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Abstract

Introduction: Glaucoma is a progressive optic neuropathy characterized by functional loss or optic nerve dysfunction which is
one of the leading causes of irreversible but preventable blindness. The aim of the study was to determine which of the retinal
nerve fiber layer and optic nerve head parameters are reliable markers of optic nerve damage in glaucoma suspects.

Methods: Observational cross-sectional study of 250 patient’s including147 glaucoma suspect eyes, 103 normal eyes. All subjects
underwent complete eye examination and imaging with the spectral domain optical coherence tomography (SD-OCT) cirrus-TM
OCT (Carl Zeiss Meditec, Dublin, CA). Retinal nerve fiber layer (RNFL) and optic nerve head (ONH) OCT protocols were used to
evaluate all study participants. The main outcome measures were the difference in OCT parameters among groups.

Results: Study shows statistically significant difference in the average RNFL thickness, superior, nasal, inferior, temporal quadrants,
rim area, cup volume, average cup to disc ratio (CDR), vertical CDR with P value <0.001 between the two groups. Average CDR,
vertical CDR and cup volume had significantly greater AROC values (ROC: 0.99, 0.98, 0.95) than RNFL parameters for discriminating
glaucoma suspects from normal eyes.

Conclusion: Assessment of RNFL, macular and ONH damage with SD-OCT has been proven useful for diagnosing the disease at
different levels of severity, as well as for quantifying risk in glaucoma suspects. In our study ONH measurements, as provided by

the SD-OCT, have more diagnostic value than RNFL parameters in the diagnosis of glaucoma suspects from normal.

Keywords: glaucoma suspects; optic nerve head; retinal nerve fiber layer; optical coherence tomography

progressive nature is a major health concern. As per
the epidemiological studies at least half of glaucoma

Introduction

Glaucoma is a leading cause of irreversible but
preventable blindness all over the world, the prevalence
and Disability adjusted life years (DALY) number of
glaucoma increased from 1990 to 2019 globally, has
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society [1]. Glaucoma is the second leading cause of
permanent blindness in the United States and occurs
most often in older adults [2]. Global prevalence of
glaucoma is 3.54%. In 2013 number of people with
glaucoma worldwide was estimated to be 64.3 million

Citation: Wagganavar PB, Shreenivasa A, Adappa K, Deshpande KK. Optic
nerve head and retinal nerve fiber layer changes by spectral domain optical
coherence tomography in glaucoma suspects at tertiary care hospital.
] Med Sci Res. 2024; 12(3):218-222. DOI: http://dx.doi.org/10.17727/
JMSR.2024/12-41

Copyright: © 2024 Wagganavar PB et al. Published by KIMS Foundation

increasing to 76.0 million in 2020 is expected to increase
to 112 million people in 2040 due to the rapid increase
in global population [3-4]. Being a silent disease of
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patients are undetected. In 2020, 43.78 million POAG
cases were projected to be undetected, of which 76.7%
were in Africa and Asia [5].

Glaucomaisaprogressiveopticneuropathycharacterized
by functional loss or optic nerve dysfunction caused by
specific and progressive injury to the optic nerve head
(ONH) and retinal nerve fiber layer (RNFL), that can
lead to permanent loss of peripheral or central vision
[6-7]. There occurs significant amount of ganglion
cell death (25-30%) before any visual field defect is
produced [8-9]. The Changes in the RNFL thickness
often precede optic disc damage and glaucomatous
visual field loss [10]. Glaucoma is a controllable disease
with appropriate screening and treatment and its
progress can be arrested before significant effects on
visual field can occur. Novel technologies like Spectral
Domain Optical Coherence Tomography (SD-OCT) have
been developed to find more sensitive ways to detect
early glaucoma using structural measurements which
provide quantitative and objective assessments of the
RNFL and ONH. Thus, OCT is being used as a screening
tool in identifying glaucoma suspects in high-risk
groups. There is still no clear consensus as to which
RNFL or ONH parameter is most reliable for early
detection of glaucoma [11]. The purpose of this study is
to determine which of the retinal nerve fiber layer and
optic nerve head parameters are reliable markers of
optic nerve damage in glaucoma suspects.

To evaluate glaucoma suspects by measuring retinal
nerve fiber layer and optical nerve head parameters
using spectral domain optical coherence tomography
and to identify the most sensitive and specific parameter
in RNFL and ONH for early detection of glaucoma.

