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Abstract

Purpose To investigate the effects of iron deficiency
anemia (IDA) on radial peripapillary capillary vessel
density (RPCvd) and retinal nerve fiber layer (RNFL)
thickness.

Methods Forty patients with IDA, and 46 healthy
participants, were enrolled in this study. Optical
coherence tomography angiography was used to
determine RNFL thickness and RPCvd measurements.
In addition, hemoglobin (Hb), hematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), and ferritin laboratory values
were evaluated.

Results Analysis of retinal regions (whole images,
peripapillary, superior-hemi, inferior-hemi, inferior-
nasal, inferior-temporal, temporal-inferior, temporal-
superior, superior-nasal) showed that RPCvd values
were significantly lower in patients with IDA com-
pared to the control group values (p < 0.05 for all).
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However, there were no significant differences in
RNFL thickness values between the IDA patient group
and the control group (p > 0.05 for all). In addition,
there were significant positive correlations between
RPCvd values and hematological values for Hb, HCT,
MCV, MCH, MCHC, and ferritin.

Conclusion It is important to identify changes in
retinal vascularity to prevent possible ocular problems
in patients with IDA. Specifically, the significant
positive correlations between RPCvd values and
hematological values suggest that anemia treatment
is important for optic nerve perfusion.

Keywords Iron deficiency anemia - Optical
coherence tomography angiography - Retinal nerve
fiber layer - Radial peripapillary capillary

Introduction

Anemia is a disease that leads to a lowering of the
blood’s oxygen-carrying capacity, and it is a signif-
icant and widespread public health problem [1, 2]. Iron
deficiency anemia (IDA) is the most common cause of
anemia in children, women of childbearing age, and in
pregnancy [3, 4]. In IDA, defined by a low concen-
tration of hemoglobin (Hb) in the blood, hypoxia is
inevitable since the vascular system cannot carry
adequate oxygen throughout the body. As a conse-
quence of hypoxia, detrimental effects have been
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reported in various systems of the body, including the
eye [5].

Both neural and vasculature changes in the retinas
of anemic patients have been determined in recent
studies. Several studies have shown the effects of
anemia on ocular structures, especially the posterior
segment of the eye [6—10]. A higher risk for devel-
oping diabetic retinopathy was detected in anemic
diabetic patients compared to non-anemic diabetic
patients [11], and proliferative retinopathy has been
reported in both sickle cell anemia and thalassemia
[11, 12]. Choroidal thickness was determined to be
thinner in IDA patients compared to healthy subjects
[7, 13], and the thickness of the peripapillary retinal
nerve fiber layer (RNFL) was reduced in anemic
patients compared to healthy subjects [8, 9]. Anemia is
considered to be a significant factor for the progres-
sion, or development, of optic neuropathies via its
vascular and neural effects.

Optical coherence tomography angiography (OCT-
A) is a method that allows for the evaluation of the
radial peripapillary capillary (RPC) network [14].
OCT-A is a noninvasive imaging technique that
allows for the quantitative evaluation of microvascular
structures using a split spectrum amplitude-decorre-
lation angiography analytical algorithm.

The aim of the present study was to evaluate the
thickness of the RNFL and the RPC vessel density
(RPCvd) in patients with IDA using the OCT-A
system, and to compare these results with those of age-
and sex-matched healthy control subjects.

Methods

This prospective cross-sectional study was performed
in the Department of Ophthalmology at the Ulucanlar
Eye Training and Research Hospital, and at the
Internal Medicine Clinic of Ankara Training and
Research Hospital, between February 2019 and
December 2019. The study protocol was approved
by the Ethics Committee of the Ankara Training and
Research Hospital, and the study was conducted in
accordance with the ethical principles of the Helsinki
Declaration. Informed written consent was obtained
from all the participants.

