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Choroidal thickness profile in healthy Indian children
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Purpose: The purpose was to study choroidal thickness and its profile based on location in healthy Indian
children using enhanced depth spectral-domain-optical coherence tomography (SD-OCT). Methods: In
this cross-sectional observational study 255 eyes of 136 children with no retinal or choroidal disease were
consecutively scanned using enhanced depth SD-OCT. Eyes with any ocular disease or axial length (AXL)
>25 mm or < 20 mm were excluded. A single observer measured choroidal thickness from the posterior edge
of the retinal pigment epithelium to the choroid/sclera junction at 500-microns intervals up to 2500 microns
temporal and nasal to the fovea. Generalized estimating equations were used to evaluate the correlation
between choroidal thickness at various locations and age, AXL, gender and spherical equivalent (SEq).
Results: Mean age of the subjects was 11.9 + 3.4 years (range: 5-18 years). There were 62 Females and
74 males. The mean AXL was 23.55 + 0.74 mm. Mean subfoveal choroidal thickness was 312.1 + 45.40 um.
Choroid was found to be thickest subfoveally, then temporally. Age, AXL and SEq showed a significant
correlation with choroidal thickness, whereas gender did not affect choroidal thickness. Conclusion: Our
study provides a valid normative database of choroidal thickness in healthy Indian children. This database
could be useful for further studies evaluating choroidal changes in various chorioretinal disorders. Age and
AXL are critical factors, which negatively correlated with choroidal thickness.
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The choroid is the most vascular tissue in the eye. It
provides a blood supply to the outer retinal structures and
plays a vital role in the pathophysiology of many diseases
affecting the retina.l'® Several reports in the past have
highlighted choroidal abnormalities such as thinning, vascular
hyperpermeability and loss which are critical to the onset and
progression of chorioretinal diseases such as central serous
chorioretinopathy, Vogt-Koyanagi—-Harada disease,”! high
myopia-related chorioretinal atrophy, age-related macular
degeneration,” and polypoidal choroidal vasculopathy.?!

Both ultrasonography and optical coherence tomography
(OCT) have been used for measuring the choroidal thickness,
however, the ultrasonography suffers from the limitations
of low resolution (except in the peripapillary area) and high
test-retest variability. On the other hand, with the development
of high-resolution spectral-domain-OCT (SD-OCT) and
enhanced depth imaging (EDI), in vivo assessment of choroid
is possible which allows accurate and highly reproducible
quantitative assessment of the choroid,®'”) making this a
noninvasive noncontact modality to image choroid in normal
and pathological states. This information could, therefore, be
useful in decision making for the management and monitoring
of disease progression.
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Recently, several factors such as age, gender, axial
length (AXL), and refractive error have been shown to affect
choroidal thickness.l''?l However, there is scant literature
regarding the choroidal thickness measurements in children.
Measuring choroidal thickness may provide an insight into the
influence of normal eyeball development on choroidal structure
in children belonging to different age groups. Moreover, there
is no literature available on normative choroidal thickness
profile in Indian children, the previous reports being mainly
from the western world.!'*1”!

This prospective observational study aims to report
normative database of choroidal thickness in healthy Indian
children.

Methods

This was a cross-sectional observational study. We evaluated
the choroidal thickness of healthy children <18 years of age
through EDI SD-OCT. This prospective study was performed
at our institute, from June 2012 to August 2013. Prior approval
from the Institutional Review Board of the institute was
taken, and informed consent was obtained from the parents
or guardians of each participant. This study was conducted
in accordance with the tenets of the Declaration of Helsinki.
Only children aged 5 years or older were included because
younger children were considered unable to cooperate
for SD-OCT examination. Exclusion criteria included high
myopia (>-6 D) or hyperopia (>+4 D); eyes with any ocular
disease or AXL >25 mm or <20 mm; any retinal or retinal
pigment epithelium (RPE) abnormality detectable on OCT
scan or vitreoretinal disorders; poor image quality because
of unstable fixation; evidence of amblyopia or strabismus;
history of systemic disease or systemic medications with known
ocular effects; history of any ocular surgery/injury, strabismus,
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amblyopia, congenital cataract. Subjects who were unable to
cooperate for SD-OCT examination were also excluded. Both
eyes of the patient were included in the study.

All participants underwent a comprehensive ophthalmic
examination including visual acuity testing using, slit-lamp
biomicroscopy, intraocular pressure measurement using
Goldmann applanation tonometer, dilated fundoscopic
examination, and cycloplegic refraction with cyclopentolate
hydrochloride 1% eye drops. AXL measurement was performed
using ocular biometry (IOL Master; Carl Zeiss Meditec, Jena,
Germany).

