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Normative spectral domain optical coherence tomography data on macular

and retinal nerve fiber layer thickness in Indians

Bindu Appukuttan, Anantharaman Giridhar, Mahesh Gopalakrishnan, Sobha Sivaprasad’

Aim: To provide the normative data of macular and retinal nerve fiber layer (RNFL) thickness in Indians
using spectral domain OCT (Spectralis OCT, Heidelberg Engineering, Germany) and to evaluate the
effects of age, gender, and refraction on these parameters. Design: Observational, cross-sectional study.
Materials and Methods: The eyes of 105 healthy patients aged between 20-75 years, with no ocular disease
and best corrected visual acuity of 20/20, were scanned using standard scanning protocols by a single
examiner. Exclusion criteria included glaucoma, retinal diseases, diabetes, history of prior intraocular
surgery or laser treatment. The mean macular and RNFL thickness were recorded, and the effects of age,
gender, and refraction on these parameters were evaluated. This data was compared with published
literature on Caucasians to assess the ethnic variations of these parameters. Results: The normal central
foveal thickness in healthy Indian eyes measured using Spectralis OCT was 260.1 + 18.19 um. The nasal
inner quadrant showed maximum retinal thickness (338.88 + 18.17 um).The mean RNFL thickness was
101.43 + 8.63 um with maximum thickness in the inferior quadrant. The central foveal thickness showed
a gender-based difference (P = 0.005) but did not correlate significantly with age (P = 0.134), whereas
the parafoveal, perifoveal thickness, macular volume, and RNFL thickness showed significant negative
correlation with age. Conclusions: Our study provides the normative database for Indians on Spectralis
OCT. It also suggests that age should be considered while interpreting the macular thickness and RNFL,
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whereas gender should also be given consideration in central foveal thickness.
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Optical coherence tomography (OCT) is a non-invasive test that
can provide precise measurements of macular and retinal nerve
fiber layer thickness in vivo. The spectral domain OCT (SD-OCT)
has now superseded time-domain OCT in most parts of the
world. Several reports suggest that the macular and retinal nerve
fiber thickness vary between ethnic groups.!"! Therefore, data
documenting normal macular and nerve fiber measurements
and variations associated with demographic and ocular variables
in healthy Indian subjects on Spectralis OCT are imperative to
clinicians around the world to help them make informed decisions
on pathologic changes in this ethnic group. Normative data on
these parameters using Spectralis OCT are available in Caucasians.
Although there are few studies that have reported normal macular
thickness and variations in the Indian population, to the best of
our knowledge, there are no published studies providing data
on Spectralis OCT in the Indian population. The objective of this
study is to provide normative data of both the macular and nerve
fiber thickness in a homogenous South Indian population and to
compare these parameters to published normative data on the
Caucasian population to better understand the racial differences.

Materials and Methods

This study was an observational, cross-sectional analysis of
210 eyes of 105 normal subjects of South Indian origin (Kerala,
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South India). All methods adhered to the tenets of the
Declaration of Helsinki for research involving human
subjects.

Inclusion criteria were subjects aged 20 years or older,
with best-corrected visual acuity of 20/20, spherical refraction
within+5.0 D, and cylinder correction within +2.0 D. Eyes with
media opacities precluding clinical examination or SD-OCT
imaging were excluded.

Exclusion criteria included glaucoma, retinal diseases,
diabetes, history of prior intraocular surgery or laser
treatment.

All participants underwent a comprehensive ophthalmic
examination including review of medical history, visual acuity
testing, slit lamp biomicroscopy, intraocular pressure (IOP)
measurement by Goldmann applanation tonometry and dilated
funduscopic examination. All eyes had an IOP of 21 mm Hg or
less with no history of increased IOP and had normal ocular
examination results.

SD-OCT examination was performed with the
Spectralis (HRA + OCT, Heidelberg Engineering, Germany).
All subjects had both the macular and nerve fiber layer scans
performed on the same day. Only well-centered images with
a signal strength of >20 db were used for analysis.

