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KEYWORDS Abstract
Glaucoma; Background: To evaluate peripapillary retinal nerve fiber layer (RNFL) thickness in glaucomatous
Nerve fiber layer; Nepalese eyes using spectral domain optical coherence tomography (SD-OCT) and study its
Optical coherence relationship with visual field sensitivity.
tomography; Methods: A total of 120 eyes comprising primary open angle glaucoma (POAG), glaucoma sus-
Visual field; pects (GS), normal tension glaucoma (NTG) and healthy subjects (n=30 cases in each group)
Primary open angle underwent a complete ophthalmic examination, including optic nerve head (ONH) evaluation
glaucoma and standard automated perimetry (SAP). RNFL thickness measurements around the optic disk

were taken with circular spectral domain optical coherence tomography (SD-OCT) scans. Anal-
ysis of variance (ANOVA) was used for comparison of RNFL parameters among various study
groups. The relationship of RNFL parameters with visual field (VF) global indices was evaluated
with regression analysis.

Results: The mean pRNFL thickness was significantly less in the POAG (64.30+ 14.45pum,
p<0.01), NTG (85.43+9.79 pm, p<0.001) and GS (102.04+9.37 um, p<0.001) groups than in
the healthy group (109.8 & 8.32 wm). The RNFL was significantly thinner across all quadrants in
all study group pairs (p < 0.05) except for normal vs. GS (only superior and inferior quadrant, sig-
nificant). Linear regression plots with RNFL thickness as a predictor of MD and LV demonstrated
a strong and statistically significant degree of determination in the POAG group (R%=0.203 and
0.175, p=0.013 and 0.021).
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Conclusion: The RNFL thickness measurements with SD-OCT are lower in glaucomatous eyes as
compared to age-matched GS and normal eyes in the Nepalese population. A high resolution
SD-OCT could aid significantly in the early diagnosis of glaucoma in Nepal.
© 2013 Spanish General Council of Optometry. Published by Elsevier Espana, S.L.U. All rights
reserved.

PALABRAS CLAVE Grosor de las capas de fibras nerviosas retinianas en pacientes nepalis con glaucoma,
Glaucoma; y su relacion con la sensibilidad del campo visual

Capa de fibras

nerviosas; Resumen

Tomografia de
coherencia optica;
Campo visual;
Glaucoma primario
de angulo abierto

Antecedentes: Evaluar el grosor de la capa peripapilar de fibras del nervio optico retiniano
(RNFL) en ojos de pacientes con glaucoma de Nepal, utilizando la tomografia de coherencia
optica de dominio espectral (TCO-DE), y estudiar su relacion con la sensibilidad del campo
visual.

Métodos: Se sometid a un examen oftalmoldgico completo a un total de 120 ojos que incluian:
glaucoma de angulo abierto (POAG), sospecha de glaucoma (GS), glaucoma de tension normal
(NTG) y sujetos sanos (n=30 casos en cada grupo), incluyendo evaluacion de la cabeza del
nervio optico (ONH) y perimetria automatizada estandar (SAP). Se realizaron las mediciones
del grosor de RNFL alrededor del disco 6ptico mediante tomografia de coherencia optica de
dominio espectral circular (TCO-DE). Se utilizo el analisis de varianza (ANOVA) para comparar los
parametros de RNFL entre los diversos grupos de estudio. Se evalud la relacion de los parametros
de RNFL con los indices globales del campo visual (CV), mediante un analisis de regresion.
Resultados: El grosor medio de pRNFL fue considerablemente menor en el grupo de POAG
(64,30 + 14,45 um, p<0,01), NTG (85,43 +£9,79 um, p<0,001) y GS (102,0 9,37 um, p<0,001),
que en el grupo sano (109,8 + 8,32 um). EL RNFL fue significativamente menor en todos los cuad-
rantes de todos los pares de grupos de estudio (p <0,05) excepto para el grupo normal frente al
GS (Unicamente fueron significativos los cuadrantes superior e inferior). Las graficas de regre-
sion lineal, utilizando RNFL como factor predictivo de MD y LV demostraron un grado solido
y estadisticamente significativo de determinacion en el grupo de POAG (R2=0,203 y 0,175,
p=0,013y 0,021).

