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The choroid, a well-vascularized connective tissue, resides between the retina pigment epithelium and the sclera and extends from the ora serrata anteriorly to the optic
nerve posteriorly. The choroid receives most of the ocular blood flow (~85%) and has
one of the highest metabolic activities in the body. The physiological functions of the
choroid include providing vascular supply to the anterior optic nerve head and retina,
emmetropization, thermoregulation, and waste-product removal.1,2 Thus, a structurally
and functionally healthy choroid plays an essential role in the function of the macula
and peripapillary area.
The abnormal choroid has been associated with many macular diseases, such as
age-related macular degeneration, central serous chorioretinopathy, diabetic retinopathy, Behçet’s disease, and retinitis pigmentosa.3–7 Some previous studies have
also reported that abnormal peripapillary choroidal blood supply may have a role in
the development of glaucomatous optic neuropathy.8–10 In this respect, determination
of peripapillary choroidal thickness (CT) in a healthy population may be helpful for
displaying the pathological alterations in peripapillary areas, such as glaucoma, and
might be a useful tool in clinical practice.
Until recently, the choroid could only be evaluated by indocyanine green angiography
and ultrasonography. The development of spectral-domain optical coherence tomography has recently presented enhanced depth imaging optical coherence tomography
1393

submit your manuscript | www.dovepress.com

Clinical Ophthalmology 2015:9 1393–1397

Dovepress

© 2015 Erbagci et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php

http://dx.doi.org/10.2147/OPTH.S79919
Powered by TCPDF (www.tcpdf.org)

Aim: The objective of the study reported here was to investigate the normal peripapillary
choroidal thickness (CT), measured by enhanced depth imaging optical coherence tomography
(EDI-OCT), in healthy Turkish volunteers.
Materials and methods: In this prospective cross-sectional study, 57 eyes of 57 healthy
Turkish subjects were enrolled. Each participant underwent a comprehensive ophthalmic
examination and peripapillary CT measurement using EDI-OCT.
Results: The mean age of the 25 female and 32 male patients in the study was 30.9±10.6 years
(range, 18–56 years). The mean peripapillary CT at the superior, inferior, nasal, and temporal
sites was 225±57, 183±47, 220±57, and 233±59 μm, respectively. The inferior peripapillary
CT value was significantly lower than the peripapillary CT values (P,0.001 for all), whereas
no significant differences were found between the superior, nasal, and temporal peripapillary
CT values.
Conclusion: The findings of the study revealed that Turkish people had significantly lower
peripapillary CT values in the inferior quadrant than in the superior, nasal, and temporal
quadrants.
Keywords: peripapillary choroidal thickness, enhanced depth imaging optical coherence
tomography, EDI-OCT
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(EDI-OCT), which allows in vivo examination and quantification of the choroid.11 The aim of the study reported here
was to determine the normal peripapillary CT, measured by
EDI-OCT, in healthy Turkish volunteers.

Paired t-test was used to analyze CT at different locations.
Pearson’s correlation test was used to investigate the correlation between different variables. A P-value of less than
0.05 was considered statistically significant.

Materials and methods
Study design and subjects

Results

This prospective cross-sectional study included 57 healthy
Turkish subjects. Participants were recruited from the
Gaziantep University School of Medicine Department of
Ophthalmology between January and July 2014. The Ethics
Committee of Gaziantep University School of Medicine
approval and informed consent from all patients in accordance with the Declaration of Helsinki were obtained.
Each participant was subjected to comprehensive ophthalmic assessment, including visual acuity, refraction (using
a KR 8900 refractometer [Topcon Corporation, Tokyo,
Japan]), axial length (AL; with a Echoscan US-500 [Nidek
Co, Ltd, Aichi, Japan]), slit-lamp biomicroscopy, intraocular pressure (with a Goldmann applanation tonometer), and
dilated fundus examination. Exclusion criteria were diabetes
mellitus; hypertension; and/or history of intraocular surgery,
photodynamic therapy, transpupillary thermotherapy, focal
laser treatment, ionizing radiation, uveitis, retinal disorders,
glaucoma, amblyopia, high myopia, and/or poor image quality due to severe cataract.

