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Abstract

Purpose To evaluate retinal vascular parameters by optical coherence tomography angiography (OCT-A) in iron deficiency
anemia (IDA).

Methods Thirty-two patients with IDA (study group) and 30 healthy children (control group) were enrolled in the study. All
subjects underwent a complete ocular examination. OCT-A scans were performed in a 6 X 6 mm area centered on the macula.
Foveal avascular zone (FAZ), non-flow area (NFA), FAZ perimeter (PERIM), acircularity index (Al) of FAZ, and foveal density
(FD) were measured in the superficial capillary plexus (SCP) and deep capillary plexus (DCP). SCP and DCP were also scanned
centered on the optic disk. Hemoglobin (Hb), mean corpuscular volume (MCYV), serum iron, total iron-binding capacity (TIBC),
and ferritin were also studied and compared for both groups.

Results The mean age was 12.22 +4.48 years (ranged 518 years) in the study group and 12.37 £3.76 years (ranged 618 years)
in the control group. The mean FAZ value was 0.290 + 0.09 mm? in the study group and 0.298 +0.11 mm? in the control group.
The mean NFA value was 0.477 +0.10 mm? in the study group and 0.486 = 0.13 mm? in the control group (p > 0.05). FD and Al
were not statistically significant between the study group and control group (p > 0.05). The mean value for SCP was statistically
significant between the study group and control group (p <0.05). The mean value for DCP was not significantly different
between the study and control groups (p > 0.05). The mean values for capillary density on optic disk were also statistically
significant between the study group and control group (p < 0.05). A negative correlation was found between serum iron, TIBC,
and capillary plexus density (p < 0.05). A positive correlation was found between MCV and ferritin values and capillary plexus
density (p < 0.05).

Conclusion IDA had significantly lower capillary plexus density. We detected retinal microvascular changes in young IDA
patients before significant ocular anomalies, especially ischemic changes, developed.

Keywords Iron deficiency anemia - Optical coherence tomography angiography - Foveal density - Deep capillary plexus -
Superficial capillary plexus - Peripapillary retinal capillary density

Introduction
Iron deficiency anemia (IDA) is still the most common

etiology of nutritional anemia in the pediatric age group
worldwide [1]. The etiology of iron deficiency (ID) in-
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pathophysiology of fundus lesions is still unknown, but it
is considered that it might be associated with hypoxia [5,
6].

Optical coherence tomography angiography (OCT-A) is a
new imaging method that can be used non-invasively without
the need of an intravenous contrast agent. The sequential op-
tical coherence tomography scans provide a detailed image of
the retinal vascular network by obtaining and processing the
motion contrast of erythrocytes in the vessels in the specific
retina area [7]. OCT-A displays the blood flow in various
layers of the retina in high resolution and rapidly provides
three-dimensional images of these vascular layers. This fea-
ture allows quantitative measurement of neovascular forma-
tion areas and blood flow in these vessels [8]. Recently, OCT-
A is used to identify vascular abnormalities associated with
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sickle cell disease, retinopathy of prematurity, and diabetic
retinopathy in the pediatric age group [9-11]. With known
advantages, OCT-A may provide an exciting opportunity to
advance the understanding of vascular changes occurring in
ocular tissues in IDA. In the present study, we aimed to inves-
tigate retinal microvascular changes in children with IDA by
using OCT-A.

Methods
Study population and design

This study was carried out as a single-center and prospective
cross-sectional study among 32 patients with IDA and 30

Fig. 1 Impression of foveal centered capillary plexus density in IDA and healthy control. a Vessel density (VD) in the superﬁ(:lal caplllary plexus with
iron deficiency anemia (IDA). b In healthy control. ¢ VD in the deep capillary plexus with IDA. d In healthy control
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Fig. 2 a Foveal avascular zone (FAZ) indicated by the red arrow and FAZ perimeter indicated by the white arrow. b Non-flow area (indicated by the red
arrow) in the superficial capillary plexus

healthy children. The study was conducted between January ~ Research Hospital, Bursa, Turkey (a tertiary care hospital with
2019 and June 2019 in the Department of Pediatric  a total of 1600 beds including 200 for pediatric patients). The
Hematology and the Department of Ophthalmology of the  study was approved by the local ethics committee (2011-
University of Health Sciences Yuksek Ihtisas Training and ~ KAEK-252018/12-24). Before inclusion in the study, written
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Fig. 3 Impression of optic disk centered capillary plexus density in different quadrants
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Table 1 Demographics and

