usually occur in the Bruch membrane and RPE.
Abnormalities of these retinal layers are easily
detectable using novel noninvasive imaging modali-
ties such as cSLO, NIR reflectance, and FAF imaging
even before symptoms are manifested in these
patients. Therefore, long-term follow-up of B-tha-
lassemia patients with these new multimodal imaging
techniques, especially those who need long-term DFO
treatment, is essential and could help to prevent
development of further sight-threatening ocular prob-
lems by chelation therapy modification.
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