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Abstract

e AIM: To compare the diagnostic ability of glaucoma
parameters measured by the optical coherence tomography
(OCT) in normal, preperimetric glaucoma (PPG) and perimetric
glaucoma (PG) patients.

e METHODS: This cross-sectional observational study
includes 127 eyes of 127 subjects. Patients were divided
into PPG (51 eyes), PG (46 eyes), and normal controls
(30 eyes) based on clinical optic disc assessment and
Humphrey visual field changes. The Heidelberg Spectralis
OCT machine using Glaucoma Module Premium Edition
software was used to measure the retinal nerve fiber layer
(RNFL) and Bruch’s membrane opening-minimum rim width
(BMO-MRW) to assess the optic nerve head and ganglion
cell layer (GCL) thickness in the macula.

e RESULTS: RNFL, MRW, and GCL thickness were all
significantly thinner in PG compared to PPG and the normal
group. The BMO-MRW parameters showed better specificity
(>70%) at 90% specificity compared to both RNFL and GCL
parameters to discriminate normal, PPG, and PG patients.
All BMO-MRW parameters showed higher area under curves
(AUC) compared to RNFL and GCL parameters with the
highest AUC observed in the superotemporal sector of the
BMO-MRW (AUC=0.819 and and 0.897 between normal
and PPG and PG groups respectively).

o CONCLUSION: While the BMO-MRW best discriminates
PPG and PG against normal eyes, GCL parameters poorly
differentiate the three groups.
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INTRODUCTION

laucoma is the second leading cause of vision loss
G in the world"". Tt is a group of diseases characterized
by structural damage to the optic nerve head (ONH) and
characteristic glaucomatous field defects'™. It mostly affects
the superior and inferior poles of the optic disc resulting in an
increase in the vertical cup:disc ratio (VCDR), a simple and
robust index to assess neuroretinal loss in glaucoma'.
Glaucoma can be classified according to the mechanism of
damage into primary open angle glaucoma (POAG), primary
angle-closure glaucoma (PACG), secondary glaucoma, and
glaucoma suspect (GS). Primary angle-closure can be further
classified into primary angle-closure suspect (PACS), primary
angle-closure (PAC), and PACG"',
Glaucoma is staged based on the degree of the visual field
(VF) defect into early, moderate and severe defects following
the Hodapp, Parrish, and Anderson’s Classification”’, or the
Brusini Glaucoma Staging System 2 (GSS2)". The GSS2
classification uses humphrey visual field (HVF) measured
parameters like mean deviation (MD), corrected pattern
standard deviation (CPSD), and corrected loss variance (CLV).
In circumstances where CPSD and CLV are not available, pattern
standard deviation (PSD) or loss variance (LV) can be used.
Bruch’s membrane opening-minimum rim width (BMO-MRW)
is an optical coherence tomography (OCT) measurement that
provides an anatomically and geometrically accurate parameter
to measure the neuroretinal rim width. It measures the BMO
which is the accurate outer border of the neuroretinal rim



Int J Ophthalmol, Vol. 15, No. 11, Nov.18, 2022
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

(NRR), representing the maximum aperture from which the
retinal ganglion cell (RGC) axons exit the globe™™. The BMO-
MRW is measured in 24-star sectors across the ONH and
provides an accurate measurement of the actual rim width.

The retinal nerve fibre layer (RNFL) thickness was shown
to have a variable ability to discriminate glaucomatous from
normal eyes'®”). The peripapillary RNFL thickness was
previously used to monitor the progression of RNFL thinning
in glaucoma patients on the basis that anatomical changes of
the ONH precedes glaucomatous field changes'.

The ganglion cell complex (GCC) thickness is another widely
studied parameter for monitoring glaucoma progression.
However, the GCC includes not just the nerve fibre layer
(NFL) and ganglion cell layer (GCL), but also the inner
plexiform layer (IPL)"”. With better technology, the OCT is
now able to discern and measure the GCL thickness alone, the
most affected layer of the retina in patients with glaucoma!*""!,
Because of variable reports on these three major parameters
used for glaucoma diagnosis, we aim to evaluate which of
the three parameters has the best diagnostic ability in three
groups of patients: normal, preperimetric glaucoma (PPG), and
perimetric glaucoma (PG), and compare the sensitivity and
specificity in discriminating the three groups of patients.
SUBJECTS AND METHODS

Ethical Approval Ethical approval was obtained from
the Universiti Kebangsaan Malaysia Research and Ethics
Committee (Ethical approval code: FF-2017-169). This study
adhered to the tenets of the Declaration of Helsinki and the
Malaysian Guidelines for Good Clinical Practice (GCP). A
signed written informed consent was obtained from all patients
prior to enrolment.