clinical characteristics of Parameters Study group (n =32) Control group (n =30) p value

participants )
Age (years)* 1222+4.48 12.37+3.76 0.843*
Female/male 20/12 16/14 0.363°
Hemoglobin (g/dL)* 10.31+£1.47 12.78 £0.64 <0.001*
MCV (ug/dL)* 71.62+8.86 81.93+3.37 <0.001*
Serum iron (pg/dL)* 41.70+29.54 84.25+19.42 <0.001*
TIBC* 376.24+96.42 295.92+62.18 <0.001*
Ferritin (nmole/L)* 29.52+47.43 67.25+22.68 <0.001*

Abbreviations: MCV, mean corpuscular volume; 7/BC, total iron-binding capacity

*The values are presented as mean + standard deviation

Independent samples ¢ test

® Chi-square test

informed consent was obtained from all parents or legal tutors
of the patients.

Examination protocol and study measurements

The IDA group consisted of children with a hemoglobin (Hb)
level of < 11.5 g/dL, a mean corpuscular volume (MCV) of <
77 fL, and serum ferritin of < 12 ng/mL. The control group
consisted of healthy volunteers under the care of general pe-
diatrics counseling for a routine eye examination and who had
Hb levels of > 12 g/dL and ferritin levels of > 12 ng/mL.

All participants underwent a complete ophthalmologic ex-
amination including best-corrected visual acuity, slit lamp
biomicroscopy, Goldmann applanation tonometry, perimetry,
and fundus examination.

OCT-A measurement

Refractive error measurements were performed with the
same automatic refractor-keratometer device. XR Avanti
Optical Coherence Tomography Angiography with
AngioVue (RTVue XR AVANTI, Optovue, Fremont,
CA, USA) was used to measure 6 mm X 6 mm macular
images centered on the foveola. Also, 4.5 X 4.5 mm optic

disk images of each patient were obtained. All OCT-A
measurements were made by the same doctor (M.E.C.)
and made between the same hour interval (09:00—-12:00).
Three consecutive measurements were made in each eye
of each patient, and the best image quality measurements
were used to obtain data (quality score> 7). This method
is based on detailed imaging of the retinal vessel net-
work by obtaining and processing the motion contrast of
erythrocytes in the vessels through sequential OCT scans
of a specific retinal area. Using the software in the OCT-
A (the software in our device, AngioVue), in the 6 X
6 mm measuring mode, on the foveal, centered on three
main areas: capillary plexus density can be detected in
the foveal, parafoveal, and perifoveal quadrants. The in-
nermost ring refers to a foveal region of 1 mm, the
middle ring refers to a parafoveal region of 3 mm, and
the distal ring of a 6-mm perifoveal region. Besides,
these zones are separated with a software to four main
equal quadrants (nasal, temporal, superior, and inferior)
and to 2 equal hemispheres (superior and inferior)
(Fig. 1). AngioVue software can visualize the vascular
network of the retina and choroid layer-by-layer and
provides three-dimensional images of these vascular
layers. The superficial capillary plexus (SCP) was

Table 2 Comparison of the non-

flow and foveal avascular zone Study group (1 =33) Control group (n=29) p* value

assessment tool parameters in

both groups Non-flow area (mm?) (SCP) 0.477 £ 0.10 0.486 £ 0.13 0.694
FAZ area (mm?) (whole retina) 0.290 + 0.09 0.298 £ 0.11 0.688
FAZ perimeter (mm) 2.04 +£0.37 2.06 £ 043 0.826
Al 1.09 £ 0.02 1.08 + 0.02 0.656
FD (%) 56.85 = 3.48 57.62 £ 3.66 0.251