Choroidal imaging

The SD-OCT scans were obtained using Cirrus
high-definition (HD)-OCT (Carl Zeiss Meditec, Inc., Dublin,
CA. Software Version 6.0) with dilated pupils. The scan used
for imaging in this study is HD 5-line raster. Scan 3 of the
5, which passes through the fovea and was used for all the
measurements. Only scans with a signal strength of more than
or equal to 6 were used for analysis.

Using the Cirrus linear measurement tool, single observer
measured choroidal thickness, which was defined as the
vertical distance from the hyperreflective line of the RPE along
the direction of the scan, to the hyperreflective line of the inner
surface of the sclera, at 500 microns intervals temporal and
nasal from the fovea, up to 2500 microns as published in the
literature.™ Intraclass correlation coefficient for intra-observer
reproducibility was 0.97.

Statistical analysis

Descriptive statistics included mean and standard deviation
for continuous variables. As both eyes of most subjects were
included for analysis, the correlation between the two eyes of
the same subject was adjusted using generalized estimating
equations (GEE) during the calculation of summary descriptive
parameters. Multivariate models adjusted using GEE methods
were fit to assess the effects of age, gender, AXL, and spherical
equivalent (SEq) on the choroidal thickness measurements.

Statistical analyses were performed using commercial
software (Stata version 12.1; StataCorp, College Station, TX).
The alpha level (type I error) was set at 0.05.

Results

Weincluded two fifty-five eyes of 136 healthy Indian children. Mean
age (mean + standard deviation) of the subjects was 11.9 +3.4 years
(range: 5-18 years). There were 62 females and 74 males. The mean
AXL was 23.55 +0.74 mm (range: 21.12-24.98 mm) and mean SEq
was — 0.5+ 1.09 D. All patients were phakic.

Mean subfoveal choroidal thickness was
311.2+45.19 um (range: 185-396 um). Mean macular thickness
was 194.4 + 30.71 um. When compared between two eyes of
one patient, there was no significant difference in choroidal
thickness at all locations.

Table 1 shows the distribution of the choroidal thickness
across the various points. Maximum choroidal thickness was
noted subfoveally and gradually decreased as the distance
from the fovea increased (P < 0.00001). Nasal choroidal was
found to be thinner than the temporal choroid (P < 0.00001).
Hence, the choroid was noted to be thinnest near optic nerve
head.

In this study, age and AXL showed significant negative
correlation with choroidal thickness on univariate analysis
whereas on multivariate analysis only AXL showed a
significant negative correlation. SEq had a significant positive
correlation with choroidal thickness [Fig. 1]. There was no
significant difference in choroidal thickness between the males
and females [Table 2].

Discussion

The development of normative choroidal thickness profile is
necessary to make the diagnosis of the choroidal abnormalities.
To the best of authors” knowledge, this is the first study,
which reports normative choroidal thickness profile in healthy
Indian children and studies effect of various factors affecting
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Figure 1: Correlation between subfoveal choroidal thickness and age, spherical equivalent and axial length
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choroidal thickness using SD-OCT [Table 3]. We found the
thickest choroid at the subfoveal area, and temporal choroid
was thicker than nasal choroid. Similar findings were reported
in children™” as well as adults.*%!

Table 1: Mean choroidal thickness at various locations
from fovea

Mean choroidal
thickness (pm)

Measurement
locations (from fovea)

Temporal 2500 pm 265.3+48.94
Temporal 2000 pm 261.2+48.53
Temporal 1500 pm 274.3+46.4
Temporal 1000 pm 284.4+46.02
Temporal 500 ym 293.4+47.95
Subfoveal thickness pm 311.2+45.19
Nasal 500 ym 290.6+47.84
Nasal 1000 pm 275.6+47.31
Nasal 1500 pm 258.2+48.28
Nasal 2000 pm 238.8+49.43
Nasal 2500 pm 213.5+49.08

Table 2: Relationship between various factors on the
subfoveal choroidal thickness

Factors Coefficient (P value)
Univariate analysis Multivariate analysis

Age -1.78 (0.028) -1.17 (0.158)

Sex -6.96 (0.224)

Spherical equivalent 7.7 (0.003) 5.5 (0.037)

Axial length -7.43 (0.051) -8.24 (0.046)

We report the negative correlation of age with choroidal
thickness in Indian children. Our unpublished data revealed
that the mean subfoveal choroidal thickness in 3" decade was
294.8 + 46.5 microns and that of in 8" decade was 249.6 + 36.0
microns. Our present study reports that the mean choroidal
thickness of children (5-18 years) of 311.2 + 45.19 microns was
significantly more (<0.001) than adult age group. This supports
the progressive decrease in choroidal thickness with age. This is
consistent with previously published reports on children as well
as in adults.[""416192122l However, Ruiz-Moreno et al.l'” reported
no difference in choroidal thickness in children compared
to adults. The reason for this discrepancy could be manual
measurements of choroidal thickness.