CT measurement
The same clinician (BO) performed EDI-OCT imaging of
all subjects in the morning (between 9 am and 12 pm) with
Heidelberg Spectralis equipment (Heidelberg Engineering
Inc, Heidelberg, Germany) as described previously: images,
each comprising 100 scans, using the automatic averaging and
eye tracking features, were obtained.11 A 3.4 mm diameter
peripapillary circle scan centered on the optic disc was used
for retinal nerve-fiber layer measurement. CT was assessed
manually from the retinal pigment epithelium to the inner
face of the sclera, in the inferior, superior, nasal, and temporal
quadrants. Two clinicians (BO and SK), who were masked to
clinical patient data, measured the CT in all subjects and the
mean value of the measurements was calculated. The eyes
having more than 15% difference in measurement between
the two clinicians were excluded from the study.

Data analysis
Statistical analysis was performed using SPSS software
(v 22.0; IBM Corporation, Armonk, NY, USA). Only one
eye per subject was randomly selected for statistical analysis.
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A total of 57 eyes of 25 female and 32 male subjects were
included in the study. The mean (± SD) age of the subjects
was 30.9±10.6 years (range: 18–56) (Figure 1). The mean AL
was 23.35±0.75 mm (range: 21.48–25.01). The mean spherical equivalent refraction error was -0.42±1.06 (range: -3.75
to 3.00).
The mean peripapillary CT in the superior, inferior, nasal,
and temporal quadrants was 225±57, 183±47, 220±57, and
233±59 μm, respectively (Figure 2). The inferior peripapillary CT value was significantly lower than superior, nasal,
and temporal peripapillary CT values (P,0.001 for all)
(Table 1). There were no significant differences between
the superior, nasal, and temporal peripapillary CT values
(all P.0.05).
The correlation analyses between the superior, inferior,
nasal, and temporal peripapillary CTs are shown in Table 2.
All peripapillary CT values were significantly correlated with
each other. There were no significant correlations between
age, AL, or spherical equivalent, and each peripapillary CT
measurement (Table 3).
When the data from the male and female groups were
assessed as two different groups, the mean age was 33±12
years in female subjects and 29±8 years in male subjects
(P=0.198). The mean AL was 23.4±0.8 mm in male subjects
and 23.2±0.7 mm in female subjects (P=0.534). The mean
peripapillary CT values of both sexes are shown in Table 4.
Although each peripapillary CT value was thicker in males
than in females, only the nasal peripapillary CT reached
statistical significance (P=0.016).

Discussion
The blood supply of the prelaminar area of the optic nerve
head originates from the branches within the peripapillary
choroid. The peripapillary choroid may have a role in several ocular pathologies such as pathological myopia and
glaucoma.12–14 Evaluation of peripapillary CT can be used in
elucidating physiopathological changes and monitoring of
disease progression. Currently, EDI-OCT technology allows
sensitive assessments of peripapillary and subfoveal CTs.
To the best of our knowledge, we have been the first to report
comprehensive data about the peripapillary CT of a healthy
Turkish population by EDI-OCT.
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Figure 1 The distribution of age of all subjects.
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Figure 2 Box plot of peripapillary choroidal thickness values at each area measured by enhanced depth imaging optical coherence tomography.

Table 1 Mean peripapillary choroidal thickness values and pair-wise comparison of each peripapillary area
Choroidal thickness, µm
Mean ± SD
Range

Superior

Inferior

Nasal

Temporal

225±57
124–390

183±47
93–327

220±57
120–408

233±59
112–370

Pair-wise comparison
P*

Sup-inf

Sup-bas

Sup-tem

Inf-nas

Inf-tem

Nas-tem

,0.001

0.407

0.167

,0.001

,0.001

0.066

Note: *Paired t-test.
Abbreviations: inf, inferior; sup, superior; nas, nasal; tem, temporal; bas, basal; SD, standard deviation.
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Table 2 Correlation analyses of peripapillary choroidal thickness values between each peripapillary area
Superior
Superior

Correlation coefficient
P*
Correlation coefficient
P*
Correlation coefficient
P*
Correlation coefficient
P*

Inferior
Nasal
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Temporal

0.766**
0.000
0.755**
0.000
0.690**
0.000

Inferior

Nasal

Temporal

0.766**
0.000

0.755**
0.000
0.735**
0.000

0.690**
0.000
0.722**
0.000
0.603**
0.000

0.735**
0.000
0.722**
0.000

0.603**
0.000

Notes: *Pearson’s correlation test. **Correlation is significant at the 0.01 level (two tailed).