This was a cross-sectional observational study where participants
were consecutively recruited in a tertiary referral center from
April 2017 to April 2018. The eligibility of the participants was
determined by a complete ophthalmic examination including
slit-lamp biomicroscopy, intraocular pressure measurement
using the Goldman applanation tonometer, dilated fundus
examination, retina tomography scan, and VF test. Only the
right eye was taken from each participant for the purpose of
standardisation. In the perimetric group, the better eye was
chosen to be able to evaluate the ability of the OCT parameters
to discern between PPG and less severe PG.

The PPG patients were those with glaucomatous features
on the optic disc such as VCDR>0.7 and/or notching or rim

' OCT changes were

thinning, but with a normal HVF tes
not required to define PPG"*"*. The PG patients were those
with glaucomatous disc changes and VF loss detected by the
HVF. An experienced glaucoma specialist (Din Nin) made
the diagnosis of PPG and PG. The PG patients were further

divided into mild, moderate, and severe glaucoma based on

Brusini’s GSS2 classification system'*. The normal group has
neither of both.

The inclusion criteria include participants aged between 18-70
years old and diagnosed with PPG or PG. The participants in
the normal group must not have the criteria of the PPG and PG
group. Exclusion criteria include any media opacity preventing
good signal quality of the OCT, pre-existing retinal diseases
such as proliferative diabetic retinopathy or maculopathy;
or lasered-retina. Optic neuropathies other than glaucoma
such as compressive or ischaemic optic neuropathy were also
excluded. Other unusual or abnormal optic disc appearance not
attributed to glaucoma, like optic disc pit, tilted myopic disc,
and optic atrophy, was excluded. Based on a power analysis,
the number of sample size collected gave power of study of at
least 70%.

Humphrey Visual Field The VF was mapped with the HVF
Analyzer (Carl Zeiss Meditec Dublin, CA, USA) using the
Swedish Interactive Threshold Algorithm (SITA) standard
24-2. Patients in the PG group was further classified into mild,
moderate, and severe glaucoma using the Brusini classification
based on the MD and PSD level™. Only VF with reliable
indices was included, which are fixation loss of less than 20%
and false-negative and positive errors of less than 33%.
Optical Coherence Tomography Retinal tomography was
done using the Heidelberg Spectralis OCT Plus machine
(Spectralis HRA+OCT; Heidelberg Engineering) with the
Glaucoma Module Premium Edition (GMPE) software
version 6.0f after pharmacologic dilatation. The OCT scans
were performed by three experienced technicians who have
performed OCT scans for at least Sy. OCT scans with signal
strengths of less than 20 dB were deemed to have poor signal
strength as recommended by the manufacturer, and therefore
excluded. Each eye had 3 images taken, one each for the
RNFL circular scan, the BMO-MRW, and the GCL scans of
the macula. While all OCT printouts were checked for faulty
automated measurements, the automated segmentation of
retinal layers was not manually controlled.

The RNFL thickness (pm) was measured in 6 sectors
(superotemporal, superonasal, nasal, inferonasal, inferotemporal,
and temporal). Using the anatomical position system (APS)
in the GMPE software, the fovea and the center of BMO were
identified as the 2 fixed anatomical location. The APS uses
the participants’ anatomic landmark to automatically position
and aligns the individual fovea-BMO center axis. The BMO-
MRW measurement was obtained using 24 star-pattern
scans to measure the size of the BMO area (mm?) and MRW
thickness (um) in 6 sectors (superotemporal, superonasal,
nasal, inferonasal, inferotemporal and temporal). The MRW
thickness was obtained by measuring the nearest distance from
the edge of BMO to the internal limiting membrane (ILM).
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The GCL thickness was obtained using horizontal scans of
the posterior pole with an elliptical grid of 1, 3, and 6 mm
superimposed on the macular region. The machine will
automatically segment the retina layer-by-layer to obtain
the GCL thickness separately. We used a larger grid to get a
higher diagnostic ability!”. GCL volume (mm”®) and 4 sectors
(superior, nasal, inferior, and temporal) of GCL thickness in
the 3 to 6 mm grid diameters were taken as they were shown
to best discriminate between early glaucoma and normal
patients'”. Macula printouts were checked for the presence of
other confounders like epiretinal gliosis, macula edema or any
other macular pathology, and were excluded.