The RNFL thickness was measured around the disc with
16 averaged consecutive circular B-scans (diameter of 3.5 mm,
768 A-scans); an online tracking system was used to compensate
for eye movement. The RNFL thickness (from the inner margin
of the internal limiting membrane to the outer margin of the
RNFL layer) was automatically segmented using the Spectralis
software version. 5.3.3.0).
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The OCT volume scan was performed on a 20 x 20 degree
cube with 49 Raster lines, each containing 1064 pixels, separated
by 120 . The high acquisition speed of 40,000 A scans/second
avoids artefacts from microsaccades and improves image
definition. The automatic eye tracking technology (TruTrack
and Tracking laser tomography) maintains fixation on the retina.

Each scan was individually reviewed, and segmentation
lines were adjusted to ensure accuracy in both RNFL and
macular thickness measurements. Macular thickness was
reported in a modified Early Treatment of Diabetic Retinopathy
Study macular map with the central subfield 1 mm in diameter
and the inner and outer subfields having diameters of 3 mm and
6 mm, respectively [Figs. 1a and b]. The retinal thickness in the
inner and outer subfields, the Central Foveal Thickness (CFT),
the Center Point Thickness (CPT), and the macular volume
were calculated.

CPT was defined as average of 6 radial scans centered at
the foveola, whereas the CFT was defined as the average of all
points within the central 1 mm diameter circle surrounding
fixation.

Average Thickness [um]

Center: 208 um
Central Min: 204 ym
CentralMax: 305 um
Circle Diameters: 1, 3,6 mm ETOR

Figure 1a: Macular thickness map using ETDRS circles of 1 mm, 3 mm,
and 6 mm showing the mean thickness in each of the 9 subfields in
a participant

The data collected on RNFL thickness included the
RNFL in each sector along with the average RNFL
measurements [Figs. 2a and b].

Both the macular and RNFL parameters were compared
with the published Heidelberg normative data on the
Caucasian population.

Descriptive statistics included mean + standard deviation
for the normally distributed variables. Linear regression
analyzes were done to assess the effects of age and refraction
on RNFL and macular parameters measured by SD-OCT.
Student t-test was used to compare the effects of gender
on the macular thickness. Correlation between refraction
and macular thickness and RNFL was analyzed using
partial correlation while controlling for age and gender.
Statistical analyzes were performed with commercial
software (SPSS version. 11.0). The o level (type I error) was
set at 0.05.

Average Thickness [um]
Vol [mm2

Circle Diameters: 1, 3, 6 mm ETDRS

Figure 1b: The standard ETDRS subfields dividing the macula into
central fovea, inner macula, and outer macula. CFT: Central foveal
thickness, SIM: Superior inner macula, NIM: Nasal inner macula,
IIM: Inferior inner macula, TIM: Temporal inner macula, SOM: Superior
outer macula, NOM: Nasal outer macula, IOM: Inferior outer macula,
TOM: Temporal outer macula

Figure 2a: The RNFL thickness analysis (from the inner margin of the
internal limiting membrane to the outer margin of the RNFL layer) by
automatic segmentation using the spectral is software version (5.3.3.0)

Figure 2b: Segmentation of the optic disc into different quadrants. G:
Globalaverage, S: Superior, N: Nasal, I: Inferior, T: Temporal, NS: Nasal
superior, TS: Temporal, NI: Nasal inferior, Tl: Temporal inferior
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Results

Prospective data on the macular and RNFL of 120 consecutive
patients were recorded. However, 15 patients had to be
excluded from the final analysis due to poor scan quality
<20 db (n = 7), presence of minor retinal pigment epithelial
irregularities (n = 3), early epiretinal membrane (n = 1),
non-clinically detectable small serous pigment epithelial
detachment (n = 1), and poor centration of the ETDRS
grid (n=3). Baseline parameters of the study group have been
summarized in Table 1.

Inter-ocular symmetry

The mean center point thickness was 220.96 + 13.76 u in the
right eye and 219.93 + 14.37 p in the left eye. The mean central
sub-foveal thickness was 258.86 + 17.06 p in the right eye and
258.50+17.78 pin the left eye. The average retinal thickness was
307.07 £ 14.65 p in the right eye and 307.90 + 14.59 p in the left
eye. As the values of the right and left eyes were found to have
significant correlation when analyzed statistically (r = 0.924,
P =0.001), the data from only the right eyes were included for
the final analysis.

