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Mapping the thickness of retinal layers using Spectralis spectral domain

optical coherence tomography in Indian eyes

Shaista Najeeb, Pratyusha Ganne, Manikanta Damagatla, Ganne Chaitanya’, Nagesha C Krishnappa®

Purpose: This study aimed at establishing the normative data for the thickness of macular layers on
Spectralis Spectral-domain optical coherence tomography (SD-OCT) in healthy Indian eyes and testing
the effects of age, gender, central corneal thickness (CCT), and intraocular pressure (IOP) on such values.
Methods: This cross-sectional study was done on 308 eyes of 159 healthy subjects. OCT scans were obtained
using the posterior pole asymmetry scan protocol. From the thickness map, data were grouped into nine Early
Treatment Diabetic Retinopathy Study (ETDRS) macular sectors. Correlation between retinal thickness and
age/IOP/CCT was done using Pearson correlation. Correcting for age as a covariate, multivariate regression
analysis was done to know which retinal layers showed significant differences in thickness between males and
females. Results: The mean age was 46.06 + 13.06 years (range: 20-75 years). Significant central subfield (CSF)
thickening with age was noted in retinal nerve fiber layer (RNFL), inner nuclear layer (IPL), inner nuclear
layer (INL), outer plexiform layer (OPL), and outer nuclear layer (ONL) (P < 0.04). The average thickness of the
outer ring reduced with age in the ganglion cell layer (GCL)/IPL/INL (P = 0.001). Women had thinner inner and
outer retinal thickness than men in all ETDRS rings (P < 0.001). There was no interocular asymmetry (P > 0.05)
and no correlation between IOP/CCT and retinal layer thickness. Conclusion: In CSF, age-related thickening
was noted in RNFL, IPL, INL, OPL, and ONL. The average inner ring thickness decreased with age in GCL
and IPL and increased in the RPE layer. The average outer ring thickness decreased with age in GCL, IPL, and
INL layers and increased in OPL. The average IR and OR thickness was significantly less in women compared

Access this article online
Website:
www.ijo.in
DOI:
10.4103/ijo.1JO_81_22

Quick Response Code:

to men in all sub-fields. There was no correlation between IOP/CCT and retinal layer thickness.
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Spectral-domain (SD) optical coherence tomography (OCT) is
a powerful imaging technique to visualize the ultra-structural
changes in the human retina.l"! This technique has been shown
to have a good histological correlation. The development of
auto-segmentation software has helped us study the multi-layered
structure of the retina in greater detail. However, the segmentation
algorithms vary among different manufacturers of SD-OCT.F!
The built-in auto-segmentation software of the Spectralis SD-OCT
device (Heidelberg Engineering, Inc., Heidelberg, Germany) has
been previously used in studies®* and has shown excellent
repeatability and reproducibility.l”! The active eye-tracking
technology in Spectralis SD-OCT allows measuring even small
structural changes in the retina over time and hence can be
used for tracking disease progression.”! The output is in the
form of pseudo-colored macular thickness maps divided into
zones as defined by the Early Treatment Diabetic Retinopathy
Study (ETDRS).®

Different retinopathies affect different layers of the retina.
Of late, research is being done to find a correlation between the
thickness of different retinal layers and different retinopathies
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such as glaucoma, diabetic retinopathy, and multiple
sclerosis.! Studies have shown that changes can occur in
the thicknesses of the retinal layers on OCT even before the
features of retinopathy appear clinically.® This can help in the
early detection of retinal diseases and also monitor the subtle
progression of the disease.

However, the normal thickness of the retina varies among
different ethnic populations.l'? Also, within a population, age,
gender, and refractive errors determine the normal values of
retinal thickness.>'* Hence, establishing a normative database
for one’s population is necessary to help physicians compare
the thickness profiles of patients with such normative data.
Currently, to the best of our knowledge, a normative database
for the thickness of the individual retinal layers within
the macula for Spectralis SD-OCT using the posterior pole
asymmetry protocol does not exist in the Indian population.
Hence, this study was undertaken. The aims of this study were
1) to establish normative data in the ETDRS thickness map for
the following macular layers —retinal nerve fiber layer (RNFL),
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ganglion cell layer (GCL), inner plexiform layer (IPL), inner
nuclear layer (INL), outer plexiform layer (OPL), outer
nuclear layer (ONL), retinal pigment epithelium (RPE), inner
retina (IR), outer retina (OR), and total retina (TR) on Spectralis
SD-OCT in healthy Indian eyes, and 2) to test the effects of
age, gender, central corneal thickness (CCT), and intraocular
pressure (IOP) on such values.