In our study, the peripapillary CT was thickest at the
temporal quadrant, followed by the superior, nasal, and
inferior regions. Our results are very similar to those in a
study by Huang et al who evaluated the peripapillary CT
in a healthy Chinese population.9 They determined same
order for peripapillary CT thickness distributions. Tanabe
et al found that the peripapillary CT was the thickest at the
superior quadrant, followed by the temporal, nasal, and
inferior regions in healthy subjects.15 Moreover, we found
that only the inferior peripapillary CT showed statistically
significant differences when compared with the temporal, superior, and nasal areas. Similarly, Huang et al and
Tanabe et al indicated that the inferior peripapillary choroid was significantly thinner than all other sectors.9,15
The most prominent finding of our and previous studies
is the thinner CT in the inferior peripapillary area. Although
the reason for this finding is not exactly known, embryological processes may have a role in inferior choroidal thinning.
It has been found that the optic fissure, which is finally
closed during ocular development, is placed in the inferior
side of the optic cup.16 Future studies are needed to determine why the inferior peripapillary CT is significantly
lower than the CT in other quadrants. Due to the prelaminar
portion of the optic disk head being nourished by peripapillary choroidal circulation and the choroid being thinner
in the inferior sector, the inferior optic disk may be more

vulnerable to changes in the choroidal circulation flow.
This claim is supported by previous studies that have shown
that glaucoma influences the superior hemifield of the optic
disc more frequently and more severely than the inferior
hemifield of optic disc.8,15
Age and AL are well-known factors associated with CT
in various studies.11,17,18 Studies have demonstrated that a
decrease of nearly 11–13 μm per decade occurs in peripapillary CT.9,19 On the other hand, Ho et al reported that the
age of their subjects did not correlate with the peripapillary
CT.20 Huang et al found no correlation between the peripapillary CT and AL.9 In this study, we did not find a correlation
between the peripapillary CT and AL or age. This may be
because of the small sample size used in this study. Also,
when considering the sex factor, each of the peripapillary
CT values was thicker in males than in females, but only the
difference in nasal peripapillary CT between the two sexes
was statistically significant.

Limitations
The present study has several limitations. The study was
relatively small. Moreover, the Heidelberg Spectralis optical
coherence tomography equipment does not provide automatic
segmentation of the choroid; hence, all identifications of
Bruch’s membrane and the inner scleral border were conducted manually.

Table 3 Correlation analyses between peripapillary choroidal thickness values and age, axial length (AL), or spherical refraction (SR)
Age

Correlation coefficient
P*
Correlation coefficient
P*
Correlation coefficient
P*

AL, mm
SR, D

Superior

Inferior

Nasal

Temporal

-0.021
0.875
-0.002
0.986
-0.114
0.397

-0.151
0.263
-0.154
0.254
-0.023
0.868

-0.063
0.639
0.025
0.852
0.037
0.783

-0.087
0.519
-0.200
0.136
0.115
0.393

Note: *Pearson’s correlation test.
Abbreviation: D, diopter.
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Table 4 Clinical features and choroidal thickness values of female
and male subjects
Clinical feature

Females,
mean ± SD

Males,
mean ± SD

P*

Age, years
AL, mm
SE, D

33±12
23.2±0.7
-0.47±1.03

29±8
23.4±0.8
-0.37±1.10

0.198
0.534
0.738

Choroidal thickness, µm
Superior
Inferior
Nasal
Temporal

219±52
169±40
200±51
224±58

229±60
193±50
236±57
239±59

0.507
0.058
0.016
0.346

Note: *Independent Student’s t-test.
Abbreviations: AL, axial length; D, diopter; SE, spherical equivalent.

Conclusion
The peripapillary CT in the Turkish population has some
similarity to that in populations in previous studies. The findings of the study show that Turkish people have significantly
lower peripapillary CT values in the inferior quadrant than
in the superior, nasal, and temporal quadrants. Further studies are needed to elucidate the reason for this thinning in the
inferior area.
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