Conclusion: Los valores del grosor de RNFL medidos mediante TCO-DE son inferiores en ojos
con glaucoma, en comparacion a ojos con GS de sujetos con rangos de edades equivalentes asi
como a los ojos normales en la poblacion nepali. Una TCO-DE de alta resolucion podria ayudar
considerablemente al diagnostico precoz del glaucoma en Nepal.

© 2013 Spanish General Council of Optometry. Publicado por Elsevier Espana, S.L.U. Todos los
derechos reservados.

Glaucoma is characterized by slow progressive degen-
eration of retinal ganglion cells (RGCs) and their axons,
resulting in a distinct appearance of the optic disk and a
concomitant pattern of visual loss." Glaucomatous disease
is usually diagnosed and managed with measurements of
structural and functional alterations associated with losses
of RGCs and their axons.? According to the World Health
Organization (WHO), glaucoma is the leading cause of blind-
ness in the world, second only to cataracts, and is considered
the principal cause of irreversible blindness worldwide.® A
recent report estimated that there are 60.5 million people
worldwide with glaucoma which will increase to 80 million
by 2020,* and glaucoma is responsible for 8% of all causes
of global blindness.® Glaucoma is also a major cause of
blindness in Nepal. According to National Blindness Survey,
it is the fourth major cause of bilateral blindness with a
prevalence of 3.2% among various causes.® Recent glaucoma
surveys done in different ethnic groups in Nepal revealed
the prevalence of glaucoma ranging from 1.38% to 12.4%.7-

Furthermore, a study reported that the knowledge of glau-
coma is very low in a hospital presenting population in
Eastern Nepal.’

Standard Automated Perimetry (SAP) has remained the
gold standard in glaucoma diagnosis and management, and
without it, modern glaucoma management is not possible. '
However, the last decade has seen the emergence of a vari-
ety of new technologies for the objective, non-invasive,
measurement of structural changes secondary to RGC dam-
age. Newer versions of OCT that incorporate spectral domain
(SD) technology provide higher scan resolution and higher
speed than conventional time domain (TD) OCT.""'? The
Spectralis HRA + OCT (Heidelberg Engineering) is the combi-
nation of a confocal scanning laser ophthalmoscopy (CSLO)
and a SD-OCT that enables the operator to capture a wide
variety of retinal images with high resolution and superior
quality.

RNFL loss precedes measurable ONH and VF damage
and is observed in 60% of eyes approximately six years



Retinal nerve fiber layer thickness

219

before any detectable VF defects in glaucoma.® Intuitively,
it seems necessary for losses in visual function to be pre-
ceded by structural changes. However, some studies show
that functional losses can be detected prior to structural
changes. For example, the OHTS study showed that 41.7%
of patients with ocular hypertension reached the visual
end-point before reaching the structural end-point.' While
structural changes are likely occurring, they may not be
detectable by the currently available technology. Another
explanation could be that the cells become dysfunctional,
but retain their structural integrity for a period of time.
Furthermore, there are differences in OAG prevalence in
Nepal compared to that in other parts of the world.30-3*
The lower overall prevalence of OAG (1.24%) reported in
Bhaktapur Glaucoma Study compared to Beaver Damn Eye
Study (BDES) (2.07%) and Los Angeles Latino Eye Study
(LALES) (4.65%) might be due to the fact that the BGS did
not quantify in great detail the structural and functional
relations. For these reasons, our goal was to carefully cat-
egorize the structure and function of eyes with glaucoma
in Nepalese patients. To the best of our knowledge, there
have been no reports regarding the nerve fiber layer thick-
ness measurements in glaucomatous Nepalese eye using
OCT.

Material and methods

Study population

This was an analytical, cross-sectional, hospital-based
study that included a total of 120 participants. Thirty
age-matched participants were included in each of the
four groups: glaucoma suspects, healthy subjects, nor-
mal tension glaucoma and primary open angle glaucoma.
Participants were recruited from Outpatient department
(healthy controls) and Glaucoma clinic (glaucoma patients)
of the B.P. Koirala Lions Center for Ophthalmic Stud-
ies (BPKLCOS), Institute of Medicine, Tribhuvan University
Teaching Hospital. The research adhered to the tenets of
the Declaration of Helsinki for research involving human
subjects. The study protocol was approved by the Institu-
tional Review Board of Institute of Medicine, and informed
consent was obtained from all the participants of the
study.