Methods

Study design

This was an observational cross-sectional study. The study
was approved by the institutional ethics committee. The study
followed the Declaration of Helsinki. Subjects were recruited
between February 2021 and July 2021.

Sample size

Based on the previous literature, the variance in the ganglion
cell layer thickness change from young to older populations
was 32%.1l Hence, keeping the type 1 error at 5% and the power
of the study at 80%, the sample size was calculated for the
study using the G*power ver. 3.1.9.4 software. The calculated
sample size was 198 eyes, which was rounded off to 200 eyes.

Study population

Subjects were chosen from people attending the ophthalmology
OPD for a routine eye check-up, staff, and students of the
hospital. We included subjects between 18 and 70 years, with
best-corrected visual acuity (BCVA) > 20/20, a refractive error
between - 2 and + 2 dioptres, and normal retinal status on
examination. We excluded subjects with systemic illnesses,
current or past ocular diseases (such as retinal diseases,
amblyopia, IOP more than 21 mmHg, glaucoma, and previous
ocular surgery), and OCT scans with a signal strength of <25.

Assessments

All subjects underwent a complete ophthalmological
examination including BCVA, refraction, IOP, and CCT
measurements by non-contact tonometry (NCT), anterior
segment examination using a slit lamp, and posterior
segment examination using a plus 90D lens, and indirect
ophthalmoscope.

OCT imaging

Heidelberg OCT-Spectralis HRA imaging system
(Spectralis HRA + OCT; Heidelberg Engineering, Heidelberg,
Germany) was used to acquire high-quality OCT images.
Posterior pole asymmetry scan protocol was used to acquire
the macular thickness measurements. This protocol involves
61 horizontal single lines with 15 frames on an average
(30° x 25° volume scan centered at the fovea). [Fig. 1a]
Scans with a signal strength of >25 were taken for analysis.
Automated retinal segmentation was applied to obtain
the thickness values of different retinal layers. Scans were
manually checked for proper auto segmentation. From the
retinal layer thickness map, data were grouped into nine
macular sectors as defined by ETDRS.®¥! The extent of the
different layers is shown in Fig. 1b.

Statistical analysis

The retinal thickness values for each layer were presented
as mean and standard deviation. Average thickness values
from the outer ring of the grid (composed of four subfields

between 3 and 6 mm distant from the center) and the inner
ring (composed of four subfields with a distance between 1
and 3 mm from the center) were calculated for each layer.
Correlation between retinal thickness values and age/IOP/CCT
measurements was done using the Pearson correlation test.
The correlation between age and thickness of different retinal
layers was presented as a linear regression together with the
95% confidence bands of the regression slope [Fig. 2].

Correcting for age as a covariate, we analyzed which
retinal layers showed significant differences in thickness
between males and females using multivariate regression
analysis. All P values were adjusted by the Bonferroni
factor. A P value <0.05 was considered significant. Statistical
analyses were performed using the SPSS package version 28
(SPSS Inc., Chicago, IL, US).

Results

Demography

A total of 308 eyes of 159 patients were analyzed. A total
of 148 eyes of 76 men and 160 eyes of 83 women were
analyzed. The mean age of the subjects was 46.06 = 13.06 years
(range: 20-75 years). There was no significant difference in the
mean age between men and women (P = 0.13) [Table 1].

Retinal layer thickness measurements in normal subjects and
their relationship with age

The thickness of the different retinal layers (mean + SD) is
shown in Table 2.

Total retinal thickness increased in the CSF (r = 0.28,
P =0.001) and decreased in the outer ring (r =-0.208, P =0.001)
with age. RNFL thickness also increased in the CSF (r = 0.117,
P =0.04) with age. Mean GCL and IPL thickness decreased
with age in the inner (GCL: » =-0.204, P = 0.001; IPL: » =-0.19,
P =0.001) and outer rings (GCL: r = -0.336, P = 0.001; IPL:
r=-0.27, P=0.001). Also noted was an increase in CSF thickness
with age in the IPL layer (r = 0.137, P = 0.016). Mean INL
thickness reduced in the outer ring (r =-0.246, P = 0.001) and
increased in the CSF (r = 0.29, P < 0.001) with age. Mean OPL
thickness increased with age in the CSF (r = 0.256, P = 0.001)

Table 1: Demographic profile of subjects

Demographic characteristic Frequency
Gender distribution (n)

Males 76

Females 83
Age (mean+SD) (years)

Overall 46.06+13.06

Males 47.82+15

Females 44.63+11
Number of eyes (n)

