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Abstract

Purpose To compare the ability of scanning

laser polarimetry (GDx VCC) and optical

coherence tomography (OCT) to discriminate

eyes with juvenile glaucoma from normal eyes

and to assess the relationship between their

parameters.

Methods A total of 24 glaucomatous eyes of 24

patients and 24 normal eyes were enrolled. The

age range of the patient was 11–40 years with a

mean age of 25.1±8.2 years. Contol groups

consisted 24 eyes of 24 individuals without

glaucoma with a mean age of 33.2±8.2 years.

All subjects underwent a full ophthalmic

examination, automated perimetry, GDx VCC,

and OCT. Correlation coefficients between the

parameters of OCT and GDx VCC were

calculated. We calculated the area under the

receiver operating characteristic curve (AROC)

for the main parameters of GDx VCC and OCT.

Results Statistically significant correlations

were observed between GDx VCC and

OCT parameters. Pearson coefficients ranged

from 0.75 for inferior average to 0.86 for nerve

fibre indicator (NFI)/average thickness OCT.

The greatest AROC parameter in OCT

(inferior average: 0.92) had a lower area than

that in GDx VCC (NFI: 0.99). There was a

significant statistical significance in all visual

field, GDx VCC, and OCT variables between

two groups (Po0.05).

Conclusions Many GDx VCC parameters

were significantly correlated with those of the

OCT in patients with juvenile glaucoma.

Inferior average and NFI had the greatest

AROC parameter in OCT and GDx VCC,

respectively. NFI had high sensitivity and

specificity for the diagnosis of JOAG.
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Introduction

Glaucoma is an optic neuropathy with the loss

of retinal ganglion cells and this loss clinically is

defined by some thinning of the retinal nerve

fibre layer (RNFL).1 Recently, several studies

have designed to report the relationship

between RNFL damage and visual function in

glaucomatous optic neuropathy.1–3

Optical coherence tomography (OCT) and

scanning laser polarimetry (SLP) are two

techniques that measure peripapillary RNFL

thickness. OCT can obtain a cross section of the

retina with interferometry based on the

reflectivity of the different layers of the retina.

GDx VCC, the latest version of SLP, is based on

a variable corneal compensation and estimates

the thickness of RNFL by measuring the sum of

retardation from forming ganglion cell axons.2–4

Earlier trials showed high accuracy of both

methods in detection of glaucoma,5–7 but there

is no study to define the correlation between

these two measurements in juvenile open angle

glaucoma (JOAG). The purpose of this study

was to investigate the relationship between

Stratus OCT and GDx VCC in juvenile

glaucoma and to determine the parameters with

the best diagnostic performance for each

instrument.

Materials and methods

A total of 24 glaucomatous eyes of 24 patients

meeting the inclusion criteria were included in

this study. Control group consists of 24 eyes of

24 patients that referred from other clinics.

Informed consent was obtained from all

patients included in this cross-sectional study.

Only one eye of each patient was included in

the trial. Patients were defined as affected by

JOAG when they showed at least two of the

following criteria: glaucomatous visual field

(VF) defects (based on the pattern standard

deviation (PSD) and the mean deviation (MD)),
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ocular hypertension (IOP 421 mmHg), and optic nerve

head glaucomatous changes (disc asymmetry between

the eyes that was X0.2, rim thinning, notching,

excavation, or RNFL defect). Classification of JOAG was

based on the age of diagnosis, ranging between the age of

10 and 40 years.

Inclusion criteria were BCVA 40.5, open anterior

chamber angle, absence of other ocular pathologies,

reliable SAP, and good SLP and OCT image quality.

Exclusion criteria included refractive error higher than

5 D sphere and 3 D cylinder; pupils o3 mm in diameter;

presence of secondary causes of glaucoma, diabetes

mellitus, neurological disorders, earlier ocular surgery, or

medication that might alter SAP results.

All subjects underwent a complete ophthalmic

examination. Static automated perimetry (Humphrey

field analyzer (HFA) II, central 24-2 SITA FAST strategy;

Carl Zeiss Meditec, Dublin, CA, USA), GDx VCC

imaging, and Stratus OCT imaging were performed.

Control patients had IOP o22 and normal VF.