Data Analysis Statistical analyses were performed using
SPSS software (version 22.0; SPSS Inc., Chicago, IL, USA).
The normality of the data was analyzed using a histogram
with normality plots, skewness & kurtosis, and Kolmogorov-
Smirnov statistic. One-way analysis of variants (ANOVA)
tests were used to analyze the RNFL, MRW, and GCL
thickness among the normal, PPG, and PG groups. Receiver
operating characteristic (ROC) curve analysis was conducted
to evaluate and compare the diagnostic ability of individual
OCT parameters. The area under curves (AUC) was calculated
for the RNFL, BMO-MRW, and GCL thickness. As we are
comparing the diagnostic ability of these three parameters
to differentiate between normal, PPG, and PG eyes, the gold
standard was the glaucoma status of the participants (PG, PPG,
and normal group) as defined by glaucomatous optic disc
assessment and the patients’ VF.

RESULTS

A total of 127 participants were enrolled in this study, with
30 normal subjects, 51 PPG, and 46 PG patients (Table 1).
Chinese ethnicity made up the most number of participants.
There was no significant difference in age and gender
distribution between the three groups.

Among the 46 PG patients, 19 (41.3%) were classified as mild, 16
(34.8%) moderate, and 11 (23.9%) severe glaucoma. Twenty-
seven (58.7%) patients were diagnosed with POAG, 15 (32.6%)
were diagnosed with NTG, and 4 (8.7%) patients had PACG.
Retinal Nerve Fibre Layer Measurement The mean RNFL
thickness of all sectors is highest in the normal group followed
by the PPG and PG group. A one-way between-subjects
ANOVA was conducted to compare the RNFL thickness
among the normal, PPG, and PG groups (Table 2). There was
a significant difference in the RNFL thickness of all sectors
(P<0.05). Post Hoc test using least significant difference
(LSD) formula showed there was a significant difference in
RNFL thickness in the superonasal, and inferonasal sector
between the three groups. The nasal RNFL thickness was only
significantly different between normal and both PPG and PG
and not between the PPG and PG groups. In the inferotemporal
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and temporal sector, the difference lies only between PG and
PPG groups, and between normal and PG groups respectively.
Bruch Membrane Opening and Minimum-Rim-Width
Measurement The mean size of the BMO area was smallest
in the normal group followed by PPG and PG group (Table 2).
However, the mean size of the BMO area was also smallest
in the moderate compared to mild and severe glaucoma
group of the PG patients, and this difference was statistically
significant (P<0.05). The BMO-MRW values were also thinner
in moderate compared to mild and severe groups, possibly
because of the small number of eyes in the severe group. Post
Hoc test using LSD formula showed that the BMO area was
significantly different between normal and both PPG and PG
groups. The mean MRW thickness is lowest in the PG group
followed by PPG and normal participants and this was also
statistically significant, P<0.05. Posthoc comparison using
the LSD test revealed that a significant difference in MRW
thickness was seen in all sectors between the three groups.
Ganglion Cell Layer Thickness Measurement Macular
GCL thickness was measured using the largest elliptical grid,
each composed of three rings, an inner, middle, and outer
ring of 1, 3, and 6 mm. We measured the GCL thickness of
the outer 3-6 mm grid which shows early changes seen in the
initial stages of glaucomatous damage. We found a significant
difference in the GCL average volume, outer superior GCL,
outer nasal GCL, outer inferior GCL, and outer temporal
GCL thickness in the normal, PG, and PPG groups (P<0.05).
Posthoc comparison using LSD test showed that the GCL
average volume, outer superior GCL, outer nasal GCL, outer
inferior GCL, and outer temporal GCL thickness significantly
differ between PG and both normal and PPG group. All GCL
parameters, however, showed no significant difference between
PPG and normal groups.

