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Abstract

Background The measurement of retinal nerve fibre layer (RNFL) thickness on spectral domain OCT (SD-OCT) are
compared with built-in age— and gender—matched European normative databases and this difference is used to assist with
glaucoma diagnosis. However, there are differences in RNFL thickness between population groups. Therefore, using the
built in European normative database as a comparison across all population groups could lead to erroneous results, due to the
basic assumption that the normative values for non-European populations are the same as their European counterparts.
Methods Cross-sectional study of RNFL thickness in normal black South African patients.

Results One hundred and thirty-two eyes of 132 patients were enroled in this study. The mean (SD) age of patients in this
study was 41.3 (12.5) years. Males comprised 40.9% (n = 54; p = 0.0367). All RNFL sectors except the temporal sector
were significantly thicker than the reference database. The RNFL sectors measured as follows: global (108.7 pum, p <0.001),
superotemporal (152.4 um, p<0.001), superonasal (132.6 um, p <0.001), inferotemporal (150.1 um, p <0.001), inferonasal
(129.2 pm, p < 0.001), nasal (77.7 pm, p < 0.001), temporal 74.8 um, p = 0.9534).

Conclusion The RNFL thickness of normal black South Africans is significantly thicker than that of the European database on
the Spectralis SD-OCT. This needs to be taken into account when performing RNFL thickness measurements on black patients.

Introduction

Worldwide, glaucoma is known to be the leading cause of
irreversible blindness with the number of people above 40
years of age living with the disease projected to increase
from 76 million in 2020 to 111.8 million in 2040 [1]. In
African patients, glaucoma is 4-5 times more prevalent than
Europeans, occurs ~10 years earlier and is more aggressive
[2, 3]. Multiple imaging modalities are used to detect early
structural glaucomatous damage.

Technological advances in imaging quality and accuracy
have resulted in older modalities (Heidelberg Retinal
Tomogram and Time Domain Optical Coherence Tomo-
graphy) becoming obsolete and newer modalities such as
Spectral Domain Optical Coherence Tomography (SD-
OCT) and Optical Coherence Tomography Angiography
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(OCTA) being at the forefront in detecting pre-perimetric
glaucoma. SD-OCT can be used in several ways to assist in
glaucoma diagnosis; such as measurements of peripapillary
retinal nerve fibre layer (RNFL) thickness, macular thick-
ness and measurement of Bruch’s-Membrane Opening-
Minimum Rim Width (BMO-MRW) [4].

The measurement of RNFL thickness on SD-OCT are
compared to built-in age— and gender—matched European
normative databases and this difference is used to assist with
glaucoma diagnosis [5]. However, there are differences in
RNFL thickness between population groups [6—11]. There-
fore, using the built in European normative database as a
comparison across all population groups could lead to
erroneous results, due to the basic assumption that the nor-
mative values for non-European populations are the same as
their European counterparts. In addition, these databases are
also machine-specific and not universally applicable
between different types of SD-OCT machines (e.g. Spec-
tralis™, Cirrus™, OptoVue™,Topcon™) [12—-15].

Studies using the Spectralis SD-OCT (Heidelberg Engi-
neering, Germany) to ascertain the normal RNFL thickness
compared to the built-in European normative database, have
been conducted in numerous countries including Germany,
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India, Brazil, Nepal and in the French Alienor population [6,
8-10, 16]. These studies have shown a thicker RNFL in non-
European populations [8—10]. In two Nigerian popu- lations
and South Africa, a thicker RNFL has been shown using the
Stratus™ OCT and the lvue-100™ SD-OCT machines
respectively [11, 17-20].

The aim of this study was to compare the normal retinal
nerve fibre layer thickness in a healthy black population to
the European normative database on the Spectralis SD-OCT
(Heidelberg engineering). To the authors knowledge, this is
the first study conducted in Africa using the Spectralis SD-
OCT (Heidelberg engineering).

Materials and method

We conducted a cross-sectional study at St John Eye Hos-
pital — Chris Hani Baragwanath Academic Hospital in
Soweto, Johannesburg, South Africa, from January 2017 to
December 2018. The Human Research Ethics Committee of
the University of the Witwatersrand, Johannesburg, gave
ethical clearance for this study to be performed. The study
adhered to the tenets of the Declaration of Helsinki. Staff,
patients and their family members were invited to partici-
pate in the study. A convenient sample was taken from the
outpatients’ department at St John Eye Hospital. Each
participant in the study gave written informed consent.
Participants who met the following inclusion criteria were
enroled in the study:

- Self-reported identity of black South African ethnicity,

- 18 years or older,

- Uncorrected Snellen visual acuity of 6/9 or better in the
study eye,

- Normal intraocular pressure (10—21 mmHg) with either
Perkins or Goldmann applanation tonometry,

- Clinically normal optic disc,

- Absence of other fundus pathologies,

- Fovea to Disc (FoDi) alignment within 7°.

Exclusion criteria included patients with:

- Systemic diseases such as diabetes mellitus and
neurological disease with optic disc abnormalities.

- Ocular conditions such as glaucoma, tilted discs,
peripapillary atrophy, clinically significant vitreal,
retinal or choroidal diseases; history of cataract or
posterior segment surgery and laser procedures; prior or
current history of eye trauma or uveitis; and grade three
and four hypertensive changes were not included inthe
study.

