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Abstract
Purpose: To quantify the intraobserver reproducibility of retinal nerve fiber layer (RNFL)
measurements using scanning laser polarimetry with variable corneal compensation in glaucoma
suspect patients.
Methods:
Twenty-six eyes of 26 glaucoma suspect patients were included. Complete
ophthalmologic examination and standard automated perimetry were performed for all of them.
RNFL measurements were done using GDx-VCC (Laser Diagnostic Technologies, San Diego, CA)
by an experienced operator. The test repeated immediately by the same operator.
Results: Patients were 24 to 70 years old (55.9±11.5 years). Twenty patients were female and 6
patients were male. Eighteen patients were ocular hypertensive and 8 patients had large cup to
disk ratios. None of them had glaucomatous field defect in standard perimetry. The mean
coefficient of variation for measurements of TSNIT average (Avg), superior Avg, inferior Avg,
TSNIT-SD and nerve fiber indicator (NFI) were 0.77, 0.95, 0.91, 0.81, and 0.98 respectively. The
mean coefficient of variation of GDx-VCC was 88.4 for the 5 main parameters (TSNIT Avg,
superior Avg, inferior Avg, TSNIT-SD, and NFI).
Conclusion: GDx-VCC showed a good test-retest correlation and acceptable intraobserver
reproducibility. NFI may be the most reproducible major GDx-VCC parameter in glaucoma suspect
patients.
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Introduction
There were two kinds of patients in our study.
The first group was ocular hypertensive (IOP
consistently above 24 mm Hg without other
signs of glaucoma). The second group had
isolated large cup to disk ratio (larger than 6/10)
without other signs of glaucoma. No
glaucomatous field defect was noted in the
perimetry of any patients.
Patients with corneal disease, advanced
cataract, peripapillary/retinal atrophy, high
myopia,
clinically
relevant
floater,
keratorefractive surgery, best-corrected visual
acuity worse than 20/40 in either eye, previous
intraocular surgery, secondary causes of
elevated IOP, anatomically narrow angles,
other diseases that can cause visual field loss,
background diabetic retinopathy and optic
disc abnormalities that can produce visual
field loss or obscure the interpretation of the
optic disc were excluded from the study.

There is increasing evidence that in most
cases a structural retinal nerve fiber layer
(RNFL) defect precedes the functional loss
due to glaucomatous optic neuropathy.1-4 By
the time a visual field (VF) defect is present
on automated achromatic perimetry, as many
as 40% of the retinal ganglion cell pool may
be already lost.3 In order to detect RNFL
thinning, in vivo, objective and quantitative
measurements can be obtained by scanning
laser polarimetry (SLP). Polarized laser light
passing through tissues with physical
properties of form birefringence undergoes
retardation, linearly related to thickness in a
primate model.5 The most recent generation
of polarimeters (GDx-VCC) provides a
customized
compensation
of
anterior
segment birefringence whose incomplete
removal produced sometimes inaccurate
RNFL measurements when scans were
caught by instrument with fixed corneal
compensator.6-10
It is essential to be sure that this new
technique designed to quantify structural
alterations is capable of making accurate,
reliable, and reproducible measurements.
Although Lacono et al showed a reproducible
measurement of GDx in normal and
glaucomatous persons11-13 there are few
articles measuring its reproducibility in
glaucoma suspect patients.14
Thus we conducted a study to
quantitatively assess the reproducibility of the
GDx-VCC parameters in the glaucoma
suspect patients.

Measurements
A single experienced examiner scanned each
patient by SLP-VCC (GDx-VCC, Laser
Diagnostic Technologies, San Diego, CA).
Two separate tests performed on each
patient. The quality of all images represented
as Q by software was above 8. Ellipse placed
around the inner margin of the peripapillary
scleral ring was modified (if necessary) by the
operator.
Statistical analysis
Data were analyzed using SPSS software.
Coefficient of variation and Cronbach`s alpha
reliability were calculated for each of 17 GDxVCC parameters.

Methods
Design
Cross-sectional study.

Results
Twenty-six patients were collected for this
study. Twenty patients were female and 6
patients were male. All of them were
glaucoma suspects. Eighteen patients were
ocular hypertensive and 8 patients had large
cup to disk ratio. The mean±SD of age was
55.9±11.5 (24-70) years. The mean IOP was
27.1±3.2 mm Hg and 14.3±2.1 mm Hg for the
ocular hypertensive cases and the group with
large cup to disk ratio respectively. The mean
central corneal thickness for the first group
was 531.5±35.2 (453-610) µm and for the
second group was 522.4±30.5 (446-606) µm.