The participants included in the POAG group had a glau-
comatous appearance of optic disk on binocular indirect
ophthalmoscopy; glaucomatous VF defects on SAP confirmed
on two consecutive VF tests and had a history of elevated
IOP. Similarly, patients with NTG had a glaucomatous appear-
ance of optic disk on binocular indirect ophthalmoscopy,
glaucomatous VF defects on SAP confirmed on two consec-
utive VF tests and no history of elevated I0P. Glaucoma
suspects had glaucomatous appearance of optic disk on clin-
ical examination (suspects based on increased cupping),
corrected IOP greater than 21 mmHg (ocular hypertensives)
or glaucoma family history but no associated VF defect on
SAP. Healthy eyes had normal optic nerve head appearance,
IOP of 21 mmHg or less, no history of ocular hypertension and
normal visual field result with SAP with no history of ocular
diseases and no experience of intraocular or laser surgery
other than uncomplicated cataract surgery.

Procedures

Complete ophthalmic examination was performed for enroll-
ment into the study including refraction, anterior segment
evaluation by slit lamp biomicroscopy, fundus evaluation
after full dilatation using 90D lens (Volk) and 20D lens,
intraocular pressure measurement with Goldmann applana-
tion tonometry, ultrasonic pachymetry (Axis Il PR, Quantel
Medical) and SAP (Octopus 301 Haag-Streit, Interzeag
International-AG, Schlieren, Switzerland). Indirect gonio-
scopic examination with Goldmann one mirror gonio-lens
was also performed in all cases.

Inclusion criteria: We included all patients who fulfilled
the following criteria: age older than 35 years; patients
diagnosed as glaucoma suspects (GS), normal tension glau-
coma (NTG) and primary open angle glaucoma (POAG); open
angles; good-quality scans obtained in peripapillary RNFL
thickness evaluation by OCT defined as a signal-to-noise
ratio of >35; reliable SAP performed at &1 month from OCT
imaging; and refractive error within a £5 spherical diopter
range, with less than £3 cylinder diopters. One eye was ran-
domly selected for inclusion in the study when both eyes
were eligible.

Exclusion criteria: Criteria for exclusion of a patient from
the study were best corrected visual acuity on the Snellen
chart worse than 20/60, any ocular conditions including
corneal and vitro-retinal diseases which could interfere with
obtaining reliable visual fields (VFs) or good quality retina
scans, or significant parapapillary atrophy that caused blind
spot enlargement on the visual field tests, interfered with VF
readings, or causing false nerve fiber layer thickness data by
OCT evaluation. Patients who could not undergo complete
reliable VF test with three attempts and those with any other
ophthalmic or neurologic conditions that could result in SAP
defects were excluded as well.

Standard automated perimetry

SAP was performed with Normal strategy on OCTOPUS
301 (Haag-Streit, Interzeag International-AG, Schlieren,
Switzerland) after dark adapting the participant for 3-5min
prior to the test. A reliable VF test was defined as one with
less than 33% fixation loss and less than 20% positive and
negative catch trials. Glaucomatous VF defect was defined
as MD>+2.0dB or LV > 6.0 dB? (equivalent to being triggered
at the 5% level on the Humphrey Field Analyzer)'® or both
in at least two reliable examinations, and the global indices
obtained in the second examination were included in the
study to minimize the impact of learning, particularly in the
group with healthy eyes who were naive to visual field test-
ing. SAP was performed by the same operator in all cases.
For comparison, Octopus global indices MD and LV were used.