- Axial length >26.0 mm.
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The participants’ demographic (age and gender) and
medical history were documented. A Snellen visual acuity
measurement at 6 m; slit lamp examination; intra-ocular
pressure measurement; and dilated fundoscopy (to assess
cup:disc (C:D) ratio and exclude other pathologies) were
performed on each participant. The Nidek optical AL Scan
(Nidek co., Ltd, Japan) was used to measure the axial length.
Only one normal eye per participant was included in the
study.

The retinal nerve fibre layer and vertical disc height was
measured using the Spectralis SD-OCT, Heidelberg eye
explorer version 1.10.15.0, (Heidelberg Engineering, Ger-
many). When performing the scan, the disc was identified
with the aid of the built-in eye fixating system. The image
was then tracked ensuring it remained within the image
frame while maintaining a good quality scan. The scanning
circle was manually placed over the optic nerve head and the
images acquired. The participant values of each of the seven
sectors  (global, superotemporal, inferotemporal,
superonasal, inferonasal, temporal, nasal) of the RNFL
thickness were generated by the built-in software of the
Heidelberg engineering. The participant values were dis-
played alongside the values of the European database which
are automatically age- and gender-matched. Each sector is
considered either “normal”, “borderline”, or “outside nor-
mal limits”, if thicker than 5th centile, thinner than the 5th
centile, or thinner than the 1st centile respectively, when
compared to the European database of that sector [5]. Only
good quality OCT scans (=21 dB) and scans with the Fovea
to Disc (FoDi) alignment within 7°, that were normal as
defined by the age and gender matched European database,
were included in the study. The reference value and parti-
cipant results for each sector, as well as the quality of the
scan and degree of cyclotorsion were documented. Patients
whose FoDi alignment was outside 7° on either side of the
fovea, were excluded from the study. Vertical disc height
(VDH) was measured manually by and agreed upon by two
of the investigators (SI and NA). Data collected was cap-
tured on the REDCap database. Data was then exported to
STATA 15.1 (STATACorp, USA) and analysed.

Statistical analysis

A sample size of hundred and twenty-eight patients was
calculated using a one-sample mean test with a power of
80% and an a-level of 0.05 to detect a difference of 2.5 pm
(SD = 10) between the measured and reference values. The
unpaired t-test was used to compare the mean RNFL
thickness in the study population to the reference value per
sector of the retina measured. A one sample proportion test
was used to test the proportions of males and females within
the study population. Univariate and multivariate
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Table 1 Comparison of RNFL

thickness (um) in the study RNFL sector I[\ggéa/g 5HFL thickness (SD) (um) I(\:I;ﬁ\;(ge;;r)eg::; RNFL thickness (SD) p value?

population vs reference database
Global 108.7 (10.7) [106.9-110.6] 97.1 (1.0) [96.9-97.2] <0.001
Superotemporal  152.4(20.3) [148.9—-155.9] 134.6 (2.1) [134.3-135.0] <0.001
Superonasal 132.6 (23.9) [128.5-136.7] 102 <0.001
Inferotemporal  150.1 (19.7) [146.7-153.5] 142.5 (2.8) [141.9-143.0] <0.001
Inferonasal 129.2 (27.9) [124.4-134.0] 105.9 (1.1) [105.7-106.0] <0.001
Nasal 77.7 (14.6) [75.2-80.2] 72 <0.001
Temporal 74.8 (10.3) [73.0-76.5] 74.7 (1.9) [73.9-75.6] 0.9534

@Unpaired t-test (Bonferroni-corrected p value = 0.0024)

linear regression models were used to assess the change in
RNFL thickness with increasing age. The univariate and
multivariate equations are shown below:

Univariate equation: E(RNFL) = RO + R1-age
Multivariate equation: E(RNFL) = R0 + R1-age + B2-sex
+ 33-vdh

Suitability for using a linear regression model was
checked using the residual versus fitted plots. Since a
multitude of statistical tests were performed on the same
dataset, a Bonferroni correction was applied, and statistical
significance was set at a p value of 0.0024.

Results

One hundred and thirty-two patients were enroled in this
study. The mean(SD) age of patients in this study was 41.3
(12.5). The age range of patients in our study was 19-74
years. Males comprised 40.9% (n = 54; p = 0.0367) of
patients in this study. The mean RNFL thickness in all
sectors was significantly thicker when compared with the
European reference RNFL thickness (Table 1). (Where no
reference range is given in a reference RNFL sector, the
Spectralis OCT machine gave a single value irrespective of
gender and age). The mean (SD) [95% CI] axial length and
VDH were 23.5 (0.76) mm [23.3-23.6] and 1881.8 (185.2)
pm [1849.9-1913.6] respectively.

In our study population the 1st centile was thicker than
the Heidelberg database 5th centile (Table 2). The uni-
variate and multivariate regression co-efficients showed the
decrease in RNFL thickness per decade increase in age
(Table 3, Figs. 1, 2).