Subjects
Twenty-six glaucoma suspect patients were
recruited for this study. All of them were
gathered from the glaucoma clinic of Farabi
eye hospital. All the subjects were white.
Twenty patients were female and 6 patients
were male. All the patients underwent a
complete
ophthalmologic
examination.
Corneal thickness was measured by
ultrasound. Achromatic visual field testing with
SITA standard strategy (Humphrey field
analyzer program 24-2, Zeiss Humphrey
System, San Leandro, CA) was performed.
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nerve fiber indicator (NFI) was 0.77, 0.95,
0.91, 0.81, and 0.98 respectively. The
mean±SD CV of GDx-VCC for the 5 main
parameters (TSNIT Avg, Superior Avg, Inferior
Avg, TSNIT-SD and NFI) was 88.4. The
Cronbach`s alpha reliability for each of the
GDx-VCC parameters is also shown in table
2. It ranges from 0.86 (TSNIT Avg) to 0.98
(NFI).

The results of the 52 tests performed (2 for
any patient) are showed in table 1 (suffix 1
and 2 denotes the first and second test
respectively).
Table 2 shows the coefficient of variation
(CV) between the results of two tests for 17
GDx-VCC parameters. The mean CV for
measurements of TSNIT average(Avg),
superior Avg, inferior Avg, TSNIT-SD and

Table 1. Mean results of 17 parameters of the 52 tests performed in
glaucoma suspect patients (two times for any patient)
Test 1
Mean±SD

Test 2
Mean±SD

TSNIT average

52.00±7.33

53.19±8.54

Superior average

62.25±9.54

62.44±9.88

Inferior average

59.83±10.11

60.37±11.17

TSNIT SD

20.78±4.65

20.93±5.51

NFI

23.15±15.89

23.35±16.79

Symmetry

0.96±0.12

00.96±0.09

Superior ratio

3.23±0.98

3.16±0.92

Inferior ratio

3.34±0.95

3.30±0.97

Superior/nasal

2.29±0.58

2.34±0.55

Max modulation

2.51±0.87

2.40±0.89

Superior maximum

71.50± 9.71

72.30±10.81

Inferior maximum

75.03±13.69

76.15±13.80

Ellipse modulation

3.68±1.27

3.75±1.54

Normalized superior area

0.1222±0.0315

0.1227±0.0299

Normalized inferior area

0.1292±0.0299

0.1296±0.0326

Ellipse SD

20.79±4.65

20.93±5.51

Ellipse average

52.35±7.20

52.15±7.44

SD: Standard Deviation; TSNIT: Circle average thickness, NFI: Nerve Fiber Indicator
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Table 2. Coefficient of variation and Cronbach`s alpha reliability for 17 GDxVCC parameters in glaucoma suspect patients
Coefficient of variation

Cronbach`s alpha

TSNIT average

0.77

0.86

Superior average

0.95

0.97

Inferior average

0.91

0.95

TSNIT SD

0.81

0.88

NFI

0.98

0.98

Symmetry

0.76

0.83

Superior ratio

0.88

0.93

Inferior ratio

0.83

0.90

Superior/nasal

0.86

0.92

Max modulation

076

0.86

Superior maximum

0.91

0.95

Inferior maximum

0.86

0.92

Ellipse modulation

0.78

0.87

Normalized superior area

0.93

0.96

Normalized inferior area

0.88

0.93

Ellipse SD

0.81

0.88

Ellipse average

0.94

0.97

SD: Standard Deviation; TSNIT: Circle average thickness, NFI: Nerve Fiber Indicator