OCT

After dialation of pupil, OCT imaging (Stratus OCT,

software 3.0; Carl Zeiss Meditec) of the peripapillary

RNFL was performed using high resolution scans with a

diameter of 3.4 mm centred on the optic disc (fast RNFL

scan). Average thickness, superior and inferior averages

were obtained. Mean of three measurements was used

for the analysis.

GDx

GDx VCC imaging (Laser Diagnostic Technology, San

Diego, CA, USA) was performed using a scan circle of

3.2 mm diameter centred on the optic disc, and the mean

of three measurements was used again. All images with

quality score gradings o8 were excluded. TSNIT

average, nerve fibre indicator (NFI), and superior and

inferior averages were obtained.

Statistical analysis

Data were analysed by SPSS 13 (SPSS Inc., Chicago, IL,

USA). T-test and w2-test were used for the quantitative

and qualitative data, respectively. Pearson’s correlation

coefficient (r) was calculated for each pair of parameters,

and P-value of p0.05 were considered statistically

significant. The area under the receiver operating

characteristic curve (AROC) and sensitivity at 90%

specificity for each parameter were also calculated.

Results

A total of 24 glaucomatous eyes of 24 patients were

included in this study (14 male and 10 female patients).

The age range of patients was 11–40 years with a mean

age of 25.1±8.2 years. All glaucomatous eyes had VF loss

of �6.04±2.76 dB MD and 5.59±3.17 PSD.

Parameters of peripapillary RNFL using GDX VCC

were measured as 41.20±5.43 mm TSNIT average,

57.04±31.04 NFI, 51.04±10.75mm superior average, and

44.31±8.29 mm inferior average. In Stratus OCT,

measured parameters were 77.80±19.32mm average

thickness, 84.29±22.30mm superior average, and

72.29±19.23mm inferior average.

The relationships between GDx VCC and Stratus OCT

parameters are represented in Figures 1–4. Statistically

significant correlations were observed in each parameter

(Po0.005). Pearson coefficients were as follows: 0.80 for

TSNIT average/average thickness OCT (Figure 1), �0.86

for NFI/average thickness OCT (Figure 2), 0.86 for

superior average (Figure 3), and 0.75 for inferior average

(Figure 4). All correlations were statistically significant

in each parameter, and had positive correlations except

for NFI.

A total of 24 normal eyes of 24 normal individual

(12 male, 12 female subjects) were included in the study.

Mean age in this group was 33.2±8.2 years (range:

21–42). There was no significant difference between the

two groups in age and sex. MD and PSD in normal group

were �0.50±0.56 and 1.55±0.36, respectively. GDx

parameters in control group were 56.58±5.53 for TSNIT

average, 19.04±4.48 for NFI, 64.58±6.16 for superior

average, and 65.16±6.50 for inferior average. Average

thickness, superior and inferior averages measured by

OCT were 100.38±12.66, 117.12±16.44, and

120.00±13.01, respectively. There was a significant

statistical significance in all VF, GDx VCC, and OCT

variables between two groups (Po0.05, Student’s t-test).
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Figure 1 Correlation between TSNIT average of GDx and
average thickness of OCT (r¼ 0.80).
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The greatest AROC parameter in OCT (inferior

average: 0.92) had a lower area than that in GDx VCC

(NFI: 0.99). The AROC for GDx parameters ranged from

0.85 to 0.99, with greatest associated with NFI and TSNIT

average (0.99 and 0.98, respectively). The sensitivities at

90% specificity of the GDx parameters ranged from

58.3% of the superior average to 95.8% of NFI (Table 1).

For OCT parameters, AROC ranged from 0.83 of average

thickness to 0.92 of inferior average. The sensitivity at

90% specificity of the OCT parameters was greatest for

inferior average (83.3%; Table 1).

Discussion

Earlier studies have shown that structural damage of the

optic nerve head and peripapillary RNFL precedes

detectable VF loss using SAP;8 40% axonal loss may

occur before any detectable feature in SAP.9,10 However,

conventional tools for the structural measurement in

glaucoma, such as photography, are subjective and

difficult to do; however, there is much variability

between examiners.11,12 So, structural measurement

techniques have been recently used to obtain objective

quantitative data.