Discussion
Our study shows that the RNFL in the black South African

population is significantly thicker than that of the European
normative database on the Spectralis SD-OCT (Heidelberg

Table 2 Comparison between the 1st and 5th percentile of the
Heidelberg database reference values [5] (45 years) and our study
patients

Sector 1st percentile?  1st percentile®  5th percentile®  5th percentile®
[um] [um] [um] [um]

Global 87 76.0 93 82.1

Temporal 57 46.9 60 54.9

Superotemporal 111 96.3 119 107.4

Inferotemporal 117 99.1 122 111.6

Nasal 50 38.3 56 48.1

Superonasal 81 57.8 97 70.7

Inferonasal 84 53.6 90 68.8

aStudy values
PHeidelberg database values

Engineering). The significance was maintained after applying
a Bonferroni correction to the data. Although used primarily
for glaucoma diagnosis, the RNFL thickness also has impli-
cations for the diagnosis of other neurological diseases such
as multiple sclerosis and Alzheimer’s disease [21]. In our
study, the significant mean thickness difference, ranges from
5 um in the nasal sector to 30 um in the superonasal sector,
with the higher differences being more clinically significant
when used for glaucoma diagnosis. The Spectralis SD-OCT
displays either a normal RNFL thickness; or “borderline” if it
is thinner than the 5th percentile; or “outside normal limits” if
it is thinner than the 1st percentile [5]. The Spectralis SD-
OCT gives normative values at age 45 and 60 years of age
[5]. Using the Spectralis normative database values at age 45
years (mean age of our study population is 41.3 years), this
difference results in the 1st percentile for our study eyes being
thicker than the 5th percentile in the database (Table 3). This
means that a patient who has structural damage that should be
flagged as “outside normal limits” by the machine, will dis-
play as normal using the current normative database. We are
potentially underdiagnosing a large proportion of patients with
glaucoma.

The global RNFL thickness in our study population
(108.7 pm) is thicker than those of other populations mea-
sured using the Spectralis SD-OCT [6, 8-10, 16]. The global
reference on the Spectralis SD-OCT, which is based on the

SPRINGER NATURE
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Table 3 Change in RNFL

thickness (um) per decade RNFL sector cLiJenc%d é’%tgegf’(f/oRc“f)FL change per p value Ag éléztgg"(g;l/(l’:(l_”;hange per p value

increase in age
Global -3.5 (-4.91to0 -2.2) <0.001 -3.5 (-4.8t0 -2.1) <0.001
Superotemporal -5.2 (-7.9 to -2.5) <0.001 -4.9 (-7.6 to -2.1) 0.001
Superonasal -5.8 (-8.9 to -2.6) <0.001 -5.8 (-9.0to -2.6) <0.001
Inferotemporal -4.7 (-7.3to -2.1) <0.001 -45(-7.1to-1.8) 0.001
Inferonasal -3.4 (-7.2 to -0.3) 0.079 -3.3 (-7.1t0 0.4) 0.080
Nasal -2.0 (-4.0to -0.02) 0.047 -2.4(-4.4 to -0.3) 0.046
Temporal -2.5 (-3.8t0 -1.1) <0.001 -2.3(-3.7 to -0.9) 0.002

@Univariate linear regression (Bonferroni-corrected p value = 0.0024) ®Multivariate linear regression
(Bonferroni-corrected p value=0.0024)

120 140
L L

RNFL thickness (pm)
100
i

80

50 60 70
Age (years)

95% CI
° Global thickness — -~

= Fitted regression slope
— Lowess reference

Fig. 1 Composite graph of fitted regression slope with 95% confidence
interval for global RNFL thickness vs age (thick black line straddled
by two dashed lines), scatterplot of measured global RNFL thickness
datapoints (hollow circles), and LOWESS curve of the reference
database values (dash-dots line)

160 180 200
L L L
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140
L
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L
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L
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fffff 95% CI
. Superotemporal thickness —--
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Fig. 2 Composite graph of fitted regression slope with 95% confidence
interval for superotemporal RNFL thickness vs age (thick black line
straddled by two dashed lines), scatterplot of measured superotemporal
RNFL thickness datapoints (hollow circles), and LOWESS curve of the
reference database values (dash-dots line)

European database is 97.1 pum. In Indian, Nepalese and
Brazilian populations, the global RNFL thickness measured

SPRINGER NATURE

10143, 102.64 and 102/103 um respectively [8-10]. This
racial difference between the European and non-European
RNFL thickness is therefore not unique to African patients.
Bendschneider et al. demonstrated a global RNFL thickness
in a German population of 97.2 um which is similar to the
Heidelberg normative global mean thickness [6]. One of the
few studies that used the Spectralis SD-OCT to measurethe
RNFL in a black population was conducted by Alasil et al.
[7]. They measured RNFL thickness of various ethnicities in
an American population [7]. Of those enroled, only 26
patients were of African-American descent and the global
RNFL measured with the Spectralis SD-OCT was 99 um
which is thinner than our population findings. The study
consisted of 125 Caucasian patients and no significant dif-
ference was found between the RNFL thickness of the
African-American and Caucasian population groups [7]. The
French Alienor study measured RNFL thickness in elderly
patients with a mean age of 81 and showed a global RNFL
thickness of 91 um [16]. The mean age difference between
the French Alienor study population (81 years) and ours
(41.3 years), probably accounts for the large differences
between mean RNFL thickness.

RNFL thickness can be influenced by factors other than
the amount of nerve fibre layer tissue present in the peri-
papillary area, such as, vascular tissue as documented by
OCTA [22]. The difference between the African RNFL
thickness and European thickness could therefore be due to
anatomical differences in blood vessel volume between
these patients. Similarly, patients with larger disc areas have
been shown to have a thicker RNFL [23]. Even though our
study did not look at disc area, we have adjusted for vertical
disc height in our multivariate analysis and we found it to be
significant in predicting RNFL decline per decade. Black
patients have also been shown to have larger disc areas when
compared to their European counterparts [24]. This differ-
ence may also account for the thicker RNFL in our study.