Material and methods

Study design: Observational cross-sectional study.
Assuming global prevalence of glaucoma as 3.54%,
with an absolute precision of 3%, a sample size of 150
has been calculated (alpha error of 5%). The study
population was composed of 147 glaucoma suspect eyes,
103 normal subject eyes who are patients attending
to the department of Ophthalmology at tertiary care
hospital between January 2021 to December 2022.
Informed consent was taken from all participants, and
the study complied by the principles of the Declaration
of Helsinki. Ethical clearance was obtained from the
institution.

The inclusion criteria for patients consist of 30-60 years
of age, Both male & female, BCVA 20/40, corrected IOP
>10 mmHg (Normotensive or hypertensive), spherical
refraction < -3D and cylindrical <-2D, an open angle on
gonioscopy and a normal visual field, patients having

any one or more of following disc features suspicious of
glaucomatous optic neuropathy i.e. cup/ disc ratio>0.5,
asymmetry cupping of optic disc >0.2, neuro retinal
rim thinning, superior and inferior notching of rim,
hemorrhages on the disc, RNFL defect.

Exclusion criteria: The subjects were excluded if they had
a corneal or lenticular opacity, cataract nuclear sclerosis
grade 3& 4(LOCS III scale), angle closure glaucoma,
diagnosed cases of glaucoma, inflammation like uveitis,
trauma, steroid induced glaucoma, congenital and
hereditary optic nerve and retinal disorders, primary
and consecutive optic atrophy, uncontrolled DM and
HTN with retinopathy changes, unreliable visual fields,
if the OCT images were of poor quality.

Method of data collection

The subjects were identified as a glaucoma suspect eye
based on the presence of optic nerve findings suspicious
for glaucoma with normal or ocular hypertensives with
normal visual fields at the time of the OCT imaging
session [12].

The subjects were categorized as normal eyes having
an intraocular pressure of 20 MmHg or less on at least
three different days, normal optic disc, normal visual
fields, open angle on gonioscopy. All subjects underwent
detailed ocular examinations including, best corrected
visual acuity, slit lamp examination, fundoscopy, optic
disc photography, intraocular pressure recording,
gonioscopy, central corneal thickness. Retinal nerve
fiber layer and optic nerve head parameters were
evaluated by using spectral domain optical coherence
tomography (Software version 6.5.0.772) and visual
field evaluation was done using automated perimetry,
humphrey field analyzer model 750i (Zeiss Humphrey
Systems, Dublin, CA), by using program 30-2, Swedish
interactive threshold algorithm standard strategy. At
least 2 reliable standard automated perimetry were
performed to minimize the learning effect.

Scanning protocols: Optic nerve head analysis and retinal
nerve fiber analysis using spectral domain, optical
coherence tomography - carl zeiss, cirrus operator.

Spectral-domain OCT imaging was performed with
the Cirrus™ high-definition OCT (model 4000-11970
software version 6.5.0.772. produced by Carl Zeiss
Meditech, Inc.). An optic disc cube scan protocol was
used to measure the RNFL thickness in a 6x6mm?
area consisting of 200x200 axial scans (pixels) at the
optic disc region. The RNFL thickness at each pixel was
measured, and an RNFL thickness map was generated.
A calculation circle of 3.46 mm in diameter consisting
of 256 A-scans then was positioned automatically
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around optic disc. RNFL thicknesses (Average, superior,
nasal, inferior and temporal RNFL thickness) and ONH
parameters (Rim area, disc area, cup volume, average
CDR, vertical CDR) were analyzed. All the OCT scans
included in the study had a signal strength of >6.
Saccadic eye movement was detected with the line-
scanning ophthalmoscope overlaid with OCT en face
during OCT imaging. Images with motion artifacts were
rescanned at the same visit.

Statistical methods

Students t-test used to find the significance difference
between the age, intra ocular pressure, RNFL thickness
and ONH parameters with Groups (Glaucoma suspects
and normal) and expressed as mean and standard
deviation. Chi square test was used to measure the
association between the age groups, gender, co-
morbidity. The statistical analysis was performed by
STATA 11.2 (College Station TX USA). Receiver operating
characteristics curve (ROC) used for predicting the
best cut off values from RNFL thickness and ONH
parameters for glaucoma suspect cases. Area under
receiver operating characteristics (ROC) measures test’s
diagnostic ability, that is, its power to correctly classify
those with and without the disease.