Patients with IDA, and age- and sex-matched
control subjects, who referred to our ophthalmology
clinic from the Internal Medicine Clinic of Ankara
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Training and Research Hospital were enrolled as study
group and control group, respectively. The diagnosis
of IDA was determined by laboratory findings: serum
Hb level < 13 g/dl in men and < 12 g/dl in women;
mean corpuscular volume (MCV) of < 80 fL; mean
corpuscular hemoglobin (MCH) of < 23 pg/erythro-
cyte; mean corpuscular hemoglobin concentration
(MCHC) of <32 g/dl; serum ferritin < 30 ng/ml;
and serum transferrin saturation of < 15% [15].
Subjects without the abnormal laboratory findings
described above were included in the study as controls.

All control subjects who had any systemic or ocular
disease were excluded from the study. Additionally,
patients who had any ocular disease, and any systemic
disease other than IDA, were also excluded from the
study. Subjects with a best corrected visual acuity
(BCVA) equal to or greater than 20/20 according to
the Snellen chart, and no history of any ocular problem
other than refractive errors equal to or less than 1.00
diopter spherical equivalent, were included in the
study. Participants with a history of smoking, drug,
and alcohol consumption, and any ocular surgery were
excluded from the study.

All patients underwent a detailed ophthalmological
examination including assessment of BCVA accord-
ing to the Snellen chart, anterior segment examination
with slit-lamp biomicroscopy, a dilated fundus exam-
ination, and measurement of intraocular pressure
using non-contact tonometry. After pupil dilation,
subjects were seated in front of an OCT-A scanner
(XR Avanti AngioVue; Version 2017.1.0.151; Opto-
vue, Fremont, California, USA), asked to fixate on its
internal target, and then examined. All subjects
underwent optic disk area measurement using the
optic nerve head (ONH) scan protocol. AngioVue disk
mode was used to obtain optic disk OCT-A images
using 4.5 x 4.5 mm fields. The device used two
ONH-centered concentric circles with diameters of
2 mm (inner) and 4 mm (outer) to automatically
calculate RPCvd (%) and RNFL thickness (um)
between these rings (Fig. 1). The OCT-A device
provided these measurement values in eight equal
45 degree sectors (superior-nasal (SN), superior-tem-
poral (ST), temporal-superior (TS), temporal-inferior
(TD), nasal-superior (NS), nasal-inferior (NI, inferior-
nasal (IN) and inferior-temporal (IT) and two equal
hemispheres (superior-hemi and inferior-hemi). In
addition to these RPCvd measurements, vessel densi-
ties of inside the disk, and of the whole image were
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Fig. 1 OCT-A device attaches two optic nerve head (ONH)
centered concentric circles with a diameter of 2 mm (inner) and
4 mm (outer) and calculates radial peripapillary capillary vessel

also calculated, and segmentation was automatically
located between the inner limiting membrane and the
RNFL to calculate RPCvd values. Patient retinal
images with poor characteristics, such as a low signal-
strength index (SSI < 8), blink artifacts, motion or
doubling artifacts, and segmentation errors were not
included in the study. Only the right eye of each
subject was analyzed.

Statistical analyses

For statistical analyses, SPSS 24.0 software for
Windows (SPSS Inc., Chicago, IL) was used to
analyze outcomes. Descriptive statistics are presented
as means * standard deviations, with values for
minimum and maximum data. Categorical variables
between groups were analyzed using the x> test. The
distribution pattern of the variables was tested by
visual (histogram and probability graphs) and analyt-
ical (Kolmogorov—Smirnov/Shapiro—Wilk test) tools.
Independent-sample 7 tests were used for normally
distributed data, and the Mann—Whitney U test was

@Provue

density (RPCvd) (%) and RNFL thickness (1#m) between these
concentric circles automatically. The scan size was received
4.5 x 4.5 mm in this study

used for non-normally distributed data. Correlations
between parameters were tested either by the Pearson
correlation test for normally distributed data, or the
Spearman correlation test for non-normally distributed
data. A p value less than 0.05 was considered
statistically significant.

Results

Forty patients (35 female, 5 male) with a diagnosis of
IDA, and 46 age- and sex-matched healthy subjects
(37 female, 9 male) were enrolled in this case—control
study. The mean age was 42.2 £+ 9.4 years (range
29-74) in the patient group and 45.8 £ 10.7 years
(range 23-68) in the control group. The age and sex
characteristics of both group were similar (p = 0.107
and p = 0.141 respectively).