Diagnostic Ability of RNFL, BMO-MRW, and GCL
Thickness Scans AUC values were calculated to assess and
compare the diagnostic ability of the three parameters. All
BMO-MRW parameters showed higher AUC compared to
RNFL and GCL parameters, indicating a higher diagnostic
accuracy of MRW parameters when comparing between
normal and PG (Figure 1) and PPG groups (Figure 2). The
highest AUC was seen in the superotemporal quadrant of the
BMO-MRW (AUC=0.897 and 0.819 between normal and PG
and PPG eyes respectively). While the AUC for RNFL has a
fair score in its ability to diagnose glaucoma, GCL parameters
performed poorly in its ability to differentiate glaucoma from
the normal population.

Among patients in the PG group, the sensitivity was highest
at the inferotemporal sector of the BMO-MRW (sensitivity
of 75% when specificity was fixed at 90%, and 68.2% when
specificity was fixed at 95%) compared to all other parameters
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Figure 1 The area under the receiver operator curve (AUC) of different OCT parameters between the PG group and the normal

population A: AUC for RNFL thickness; B: AUC for MRW thickness; C: AUC for GCL thickness. RNFL: Retinal nerve fiber layer; MRW:

Minimum rim width; GCL: Ganglion cell layer.

A ROC Curve
1.0 T
0.8
2 06
2
2
3
B 04 -
0,2£"
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Diagonal segments are produced by ties
B ROC Curve
1.0
08 r
2z 06—
3 r
B
2
@
@ 04 :f;
Il
J
02 l“
0.0
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity
Diagonal segments are produced by ties

C 10 ROC Curve
Source of the Curve ! /" Source of the Curve
RNFL ST ") GCL Average volume mm?
—RNFL SN 0.8 44 — GCL SUP
~~RNFLN 7 ~—GCLN
RNFL IN / ~— GCL INF
RNFLIT 206 e GCLT
~—RNFLT &= 7 2/ - Reference line
Reference line 2 L/
5 7
? 04 /
02 -
4
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Source of the Curve

MRW ST
—MRW SN
~—MRW N

MRW IN

MRW IT
~~MRW T

Reference line

Diagonal segments are produced by ties

Figure 2 The area under the receiver operator curve (AUC) between the PPG group and the normal population A: AUC for RNFL
thickness; B: AUC for MRW thickness; C: AUC for GCL thickness. RNFL: Retinal nerve fiber layer; MRW: Minimum rim width; GCL:

Ganglion cell layer.

Table 1 Demographics and ocular characteristics of subjects

Parameters Normal, n=30 PPG, n=51 PG, n=46 Total, n=127 P
Age, median (IQR) 64.0 (57.5-70) 65.0 (61-70) 69.0 (66-70) 0.22"
Gender, 1 (%) 0.38°
Male 10 (33.3) 19 (37.3) 22 (47.8) 51 (40.2)
Female 20 (66.7) 32 (62.7) 24 (52.2) 76 (59.8)
Race, 1 (%) 0.41°
Malay 14 (46.7) 20 (39.2) 14 (30.4) 48 (37.8)
Chinese 15 (50.0) 24 (47.1) 27 (58.7) 66 (52.0)
Indian 1(3.3) 7(13.7) 5(10.9) 13 (10.2)
IOP (mm Hg), median (IQR) 16.0 (14.0-16.25) 14.0 (12.0-16.0) 14.0 (12.0-14.25) 0.02"

IOP: Intraocular pressure; IQR: Interquartile range; PPG: Prepermetric glaucoma; PG: Perimetric glaucoma; “Kruskal wallis test; *Chi-square test.
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Table 2 Mean thickness of different optical coherence tomography parameters pm, mean+SD
PG P value from post hoc analysis”