Macular thickness and age-related changes: Overall, the
mean central point thickness and the mean central foveal

by superior (125.27 +13.72 pm), nasal (79.73 + 12.05 pm), and
temporal quadrants (71.95 +7.73 pm) with a P <0.005.

When analyzed by linear regression, the RNFL thickness
showed a significant negative correlation with age (-1.57 um
decline with each increasing decade, P = 0.016) [Table 3].

On comparing each of the 4 quadrants with age, a
significant decrease was seen only in the superior and inferior
quadrant (-2.17 um and -2.96 um decline with each increasing
decade, P = 0.037 and P = 0.008, respectively), whereas the
nasal and temporal quadrants did not show any significance
with age (P = 0.071 and P = 0.25, respectively). On assessing
the sub-quadrants, the nasal inferior and temporal inferior
quadrants showed a significant decline with age.

Gender differences in macular and RNFL thickness: Thus,
females were found to have a thinner fovea as compared to
males (P = 0.002) [Table 4]. However, there were no gender
differences in the perifoveal and parafoveal retinal thickness
and the RNFL thickness.

Table 1: Shows the baseline characteristics

thickness in our study were found to be 220.96 + 13.76 um N (%)
and 260.1 * 18.19 um, respectively. The macular thickness Age distribution
was least at the fovea and maximum at the nasal inner 20-30 57
macula (338.9 + 18.17 um). Amongst the 4 quadrants within 31-40 o4
both the 3 mm and 6 mm ETDRS circles, the retinal thickness
was highest in the nasal quadrant followed by the superior, 41-50 years 28
inferior, and temporal quadrant (P = 0.001) [Table 2]. 51-60 16
>60 years 10
CPT and the CFT did not correlate significantly with Sex
age (P = 0.834 and P = 0.134, respectively). However, the
parafoveal and perifoveal thickness and macular volume Males 49 (46.7)
showed a significant negative correlation with age (P = 0.001 Females 56 (53.3)
for all the parameters) [Table 2]. Refraction-spherical equivalent
. . . . . -5t0-0.5DS 22 (21)
Retinal nerve fiber layer thickness and the correlation with _0.25 DS to 40.25 23 (21.9)
age: The mean RNFL thickness was 101.43 + 8.63 um. The RNFL ' ' '
was thickest in the inferior quadrant (128.34 +14.74 um) followed +0.510+5.0 60 (57.1)
Table 2: Macular OCT Parameters in the study group and their comparison with age using linear regression
ETDRS subfield Minimum Maximum Average retinal Decrease in thickness Linear
thickness Mean+SD (pm) per decade (pm) regression
Center point thickness (um) 190 262 220.96+13.76 -0.41 r=0.038 P=0.697
Central foveal thickness 216 327 260.10+18.19 -1.1 r=0.083 P=0.400
Superior inner macula 290 387 337.95+17.46 -6.15 r=0.452 P=0.001
Nasal inner macula 292 387 338.88+18.17 -5.42 r=0.383 P=0.001
Inferior inner macula 285 377 335.53+17.87 -6.95 r=0.427 P=0.001
Temporal inner macula 274 370 324.90+16.35 -4.55 r=0.358 P=0.001
Superior outer macula 258 331 295.62+14.71 -6.04 r=0.439 P=0.001
Nasal outer macula 258 354 312.23+17.08 -7.06 r=0.531 P=0.001
Inferior outer macula 243 316 283.46+15.25 -6.04 r=0.425 P=0.001
Temporal outer macula 249 314 281.60+14.21 -4.91 r=0.443 P=0.001
Parafoveal thickness 285.25 380.25 334.31+£16.89 -5.52 r=0.419 P=0.001
Perifoveal thickness 259.6 326.5 293.22+14.29 -5.51 r=0.495 P=0.001
Mean macular volume 7 10 8.53+0.41 mm? -0.14 r=0.448 P=0.001