The mean global RNFL thickness in two different
Nigerian population groups conducted with the Stratus OCT
were 104.1 and 107.1 um respectively [17, 18]. Other South
African studies also yielded mean values of 108—110 pm
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[11, 19]. However, even though the absolute values are
similar to those in our study, different OCT machines were
used and thus are not directly comparable [15].

Our study consisted of a wide range of patient ages and
we were able to model univariate and multivariate linear
regression models. After adjusting for age, gender and
VDH in the multivariate linear regression analysis, the rate
of decline in global RNFL thickness in our population is
-3.9 um per decade which is higher than that of other
comparable studies. We also found that although age and
VDH was a significant predictor in the multivariate model,
gender was not a significant predictor. The rate of decline
per decade in the Indian population was -1.5 um and the
Nepalese population was -2.26 um [9, 10]. The rate of
decline in the German population was -1.9 um per decade
[6]. Only the French Alienor study had a higher rate of
decline of -5.9 um but this is probably due to the older age
of the participants. The higher rate of RNFL loss among our
study patients’ needs to be investigated further using
longitudinal studies. Since glaucoma causes accel- erated
thinning of the RNFL, this high rate of loss in normal
patients is probably even higher in glaucoma patients and
may be the reason for increased severity of disease among
African patients.

Bowd et al. recently published a prospective longitudinal
study, which included participants enroled in the ADAGES
and DIGS trials, comparing the RNFL thickness and BMO-
MRW in African and European patients in 3 categories
(Healthy eyes, glaucoma suspect, and glaucomatous eyes)
[25]. Only 27 of the 124 healthy eyes studied were from
patients of African descent who had a mean age of 64 years.
The global RNFL thickness measured by Spectralis SD-
OCT in these patients was 96.1 um and is much lower than
our African population studied. This is probably due to the
older age group of the participants. The rate of decline over
3 years was measured to be -5.1 um [25]. This is a higher
rate of decline compared with our population.

A thicker RNFL has been associated with a faster rate of
decline in RNFL thickness [26]. After adjusting for age and

sex in the multivariate regression model, the thicker quad-
rants (superonasal, inferotemporal, superotemporal) were
noted to have the largest rates of decline in RNFL thickness.
Thus, the larger rate of decline per decade could be attrib-
uted to the thicker baseline RNFL in our population group.
The limitations of the study are that this was a hospital-
based, cross-sectional study as opposed to a population-
based longitudinal cohort study. There may be inherent bias
in recruiting hospital patients for a normative database.
However, the difference in the superior and inferior quad-
rants compared to the normative database are both statisti-
cally and clinically significant. BMO-MRW was not
measured in this study and could be done in future studies

in African patients. BMO-MRW requires more cooperation
from the patient and takes longer to obtain than RNFL.
Reznicek et al. showed that RNFL and BMO-MRW are both
suitable for the diagnosis of glaucoma, however, BMO-
MRW may be more suitable in myopic patients [27] Further
longitudinal studies of African patients need to be conducted
to corroborate these results.

Conclusion

RNFL thickness in a black South African population,
measured by Spectralis SD-OCT is both clinically and
statistically significantly thicker than the European data-
base. The difference in the 1st and 5th percentiles of our
study and the built-in database are large enough when
compared, to warrant requiring African-specific databases
to avoid underdiagnosis of glaucoma and other diseases
causing thinning of the RNFL. The rate of decline in RNFL
thickness per decade increase in age, is greater than other
comparable studies. Further, multicentre, multiregional,
longitudinal population-based studies are however required
to confirm these findings in black patients.

Summary
What was known before

- No studies of black African population using Spectralis
SD-OCT.

- African-American subjects were shown to have no
difference in RNFL thickness.

- Studies on other race groups e.g. Nepalese showed a
thicker RNFL compared to Caucasian counterparts.

What this study adds

- The black South African population have a significantly
thicker RNFL.

- This can result in glaucoma being missed.

- There is also a higher rate of decline in RNFL thickness
of the black South African population.
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1.Introduction

Glaucoma is a progressive optic neuropathy that leads to a gradual decrease in visual field,
starting from the periphery.! It is the leading cause of irreversible blindness worldwide. The
global burden of disease is projected to increase from 60,5 million people in 2010, to 79,6
million people by 2020.% Africa has the highest burden of glaucoma as well as primary open-
angle glaucoma (POAG).Y? Glaucoma in Africans is more aggressive and has an earlier age of
onset when compared to Europeans. The diagnosis of glaucoma is complex and involves
both subjective and objective assessments of the eye. Clinical examination demonstrating
characteristic optic disc changes, associated with a normal or raised intra-ocular pressure,
raises the suspicion of glaucoma. Structural and functional assessments using various forms
of technology, are used to assist in diagnosing glaucoma.* Multiple diagnostic modalities
used in making the diagnosis and monitoring progression of this disease include standard
automated perimetry (visual field test); the Heidelberg Retinal Tomography (HRT); Optical
Coherence Tomography (OCT) and scanning laser polarimetry (SLP) (commercially known as
Glaucoma Diagnosis (GDx)).* While standard automated perimetry functionally assesses the
optic disc; HRT, OCT and GDx provide a structural assessment of the disc and corresponding

retinal nerve fibre layer(RNFL). OCT is the newest of the latter three modalities described.