The hematological features of the IDA and control
groups are shown in Table 1. There were significant
differences in all blood serum findings between the

@ Springer



402

Int Ophthalmol (2021) 41:399-407

Table 1 Hematological features of IDA and control groups

IDA group (n = 40)
Mean £+ SD (min—max)

Erythrocyte (million/uL)
Hb (g/dL)

HCT (%)

MCV (fL)

MCH (pg/erythrocyte)
MCHC (g/dL)

RDW (%)

Ferritin (pg/L)

Iron (pg/dL)

UIBC (pg/dL)

TIBC (ug/dL)

TSAT (%)
Transferrin (mg/dL)

4.53 £ 0.54 (3.6-6.6)
9.28 + 1.45 (6.5-10.4)
31.99 + 3.40 (24.0-38.0)
70.49 £ 10.66 (31.0-82.8)
20.73 + 3.61 (15.0-27.0)
28.84 £ 2.00 (25.0-31.7)
18.17 + 2.65 (13.4-25.9)
6.23 £ 6.02 (2.2-15.7)
30.80 = 16.03 (13.0-65.0)
404.9 £ 69.7 (271-511)
435.7 £ 57.6 (336-526)
7.54 £ 4.98 (2.9-14.4)
3.04 £ 0.40 (2.3-3.6)

Control group (n = 46) p value®
Mean £+ SD (min—max)

4.83 £+ 0.35 (4.2-5.8) 0.003
13.90 £ 1.15 (12.5-17.5) < 0.001
42.13 £ 3.68 (35.9-53.0) < 0.001
85.68 £ 3.41 (78.0-95.0) < 0.001
27.92 £ 1.55 (24.2-31.0) < 0.001
32.38 £ 1.20 (30.0-35.0) < 0.001
13.87 £ 2.02 (12.0-22.0) < 0.001
25.89 £ 17.23 (7.6-125.0) < 0.001

69.20 £ 25.33 (37.01-00.0) 0.003
317.6 £ 69.8 (226-420) 0.04
381.4 £ 42.4 (326-430) 0.087
18.64 + 8.50 (8.0-31.0) 0.007
2.75 £ 042 (2.28-3.2) 0.254

IDA Tron-deficiency anemia, Hb Hemoglobin, HCT Hematocrit, MCV Mean cell volume, MCH Mean corpuscular hemoglobin,
MCHC Mean corpuscular hemoglobin concentration, RDW Red blood cell distribution width, UIBC Unsaturated iron-binding
capacity, TIBC Total iron-binding capacity, TSAT Transferrin saturation, SD Standard deviation

aStudent ¢ test

IDA group and the control group, except for total iron-
binding capacity and transferrin levels.

The RPCvd values for the IDA and control groups
are shown in Table 2. RPCvd values for whole images,
peripapillary, superior-hemi, inferior-hemi, IN, IT, T1,
TS, and SN areas were significantly lower in patients
with IDA compared to the control group (p < 0.05 for
all). There were no significant differences in RNFL

thickness values between the patient group and the
control group (p > 0.05 for all) (Table 3).

Tables 4 and 5 show the correlations between blood
serum findings, RNFL thickness, and RPCvd values.
There were a limited number of significant correla-
tions between RNFL thickness and hematological
parameters, including red cell distribution width
(RDW), MCV, and MCH. However, there were

Table 2 Radial
peripapillary capillary
density of IDA and control
groups

RPCvd Radial peripapillary
capillary vessel density,
IDA Tron-deficiency
anemia, SD Standard
deviation