Results

Study includes 250 patients among which 147 identified
as glaucoma suspects and 103 normal eyes. Mean age
of glaucoma suspects is 44.20 + 8.11 and of normal
subjects is 45.92 + 8.68. The majority of the patients
are in the age group of 40-50 years. The average IOP in
the patients with glaucoma suspects was significantly
higher (P value of <0.001) 15.59 + 2.89 mmHg than in
the normal group 13.49 + 1.74 mmHg Mean # SD.

Significant thinning of RNFL in all 4 quadrants and 360
degrees of optic disc,among ONH parameters significant
reduction of mean Rim area noted, whereas mean
value of cup volume, average CDR, and vertical CDR is
significantly increased (P < 0.001) in newly detected
glaucoma suspects compared to normal subjects.
However, two groups did not show any difference in the
disc area, p value 0.37.

In table 2 and Figure 1 (AROC): Average RNFL thickness
followed by inferior RNFL thickness have high ROC
values 0.83, 0.80 with 90.29%, 70.87% sensitivity and
66.31%, 70.75% specificity respectively. Whereas Nasal
RNFL thickness, superior RNFL thickness, temporal
RNFL thickness have ROC values 0.70, 0.69 and 0.66.
with 76.70%, 68.93%, 60.19% sensitivity and 51.02%,
58.50%, 59.86% specificity respectively. Among optic
disc parameters average CDR followed by vertical CDR

220
Table 1: Values of SD OCT RNFL and ONH parameters.
Parameters Glaucoma Normal
Suspects

- p value

RNFL thickness Mean + SD Mean #+ SD
(um)

Average RNFL  77.09+#19.25 9550+7.88 <0.001
Superior RNFL 95.50+35.61 117.62+15.11 <0.001
Nasal RNFL 61.35+17.64 74.05+12.66 <0.001
Inferior RNFL ~ 95.22 £32.65 123.67+15.05 <0.001
Temporal 58.45+12.60 64.75+8.17 <0.001
ONH parameters
Rim area 115 +0.31 153£041  <0.001
(mm?)
Disc area 2.31£0.50 219%034 037
(mm?)
Cup volume 4 55 23 017£012  <0.001
(mm?)
Average CDR  0.71+0.07 0.43 £0.09 <0.001
Vertical CDR 0.68 = 0.09 0.43 £ 0.09 <0.001

Table 2: Diagnostic accuracy of SD-OCT RNFL and ONH
parameters to discriminate between normal and glaucoma
suspects.

Parameters ROC  Cutoff Sensitivity Specificity
Average RNFL 0.83 87 90.29% 66.31%
Superior RNFL 0.69 110 68.93% 58.50%
Nasal RNFL 0.70 67 76.70% 51.02%
Inferior RNFL 0.80 116 70.87% 70.75%
Temporal RNFL 0.66 62 60.19% 59.86%
ONH Parameters

DISC AREA 0.58 215 62.59% 44.46%
CUP Volume 095 030 85.71% 89.32%
Average CDR 099 0.55 95.92% 91.26%
Vertical CDR 098 0.54 94.56% 83.50%

and cup volume having greater ROC areas (ROC: 0.99,
0.98, 0.95 respectively) with sensitivity of 95.92%,
94.56%, 85.71% and specificity 91.26%, 89.32%,
83.50% respectively. Whereas disc area has low ROC
value (0.58) with less sensitivity 62.59% and less
specificity 44.46% and rim area with very low ROC
(<0.5) have very poor predictability.

Discussion

Glaucoma is a progressive degeneration of the optic
nerve, with loss of retinal ganglion cells, thinning of the
retinal nerve fiber layer, and increasing excavation of
the optic disc. Damage to ganglion cells can occur via
various mechanisms including baric trauma, ischemia
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and impact of metabolic toxins, which triggers an
inflammatory process and secondary degeneration
in the ONH causing irreversible blindness [6-9]. Early
detection and monitoring are critical to the diagnosis
and management of glaucoma, and preservation of
vision and quality oflife [13]. The evaluation of glaucoma
is highly dependent on the functional assessment of a
patient’s vision and the structural assessment of the
retina and optic nerve [14].
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Figure 1a,b: Showing area under receiver operating curves
for RNFL and ONH parameters.