OCT: Optical coherence tomography, ETDRS: Early treatment of diabetic retinopathy study
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Table 3: Analysis of RNFL parameters with age using linear regression
RNFL quadrants Min. Max. MeanzStandard deviation Decrease in thickness per decade (pm) P value
Superior 94 164 125.27+13.72 -2.17 0.037
Nasal 54 112 79.73+12.05 -1.66 0.071
Inferior 100 169 128.34+14.74 -2.96 0.008
Temporal 57 102 71.95+7.73 -0.68 0.25
Temporal superior 102 172 142.7+15.52 -2.55 0.31
Nasal superior 74 179 107.24+£17.9 -2.21 0.106
Nasal inferior 58 175 111.43+£21.46 -3.98 0.014
Temporal inferior 109 167 143.45+14.3 -2.74 0.011
Global average 80 122 101.43+8.63 -1.57 0.016

RNFL: Retinal nerve fiber layer

Table 4: Comparison of macular OCT parameters between the genders using the ‘f test

ETDRS subfields (um) Sex (F=56, M=49) Mean Standard deviation Std error of mean ‘t’ test P value

Center point thickness Female 218.36 13.481 1.801 0.038
Male 223.94 13.616 1.945

Central foveal thickness Female 255.11 15.892 2.124 0.002
Male 265.80 19.103 2.729

Superior inner macula Female 335.89 17.539 2.344 0.198
Male 340.31 17.257 2.465

Nasal inner M Female 335.91 16.919 2.261 0.074
Male 342.27 19.121 2.732

Inferior inner macula Female 332.82 17.249 2.305 0.097
Male 338.63 18.257 2.608

Temporal inner macula Female 322.14 16.643 2.224 0.064
Male 328.06 15.582 2.226

Superior outer macula Female 295.64 14.854 1.985 0.986
Male 295.59 14.714 2.102

Nasal outer macula Female 312.64 16.956 2.266 0.792
Male 311.76 17.386 2.484

Inferior outer macula Female 283.27 14.942 1.997 0.893
Male 283.67 15.747 2.250

Temporal outer macula Female 279.48 13.309 1.778 0.1083
Male 284.02 14.955 2.136

Av retinal Female 307.82 14.706 1.965 0.893

thickness Male 308.21 14.791 2.1183

Av retinal Female 8.50 0.404 0.054 0.509

volume Male 8.55 0.423 0.060

OCT: Optical coherence tomography; ETDRS: Early treatment of diabetic retinopathy study

Impact of refractive errors on macular and RNFL
thickness: There was no correlation between the spherical
equivalent refraction and macular or RNFL thickness (while
controlling for factors of age and gender) as shown in
Table 5.

Comparison with normative data on Caucasians: The
data from this study was compared to published literature
on Caucasians."” The fovea is thinner in the South Indian
population compared to the Caucasians. In contrast, the
RNFL is significantly thicker in all sectors in the South Indians
compared to Caucasians [Table 6].

Discussion

In the present study, the values of the right and left eyes were
found to have significant correlation as observed in other
studies.B4

The macular thickness was least at the fovea (260.1 £18.19 um).
Previous studies on Indian eyes using Stratus OCT by
Tewari et al.l®! showed a thinner central foveal thickness
of 149.16 + 21.15 um. This difference in the measurements
is due to the fact that time domain (TD-OCT) measures
retinal thickness as the distance between internal limiting
membrane (ILM) and the third hyper-reflective band, whereas
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Table 5: Correlation between refraction and retinal
thickness and RNFL

Parameters Correlation with spherical

equivalent (P value)*

Central foveal thickness 0.253
Average macular thickness 0.217
Average macular volume 0.266
Average RNFL thickness 0.246

*controlled for age and gender, RNFL: Retinal nerve fiber layer

Table 6: Comparison with normative data on caucasians

Mean South Caucasians Welch alternate
Indians t test

Macula
Central foveal =~ 260.1+18.19  272.7+20.8 P=0.0058
thickness

RNFL
Average RNFL  101.43+8.63 97.2+9.7 P=0.0002
Superior 125.27+13.72 118+14.5 P=0.0001
Nasal 79.73+12.05 76.4+15 P=0.04
Inferior 128.34+14.74 123.70+16.4 P=0.015
Temporal 71.95+7.73 68.8+11.1 P=0.006

RNFL: Retinal nerve fiber layer

SD OCT measures the distance between ILM and the retinal
pigment epithelium (RPE) resulting in higher SD OCT readings
compared to those obtained by TD-OCT. Hence, these factors
must be kept in mind while interpreting, and the patient should
be followed up on the same machine if possible.