Spectral domain optical coherence tomography

All patients were scanned using the commercially available
SD-OCT Spectralis HRA + OCT (Heidelberg Engineering). This
instrument uses a wavelength of 820 nm in the near infrared
spectrum in the SLO mode. The light source of the SD-OCT
is a super luminescent diode with a wavelength of 870 nm.
Infrared images and OCT scans (40,000 A-Scans/s) of the dual
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Table 1 Descriptive characteristics of the study population in different study groups.
GS (n=30) NTG (n=30) POAG (n=30) Normal (n=30) P

Age (yrs) 47.13+£11.10 50.97 +10.03 52.00+9.58 47.00+8.16 0.10?
Sex (M/F) 1:1 0.67:1 0.88:1 0.88:1 0.89°
BCVA (LogMAR) 0.05+0.10 0.05+0.10 0.09+0.12 0.07 £0.10 0.40°
Refractive error (D) —0.92+0.99 0.16+0.73 0.33+0.56 0.26 +0.53 0.072
MD (dB) —0.04+0.95 3.10+0.87 5.88+4.07 0.38+0.82 <0.001¢
LV (dB) 3.24+1.59 8.49 +£3.59 23.4+16.2 2.68+0.90 <0.001¢

GS, glaucoma suspects; NTG, normal tension glaucoma; POAG, primary open angle glaucoma; BCVA, best corrected visual acuity; MD,

mean deviation; LV, loss variance.
@ One-way ANOVA.
b Chi-square test.

¢ One way ANOVA using Games-Howell adjustment for pairwise comparisons.

laser scanning systems are acquired simultaneously. Sixteen
consecutive circular B-scans (3.4-mm diameter, 768 A-scans)
centered at the optic disk were automatically averaged to
reduce speckle noise. An online tracking system compen-
sated for eye movements. The Spectralis software version
3.2.1 allows separate measurements of the total retinal
thickness and the RNFL thickness. The RNFL borders were
clearly identified and marked automatically by the segmen-
tation software. The retinal vessels within the RNFL were
considered to be part of the RNFL. To show the distribution
of RNFL thickness around the optic disk, thickness data of
the circular scans were averaged for 4 sectors (45-degree
each) and the superior and inferior segments each were
further grouped into 2 sectors (22.5-degree each) as supero-
temporal, supero-nasal, infero-temporal and infero-nasal. A
single user performed at least two retinal scans in all the
cases, and the scans with the best image quality were con-
sidered. All the sectoral RNFL thickness measurements along
with average RNFL thickness measurements were included
in the study.

Statistical methods

All the variables studied followed a normal distribution as
verified by the Wilk-Shapiro test. To compare quantitative
variables among the different groups, ANOVA was used with
Games-Howell (for unequal variances) and Tukey Honestly
Significant Difference (for equal variances) corrections. The
relationship between RNFL thickness and visual field (VF)
global indices, expressed as mean deviation (MD) and loss
variance (LV), was evaluated with regression analysis and
Pearson’s correlation coefficients. Statistical analyses were
performed with SPSS 19.0 (SPSS Inc., Chicago, IL) and the
level of significance was o =0.05 in all statistical tests.

Results

A total of 120 eyes comprising 30 normal, 30 eyes with glau-
coma suspect, 30 eyes with NTG and 30 eyes with POAG were
included in the study (Table 1).

There was no statistically significant differences in
age [F(3, 116)=2.097, p=.104]; gender [x* (120)=0.638,
p=.888]; BCVA [F(3, 116)=0.999, p=.396] and refractive
error [F(3, 116) =0.754, p=.068] between the study groups.

Similarly, the visual field indices, MD and LV, were signifi-
cantly higher in glaucomatous groups than that in normal
[F(3, 116)=40.160, p<001] and GS [F(3, 116)=55.105,
p<0.001], respectively. Post hoc adjustments for multiple
comparisons using Games-Howell adjustment revealed a sta-
tistically significant difference in MD between all within
group comparisons except for GS and normal (p=.348 for
MD; p=.348 for LV).

RNFL thickness

The mean (95% Cl) RNFL thickness decreased significantly
from normal, 109.8 um (106.7-112.9 um), to GS, 102.0 pm
(98.57-105.6 um), NTG, 85.43 pm (81.78-89.09 pm), and
POAG, 64.30pm (58.90-69.70 um) [F(3, 116)=105.5,
p<0.001] (Fig. 1). A characteristic double hump pattern
peaking at superior and inferior quadrants was revealed on
analyzing average RNFL thickness in different study groups
separately. There was marked depression of the double
hump pattern in POAG and NTG groups compared with GS
and normal groups (Fig. 2).