Student ¢ test,’Mann—
Whitney U test
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RPCvd (%) IDA group (n = 40) Control group (n = 46) p value®
Mean £+ SD (min—-max) Mean £+ SD (min—-max)
Whole image 49.5 £+ 2.8 (41.9-54.7) 50.9 £ 2.0 (44.1-53.8) 0.011
Inside disk 50.2 + 3.9 (41.5-57.5) 50.7 £ 4.8 (41.3-62.0) 0.586
Peripapillary 51.1 £ 3.5 (43.9-57.9) 53.3 £ 2.3 (48.0-56.6) 0.001
Superior hemi 51.3 £ 3.9 (41.5-57.2) 533 + 2.4 (48.3-57.4) 0.006
Inferior hemi 50.8 + 3.4 (42.0-59.3) 53.4 £ 2.5 (47.5-57.8) < 0.001
Nasal-superior 49.3 + 4.9 (37.7-59.7) 50.3 + 3.8 (42.3-56.7) 0.266
Nasal-inferior 47.5 + 4.5 (37.8-57.0) 49.1 £+ 4.5 (38.8-57.0) 0.093
Inferior-nasal 49.7 £+ 5.0 (39.7-62.8) 54.0 &+ 3.4 (45.9-61.3) < 0.001
Inferior-temporal 56.3 £+ 4.3 (43.2-65.4) 58.7 &+ 3.2 (53.4-67.1) 0.005
Temporal-inferior 51.0 £ 3.9 (40.2-60.2) 53.0 + 3.9 (43.8-59.7) 0.021
Temporal-superior 54.0 £ 4.0 (46.6-62.3) 55.9 + 2.8 (49.5-59.9) 0.016
Superior-temporal 54.1 £ 5.3 (44.4-62.7) 56.4 + 3.3 (47.8-62.3) 0.114°
Superior-nasal 48.5 + 4.7 (37.9-58.1) 51.7 + 3.4 (45.9-61.8) 0.001
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Table 3 Retinal nerve fiber
layer thickness of IDA and

control groups

RNFL Retinal nerve fiber
layer, IDA Iron-deficiency
anemia, SD Standard
deviation

RNFL (u) IDA group (n = 40) Control group (n = 46) p value®
Mean £ SD (min-max) Mean £ SD (min-max)
Peripapillary 114.5 £+ 19.3 (94-186) 113.6 £ 10.3 (94-144) 0.805
Superior hemi 117.1 &+ 23.6 (93-208) 112.6 + 10.4 (91-143) 0.253
Inferior hemi 111.8 & 16.0 (91-166) 114.6 & 12.0 (93-148) 0.357
Nasal-superior 122.2 4+ 33.7 (88-253) 111.7 &+ 17.4 (74-160) 0.069
Nasal-inferior 99.0 £+ 21.9 (62-177) 93.3 + 15.6 (68-132) 0.170
Inferior-nasal 141.0 £ 24.9 (99-209) 148.1 £ 22.3 (94-205) 0.177
Inferior-temporal 139.2 £ 27.3 (100-226) 147.6 £ 23.0 (99-224) 0.130
Temporal-inferior 65.3 + 11.4 (45-93) 69.1 + 11.9 (46-110) 0.145
Temporal-superior 70.8 + 15.1 (19-126) 73.5 £ 10.9 (50-106) 0.351
Superior-temporal 129.7 £ 23.7 (96-220) 129.7 £ 21.1 (85-169) 0.998
Superior-nasal 142.0 &+ 44.1 (11-282) 139.0 + 17.6 (107-181) 0.678

aStudent ¢ test

numerous significant positive correlations between
RPCvd values and hematological parameters, includ-
ing Hb, HCT, MCV, MCH, MCHC, and ferritin. Only
one significant negative correlation was determined
between RDW and RPCvd values.

Discussion

IDA is one of the most common nutritional deficien-
cies in the world, and it is characterized by blood’s
insufficient capacity to carry oxygen in the body [16].
The pathological effects of anemia can be seen in
various body systems, including the effects of hypoxia
on the eye [5]. In the present study, we investigated the
effects of IDA on RNFL thickness and RPCvd using
OCT-A assessment.