Parameters Normal PPG

Overall Mild Moderate Severe P Normal vs PPG Normal vs PG PPG vs PG
RNFL global 103.93+10.46 94.41+10.92 81.26+20.31 91.16+17.91 72.88+15.34 76.36+24.51  <0.001 0.006 <0.001 <0.001
RNFL ST 143.5+20.51 128.76+24.03  114.41+31.67  127.89+27.09  106.63+£25.16  102.45+40.55  <0.001 0.17 <0.001 0.008
RNFL SN 113.8+25.55 100.67+24.19 89.15+28.12 98.32+28.0 77.314£20.72 90.55+33.41  <0.001 0.03 <0.001 0.031
RNFL IN 116.63+22.39  101.51+21.73 86.83+29.12 98.05+23.93 71.31£21.79 90.0+37.89 <0.001 0.01 <0.001 0.004
RNFLIT 139.53+£27.62  138.69+20.43  109.83+£39.23  127.74+31.10 101.0+30.73 91.73+£51.71  <0.001 0.9 <0.001 <0.001
RNFL N 74.57+19.58 64.88+17.49 58.93+19.53 68.58+16.56 50.81+16.63 54.09+22.35 0.002 0.03 0.001 0.121
RNFLT 80.57+10.8 74.82+12.09 66.26+18.16 70.05+19.75 63.06+15.67 64.36+19.13  <0.001 0.84 <0.001 0.004
BMO area (mm?) 1.98+0.36 2.37+0.46 2.45+0.53 2.52+0.57 2.30+0.45 2.54+0.57 <0.001 0.001 <0.001 0.405
MRW global 287.80+58.71  245.39+28.772  201.86+55.51  223.16+£52.65  179.60+43.71 194.80+66.11  <0.001 <0.001 <0.001 <0.001
MRW ST 301.1+45.87 241.02+47.09  197.57+66.71  216.58+58.99  181.80+57.60  185.10+88.26  <0.001 <0.001 <0.001 <0.001
MRW SN 340.53+63.17  278.53+52.02  237.27+£72.18  265.32+66.65  217.47+58.82  213.70+87.73  <0.001 <0.001 <0.001 0.002
MRW N 318.33+£62.43  262.75+45.62  220.91+68.30  253.11+60.91 187.73+£58.90  209.50+72.82  <0.001 <0.001 <0.001 0.001
MRW IN 359.73+67.35  291.90+43.14  242.73+75.31  257.47£79.18  220.80+56.40  247.60+91.23  <0.001 <0.001 <0.001 <0.001
MRW IT 305.77+56.59  264.31+41.57  211.48+70.10  242.68+56.52 188.0+55.19 187.40+93.43  <0.001 0.002 <0.001 <0.001
MRW T 203.77+35.18  172.04+31.88 145.0+41.10 156.79+£36.71  126.60+35.87  150.20+49.87  <0.001 <0.001 <0.001 <0.001
GCL OS 33.70+4.36 31.88+4.61 29.47+5.72 30.39+6.24 28.38+5.02 29.55+6.06 0.002 1.117 <0.001 0.02
GCL ON 38.0+4.21 37.28+3.78 34.02+6.38 35.94+5.15 31.69+6.80 34.27+7.03 0.001 0.531 0.001 0.002
GCLOI 29.70+4.13 30.16+3.64 26.91+5.63 28.83+4.54 25.81+5.62 25.36+6.76 0.002 0.663 0.011 0.001
GCL OT 32.07+3.78 32.08+5.03 28.56+6.20 31.39+4.85 27.19+5.34 25.91+7.83 0.002 0.991 0.005 0.001

PPG: Preperimetric glaucoma; PG: Perimetric glaucoma; RNFL: Retinal nerve fibre layer; BMO: Bruch’s membrane opening; MRW: Minimum-
rim-width; GCL: Ganglion cell layer; ST: Superotemporal; SN: Superonasal; IN: Inferonasal; IT: Inferotemporal; OS: Outer superior; Ol: Outer

inferior; OT: Outer temporal; ON: Outer nasal; “Analysis of variance; "Post hoc analysis using least significant difference formula.

Table 3 Comparison of sensitivity, specificity, and AUC between RNFL, MRW, and GCL parameters in the PG and normal group

Sensitivity
Parameters AUC 95%Cl1 — —
Specificity fixed at 90% Specificity fixed at 95%