Optical coherence tomography (OCT) has become a
commonly utilized imaging modality that aids in the
detection and monitoring of structural glaucomatous
damage, owing to its ability to visualize the retinal

substructure. Study shows statistically significant
difference in the average RNFL thickness, in the superior,
nasal, inferior, temporal quadrants of optic nerve head,
in the rim area, cup volume, average CDR, vertical CDR
with p value <0.001 between the two groups. However,
two groups did not show any difference in the disc
area, (p value 0.37). To detect the most sensitive OCT
parameters that can differentiate between glaucoma
suspect eyes from normal eyes, Receiver operating
characteristics curve (ROC) were calculated which
provides cut off value with sensitivity and specificity of
the parameter. ROC of 1 (100% sensitivity and 100%
specificity) represents a perfect test, whereas an ROC of
0.5 indicates a completely worthless test. Larger the ROC
value more is the diagnostic accuracy. the best optic disc
parameters to discriminate between glaucoma suspects
from normal eyes found to be average CDR followed by
vertical CDR and cup volume with largest ROC areas
(ROC: 0.99, 0.98, 0.95 respectively).

The best RNFL parameters to discriminate between two
groups found to be average RNFL thickness followed
by inferior RNFL thickness with high ROC values 0.83,
0.80. Overall, the best parameters among ONH & RNFL
found to be average CDR (0.99) followed by vertical CDR
(0.98) and cup volume (0.95), average RNFL thickness
(ROC 0.83) followed by inferior RNFL thickness (0.80).
Hence average CDR, vertical CDR and cup volumes
are most sensitive and specific parameters for early
detection of glaucoma from normal eyes. however, disc
area and RIM areas are poor predictors. Studies have
reported good diagnostic capability of ONH parameters
(disc area, rim area, cup-to-disc ratio, cup volume, RNFL
thickness) and macular parameters. [15-17]. Macular
thickness had high discriminating power comparable
with peripapillary RNFL thickness parameters [18].
Recent reports of the utility of macular Ganglion cell
complex analysis for advanced glaucoma [19]. Evidence
for the relative performance of ONH parameters has
been conflicting. Some studies have demonstrated the
superior performance of RNFL thickness compared
with other ONH parameters, especially for detecting
pre-perimetric glaucoma [17, 19]_Chen et al, reported
the best evidence-based parameters for detecting
glaucomatous nerve damage were RNFL thickness,
GCIPL thickness, rim area, and vertical cup-to-disc ratio
[20]. Saha M e.t.al found average RNFL thickness of 0.99
AROC [18].

Study in which most of the RNFL parameters
demonstrated statistically significant difference and
vertical CDR, average CDR and rim area with ROC
values (8.93, 0.891, 0.841 respectively) had better
diagnostic precision in differentiating between pre-
perimetric glaucoma and normal eyes [11]. Artificial
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intelligence -Deep learning model (AUC of 0.938) had
shown the probability of glaucoma progression from
SD-OCT measurements of the RNFL thickness [21].
Thus, in our study ONH parameters are most sensitive
in detecting glaucoma suspects from normal compared
to RNFL parameters. The ability to detect and quantify
structural damage is essential for proper diagnosis
and management of glaucoma. Our results are in
agreement with study in which ONH parameters had
better diagnostic precision in identification of glaucoma
suspect eyes. Whereas RNFL parameters were better at
discriminating between normal, developed & terminal
glaucoma [10]. Study by Kaushik S, et al reported
there was no difference in average RNFL thickness OR
Ganglion cell analysis to discriminate between normal
controls and glaucoma suspects. However average
RNFL thickness had significantly greater AROC values
than average GCA for discriminating glaucoma suspects
(both suspicious discs and OHT) from glaucoma [p =
0.03 and 0.05, respectively) [22]. Assessment of RNFL,
macular and ONH damage with SDOCT has been proven
useful for diagnosing the disease at different levels of
severity, as well as for quantifying risk in glaucoma
suspects.

Limitations: No follow-ups done in our study to look
for the progression of disease and impact on OCT
parameters. Multicentric with large sample size
required in future studies.

Conclusion

Early diagnosis and detection of disease progression are
critical in glaucoma, the leading cause of irreversible
blindness worldwide. The use of non- invasive imaging
modalities such as OCT, with its advanced technology
allows enhanced image quality, increased scan speed, in
vivo examination of the key structures of glaucomatous
changes of the retina contributing to promising tool
in diagnosis of glaucoma suspects. In our study ONH
parameters had best ability to detect early damage of
glaucoma compared to RNFL parameters, hence to
discriminate glaucoma suspects from normal group.
These results reinforce the importance of optic disc and
RNFL examination and monitoring in glaucoma suspect
patients in preventing irreversible nerve fiber loss and
visual field loss.
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