Recent studies have shown a variety of ocular
disorders in patients with IDA, such as central retinal
vein occlusion, papilledema, retinal hemorrhage, and
ischemic retinopathy [17, 18]. In addition, both
Simsek et al. [7] and Yumusak et al. [13] reported
choroid thinning in IDA patients compared to healthy
subjects. The neural RNFL is another tissue element
reported to become thinner in IDA patients compared
to the normal population [8, 9], and iron deficiency can
affect retinal dopaminergic neurotransmitter dysfunc-
tion [19]. Similarly, Monga et al. [20] reported longer
latencies in visually evoked potentials in anemic
pediatric patients. Moreover, investigations of [-
thalassemia by Heyderian et al. [21] concluded that
pathological ocular changes such as retinopathy,
reduced visual acuity, and color vision deficiency

could be consequences of anemia. All of these
perspectives suggest that tissue hypoxia and patho-
logical ocular outcomes are inevitable due to anemia
[22].

The RNFL and RPC network have a prominent
neurovascular relationship around the ONH. The
nourishment of the RNFL is provided by the RPC
network [23, 24], and this neurovascular relationship
is important for normal ganglion cell function [25, 26].
Glaucoma is a common ocular disease characterized
by retinal ganglion cell degeneration and decreased
RNFL thickness [27]. The vascular hypothesis of
glaucoma is that retinal ganglion cell axons undergo
oxygen insufficiency as a result of compromised local
blood flow, ultimately leading to their degeneration
[28]. Chen et al. [29] determined that ONH blood flow
was lower in patients with open-angle glaucoma than
in control subjects, and that there were correlations
between structural changes in the optic nerve and
RNFL blood flow. Similarly, Hwang et al. [30] found a
significant correlation between decreased retinal
blood flow and disease severity in glaucomatous eyes.
Even without glaucoma, reduced RNFL thickness has
been found in hypoxia-associated diseases such as
obstructive sleep apnea syndrome [31]. Taken
together, these studies support the idea of reduced
RNFL thickness under hypoxic conditions.

Various animal models have also been used to
investigate the effects of hypoxia on the retina.
Kurihara et al. [32] used animal models in which
hypoxia could be genetically induced in the retinal
pigmented epithelium and showed that hypoxia-
induced metabolic stress resulted in photoreceptor

@ Springer
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degeneration. In addition, an increased contribution of
calpain enzymes to monkey retinal ganglion cell death
was found in the RNFL of hypoxic retinal cultures
[33], and reduced blood flow to the ONH has been
shown to exacerbate ganglion cell axonal injury in rats
[28].

In the present study, RPCvd values in various
regions (whole retinal imaging, peripapillary, supe-
rior-hemi, inferior-hemi, IN, IT, TI, TS, and SN) were
found to be significantly lower in patients with IDA
compared to control group values, but assessment of
RNFL thickness was similar in both groups. Addi-
tionally, we found a variety of significant correlations
between RPCvd and hematological parameters (Hb,
HCT, MCV, MCH, MCHC, RDW, and ferritin), but
also a small number of correlations between RNFL
thickness values and hematological parameters
(MCV, MCH, and RDW). Based on these results, we
speculate that IDA leads to a decrease in ONH
vascular capillaries, resulting in RPCvd that is more
affected than RNFL thickness, and that the extent of
these vascular structural changes may vary depending
on anemia severity.

Similar to the present study in adults, Korkmaz
et al. [34] investigated the effects of IDA on peripap-
illary vessel density in children using OCT-A assess-
ment, and their results also showed a reduced RPCvd
in the pediatric IDA group compared to controls.
However, while RNFL thickness was not investigated,
they also reported a positive correlation between MCV
and ferritin values and RPCvd values, similar to the
present study.

To the best of our knowledge, this is the first
published study to investigate the effect of IDA on
RPCvd in adult patients using OCT-A. A strength of
the study was the prospective nature of patient
recruitment. However, the study also had several
limitations. The first was that the study population
included a wide age range, although there were no
statistically significant differences between groups. In
addition, we think that an investigation of the ganglion
cell layer complex and the use of visually evoked
potentials may have further contributed to our results.
Finally, we were unable to fully evaluate patients due
to low follow-up compliance after anemia treatments.