RNFL G 0.854 0.770-0.938 60.9% 58.7%
RNFL ST 0.771 0.668-0.875 47.8% 41.3%
RNFL SN 0.760 0.650-0.870 43.5% 41.3%
RNFL N 0.717 0.599-0.836 28.3% 23.9%
RNFL IN 0.782 0.678-0.885 58.7% 50.0%
RNFLIT 0.737 0.626-0.848 43.5% 41.3%
RNFLT 0.762 0.655-0.868 54.3% 52.2%
BMO-MRW G 0.869 0.782-0.955 70.5% 65.9%
BMO-MRW ST 0.897 0.828-0.965 70.5% 68.2%
BMO-MRW SN 0.855 0.772-0.938 70.5% 65.9%
BMO-MRW N 0.853 0.768-0.939 56.8% 54.5%
BMO-MRW IN 0.877 0.801-0.953 65.9% 63.6%
BMO-MRW IT 0.860 0.772-0.948 75.0% 68.2%
BMO-MRW T 0.855 0.771-0.938 72.7% 68.2%
GCL SUP 0.717 0.600-0.835 31.1% 22.2%
GCLN 0.685 0.566-0.804 42.2% 31.1%
GCL INF 0.660 0.537-0.783 33.3% 24.4%
GCLT 0.676 0.557-0.796 44.4% 40.0%

AUC: Area under the receiver operating curve; RNFL: Retinal nerve fiber layer; BMO-MRW: Bruch’s membrane opening-minimum rim width;
GCL: Ganglion cell layer; CI: Confidence interval; G: Global; SUP: Superior; INF: Inferior; N: Nasal; T: Temporal; ST: Superotemporal; SN:

Superonasal; IN: Inferonasal; IT: Inferotemporal.

(Table 3). The BMO-MRW parameters also showed better  a higher diagnostic accuracy of BMO-MRW parameters
sensitivity when specificity is fixed at 90% and 95% as  compared to RNFL and GCL parameters in distinguishing
compared to the RNFL and GCL parameters, signifying  glaucomatous from normal eyes (Table 3).
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Table 4 Comparison of sensitivity, specificity, and AUROC between RNFL, MRW, and GCL parameters in the PPG and normal group

Sensitivity
Parameters AUC 95%CI — —
Specificity fixed at 90% Specificity fixed at 95%

RNFL G 0.727 0.611-0.843 23.5% 23.5%
RNFL ST 0.661 0.541-0.782 29.4% 27.5%
RNFL SN 0.637 0.512-0.762 23.5% 19.6%
RNFL N 0.636 0.506-0.765 13.7% 9.8%
RNFL IN 0.710 0.594-0.826 35.3% 25.5%
RNFL IT 0.521 0.380-0.661 3.9% 3.9%
RNFLT 0.626 0.503-0.749 27.5% 15.7%
BMO-MRW G 0.795 0.677-0.913 33.3% 13.7%
BMO-MRW ST 0.819 0.727-0.911 58.8% 41.2%
BMO-MRW SN 0.758 0.650-0.867 49.0% 43.1%
BMO-MRW N 0.763 0.650-0.876 23.5% 21.6%
BMO-MRW IN 0.805 0.698-0.912 35.3% 31.4%
BMO-MRW IT 0.760 0.649-0.872 39.2% 25.5%
BMO-MRW T 0.740 0.632-0.848 43.1% 39.2%
GCL SUP 0.618 0.490-0.746 10.0% 6.0%
GCL NASAL 0.537 0.402-0.672 8.0% 6.0%
GCL INF 0.461 0.326-0.595 6.0% 4.0%
GCL TEMP 0.493 0.364-0.623 16.0% 12.0%

AUC: Area under the receiver operating curve; RNFL: Retinal nerve fiber layer; BMO-MRW: Basement membrane opening-Minimum

rim width; GCL: Ganglion cell layer; CI: Confidence interval; G: Global; SUP: Superior; INF: Inferior; N: Nasal; TEMP/T: Temporal; ST:

Superotemporal; SN: Superonasal; IN: Inferonasal; IT: Inferotemporal.

The sensitivities of all parameters in differentiating normal
from PPG groups were lower when specificity was fixed at
95% and 90%. Again, the highest sensitivity was observed
in the superotemporal sector of the BMO-MRW (58.8% and
41.2% sensitivity at 90% and 95% specificity respectively;
Table 4). All MRW parameters showed a fair level of AUC
compared to RNFL and GCL parameters, which emphasize
a fairly better diagnostic accuracy (Figure 2). The RNFL
AUC scores fairly in differentiating PPG from the normal
population. The GCL parameters however had the lowest AUC
values.