N

Literature review

The Baltimore eye survey was a large population based prevalence survey consisting of over
5000 patients with European and African ancestry.> African patients had a prevalence of

POAG that was 4 to 5 times higher than that of Europeans.®

The Barbados eye study, a large population based study consisting of over 4000 patients,
confirmed the higher prevalence and aggressive nature of glaucoma in the African

population.® POAG also affects African patients 10 years earlier than Europeans.3

The African Descent and Glaucoma Evaluation studies (ADAGES) were set up to assist in

understanding why differences occur between the African and European populations
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affected with Glaucoma.?” These Studies reviewed both normal and glaucomatous
individuals of both population groups looking at clinical factors that differ between
populations of African and European descent, such as central corneal thickness (CCT), optic

disc morphology and RNFL thickness (RNFL). b 4
age

The ADAGES study in 2010 found that the central corneal thickness (CCT) of Africans (534
um) is thinner than that of Europeans(552 um).” The Ocular Hypertension Treatment Study
(OHTS), showed that those with thinner corneas tend to have lower intraocular pressures
(I0Ps), while thicker corneas, a higher intraocular pressure (IOP); the former being
associated with a higher risk of developing glaucoma.® In the OHTS study, patients with CCT
of >555 um but <558 um were 1.7 times more likely to develop POAG. Those with CCT <555
um were 3.4 times more likely to get POAG.2 The study also showed that those of African
descent have on average, a 23.5 um thinner cornea than those of Europeans.® Thinner
corneas have lower I0Ps because of the biomechanical properties of the cornea causing an
underestimation of IOP readings on Goldman applanation tonometry.>° Thus, the IOPs of
thinner corneas are higher than what is measured and because these higher IOPs are not
detected, eyes with thinner corneas are at higher risk of developing glaucomatous optic disc
damage. In addition to this, the biomechanical properties of a thinner cornea, are related to
the general biomechanical properties of the eye, including the lamina cribrosa of the optic
disc.>! Biomechanical properties of the lamina cribrosa also contribute to the optic disc

damage in glaucomatous eyes.’

The optic disc, or optic nerve head (ONH), is the region of the eye where the ganglion cell
axons of the retina converge, and leave the eye as the optic nerve. In the 2010 ADAGES
study, there were different optic disc morphologies noted between the normal population
groups of African and European descent.” The horizontal and vertical cup to disc ratio (CDR)
and optic disc area in populations of African descent were larger than those of European

descent.

The optic disc or ONH is a bulk representation of ganglion cell axons (which lie within the

retina). These axons of ganglion cells are spread out thinly as the most superficial layer of



the retina forming the retinal nerve fibre layer (RNFL). In the ADAGES study, the average or

global retinal nerve fibre layer (RNFL) thickness in the normal population of European

descent was 100.6um.” On OCT, people of African descent displayed a thicker superior and

inferior RNFL whilst the temporal region was thinner than that of the Europeans’; however, Page | 5
there was no significant difference between the global and nasal RNFL between the two

population groups. A study from Northern Nigeria by Sani et al, showed a similar mean

global RNFL thickness (104.1um) on OCT when compared to the 2010 ADAGES study

(103.69um).”*2 There was also agreement between the two studies in terms of the RNFL

thickness in the nasal and temporal quadrants i.e. the nasal RNFL is thick and the temporal

RNFL is thin.

People of African descent in the ADAGES study had a thicker inferior RNFL compared to the
superior RNFL.” However, the Nigerian population had a thicker superior RNFL compared to

the inferior RNFL.1?
In the Nigerian study females had a thicker RNFL compared to males.!?

The Northern Nigerian Africans were found to have a similar RNFL thickness when compared

to Indian and Nepalese populations.!?714

Two South African Studies conducted by the University of Kwazulu-Natal school of
optometry measured the RNFL in Africans.'® The study by Murugan et al compared the RNFL
thickness between Indians and Africans with Myopia.*® The RNFL of myopic African patients
was found to be thicker than their Indian counterparts. Mashige et al, in their study, used
the ivue SD -OCT to measure the RNFL thickness in a sample of 600 Africans.'® This study
found the global RNFL thickness to be 110um which was higher than that found in other
studies.”!2131516 The thicker inferior RNFL compared to the superior RNFL was similar to

that found in the 2010 ADAGES study.”-'®

Multiple factors such as glaucoma, myopia, lens status and age influence the thickness of

the RNFL.
On OCT, RNFL thinning is a characteristic finding in glaucoma.!

Normally, the peak RNFL readings are at the 11 and 7 o clock positions.” Studies have

shown that the positions of the peak RNFL thickness differ in eyes that are myopic with



longer axial lengths. In myopic eyes, the peak superior and inferior RNFL quadrants are
more temporally located, and the overall RNFL is thinner.'” Thus the normative distribution

of RNFL thickness in eyes with no myopia, cannot be applied to myopic eyes.