Discussion
In the detection of glaucoma, IOP
measurement
has
a
relatively
poor
discriminating power. Approximately 32–53%
of patients with glaucoma on first presentation
have an IOP within the normal range
(14-21 mm Hg).15,16 It is difficult to differentiate
physiological optic disc variation from
pathological cupping, particularly in early
glaucoma.17 The main weakness of screening
using automated perimetry is the subjective
nature of the test and the high variability of the
results.18 In addition, histological studies have

found that as many as half of all ganglion cells
can be lost before a field defect can be
detected.3
The GDx-VCC is a scanning laser
polarimeter that measures RNFL thickness
using polarized light. The advantage of the
GDx-VCC over previous models is the ability
of the instrument to measure and individually
compensate
for
anterior
segment
birefringence,
thereby
eliminating
measurement
inaccuracies
in
RNFL
thickness.19 Objective RNFL data are provided
24
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that are compared with an extensive
normative database. The GDx-VCC software
has been tested in many clinical trials. GDxVCC variables are calculated by two
methods—using a total of 1500 pixels per
quadrant peripheral to an ellipse of 1.75 disc
diameters or using pixels within the 10 pixelwide elliptical band that is automatically
positioned concentric with the disc margin
outline and 1.75 disc diameters from the
centre of the optic disc.6,9
The aim of this study was to evaluate the
intraobserver reproducibility of GDx-VCC
quantitatively. As the main aim of this device
is to diagnose the early glaucoma, the study
group was collected from the glaucoma
suspect patients.
Each of the 26 glaucoma suspect patients
underwent the test twice. As is obvious from
the results (Table 2), high correlation existed
between the parameters obtained by the first
and second tests. The mean CV of GDx-VCC
for the 5 main parameters (TSNIT Avg,
Superior Avg, Inferior Avg, TSNIT-SD and
NFI) was 88.4. Nerve fiber index (NFI) which
is one of the most important factors in the
printout had the highest CV(0.98) in our study
and the least CV was of TSNIT Avg (0.77).
The reproducibility of RNFL measurements
has been assessed previously using both GDx
and optical coherence tomography (OCT), in
healthy,
or
glaucomatous
eyes.12,13
21
Shauman
reported high intraoperator
reproducibility of peripapillary RNFL thickness
using OCT, which is consistent with properties
of RNFL. The mean CV reported range
between 4.33% and 6.9%.14,20
Lleo-Perez et al evaluated quantitatively
the
intraobserver
reproducibility
of
measurements of the RNFL in healthy
subjects (n=30) and an ocular hypertensive
(n=30) population using GDx-VCC and OCT.
In both groups the authors found fair
correlations between the two methods in all
ratio and thickness parameters. They could
not detect any significant differences between
healthy and ocular hypertensive eyes,
although in normal eyes the correlations
improved slightly. Their study showed a better
test-retest correlation with GDx.14 Blumenthal
also showed a good interdevice reproducibility
of RNFL thickness measurements obtained
with the commercially available GDx-VCC.21
Item reliability (Cronbach's alpha) for their five

GDx parameters were: TSNIT Avg: 0.97,
Superior Avg: 1.00, Inferior Avg: 0.84, TSNITSD: 0.99, NFI: 0.99.
Comparisons in the reproducibility of the
RNFL thickness measurements between
different nerve fiber analyzers have been
studied by several authors, and the GDx
yielded the most reliable results.14 Bagga et al
showed that GDx-VCC parameters had
greater correlation with visual function than
OCT.6 Also data obtained by GDx showed the
lowest CV, followed by those obtained by
Heidelberg Retina Tomograph, and OCT.22
Measurement bias using GDx has been
studied previously. Presence of vitreous
opacity, dense posterior subcapsular cataract,
peripapillary atrophy, posterior staphyloma,
and high axial myopia can affect GDx
measurements.23 In our study, none of
patients had these circumstances. Performing
the second test immediately after the first one
eliminates the confounding factors such as
changes in environment, pupil size, and media
clarity and disease status and resulted in a
high CV.
NFI is a special retardation parameter in
GDx-VCC that indicates the likelihood that
glaucoma present. It has a close relationship
with RNFL thickness and visual field status in
glaucoma. But in normal eyes and eyes with
initial glaucomatous damage the number
reported to be less reproducible.13,14 Although
some studies reported that NFI might have the
worst CV in all major parameters,14 other
studies did not.21,24 Interestingly, In our study,
NFI showed the highest reproducibility.

Conclusion
Interdevice,
interexaminer,
intrasession,
intersession, and intraobserver reproducibility
as well as short- and long term variability are
all important for any new diagnostic
technology. Our study showed that GDx-VCC
had a good test-retest correlation and
acceptable intraobserver reproducibility. It was
a highly reproducible test for RNFL analysis in
glaucoma suspect patients. NFI might be the
most reproducible major GDx parameter in
glaucoma suspect patients. Further studies
with a larger number of patients and in
different clinical conditions are needed to
establish this hypothesis.
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