DISCUSSION

The objectives of this study were mainly to evaluate the
diagnostic ability of the three major glaucoma parameters
using the Heidelberg Spectralis OCT Plus machine with GMPE
software version 6.0 to differentiate between the normal
population, PPG, and PG group of eyes. Previous studies either
compared only healthy individuals and those with glaucoma
or between different stages of glaucoma severity. We included
moderate and severe glaucoma in our study to reflect the real-
world situation when dealing with glaucoma cases in clinical
practice.

Agreeing with previous studies that found BMO-MRW to
have higher diagnostic accuracy and superiority”"*"", we
found a significant difference in all sectors of BMO-MRW
thickness between the three groups. The RNFL thickness also

showed significant difference except for a few sectors. The
BMO-MRW parameters have the highest diagnostic ability
to discriminate PPG and PG against normal eyes, compared
to RNFL and GCL parameters. This is especially so in the
supertemporal sector of MRW with the highest AUC indicating
its highest diagnostic ability. This is probably seen because,
as opposed to RNFL and GCL, the BMO-MRW thickness is
made up of ganglion cell axons in its entirety, the very type of
cells affected by glaucomatous damage.

Chauhan et a/'”’ found that the BMO-MRW had a better
discriminating ability compared to RNLF thickness. Globally,
BMO-MRW vyielded better diagnostic performance than the
other parameters. At 95% specificity, the sensitivity of RNFL
thickness, BMO-HRW, and BMO-MRW was 70%, 51%, and
81%, respectively, which is higher than ours (60.9% and 70.5%
sensitivity for global RNFL and BMO-MRW respectively)
probably because of the difference in patient selection and
recruitment. Other studies have found comparable AUCs
between RNFL and BMO-MRW"". We also found that
the global BMO-MRW and RNFL thickness were both
comparable although the BMO-MRW was a notch higher than
RNFL. As the measurement of the BMO-MRW is dependent
on the size of the ONH, Kromer and Spitzer””'" found that
the discriminating ability of BMO-MRW measurement still
showed superiority over other parameters after correcting for
the ONH size.

1787



OCT parameters of glaucoma diagnosis

However, there were situations when BMO-MRW was
non-superior to the RNFL. When the linear discriminant
function was applied, Bambo et al** found that BMO-MRW
were comparable to the RNFL parameter with no statistical
difference between both AUCs when discriminating between
normal and mild POAG patients. BMO-MRW were also
non-superior to RNFL with similar AUCs between the two
parameters (P>0.05) in myopic eyes with visible myopic
changes such as tilted disc as reported by Malik ez a/*.
Chauhan et al*" also recently looked at the effect of aging
in individuals aged between 20 to 90 years old in a cross-
sectional study and examined the GCL, RNFL, and BMO-
MRW. They found a significant decline in all parameters and
a stronger relationship between GCL and aging compared
with the other two parameters. They postulated that because of
this relationship, the GCL might have a better discriminating
ability than the other two parameters.

Our result showed that the RNFL, MRW, and GCL thickness
was significantly lower in the PG group compared to the PPG
and normal groups. This reduction in thickness was especially
seen in BMO-MRW and RNFL parameters as compared to
GCL layer thickness. We also found that the BMO area was the
smallest in the normal group compared to the other two groups.
One might wonder whether glaucoma not only causes thinning
of the optic nerve rim but also enlargement of the BMO area
where RGC axons exit the globe. However, the sample size is
too small to make any postulations on this, and the difference
could perhaps result from heterogeneous recruitment.

Previous macular topographic studies showed that the GCL
is thinner at the temporal compared to the nasal region and
inferior compared to the superior region in the normal human

retina™’

. We found similar findings with thinner temporal than
nasal; and thinner inferior than superior GCL thickness, not
just in normal individuals, but also in the PPG and PG group of
patients. However, in our study, inferior GCL is not one of the
main predictors for developing glaucoma although generally it
has been shown to be affected first apart from temporal GCL in
patients with glaucoma®®.

GCL parameters however perform poorly in differentiating
glaucomatous from non-glaucomatous eyes and between
normal and PPG in our cohort of patients. This is in contrast
with previous studies which reported that GCL parameters
have a better diagnostic ability compared to RNFL parameters™”.
Nevertheless, there were an abundant body of evidence
reporting otherwise, agreeing with our results.