RNFL thicknesses in various quadrants were analyzed to
assess the quadrants in which the diagnostic study groups

4

Average RNFL thickness

1

| | | |
Glaucoma suspect NTG POAG Normals

Group

Figure 1  Average retinal nerve fiber layer thickness (micro-
meters) for 4 study groups. Error bars represent 95% confidence
intervals.
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Figure 2 Retinal nerve fiber layer thickness (micrometers) in

each quadrant for 4 study groups. Temporal quadrant = 316-45°
(on unit circle measurement), superior quadrant=46-135°
measurement, nasal quadrant=136-225° measurement, and
inferior quadrant =226-315° measurement.

differed significantly. Table 2 shows the summary of mean
(95% Cl) RNFL thickness in superior, nasal, inferior and tem-
poral quadrants in normal, GS, NTG and POAG. Post hoc tests
using Tukey HSD and Games-Howell adjustments revealed
significant differences in quadratic RNFL thickness across
all comparison groups except for normal vs. GS in which
nasal and temporal RNFL thickness did not differ significantly
(p>0.05) (Table 3).

There was no statistically significant correlation between
average RNFL and visual field indices, MD and LV in normal,
GS and NTG groups. However, the correlations between aver-
age RNFL and MD/LV were significant (p <0.05) in the POAG
group, with the correlation coefficients being —0.450 and
—0.418, respectively (Table 4).

The relationship between average RNFL thickness as a
predictor of VF parameter (MD) within groups were further
characterized by regression analyses using linear models,
the latter giving the best curve fit in the POAG group for
average RNFL thickness, with higher coefficients of determi-
nation (R?). Scatterplots with regression curves of average
RNFL thickness and MD for various groups are shown in Fig. 3.

Discussion

Glaucomatous damage is usually quantified by the observa-
tion of structural changes in RNFL and ONH and visual field
sensitivity tests. In Nepal, SAP has been the mainstay of
evaluation of glaucomtous damage in the absence of newer
imaging modalities including optical coherence tomography.
An understanding of the differences in RNFL thicknesses in
various sub-groups of glaucomatous Nepalese populations
and the structure-function relationship in glaucoma is of
great significance in proper diagnosis as well as accurate
monitoring of glaucomatous damage progression in this part
of the world. The BGS has reported the prevalence of OAG
to be 1.24%.%' There are differences in OAG prevalence in
Nepal compared to that in other parts of the world.3%32-3
The overall prevalence of OAG was 2.07% in BDES and 4.65%
in LALES, considerably higher than that reported by BGS. The
BGS also showed lower prevalence of OAG in middle aged
people (40-49yrs), but the prevalence of OAG in older peo-
ple (50yrs and above) was higher compared to that of BDES
and LALES. This suggests something unique about the pat-
tern of glaucoma in Nepalese eyes. This might also be due to

Table 2 Average and quadratic RNFL thickness in different study groups.

Quadrant GS (n=30) NTG (n=30) POAG (n=30) Normal (n=30)
Superior 126.9 (121.8-132.0) 106.3 (101.0-111.7) 81.33 (73.02-89.65) 139.0 (133.0-144.8)
Nasal 75.53 (69.92-81.15) 64.97 (59.16-70.78) 53.17 (46.48-59.85) 82.97 (78.97-86.96)
Inferior 132.3 (127.3-137.4) 117.3 (111.0-123.7) 73.73 (64.42-83.05) 141.9 (137.5-146.2)
Temporal 72.43 (68.45-76.42) 58.67 (55.47-61.86) 48.93 (45.48-52.39) 74.23 (70.44-78.02)
Average 102.0 (98.57-105.6) 85.43 (81.78-89.09) 64.30 (58.90-69.70) 109.8 (106.7-112.9)

Values are expressed in micrometers as mean (95%Cl of mean).

GS, glaucoma suspect; NTG, normal tension glaucoma; POAG, primary open angle glaucoma; RNFL, retinal nerve fiber layer.

Table 3 Comparison of mean RNFL thickness for all quadrants between various study groups.