Abbreviations: SCP, superficial capillary plexus; FAZ, foveal avascular zone; A/, acircularity index; FD, foveal

density
* Independent samples ¢ test
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automatically segmented between the internal limiting
membrane (ILM) to the outer boundary of the inner
plexiform layer (IPL). The deep capillary plexus (DCP)
was automatically segmented between an inner boundary
of the IPL and outer boundary of the IPL. The vessel
density (VD) shows the percentage (%) area occupied by
microvasculature in the segmented area. The
peripapillary region was defined as a 4.5 x4.5 mm wide
annulus centered on the optic disk (OD). The VD within
this region was measured from the ILM to the posterior
boundary of the retinal nerve fiber layer (RNFL). The
foveal vascular zone (FAZ) arca was measured using a
slab from the ILM to the retinal pigment epithelium
(RPE). Non-flow area (NFA) in the SCP and FAZ area
in the whole retina were automatically obtained by the
software. FAZ perimeter (PERIM) and acircularity index
(AI) were also automatically obtained from the whole
retina. Foveal density (FD) is the vessel density
300 mm around the FAZ and is evaluated as FAZ pa-
rameters (Fig. 2). Also, 4.5 x4.5 mm optic disk scans of
each patient were measured (Fig. 3).

Exclusion criteria

Ocular exclusion criteria for this study are as follows:
prior history of significant ocular disease, a best-
corrected visual acuity worse than 20/20, amblyopia,
more than 2 diopters of cylindrical and/or 4 diopters
of spherical refractive error, intraocular pressure read-
ings greater than 21 mmHg, the use of topical medica-
tion, active corneal lesion, glaucoma, history of uveitis,
retinal disease, ocular trauma or tumor, poor image
quality, dense media opacities. Extraocular exclusion
criteria for this study are associated systemic disorders
that might affect the eyes (e.g., uncontrolled diabetes or
hypertension). Finally, the patients who did not agree to
be examined using the required OCT-A were excluded.

Statistical analysis

All statistical analyses were performed using SPSS
(Statistical Package for the Social Sciences) version
21. Measurements taken from both eyes per subject
were selected for the analyses. For each continuous var-
iable, data normality was confirmed using the
Kolmogorov—Smirnov test (p>0.05). Pearson’s correla-
tion was used to examine the relationships among the
measured variables. For the comparison of the study
group and the control group, an independent sample ¢
test was performed for normally distributed data. In
comparison of categorical variables, chi-square test was
utilized. p values less than 0.05 were considered
significant.

Table3  Deep capillary plexus and superficial capillary plexus densities
in the different quadrants in the foveal, perifoveal, and parafoveal areas

Study group* Control group* p* value

Vessel density, SCP flow (%)
Whole retina 50.42 +£2.49 51.72 £1.92 0.002
Superior-hemi 50.41 £ 2.60 51.77 £ 1.98 0.002
Inferior-hemi 50.42 +£2.52 51.65 £ 2.09 0.005
Fovea 22.26 +£6.18 21.53 £6.50 0.534
Parafovea 53.12£2.92 54.14 £ 3.36 0.082
Superior-hemi 53.43 £2.88 54.06 £ 3.56 0.292
Inferior-hemi 52.81 +£3.25 5421 £3.39 0.026
Temporal 53.24 £3.07 54.06 + 3.73 0.199
Superior 53.80 +£3.27 54.31 +3.94 0.452
Nasal 52.54 £2.96 53.45+£3.24 0.120
Inferior 52.88 = 4.00 5473 £3.72 0.012
Perifovea 50.81 £2.75 5223 £2.02 0.002
Superior-hemi 50.82 £2.86 52.39 £2.08 0.001
Inferior-hemi 50.81 £2.81 52.06 + 2.25 0.010
Temporal 4798 £2.92 49.16 + 2.36 0.019
Superior 50.55 £3.22 5211 £2.42 0.004
Nasal 54.16 +2.86 5571 £2.44 0.002
Inferior 50.56 + 3.08 51.92 £2.36 0.010