While GCL was found to be superior than RNFL in other
neuro-ophthalmic diseases™ ", the same superiority was not
seen in glaucoma as results from a Meta-analysis by Oddone
et al™, observed that the sensitivity of most parameters for

RNFL and macular GCC was between 0.65 and 0.75, making
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cach of these unsatisfactory as a single parameter to be used
in a clinical setting. Their Meta-analysis looked at different
OCT instruments and differing GCC parameters. They found
that the RNFL parameters are still preferred than macular
measurements for diagnosis of manifest glaucoma, though
differences may be small. However, they also concluded
that, because of high heterogeneity, direct comparative or
randomized studies of OCT devices or OCT parameters and
diagnostic strategies were paramount. Even across different
OCT machines, Kansal et al°" in their Meta-analysis of 5
OCT devices found similar diagnostic accuracy between
RNFL and segmented macular regions [ganglion cell layer-
inner plexiform layer (GCL-IPL), GCC], and higher than
total macular thickness. The AUCs were more diagnostically
favorable in patients with more severe glaucoma.

We have shown that even though we included various types
of glaucoma with varying degrees of severity, RNFL still
fares better than the GCL parameter in our cohort of patients,
agreeing with other authors who found non-superiority
between GCL and papillary RNFL to diagnose PPG"*.
Chauhan et al”™ extrapolated from their cross-sectional study
involving individuals aged between 20-90 years old that GCL
thickness can be better suited to measure the progression of
structural glaucomatous loss. They came to this conclusion
after they found a significant decline in GCL thickness, MRW,
and peripapillary RNFL thickness with age and a stronger
relationship between aging and GCL thickness than with the
rim or peripapillary RNFL thickness.

Even when different layers of macula measurements were
evaluated, the discriminating ability of macula layers was still
non-superior to RNFL thickness. Deshpande et al** evaluated
the diagnostic ability of the macular GCL-IPL for detection
of PPG and PG and compared it with peripapillary RNFL.
They found the RNFL had a better diagnostic ability when
compared to GCL-IPL for detecting PPG and PG, although
the difference was small and perhaps clinically irrelevant. Na
et al® evaluated the diagnostic abilities of the macula layers
compared to the peripapillary RNFL and ONH measurements
in the detection of PPG. They found that the global volume
loss and superior GCC thickness showed the largest AUC
which was 0.84 in each parameter, comparable to the global
peripapillary RNFL (0.89) and horizontal cup:disc ratio
AUC values (0.85) in their study. When using the GCL layer
in combination with an IPL (GCL-IPL thickness) on high
definition OCT, Kaushik et a/*¥ found the diagnostic ability
of GCL-IPL in PPG was less than ONH and RNFL parameter,
and that GCL-IPL do not outperform RNFL measurements in
the diagnosis of PPG.

There are different variations in the number of retinal GCC in
human eyes and there is a direct relationship between GCC and
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GCL thickness. There are approximately 1 million RGCs in the
human retina and about 50% of them are concentrated at 4.5-
5 mm of the fovea center””. The GCL thickness measurement
at 3 to 6 mm macular grid was taken as it is the best sector to
discriminate between normal individuals and PG patients"”.
We found that the GCL thickness significantly differs in the
PG group compared to PPG and normal population. However,
we found no significant difference in GCL thickness between
the normal and PPG group. Although Chauhan ez a/** found
stronger associations between aging and GCL loss than other
parameters, the machanism of RGC loss in glaucoma is not
related to aging alone, and therefore GCL loss is not seen more
than the other parameters in glaucoma.

In clinical practice, MRW may help to complement the
diagnosis of glaucoma in patients who have borderline HVF
analysis especially those who fall in the PPG group. This
applies to all types of glaucoma, either POAG, PACG, or NTG.
The use of the GCL parameter to diagnose early glaucoma
must be used with caution especially in non-POAG patients.
We acknowledge the small number of subjects in each
subcategory of the PG group (mild, moderate, and severe
glaucoma), and is probably inadequate to give meaningful
analysis among them. Additionally, other confounding factors
to OCT measurements such as refractive errors should also be
included in the study.

We conclude that the MRW scan gives a better predictive
value in diagnosing glaucoma compared to RNFL and GCL
thickness. Those in the PPG group with thinner BMO-MRW
may be followed-up more frequently for early detection of
conversion into glaucoma in the future.
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