RNFL thickness P'Normal-GS P2Normal-POAG P3Normal-NTG P*GS-POAG P5GS-NTG PSPOAG-NTG
Average? <.01 <.001 <.001 <.001 <.001 <.001
Superior? <.05 <.001 <.001 <.001 <.001 <.001
Nasal® .227 <.001 <.001 <.001 <.05 <.05
Inferior? <.05 <.001 <.001 <.001 <.01 <.001
Temporal® .889 <.001 <.001 <.001 <.001 <.01

a One way ANOVA using Games-Howell adjustment for pairwise comparisons (equal variances not assumed).
b One way ANOVA using Tukey HSD adjustment for pairwise comparisons (equal variances assumed).
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Table 4 Correlation of average RNFL thickness with VF indices, MD and LV.

MD Lv
Normal GS NTG POAG Normal GS NTG POAG
(n=30) (n=30) (n=30) (n=30) (n=30) (n=30) (n=30) (n=30)
Avg. RNFL 0.191 0.146 0.130 —0.450° —0.223 0.136 0.159 —0.4182
@ Correlation is significant at p <05.
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Figure 3

Average RNFL thickness

Scatterplots of average RNFL thickness vs. MD in GS, NTG, POAG and normal. Average RNFL thickness expressed in

micrometers, MD in decibels. POAG indicates primary open angle glaucoma; GS, glaucoma suspects; NTG, normal tension glaucoma;

MD, mean deviation; RNFL, retinal nerve fiber layer thickness.

the fact that the BGS did not quantify in great detail the stru-
cure and function which might have accounted for the lower
overall prevalence of OAG. Because of these differences in
prevalences, we sought to carefully characterize the struc-
ture and function of eyes with glaucoma in Nepal. To the
best of our knowledge, this is the first study conducted to
analyze the RNFL thickness in glaucomatous Nepalese eyes
using a third generation optical coherence tomography.
The differences in RNFL thickness in glaucomatous and
normal eyes are well documented.®? In our study, the
mean RNFL thickness was 109.8 +8.32 um in normal eyes,
102.0+£9.37 wumin GS, 85.43 £ 9.79 um in eyes with NTG and
64.30 £ 14.45 um in eyes with POAG. It is not surprising that

we found significant thinning of RNFL in glaucomatous eyes
compared with GS and normal eyes. The arching temporal
fibers form the arcuate nerve fiber bundles enter the optic
nerve head at the superior and inferior poles, whereas the
papillomacular fibers from the central retina and the fibers
from the nasal retina course directly from their cell bod-
ies to the disk.?' Damage to the inferior and superior poles
of the nerve results in the loss of the arcuate nerve fiber
bundles.

Our results are consistent with Hoh et al.?? who
reported significantly thinner mean RNFL measured with
OCT in glaucomatous eyes (56.9+21.5um) compared
with ocular hypertensive (83.70+16.57 um) and normal



Retinal nerve fiber layer thickness

223

(90.86 £ 14.17 um) eyes, and concluded that although RNFL
thickness tended to be greater in normal than in ocular
hypertensive eyes, this difference was not statistically sig-
nificant. Bowd et al." in their study concluded that the
mean (95% Cl) RNFL thickness was significantly lower in
glaucomatous eyes, 44.4 um (36.4-52.6 um), than in OHT
eyes, 72.8 um (66.4-78.1 um), and was significantly lower
in OHT eyes than in normal eyes, 85.8 um (80.2-91.7 pum).
In a study from India,’® mean RNFL thickness was reported as
52.95 + 31.10 wm in glaucomatous eyes, 82.87 +17.21 um in
the ocular hypertensives and 94.26 4+ 12.36 pm in the normal
eyes. The results of such investigations showing significant
differences in RNFL between GS and normal eyes are less
established. Our result suggests than thinner RNFL may be
characteristic of glaucoma suspect eyes as well. The higher
RNFL thickness measurements in all the study groups in
our study may be due to the higher axial resolution pro-
vided by the Spectralis SD-OCT as compared to Stratus OCT
used in the above studies, as RNFL thickness is measured as
the difference in pixels between the anterior and posterior
edges of RNFL. Furthermore, RNFL thickness difference in
our population compared to that in the Western population
may have racial causes or is a physical phenomenon. Darker
choroid in this part of the world may alter B-scan thickness
in comparison to lighter choroid due to altered reflectance
of laser light.