Significant negative correlation has been seen between
AXL and choroidal thickness in the previous studies done in
adults!®?'»21 as well as in the pediatric population, similar
to the present study. In contrary, Park ef al. found no
correlation between AXL and choroidal thickness.!"™ This could
be due to less number of eyes in their study. Ruiz-Moreno et al.["’]
did not include AXL in their analysis, which is one of the very
important factors to affect choroidal thickness.

In our study, we did not find the difference in choroidal
thickness between males and females, similar to previous
reports.!'>1 However, Mapelli ef al.’?! recently reported a
thicker choroid in females with slight significance (P = 0.056).
In contrary, adult men have been reported to have thicker
choroid than adult females."! Reason for this discrepancy in
reports and the biological significance of choroidal thickness
with regards to gender remains unclear.

We observed that healthy Indian children have slightly
thinner choroid compared to French!™®! and Korean!"! children,
but thicker than Japanese!™ children, which could be due
to ethnic differences or different devices used for choroidal

Table 3: Comparison of present study with previously published literature on choroidal thickness in healthy children

Studies Place Number Mean Ethnicity Mean Mean Mean SE+xSD Device

of the of eyes age+SD AXL+SD subfoveal (diopters)

study (subjects) (years) (mm)  CT+SD (um)
Bidaut- France 348 (174) 8.7  French 22.3+1.05 341.96+74.7 1.55+2.32 (OD) Spectralis, Heidelberg
Garnier 1.2+3.29 (OS) Engineering, Heidelberg,
etal.™® Germany

Park et al.’* Korea 48 (48) 6.7+1.9 Korean

Ruiz-Moreno Spain 83 (43) 10+3 Spanish
etal’”
Nagasawa Japan 100 (100) 7.9+3.1 Japanese
etal.

Read et al."® Australia 194 (194) 8.2+1.9 Caucasian ethnic (n=176), 22.77+0.72

East Asian (n=6),
Middle Eastern (n=5),
South American (n=3),
Melanesian (n=2),
Indian (n=2)

Present India 255 (136) 11.9+£3.4 Indian

study

23.1+0.9 348.4+82.5 -0.43x1.42 Spectralis; Heidelberg
Engineering GmbH,
Heidelberg, Germany)
Not 312.9+65.3 0.3+2.0 SS-OCT prototype
mentioned (Topcon Corporation,
Tokyo, Japan
23.13+1.37 260.4+57.2  -0.04+x1.96 SS-OCT (DRI 71°CT-1,

(refractive error) Topcon, Tokyo, Japan)

330+65 0.05+0.21 Copernicus SOCT-HR;
Optopol
Technology SA,
Zawiercie, Poland)
23.55+0.74 311.2+45.19 -0.5+1.09  Cirrus (Carl Zeiss

Meditec, Inc., Dublin, CA.
Software Version 6.0

SE: Spherical equivalent, SD: Standard deviation, AXL: Axial length, CT: Choroidal thickness, SS-OCT: Swept source optical coherence tomography, SOCT-HR: Spectral-

domain optical coherence tomography - high resolution
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scans. Similarly, differences in retinal parameters in various
ethnic groups have also been reported.® However, there are
no studies comparing choroidal parameters in various ethnic
groups.

In our study, choroidal thickness measurements were not
performed at the same time of the day in all children, therefore,
our results are affected by the diurnal variation as reported
previously.'? We did not perform a topographic profile
of choroidal thickness on superior and inferior quadrants.
Furthermore, our study does not provide data about children
below 5 years of age due to technical difficulties in obtaining
scans in younger children.

Conclusion

Our study provides a valid normative database of choroidal
thickness in healthy Indian children. This database could
be useful for future studies evaluating choroidal changes
in various chorioretinal disorders. Future studies including
longitudinal follow-up of children since birth using hand-held
SD-OCT instruments will give more information regarding
the trend in choroid thickness with normal development of
children.
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