During OCT measurements, cataracts cause a decrease in signal strength to the retina, and
the reflection back from the retina.'® This results in a falsely thinner reading of the RNFL on
OCT. This is further compounded by the fact that cataracts occur more frequently in the
elderly, where increasing age alone has been shown to contribute to RNFL thinning.® The

retinal nerve fibre layer thickness decreases 0.18% per year, or 1.53-2 um per decade.®

Phacoemulsification cataract surgery has been shown to increase overall retinal nerve fibre
layer thickness.*® This is due to normalization of the signal strength, giving a more accurate
RNFL thickness. A study in India by Jha et al showed an increase in signal strength of the SD-
OCT post cataract surgery, as well as inferior RNFL in the inferior quadrant one month after
cataract surgery; this quadrant is important in assessing glaucoma progression.*®
Conversely, the EPIC — Norfolk eye study showed a thinner RNFL in pseudophakic patients,
when compared to the rest of the participants in the study?°. This study did not stipulate the
time of RNFL assessment post cataract surgery, and used the GDx to conduct these

measurements.

In addition to glaucoma, age, lens status, and axial length, a thinner RNFL has also been
demonstrated in the male gender and sleep apnoea.® Conditions that result in abnormal

retinal vasculature cause RNFL thinning by neurodegeneration.?!

Multiple techniques are available to structurally assess optic disc morphology and RNFL
thickness. These are ocular coherence tomography (OCT), Heidelberg Retinal Tomography

(HRT) and scanning laser polarimetry (Glaucoma diagnosis (GDx)).

Ocular coherence tomography (OCT), first described in 1991 by Huang et al, is a non-

contact, non-invasive, imaging modality that can be used to scan the retina and the optic
nerve.???% Two types of OCTs exist, namely Time domain OCTs and Spectral domain OCTs.

Spectral domain OCTs offer a faster scan speed, higher axial resolution and 3D
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reconstruction of the obtained image. The faster scan speed allows for less variability in

measurements due to movement artefacts.!!

OCT provides a good structural assessment of both optic disc or optic nerve head (ONH)
morphology and RNFL thickness, and can pick up early glaucomatous damage.*! (The basic Page | 7
anatomy of the optic disc and RNFL has been described previously). OCT measures the RNFL
thickness by measuring the peripapillary thickness. This is the circular area of retina
surrounding the optic disc. On OCT, this circular area is divided into quadrants (temporal,
superior, nasal, inferior). The superior and inferior quadrants can be further subdivided to
either being temporal or nasal. RNFL thickness of the patient is compared to that of a built-
in database that is specific to machine type. This is age and gender matched. A graph
showing the RNFL thickness profile of each quadrant is automatically generated indicating
areas that are thicker, thinner, or approximately the same. This is displayed per quadrant as
being either “within normal limits (green)”, “Borderline (yellow)”, or “outside normal limits
(red)”.” A quadrant will be considered “borderline” if the patient’s reading is outside the

95t centile, and “outside normal limits” if the quadrant reading is outside the 99t centile.?*

The HRT device produces a 3D topographic image of the optic nerve by scanning the retinal
surface with a diode laser in consecutive parallel planes.* The operator of the machine then
draws a line manually around the optic disc and information is then obtained. The HRT
allows for assessments of optic disc morphology as well as RNFL thickness.* The HRT 3
version derives further information about the optic disc, such as the Moorfields Regression

Analysis (MRA) and the Glaucoma probability score (GPS).*

The retinal nerve fibre layer, like the cornea and lens, has birefringent properties. The GDx
uses a polarised, near infrared light to measure the RNFL birefringence, thereby correlating

it with the RNFL thickness.* The GDx cannot measure optic disc morphology.

A Cochrane review by Michelessi et al, concluded that all 3 devices (HRT3,0CT, and GDx) are

variable but similar when aiding in the diagnosis of glaucoma.*i.e. As described above, OCT



and HRT can provide information of the optic disc morphology and RNFL thickness, whereas

GDx is excellent in assessing RNFL thickness.

Whereas OCT, HRT, and GDx provides structural assessment of the optic disc and RNFL,

functional assessment of visual field loss due to optic disc damage is achieved with standard Page | 8
automated perimetry. Many glaucoma patients exhibit visual field loss only once there is

substantial retinal ganglion axons loss and the retinal nerve fibre layer has already
thinned.*1%20.25Forty percent of nerve fibre loss could occur prior to it being detected by

automated perimetry.* Therefore to detect early glaucomatous optic disc changes,

structural assessment of the optic disc and RNFL by either OCT, HRT or GDx should be

carried out.

To determine if glaucoma is present or not, optic disc and RNFL thickness values on spectral
domain OCT (SD-OCT) are usually compared to an age-matched European normative
database which is machine-specific and not universally applicable between different types
of SD-OCT machines.’>'® As mentioned earlier, because RNFL thickness between normal
Africans and Europeans differ,” comparing RNFL thickness in an African glaucoma patient to
a European normative database can give inaccurate results. Therefore, the aim of this study
is to develop a normative RNFL database in adult Africans by measuring RNFL thickness on
the Heidelberg engineering spectral domain OCT; this will improve the accuracy of the
results. To the best of our knowledge, no other studies were done measuring the RNFL in

normal black South Africans with the Heidelberg engineering SD- OCT machine.

w

3. Research Question

Is the retinal nerve fibre layer thickness of black South African patients significantly different

than Europeans?

4. Research Aim

The aim of this study is to measure the Retinal Nerve Fibre Layer (RNFL) thickness of normal,
healthy black South African adults at St John Eye Hospital.