Vessel density, DCP flow (%)
Whole retina 54.87 £ 4.58 56.06 + 4.54 0.166
Superior-hemi 55.40 + 4.61 56.57 +4.72 0.182
Inferior-hemi 54.32 £4.76 55.53 £ 4.60 0.172
Fovea 38.62 + 6.43 38.58 £ 7.91 0.975
Parafovea 57.88 + 3.64 58.95 +3.74 0.124
Superior-hemi 58.37 £3.59 59.18 £ 3.96 0.250
Inferior-hemi 57.39 +£3.89 58.71 £ 3.79 0.069
Temporal 58.78 £ 3.45 59.65 £ 3.96 0.208
Superior 57.70 £ 4.15 5877 £4.22 0.173
Nasal 58.67 +3.85 59.26 + 3.94 0.421
Inferior 56.38 + 4.43 58.11 +£4.26 0.036
Perifovea 56.39 +=4.77 58.11 £4.26 0214
Superior-hemi 56.99 +4.59 58.05 £ 4.84 0.228
Inferior-hemi 55.79 £5.18 56.98 £ 5.06 0.217
Temporal 57.70 + 4.08 59.22 +3.68 0.040
Superior 56.54 +4.98 57.64 £ 5.60 0.270
Nasal 55.90 = 5.36 56.66 = 5.63 0.461
Inferior 55.41 £5.74 56.52 £ 5.89 0.311

RPC density, optic disk

Whole 48.28 +2.41 50.14 £ 2.04 <0.001
Inside disk 52.46 + 3.88 53.58 + 3.69 0.115
Peripapillary 49.22 +2.87 51.21 £2.50 <0.001
Superior-hemi 49.10 + 3.05 51.16 £ 2.51 <0.001
Inferior-hemi 49.31 +£3.01 51.25 £3.02 0.001

Abbreviations: SCP, superficial capillary plexus; DCP, deep capillary
plexus; RPC, radial peripapillary capillary
*The values are presented as mean + standard deviation

# Independent samples ¢ test
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Table 4  Correlation analyses between capillary density and other parameters in study groups

VD(SCP)-whole  VD(SCP)-fovea VD(SCP)- VD(SCP)- VD(DCP)- VD(OD)-whole ~ VD(OD)-

retina parafovea perifovea perifovea disk peripapillary
Parameters 7 P r P r P r )4 r )4 r p r p
Hb 0.038 0.770 —0.026  0.842 0.043 0.741 0.031 0.810  0.284 0.025 0.031 0.810 —0.024 0.853
MCV 0.354  0.005 —0.449 <0.001 0318 0.012 0.381 0.002  0.257 0.043 0498 <0.001 0515 <0.001
Serum iron —0.045  0.731 0365 0.003 —0.110 0396 —0.041 0.749 -0205 0.111 -0.070 0.588 —0.074 0.568
TIBC —0.060 0.644 —-0498 <0.001 0.094 0466 —0.052 0.68  0.161 0212 -0.021 0.870 -0.016 0.899
Ferritin 0317 0.012 0.049 0706 0.253 0.047 0300 0.018  0.076 0.559 0.162 0208  0.103 0.424

Abbreviations: Hb, hemoglobin; MCV, mean corpuscular volume; 7T/BC, total iron-binding capacity; VD, vessel density; SCP, superficial capillary

plexus; DCP, deep capillary plexus; OD, optic disk

Results
Demographic characteristics

The study involved 62 eyes of 62 participants. The study
group included 32 IDA patients, while the control group
consisted of 30 healthy volunteers. The study group com-
prised 20 (62.5%) females and 12 (37.5%) males, and the
control group comprised 16 (53.4%) females and 14
(46.6%) males (p=0.363). The mean age was 12.22 +
4.48 years (range 5—18 years) in the study group and 12.37
+3.76 years (range 6-18 years) in the control group (p =
0.843). There was no statistically significant difference be-
tween age and gender in both groups (p >0.05). There were
statistically significant differences in Hb, MCV, serum iron,
TIBC, and ferritin between the study and control groups

(p<0.001). The demographic characteristics of the study
and the control groups are shown in Table 1.

OCT-A examinations

The mean values of the non-flow and FAZ assessment
tool parameters in the study and control groups are
shown in Table 2. There were no statistically significant
differences between the groups for NFA, FAZ, PERIM,
Al, and FD (p>0.05). A statistically significant differ-
ence in SCP densities was found between the two
groups in multiple quadrants (p <0.05). Although a sta-
tistically significant difference in DCP densities was
found between the two groups in several quadrants
(p<0.05), generally, no statistically significant differ-
ence was found (p>0.05). In the analysis of the optic
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Fig. 5 Relationship between
mean corpuscular volume (MCV)
and vessel density (VD) of the
deep capillary plexus (DCP) and
optic disk (OD) area. Scatter plot
showing positive correlations be-
tween MCVand VD (DCP) of the
perifovea, and VD (OD) whole
and peripapillary