There was also progressive thinning of RNFL thickness in
all retinal quadrants from normal eyes to GS, NTG and POAG.
All the quadrants differed significantly between the study
groups; however, only the superior and inferior RNFL were
thinned significantly between normal and GS eyes. It may be
due to the fact that the superior and inferior poles of the
ONH are most vulnerable to glaucomatous damage. It has
been postulated that these areas may be watershed areas
at the junction of the vascular supply from adjacent ciliary
vessels. Ultrastructural examination of the lamina cribrosa
shows that the pores in the superotemporal and inferotem-
poral areas are larger. These larger pores may make these
regions more vulnerable to compression.?*

The RNFL thickness distribution in normal eyes was
such that the inferior quadrant was the thickest followed
by superior, nasal and temporal quadrants. This follows
the convention that is often referred to as ISNT rule in
glaucoma.?* Analysis of RNFL thickness in the glaucomatous,
GS and normal eyes revealed a characteristic double hump
pattern with RNFL peaks in the superior and inferior quad-
rants and troughs in the nasal and temporal quadrants in all
groups, although this pattern was quite depressed in glau-
comatous eyes, further emphasizing the greater reduction
in superior and inferior thickness with more progression of
glaucomatous damage.

Guedes et al.?” reported that the mean RNFL was the only
parameter in which a statistically significant difference was
observed between the normal and GS groups. We observed
a statistically significant decrease in superior and inferior
RNFL thickness as well as average RNFL thickness between
all the study groups. The fact that the nasal and tempo-
ral RNFL thickness did not differ significantly between GS
and normal further emphasizes the need for the evalua-
tion of vertical neuroretinal rim (NRR) thickening for early
detection of glaucoma. The average RNFL thickness, being
the best parameter for glaucoma discrimination, signifies

considerable loss in NRR that takes place very early in the
disease.

It is possible that the thinner RNFL in GS is an early form
of glaucoma threat which precedes detectable optic nerve
or visual field defects. Other researchers have implicated
RNFL thinning as a risk factor in future glaucomatous VF
loss. Quigley et al.?* showed pre-existing RNFL defects in 57%
of GS eyes that converted from normal to defective visual
fields. Pre-existing RNFL defects were also present in 35%
of nonconverted eyes. Moreover, the risk of conversion of
defective visual fields in GS eyes increased with the increase
in RNFL damage.?” Another possibility is that the RNFL in GS
may be initially thin in the inferior quadrant, making these
eyes particularly susceptive to the effects of increased IOP.
Several studies have failed to find a significant difference in
RNFL thickness between glaucoma suspects and normal.?%?
It is possible that these normal results are related to the
sensitivity of the measuring instruments, sample size, or
difference in study population.

We also compared the VF global indices among various
groups using multiple comparisons after performing analy-
sis of variance. There was statistically significant difference
between VF global indices, MD and LV for all the study
group pairs except for normal vs. GS in which the global
indices did not differ significantly. Furthermore, the cor-
relation between average RNFL thickness and visual field
indices, MD and LV was significant only for the POAG group,
whereas the correlations were weak for GS and NTG groups.
Since average RNFL was statistically significant in differen-
tiating these two groups from normal, we can conclude that
average RNFL measured with high resolution imaging modal-
ity such as OCT can be a useful investigative tool in picking
up glaucoma early in accordance with the fact that RNFL
loss precedes measurable optic nerve head and visual field
damage."

We further characterized the relation between RNFL
thickness and VF parameters within groups by regression
analyses using linear models, the latter giving the best fit
in the POAG group, with higher coefficient of determina-
tion. This might be due to the overlap of RNFL thickness
and VF distribution in normal and early glaucoma. It may
emphasize that the average RNFL thickness can be estab-
lished as a predictor of VF defect in POAG in which a
significant loss of RNFL thickness occurs in comparison to GS
and NTG.

In summary, a high-resolution SD-OCT revealed statisti-
cally significant quantitative differences in RNFL thickness
in glaucomatous eyes as compared to that in age-matched
GS and normal eyes in the Nepalese population. OCT could
aid significantly in early diagnosis of glaucoma and monitor-
ing of its progression in Nepal. Furthermore, this demands
longitudinal studies aimed at determining whether these dif-
ferences in RNFL thickness result in an increased likelihood
of conversion from normal to glaucomatous VF defects.
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