The observed macular thickness parameters of being thinnest
at the fovea with an increase in the parafoveal area are consistent
with the normal anatomic contour and mirrors previous reports
on OCT of the normal macula in the Caucasians.*”! Using the
criteria of mean + 2 SDs, which includes 95% of the population,
we suggest that 220-300 um be taken as the normal range for
central foveal thickness in the Indian population.

However, the mean central subfield thickness in our Indian
cohort was lower than that observed in the Caucasian group
reported by Grover et al."! The central point thickness and the
central foveal thickness did not correlate significantly with
age. However, the parafoveal and perifoveal thickness and
macular volume showed a significant negative correlation
with age. The negative correlation between age and macular
thickness in our study was consistent with the study by
Kanai et al.1®! and Manassakorn et al.¥l that showed significant
association between age and macular thickness in all ETDRS
areas, except the center. This decline in the retinal thickness
with age is supported by histologic decrease in the density of
photoreceptors, ganglion cells, and retinal pigment epithelial
cells with age.”! In contrast, the studies by Grover et al.™l and
Huang et al.™ using Spectralis, failed to show a statistically
significant association between retinal thickness and age, which
may be due to the small sample size and the age distribution.

Our study showed that men had greater central foveal
thickness as compared to women (P = 0.002). In the study
by Tewari et al.’! and Grover et al.," no significant difference

was seen in the average foveal thickness and minimum foveal
thickness in men and women. However, other similar studies
by Song et al.,"” Wong et al.,'®! and Massin et al.'* found
males to have significantly higher average retinal thickness as
compared to females. The presence of thinner foveas in females
could probably explain the higher incidence of macular holes
seen in them.

Refraction was not found to have any significant effect on
macular thickness, and this was similar to the studies by Tewari
et al.,®land Massin et al.'" Lim et al.®! in their study on myopes
found that myopes had thinner parafovea and thicker foveas.

The average RNFL thickness in our study was similar to
previous studies done on Indian eyes by Ramakrishnan et al.l"®!
on Stratus OCT 3000 (104.8 +38.81 um) and Sony et al.'”? on OCT
3(104.27 8.5 pm). The study done by Rao et al."® using different
Spectral OCT (RTVue) showed an average thickness of 108 pum.

The present study showed maximum RNFL thickness in the
inferior quadrant followed by superior, nasal, and temporal
supporting the ISNT rule by Jonas ef al.'”! and was consistent
with other similar studies.?® Sony et al. found inferior thickness
to be more than superior though it was not statistically
significant.” On the contrary, Ramakrishnan et al. showed the
thickness of superior quadrant to be more than the inferior.l"!

Our population showed a decline of 1.57 pm/decade,
which was less than that observed in Caucasian population
(1.90 um/decade)? and a Thai population that showed a decline
at the rate of 2.3 pm/decade.’® Decline in RNFL thickness
owing to loss of ganglion cells with age has been proven in the
previous OCT?? and histopathological studies.” Gender did
not have any influence on the RNFL values as noted in other
studies in Indian population.!'*#!

Refraction was not found to have any significant effect on
RNFL. Bendschneider et al.”! found significant association
between axial length, refractive error, and RNFL thickness,
whereas Sony et al.'"”} did not find any correlation between
refractive error and RNFL measurements.

On comparing our RNFL data with that of Caucasians,*?!
Indians have significantly thicker RNFL than Caucasians.

In conclusion, knowledge of the macular thickness
and retinal nerve fiber layer thickness on Spectralis in a
normal Indian population is important for the evaluation
of pathological change in this ethnic group. Age should be
considered while interpreting the macular thickness and
RNFL, whereas gender should also be given consideration in
foveal thickness.
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