®) VD(DCP)-Perifovea
MCV
VD(OD)-Whole
O ey
VD(OD)-Peripapillary
VD(DCP)-Perifovea
MCV
VD(OD)-Whole
MCV
VD(OD)-Peripapillary
MCv
VD(DCP)-Perifovea
MCV: R? Linear = 0,075
VD(OD)-Whole
MCV: R? Linear = 0,246

VD(OD)-Peripapillary
MCV: R? Linear = 0,265

50

disk base, a statistically significant difference was found
in the other areas except from capillary density in the
disk (»<0.05). OCT-A device data of DCP and SCP
densities in the different quadrants in the foveal,
perifoveal, and parafoveal areas were summarized in
Table 3.

In the study group, a correlation analysis of the he-
matological parameters including iron, TIBC, MCV, and
ferritin levels and capillary densities showed a negative
correlation between vascular densities and serum iron
and TIBC, and a positive correlation with Hb, MCV,
and ferritin levels. The correlations between hematologic
parameters and capillary density are summarized in
Table 4 and Figs. 4, 5, 6, 7, 8, and 9.
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Fig. 6 Relationship between vessel density (VD) of the deep capillary
plexus (DCP)—perifovea and hemoglobin (Hb). Scatter plot showing pos-
itive correlations between Hb and VD (DCP)-perifovea
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Discussion

In the current study, we evaluated capillary densities qualita-
tively in IDA children by the OCT-A device. Thus, we aimed
to identify possible changes which could decrease visual level
in the patients. To our knowledge, our study is the first to
evaluate retinal microvascular changes in children with IDA
by using OCT-A.

Central retinal vein occlusion, retinal hemorrhage, ische-
mic retinopathy, and papilledema are ocular manifestations
reported in IDA patients [12, 13]. The exact pathophysiology
of fundus lesions is unknown; however, it is considered that it
might be associated with hypoxia [14]. Anemia causes chron-
ic tissue hypoxia depending on its severity [15]. In our study,
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Fig. 7 Relationship between vessel density (VD) of superficial capillary
plexus (SCP)—fovea and serum iron. Scatter plot showing positive corre-
lations between serum iron and VD (SCP)—fovea
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Fig. 8 Relationship between vessel density (VD) of the superficial cap-
illary plexus (SCP)—fovea and total iron-binding capacity (TIBC). Scatter
plot showing negative correlations between TIBC and VD (SCP)—fovea

we identified a positive correlation between decreased Hb and
decreased SCP density in the perifoveal area. This is important
to identify ischemia in the early period in IDA patients.

The photoreceptor cells persistently shed and resynthesize
the outer layers. They contain disk membranes in the outer
layer, and new membrane synthesis requires enzymes contain-
ing iron [16]. The choroid is located between the retina and the
sclera, and contains many vascular beds, supplying nutrients
and oxygen to the retinal tissues containing retinal pigment
epithelium and photoreceptors. As a result, any structural or
functional changes in the choroid blood flow cause a negative
effect on the retina [17]. Simsek et al. [14] showed that the
choroidal thickness is decreased in children with ID. Aksoy
et al. showed in their study that the retinal nerve fiber layer is
thinned in children with ID [18]. Tiirkyilmaz et al. [19]

reported a thinning in the average retinal nerve fiber layer
and retinal nerve fiber layer superior and inferior quadrants
in the patients with ID compared with the control group.
Carraro et al. [13] reported that severe anemia plays an impor-
tant role in the physiopathology of retinal anomalies. Foulds
et al. [20] reported that prevalence of retinopathy increased in
patients with Hb levels lower than 6 g/dL; however, Aisen
et al. [21] reported that retinopathy may occur regardless of
the severity or type of anemia. In our study, we found that
capillary plexus density decreased by 4.5 x4.5 mm in both
the retinal 6 x 6 region and the optic disk region in children
with IDA. It is noteworthy that the findings of decreased cap-
illary plexus are in line with other studies in the literature.
Besides, it is shown that capillary density decreased as serum
iron levels decreased in the metabolically active foveal area.
Likewise, capillary density decreased in the foveal area and
showed a negative correlation as the capacity of binding iron
increases.