GDx and OCT allow quantitative and reproducible

measurements of the ONH and the peripapillary

RNFL.13,14 They can show evidence of RNFL loss up to 6

years before a detectable change in standard automated

perimetry.8 It has been shown that both GDx and OCT

have similar ability in the diagnosis of early-to moderate

glaucoma.2,15 Both of them are able to provide

reproducible measurements of RNFL thickness13,14 and

to differentiate glaucomatous from normal eyes.16,17

There are some studies that concentrated on

comparison between GDx VCC and OCT in

glaucoma,2,18–21 but none of them focused on patients

with juvenile glaucoma, who perhaps need more

attention in society.

Total average RNFL thickness measured with Stratus

OCT and GDx VCC were highly correlated, and those

measurements of Stratus OCT and GDx VCC RNFL were
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Figure 4 Correlation between inferior averages of GDx and
OCT (r¼ 0.75).

Table 1 Sensitivity at 90% specificity and the AROC of main
GDx and OCT parameters

Test result variable(s) Area P-value Sensitivity at 90%
specificity (%)

GDX parameters
TSNIT average 0.98 0.000 95.8
Superior average 0.85 0.000 58.3
Inferior average 0.92 0.000 91.7
NFI 0.99 0.008 95.8

OCT parameters
Average thickness 0.83 0.000 41.7
Superior average 0.87 0.000 62.5
Inferior average 0.92 0.000 83.3
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Figure 2 Correlation between NFI (nerve fibre indicator) of
GDx and average thickness of OCT (r¼ 0.86).
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Figure 3 Correlation between superior averages of GDx and
OCT (r¼ 0.86).
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significantly correlated in the study by Leung et al21.

Chang and Sohn18 also reported that GDx VCC and

Stratus OCT are highly correlated in glaucomatous eyes.

In our study, in juvenile glaucoma patients, parameters

of GDx VCC and Stratus OCT were significantly

correlated with each other. Correlation coefficients were

highest for NFI/average thickness OCT. TSNIT average/

average thickness OCT, superior and inferior averages

were also well correlated. Higher correlations were also

observed in NFI/average thickness OCT and superior

average in earlier studies.18,22

NFI is a special retardation parameter in GDx-VCC

that indicates the likelihood that glaucoma is present.

It has a close relationship with RNFL thickness and VF

status in glaucoma.23 Average thickness in OCT

parameters had been shown to have the strongest

correlation with the VF defect.22 So the strongest

correlation between NFI and average thickness detected

in several studies might be meaningful. Similar to earlier

studies in POAG2,24 the best diagnostic performance for

GDx VCC was the NFI, with an AROC of 0.99. Unlike

earlier reports2,21 the sensitivity (95% at fixed specificity

of 90%) seems to be high for this variable in JOAG.

The first areas to be damaged in glaucoma seem to be

in the inferotemporal and superotemporal areas.25

Evaluating RNFL thickness in the superior and inferior

regions is often the best way of discriminating healthy

eyes from eyes with early-to-moderate glaucoma, using

OCT. Although some studies showed that superior

average is the best OCT parameter for detecting

glaucomatous eyes,2,26 in most other studies5,16,17,26

inferior average has the best diagnostic performance.

Similar to these studies, in our patients, the largest AROC

for OCT indices was inferior average. Our results show

higher sensitivity (83%), but nearly same specificity

(89.4%) for our best OCT parameter (inferior average)

than most earlier studies.2,27

Brusini et al2 showed that the best performing

indices for the GDx VCC and OCT gave similar

AROCs. In our study, NFI of GDx has better

discrimination than inferior average of OCT. It has higher

sensitivity (95%) than inferior average of OCT at fixed

specificity of 90%. Earlier studies show that OCT and

GDx have moderate sensitivity with high specificity

for the diagnosis of early glaucoma.2,27 Most of these

studies were on early glaucoma that had small, localised

RNFL thickness. One reason for our better results might

be that we did not exclude patients with advanced

juvenile glaucoma. So sensitivity of these tests was

more in our study.

In conclusion, our results showed that parameters of

GDx VCC and Stratus OCT are significantly correlated in

juvenile glaucomatous patients. The best discriminating

parameter in GDx (NFI) had higher AROC than the best

parameter in OCT. NFI had high sensitivity and

specificity for the diagnosis of JOAG.
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