In conclusion, it is crucial to identify any changes in
retinal vascularity to prevent possible ocular problems
in IDA patients. The present study showed that RPCvd
was lower in IDA patients compared to control
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subjects, and there were significant correlations
between anemia severity and RPCvd. Wide-ranging
and post-treatment studies should be conducted in the
future to determine relationships between the IDA
severity and retinal vascular structure, and also in IDA
patients with optic neuropathies such as glaucoma.

Funding No funding was received for this research.
Compliance with ethical standards

Conflict of interest All authors certify that they have no
affiliations with or involvement in any organization or entity
with any financial interest (such as honoraria; educational
grants; participation in speakers’ bureaus; membership,
employment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent-licensing arrange-
ments), or non-financial interest (such as personal or profes-
sional relationships, affiliations, knowledge or beliefs) in the
subject matter or materials discussed in this manuscript.

Ethical approval All procedures performed in studies
involving human participants were in accordance with the eth-
ical standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all
individual participants included in the study.

References

1. Lopez A, Cacoub P, Macdougall IC et al (2016) Iron defi-
ciency anaemia. Lancet 387:907-916

2. ChenZ, Mo Y, Ouyang P et al (2019) Retinal vessel optical
coherence tomography images for anemia screening. Med
Biol Eng Comput 57:953-966

3. McDonagh MS, Blazina I, Dana T et al (2015) Screening
and routine supplementation for iron deficiency anemia: a
systematic review. Pediatrics 135:723-733

4. Khatiwada S, Gelal B, Gautam S et al (2015) Anemia
among school children in eastern Nepal. J Trop Pediatr
61:231-233

5. Beard JL, Connor JR (2003) Iron status and neural func-
tioning. Annu Rev Nutr 23:41-58

6. Charlot K, Antoine-Jonville S, Moeckesch B et al (2017)
Cerebral and muscle microvascular oxygenation in children
with sickle cell disease: influence of hematology,
hemorheology and vasomotion. Blood Cells Mol Dis
65:23-28

7. Simsek A, Tekin M, Bilen A et al (2016) Evaluation of
choroidal thickness in children with iron deficiency anemia.
Invest Ophthalmol Vis Sci 57:5940-5944

8. Acir NO, Dadaci Z, Cetiner F et al (2016) Evaluation of the
peripapillary retinal nerve fiber layer and ganglion cell inner
plexiform layer measurements in patients with iron



Int Ophthalmol (2021) 41:399-407

407

11

12.

13.

14.

15

16.

18.

19.

20.

21.

22.

23.

deficiency anemia with optical coherence tomography.
Cutan Ocul Toxicol 35:131-136

. Cikmazkara I, Ugurlu SK (2016) Peripapillary retinal nerve

fiber layer thickness in patients with iron deficiency anemia.
Indian J Ophthalmol 64:201-205

. Coskun M, Sevencan NO (2018) The evaluation of oph-

thalmic findings in women patients with iron and vitamin
B12 deficiency anemia. Transl Vis Sci Technol 7:16

. Ranil PK, Raman R, Rachepalli SR et al (2010) Anemia and

diabetic retinopathy in type 2 diabetes mellitus. J Assoc
Physicians India 58:91-94

Stultz RD, Conti FF, Kumar JB et al (2018) Beta-tha-
lassemia minor manifesting as proliferative retinopathy.
Ophthalmic Surg Lasers Imaging Retina 49:e161-e164
Yumusak E, Ciftci A, Yalcin S et al (2015) Changes in the
choroidal thickness in reproductive-aged women with iron-
deficiency anemia. BMC Ophthalmol 15:186

Spaide RF, Klancnik JM Jr, Cooney MJ (2015) Retinal
vascular layers imaged by fluorescein angiography and
optical coherence tomography angiography. JAMA Oph-
thalmol 133:45-50

. Johnson-Wimbley TD, Graham DY (2011) Diagnosis and

management of iron deficiency anemia in the 21st century.
Therap Adv Gastroenterol 4:177-184