<30 years 50

30-50 years 142

>50 years 116
Right eyes (n) 154
Left eyes (n) 154
Central corneal thickness (mean+SD) (um) 533+27
Corrected intraocular pressure (mean+SD) (mmHg) 15.9+2.8
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Figure 1: (a) HRA image showing the extent of the macular area scanned in the posterior pole asymmetry protocol and the ETDRS
grid (Central subfield: 1 mm, Inner ring [composed of four subfields between 1 and 3 mm distant from the center], and Outer ring [composed
of four subfields between 3 and 6 mm distant from the center]). (b) OCT image showing layer-wise extents: RNFL (from the internal
limiting membrane [ILM] to RNFL), GCL (from RNFL to GCL), IPL (from GCL to IPL), INL (from IPL to INL), OPL (from ONL to OPL), ONL
(from OPL to the external limiting membrane), RPE (from upper RPE to Bruch’s membrane), IR (from RNFL to ONL), OR (photoreceptors
and RPE) and TR (all retinal layers)
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Figure 2: Scatterplots of simple linear regression between age (x-axis) and the thickness of different retinal layers (y-axis). (c: Central sub-field,
Avg-O: Average thickness values from the outer ring of the ETDRS grid [composed of four subfields between 3 and 6 mm distant from the
center], Avg-l: Average thickness values from the inner ring [composed of four subfields with a distance between 1 and 3 mm from the center],
Total retinal thickness (TRT), Retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner plexiform layer (IPL), Inner nuclear layer (INL),
Outer plexiform layer (OPL), Outer nuclear layer (ONL), retina pigment epithelium (RPE), Inner retina (IR), Outer retina (OR), micrometre (um),
# indicates P < 0.05)

and outer rings (r=0.116, P=0.04). ONL thickened with age in Overall, CSF thickening with age was noted in all retinal
the CSF (r=0.197, P =0.001). The mean RPE layer thickness of layers, which reached statistically significant levels in RNFL,
the inner ring increased with age (r = 0.164, P = 0.004) [Fig. 2]. IPL, INL, OPL, and ONL layers. The average thickness of the
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outer ring reduced with age predominantly in the GCL/IPL/INL
of the inner retina.

Difference in retinal thicknesses between men and women

Table 3 shows the retinal layers with significant differences in
the thickness between males and females after correcting for
age as a covariate in a multivariate model.

Table 4 shows the detailed gender-wise distribution of
retinal layer thickness.

Overall, the average IR and OR thickness was significantly
less in women compared to men in the CSF, inner and outer
rings (P <0.001).

There was no difference in the thickness of retinal layers
between the right and left eyes (P > 0.05).

There was no correlation between IOP/CCT and the
thickness of different retinal layers.

Discussion

SD-OCT has emerged as a powerful tool to study ultrastructural
changes in the retina and detect micrometer level changes in
retinal thickness. This can be potentially useful to diagnose
retinal and optic nerve diseases even before clinical signs
appear and also follow up on such cases more closely."!
However, to interpret the changes in retinal thickness values,
we need a normative database for the population under study.
There have been a few studies on the normal thickness of
individual retinal layers in the Caucasian population using
Spectralis OCT.!"*1718l However, to the best of our knowledge,
studies on the normal thickness of individual retinal layers in
the Indian population using Spectralis SD-OCT are lacking.

Overall, we found CSF thickening with age in all retinal
layers, which reached statistically significant levels in RNFL,
IPL, INL, OPL, and ONL layers. The average thickness of the
outer ring reduced with age predominantly in the GCL/IPL/INL
of the inner retina. There was no significant difference in the
thickness of retinal layers between the left and right eyes. The
thickness of the retinal layers was less in women than in men.

Our finding of thickening of the CSF with age is consistent
with the findings in several previous studies!"”#! but inconsistent
with others.**%1 CSF is composed primarily of OR layers. The
possible reasons mentioned for the thickening of CSF with age
include an excessive metabolic strain that accumulates over
the years in this part of the retina (increase in the density of
residual bodies and accumulation of lipofuscin, accumulation
of basal deposits); optical “pseudothickening”™; foveal cones
remaining stable with aging; and subclinical vitreous traction
on the fovea.®! Similarly, thinning of the IR layers with age in
the peri and parafoveal macula as we observed is consistent
with the observations in most other studies.*'4222#2I IR Jayers
thin with age because the GCL and their axons are vulnerable
to loss during aging,'*¥! and aging is associated with loss of
other neurons or glial cells in the INL."¢!