It is known that iron has important functions in central
nervous system metabolism, including nerve myelinization
and neurotransmitter synthesis. Oligodendrocytes are very im-
portant for myelination, and ID impairs the normal function of
these cells. Since iron is a cofactor in cholesterol and lipid
biosynthesis, it affects myelin synthesis directly, while affect-
ing indirectly as an oxidative metabolism component of oli-
godendrocytes [6]. Iron deficiency is also known to be asso-
ciated with dopaminergic dysfunction. Dopamine is a well-
known major neurotransmitter or modulator in the retina
[19]. Lozoff et al. [22] have shown that infants with IDA
had reduced spontaneous eye blinking rate by triggering do-
paminergic dysfunction. In addition, malnutrition and defi-
ciency of trace elements (including iron, zinc, and copper)
may cause adverse changes on the optic nerves. SCP is located
in the layer of ganglion cells. Ganglion cells decrease in neu-
rodegenerative diseases including glaucoma. Iron deficiency

Fig. 9 Relationship between
vessel density (VD) and ferritin of
the superficial capillary plexus
(SCP) area. Scatter plot showing o
positive correlations between fer-
ritin and VD (SCP)-whole,
parafovea, and perifoveal regions
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is also known to have neurodegenerative effects [5, 16, 19,
23]. Therefore, the changes we detected may have been due to
ganglion cell damage of iron deficiency.

Several blood abnormalities including ID may impair
retinochoroidal circulation in the young patient group without
atherosclerosis expectancy. It causes occlusion in the retinal
veins and arteries [12]. The exact mechanism of this
retinochoroidal effect in IDA patients is unknown; however,
it is considered that ID affects the blood flow pattern in the
vessels by increasing the viscosity of microcytic red blood
cells and decreasing deformability, thus creating a hypercoag-
ulable condition [14]. We can observe the movement of eryth-
rocytes in the vessels by the OCT-A device, and learn about
the retinal microvascular structure. In the studies performed
by this device, several retinal microvascular pathologies in-
cluding microaneurysm, capillary loss, increased capillary tor-
tuosity, enlarged capillary loops, decreased capillary perfusion
areas, irregularity of FAZ borders, and FAZ expansion have
been identified [24, 25]. In our study, we also identified a
decrease of capillary density that may be associated with cap-
illary loss secondary to ID.

Optical coherence tomography angiography technology is
an important development in ophthalmology to observe dif-
ferent retina capillary layers, and is an imaging method that
can be used non-invasively without the need of fluorescein
sodium contrast agent injection [26]. Previously, clinicians
could observe vessels such as perifoveal superficial and deep
capillary networks only by histological examination; howev-
er, OCT-A allows 3-dimensional images of their
microarchitecture for the first time. However, OCT-A could
not show the leakages and contains unknown artifacts espe-
cially in the deep plexus [27, 28]. Since the availability of
OCT-A, there have been several studies that have reported
the changes of retinal microvasculature in some childhood
diseases [9—11].

The FAZ is the area of metabolically active photoreceptors
responsible for central vision. FAZ area expansion has been
detected in the course of several diseases, especially diabetes
mellitus [29, 30]. It is reported that FAZ expansion is directly
proportional with the severity of vision loss. But the literature
showed that FAZ changes are not always present even though
there are morphological changes in retinal capillaries [31].
Our study is also important because it showed that capillary
density is used as a parameter to predict capillary loss in a
specific area before the development of FAZ changes.

Strengths and limitations

The strengths of the study include the prospective nature of
patients’ recruitment and, to our knowledge, our study is the
first to evaluate retinal microvascular changes in children with
IDA using OCT-A. However, this study has several limita-
tions. The number of patients was low due to poor patient

cooperation in the pediatric group during OCT-A screening.
Information on macular anatomy in children is very limited.
Normal values were not reported in children undergoing OCT-
A. Therefore, the literature that we can compare our study
with is very limited. Finally, there is a need to investigate
whether OCT-A would make a suitable screening technique
for IDA in children.

In conclusion, it is important to identify the changes in
retinal vascular structures by OCT-A in the early period to
prevent possible ocular complications in children with IDA.
Our study showed that these changes are correlated with the
hematological parameters of ID. Wide-range studies are re-
quired in the future to use as criteria for the evaluation of
decreased capillary density correlated with the severity of ID.
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