DeMaeyer EM, Adiels-Tegman M (1985) The prevalence of
anaemia in the world. World Health Stat Q 38:302-316

. Kacer B, Hattenbach LO, Horle S et al (2001) Central retinal

vein occlusion and nonarteritic ischemic optic neuropathy in
2 patients with mild iron deficiency anemia. Ophthalmo-
logica 215:128-131

Carraro MC, Rossetti L, Gerli GC (2001) Prevalence of
retinopathy in patients with anemia or thrombocytopenia.
Eur J Haematol 67:238-244

Turkyilmaz K, Oner V, Ozkasap S et al (2013) Peripapillary
retinal nerve fiber layer thickness in children with iron
deficiency anemia. Eur J Ophthalmol 23:217-222

Monga M, Walia V, Gandhi A et al (2010) Effect of iron
deficiency anemia on visual evoked potential of growing
children. Brain Dev 32:213-216

Heydarian S, Jafari R, Dailami KN et al (2020) Ocular
abnormalities in beta thalassemia patients: prevalence,
impact, and management strategies. Int Ophthalmol
40:511-527

Haase VH (2013) Regulation of erythropoiesis by hypoxia-
inducible factors. Blood Rev 27:41-53

Chan G, Balaratnasingam C, Xu J et al (2015) In vivo
optical imaging of human retinal capillary networks using
speckle variance optical coherence tomography with

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

quantitative clinico-histological correlation. Microvasc Res
100:32-39

Yu PK, Cringle SJ, Yu DY (2014) Correlation between the
radial peripapillary capillaries and the retinal nerve fibre
layer in the normal human retina. Exp Eye Res 129:83-92
Alterman M, Henkind P (1968) Radial peripapillary capil-
laries of the retina. II. possible role in bjerrum scotoma. BrJ
Ophthalmol 52:26-31

Kornzweig AL, Eliasoph I, Feldstein M (1968) Selective
atrophy of the radial peripapillary capillaries in chronic
glaucoma. Arch Ophthalmol 80:696-702

Quigley HA, Addicks EM, Green WR (1982) Optic nerve
damage in human glaucoma. III. quantitative correlation of
nerve fiber loss and visual field defect in glaucoma ischemic
neuropathy, papilledema, and toxic neuropathy. Arch
Ophthalmol 100:135-146

Chidlow G, Wood JPM, Casson RJ (2017) Investigations
into hypoxia and oxidative stress at the optic nerve head in a
rat model of glaucoma. Front Neurosci 11:478

Chen CL, Zhang A, Bojikian KD et al (2016) Peripapillary
retinal nerve fiber layer vascular microcirculation in glau-
coma using optical coherence tomography-based microan-
giography. Invest Ophthalmol Vis Sci 57:475-485

Hwang JC, Konduru R, Zhang X et al (2012) Relationship
among visual field, blood flow, and neural structure mea-
surements in glaucoma. Invest Ophthalmol Vis Sci
53:3020-3026

Kargi SH, Altin R, Koksal M et al (2005) Retinal nerve fibre
layer measurements are reduced in patients with obstructive
sleep apnoea syndrome. Eye (Lond) 19:575-579

Kurihara T, Westenskow PD, Gantner ML et al (2016)
Hypoxia-induced metabolic stress in retinal pigment
epithelial cells is sufficient to induce photoreceptor degen-
eration. Elife 5:e14319

Hirata M, Shearer TR, Azuma M (2015) Hypoxia activates
calpains in the nerve fiber layer of monkey retinal explants.
Invest Ophthalmol Vis Sci 56:6049-6057

Korkmaz MF, Can ME, Kazanc1 EG (2020) Effects of iron
deficiency anemia on peripapillary and macular vessel
density determined using optical coherence tomography
angiography on children. Graefes Arch Clin Exp Ophthal-
mol 258(9):2059-2068

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional

claims in published maps and

institutional affiliations.

@ Springer



	Evaluation of radial peripapillary capillary density in patients with newly diagnosed iron deficiency anemia
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Statistical analyses

	Results
	Discussion
	Funding
	References