We found that the TR, IR, and OR were thinner in women
compared to those in men. This is consistent with the
findings of most studies.*#?!222+26282l However, Tewari et al.l*"!
(in Indian eyes) and Grover et al. (in Caucasian eyes)!"¥ found
no significant difference in the average foveal thickness and
minimum foveal thickness between men and women. Sull

Table 3: Difference in retinal layer thickness between men
and women

Retinal Absolute mean P 95% confidence
layer-zone difference interval for difference
(males-females)

Lower Upper

bound bound
TRT-C 13.932* <.001 10.059 17.806
TRT-Avg-1 12.428* <.001 9.339 15.518
TRT-Avg-O 5.349* <.001 2.918 7.78
RNFL-C 1.563* <.001 1.088 2.037
RNFL-Avg-I 0.791* <.001 0.432 1.15
RNFL-Avg-O 0.422 0.287 -0.355 1.199
GCL-C 1.685* <.001 0.931 2.439
GCL-Avg-I 3.113* <.001 1.955 4.27
GCL-Avg-O 0.542 0.063 -0.03 1.114
IPL-C 1.817 <.001 1.173 2.46
IPL-Avg-I 2.175* <.001 1.482 2.869
IPL-Avg-O 0.403 0.076 -0.042 0.847
INL-C 2.119* <.001 1.136 3.103
INL-Avg-I 1.443 <.001 0.711 2.175
INL-Avg-O -0.2 0.362 -0.631 0.231
OPL-C 1.288* 0.013 0.276 2.299
OPL-Avg-| 1.180* 0.006 0.336 2.025
OPL-Avg-O 0.653* <.001 0.267 1.039
ONL-C 3.822¢ <.001 1.717 5.927
ONL-Avg-I 2171 0.006 0.625 3.718
ONL-Avg-O 2.040* <.001 0.891 3.19
RPE-C 0.025 0.881 -0.299 0.348
RPE-Avg-I 0.195 0.22 -0.117 0.507
RPE-Avg-O 0.363* 0.004 0.115 0.611
IR-C 12.534* <.001 8.652 16.416
IR-Avg-I 11.063* <.001 8.112 14.014
IR-Avg-O 3.958* <.001 1.655 6.261
OR-C 1.516 <.001 0.746 2.286
OR-Avg-| 1.374* <.001 0.771 1.978
OR-Avg-O 1.433* <.001 0.917 1.948

C: Central sub-field, Avg-O: Average thickness values from the outer

ring of the ETDRS grid (composed of 4 subfields between 3 and 6 mm
distant from the center), Avg-1: Average thickness values from the inner
ring (composed of 4 subfields with a distance between 1 and 3 mm from
the center), Total retinal thickness (TRT), Retinal nerve fiber layer (RNFL),
ganglion cell layer (GCL), inner plexiform layer (IPL), Inner nuclear

layer (INL), Outer plexiform layer (OPL), Outer nuclear layer (ONL),

retina pigment epithelium (RPE), Inner retina (IR), Outer retina (OR),
micrometre (um); * P<0.05

et al.P also reported no gender differences in the CSF or the
other eight sectors of the ETDRS thickness map for TR thickness
using Stratus-OCT although men had greater mean thicknesses
than women. Our findings also contradict the findings of
Appukuttan et al.® who found no gender differences in the
perifoveal and parafoveal retinal thickness and the RNFL
thickness in Indian eyes. Kim et al.’¥ found no relationship
between IR thickness (between ILM and INL as defined in
their study) and gender in Korean eyes. In our study, the OR
was thinner in the outer sectors in women compared to men,
which was also reported by Palazon-Cabanes et al.*!
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Consistent with the previous studies,[”#** we found that
there was a high degree of interocular symmetry in all subfields
and all layers.

The wide variation in the results being reported in
different studies could be due to the different ethnicity of
the population being studied, different OCT machines used
(each having different segmentation algorithms and hence
the measured thicknesses), varying sample sizes, and the
varying proportion of the age groups included in the study.
Hence, having a normative database for one’s population and
the specific model of OCT machine being used is necessary to
make meaningful conclusions from patient data.

Limitations of the present study are conclusions on
age-related changes in retinal thicknesses were based on
cross-sectional data rather than longitudinal data; the subjects
were not objectively checked for systemic diseases, rather
self-reported health information was used; subjects of Indian
ethnicity alone were included; data were collected from
subjects with a refractive error between -2 and +2 dioptre only
(hence, results cannot be extrapolated to eyes with greater
refractive errors).

Conclusion

In the central sub-field, age-related thickening was noted in the
RNFL, IPL, INL, OPL, and ONL layers. The average inner ring
thickness decreased with age in the GCL and IPL and increased
in the RPE layer. The average outer ring thickness decreased
with age in the GCL, IPL, and INL layers and increased in
the OPL. The average IR and OR thickness was significantly
less in women than in men. There was no correlation between
IOP/CCT and the thickness of retinal layers. Future studies
should aim at prospectively following up with healthy subjects
to understand the actual effect of age on retinal layer thickness.
Also, studies should include subjects with a wider range of
refractive errors and a larger sample size.
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