5. Research Objectives

To develop a normative RNFL database in black South African adults, by measuring RNFL
thickness on the Heidelberg engineering spectral domain OCT. This will lead to anaccurate
structural assessment of the optic nerve head in patients suspected of glaucoma. Page |9
e To compare differences in RNFL thickness according to age-group and sex.
e To describe differences in RNFL thickness according to the different anatomical
quadrants of the optic nerve, as measured by the spectral domain OCT (SD OCT
Heidelberg Engineering)

e To identify any associations between RNFL thickness and demographic and

ocular factors (age, gender, axial length, IOP and CCT)

6. Research Method

6.1 Design

A cross-sectional, descriptive study.

6.2. Study site

The Study will be conducted at the St John Eye Hospital-Chris Hani Baragwanath Hospital in
Soweto, Gauteng. Nine full time specialists, two part time consultants, fourteen registrars,
and five medical officers see approximately 400 outpatients per day. Patients are referred
from surrounding clinics, secondary hospitals and private general practitioners and
ophthalmologists.

6.3 Study population

e Sampling

One hundred and thirty participants will be entered into the study. This is the
number (needed for a normative database) given by Heidelberg Engineering after
consulting them.
One hundred and thirty adults (patients, staff and students) who attend the ophthalmology
outpatients’ department at St John eye hospital and who have a normal ocular examination
(normal anterior segment, fundus (including normal optic disc), axial length, and intraocular

pressure (IOP)) will be invited to participate in the study. Participants will be informed about



the study. An information sheet pertaining to the details of the study will be given to patients
(Appendix A). Patients willing to participate in the study will be asked to give written consent
(Appendix B). History (age, gender, province, language, co morbidities) will be taken and
examination (visual acuity (VA), intra-ocular pressure (IOP), cup: disc (C:D) ratio) conducted
on all participants; and RNFL thickness and vertical disc height on OCT will be measured
(Appendix C). The central corneal thickness will also be measured at the time of axial length

measurement.

6.4 Inclusion criteria:

All patients, doctors, nursing and medical students who attend St John eye hospital from 1
January 2018 — 30 September 2018, and meet the below criteria, will be invited to
participate in the study.

e Are 18 years and older

Are South African

e Black ethnicity

e Uncorrected visual acuity of 6/9 or better in the study eye

e Normal intraocular pressure (10-21 mmHg)

e Clinically normal optic disc (pink, well defined margins, normal vasculature in the
absence of other pathologies)

e Absence of other ocular pathologies

e Good Quality OCT scans (> 22)

e Cyclotorsion of < 7 degrees to fovea (to align patients’ peripapillary area to the pre-

set orientation of machine quadrants- superior, inferior, nasal, temporal)

6.5 Exclusion criteria:

Participants with:

1.) A history of glaucoma, intraocular surgery, a laser procedure, ocular trauma and

current or previous uveitis.

2.) A history of neurological disease with optic disc abnormalities (e.g. Multiple

Sclerosis)

3.) Clinically significant diabetic retinopathy
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4.) Hypertensive changes (grade 3 and 4)
5.) Clinically significant vitreal, retinal or choroidal diseases

6.) Abnormal axial length (>26.0 mm)

7.) Significant cataracts interfering with fundus view and OCT quality Page | 11

6.6 Measurement Tools

The SD-OCT (Heidelberg Engineering) will be used to conduct the study. A biometry machine
(Nidek optical) will be used for axial length and central corneal thickness measurements.

Both machines do not require any contact with the participants eyeball.

6.7 Data collection

Information collected will contain the following (Appendix C):

1. Personal information: Age, Sex, language spoken, province originally from, co-
morbidities.

Which eye examined

Visual acuity

Intraocular pressure

Cup to disc ratio on clinical examination

Axial length

Central Corneal Thickness

White to White (WTW)

W o N o U~ W N

OCT report with RNFL thickness, vertical disc height measured, quality of the scan

and degree of cyclotorsion.

6.8 Data management and analysis

Data obtained will be entered onto a data collection sheet (Appendix C).
Microsoft Excel will be used to capture and store all data collected.
e Data analysis

Statistical analysis of the data will be carried out as follows: The frequency and percentages

of categorical variables will be calculated and plotted with bar charts. The mean, standard



deviation, median and interquartile range of continuous variables will be calculated, and

their distribution illustrated by means of histograms.

The Kolomogorov- Smirnov test will be used to evaluate the normality of the distribution of

the RNFL thickness data. The mean RNFL thickness globally as well as mean RNFL thickness
in all quadrants (superior, inferior, nasal and temporal quadrants) will be determined.
Significant differences in RNFL thickness between the different quadrants will be calculated
using Analysis of variance (ANOVA). The t- test will be used to determine significant
differences between male and female RNFL thickness. Univariate analysis will be conducted
to show associations between RNFL thickness and demographic and ocular factors (age,
gender, axial length, IOP and CCT). Multivariate regression analysis will further be conducted
in those factors that show a strong association in the univariate analysis. A p-value of less
than 0.05 will be used to define statistical significance. Stata/SE version 13.0 (Stata, College
Station, Texas, USA) will be used to conduct all statistical analyses.
6.9 Time schedule
The study will commence as soon as Post-graduate approval and Ethics Committee
clearance is obtained. The study will take approximately 9 months to complete.
October November | December | January — October November | December
2017 2017 2017 September | 2018 2018 2018
2018
Protocol Assessment | Await final | Data Data Write up | Submission
submission | Committee | ethics collection Analysis for marking
meeting clearance and write
and for data up
informing collection
ethics
committee
of any

changes
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6.10 Ethical considerations:

e Participant confidentiality:

Each participant’s hospital number will be assigned a unique study number. This study

number will appear on the data collection sheet together with the participant’s data. Page | 13
The file linking the study number to the participant hospital number will be kept

separate from the data collection sheet and will only be used for crosschecking

purposes. Strict confidentiality will be maintained always.

e Study Approval:

This has been obtained from the Human Research Ethics Committee of the University of
the Witwatersrand. The ethics committee will be informed of any changes as suggested
by the protocol committee. Data will be kept completely anonymous. No information
that can constitute a breach of patient confidentiality will be published. The research will
not harm the participants in any way and participation is completely voluntary.

o Written permission from the CEO of Chris Hani Baragwanath has been

obtained to conduct the study at the hospital.
o Written permission from the head of Ophthalmology has been obtained to

allow permission to conduct the study at St Johns Eye Hospital.

6.11 Costs

e Budget Breakdown

o Consumables- paper copies of data collection sheets, information sheets,

informed consent papers, pens and highlighters are the only foreseeable costs
for this study.

All costs incurred during the period of the research will be borne by the principal
investigator.

7.Reporting plans

The aims are to:

1. Publish an article in a scientific journal.
2. Write up a research report as part of an MMed degree.



3. Presentation of study findings at the South African Glaucoma Society (SAGS) annual
congress.
4. Presentation of study findings to Heidelberg Engineering (South Africa)

8.Authorship

Dr. S. Ismail: Principal investigator

Registrar, Department of Neurosciences, Division of Ophthalmology, University of the
Witwatersrand / Chris Hani Baragwanath Academic Hospital (St John Eye Hospital)

Dr H. D. Alli: Supervisor

Consultant, Division of Ophthalmology, University of the Witwatersrand / Chris Hani
Baragwanath Academic Hospital (St John Eye Hospital)

Dr N. Ally

Registrar, Department of Neurosciences, Division of Ophthalmology, University of the
Witwatersrand / Chris Hani Baragwanath Academic Hospital (St John Eye Hospital)
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Good Day

My name is Sarah Ismail. | am a doctor in the ophthalmology department of the university
of the Witwatersrand. | am conducting research for a Masters in Medicine (MMed) at St
John eye Hospital. | would like to invite you to participate in my study.

My objective is to measure the retinal nerve fibre layer (RNFL) of the eye, in a normal black
South African population. This layer is situated in the retina which is at the back of the eye.
The measurement is obtained using the ocular coherence tomography (OCT) machine. It will
not hurt or cause any harm to you. No contact is made with the eyeball during this
investigation. This measurement is done by taking a picture of the nerves at the back of the
eye. Measuring this layer will give us an idea regarding the normal RNFL values in black
South Africans.

Your participation in this study is completely voluntary, and there is no risks or direct benefit
to you. However, information gained from this study could assist us in the accurate
diagnosis of certain eye diseases in our black South African population. The results of the
research will be made available to interested parties and your confidentiality will be
maintained always. Participant details will not be displayed on the results obtained. Your
details will be kept separately by the principal investigator.

You can withdraw from the study at any time you wish without any prejudice.

The study has been submitted to the Human Research Ethics Committee (Medical) at the
University of the Witwatersrand. There contact details are as follows:

e Chairperson: peter.cleaton-jonesl @wits.ac.za

e Administrators - Ms Zanele Ndlovu/ Mr Rhulani Mkansi/ Mr Lebo
Moeng Tel 011 717 2700/2656/1234/1252

e Email: HREC-Medical.ResearchOffice@wits.ac.za

Thank you for considering my request. My contact details are below should you have any
further questions.

Dr Sarah Ismail

Department of Ophthalmology
University of Witwatersrand
0724506182

Email: sarahismail77@gmail.com
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APPENDIX B- PATIENT CONSENT FORM

University of the Witwatersrand
INFORMED CONSENT FORM

TITLE: Retinal nerve fibre layer thickness in a normal black South African
population

Participant

| have read the research participant information sheet for this study, or someone has
explained it to me in a language that | understand. All questions that | may have, have been
answered and | am satisfied with the answers | have received. | voluntarily consent to be a
participant in this study.

Name of Participant:

Date:

Signature (or fingerprint):

Investigator (Person obtaining consent)

| have explained the information in the research participation information sheet to the
participant, or had it explained to the participant in a language he/she understands. | have
answered all questions to the best of my ability. Consent has been given voluntarily by the
research participant.

Name of Investigator:

Date:

Signature (or fingerprint):

Witnhess

| have been witness to the explanation of the research participant information sheet, and
confirm that the investigator has answered all the participant’s questions and that the
participant has given voluntary consent.

Name of Witness:

Date:

Signature (or fingerprint):
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Age: Code:
Gender: M/F page | 16
Province:

Language:

Co- Morbidities:

Eye Examined: R/ L

VA:

|OP:

Fundus- C: D ratio

Axial length:
Central Corneal Thickness: WTW:

OCT report:

SUPERIOR TOTAL:

RNFL:

ST SN

VDH: R/L /
G

NASAL

Quality:

Fovea: IT

INFERIOR TOTAL:
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