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A new parameter for assessing the thickness 
of the retinal nerve fiber layer for glaucoma 
diagnosis

INTRODUCTION

Retinal nerve fiber layer assessment serves as an
early indicator of glaucomatous damage (1), because
axon loss in the retinal nerve fiber layer is the earli-
est observable sign of damage in glaucoma (2). Changes
in the optic disc are reported to occur earlier than vi-
sual field changes in patients with glaucomatous dam-
age (1, 2). The C/D ratio is often used clinically to
evaluate the optic disc, but it shows large individual
differences (3).

Computer image analysis has also been used. In

one study employing correction for the magnifying ef-
fect of refraction, the rim area, cup volume and oth-
er parameters of the optic disc were calculated in pa-
tients with glaucoma, and comparisons were made
with their visual field defects. The rim area and the
peripapillary nerve fiber layer profiles of the optic disc
margin showed a better correlation with the magni-
tude of visual field loss than with the cup/disc ratio,
and relative nerve fiber layer surface height at the op-
tic disk margin has been reported to show an even
closer correlation with visual field change (4, 5).

However, the disc margin is greatly influenced by
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the size and shape of the optic disc and by blood ves-
sels, so more accurate results may be obtained by
measuring the thickness of the retinal nerve fiber lay-
er at sites away from the disc. Scanning laser po-
larimetry, based on the refraction of laser light pro-

duced by the nerve fibers, directly measures the thick-
ness of the nerve fiber layer in the retina (6). Widely
varying results have been reported and the scanning
laser polarimeter is still experimental (7). There ap-
pears to be considerable overlap between glaucomatous
and healthy eyes with respect to retinal thickness, so
the diagnostic value of this assessment remains un-
clear (8, 9).

The following information has been published so far:
1) There are individual and age-related differences

in the thickness of the retinal nerve fiber layer, and
glaucoma cannot be evaluated on the basis of local
thickness alone (9, 10).

2) In healthy eyes, the superior or inferior arcuate
bundle is thick above and below the optic disc, where-
as in glaucomatous eyes it is thin and flattened (5, 8).

3) Glaucomatous damage is least likely to be mani-
fested on the nasal side of the retina (11).

4) It is generally accepted that anatomical changes
such as those due to myopia are more likely on the
temporal side of the retina, and are unlikely to be mani-
fested on the nasal side (12).

5) The nerve fiber thickness decreases with increasing
distance from the disc margin (13).

6) Inter-observer differences in scanning laser po-
larimetry values tend to occur on the temporal side,
with artifacts being produced by conus, etc. (7, 8).

We felt that evaluating nerve fiber thickness need-
ed a reliable baseline. With the above findings in mind,

Fig. 1 - A circle is drawn around the optic disc at 1.5 disc di-
ameters distance. The retinal nerve fiber layer thickness is mea-
sured on the circle and divided into four 90-degree quadrants
for analysis.

Optic disc Visual field

Fig. 2 - Relationships between optic disc and visual field. The numbers indicate the corresponding areas between nerve fiber and
visual field test point.
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therefore, we set out to determine the parameter of
nerve fiber layer thickness that correlates best glau-
comatous visual field changes.

MATERIAL AND METHODS

At the glaucoma clinic of Yamanashi Medical Uni-
versity Hospital, thirty eyes of thirty patients were en-
rolled for this study. Four had ocular hypertension
(OH), 17 had primary open angle glaucoma (POAG)
and 9 normal tension glaucoma (NTG). Mean age was
61.7±13.1 years (range 34-81 years). Eyes with a my-
opic refractive error exceeding -8.0 diopters were ex-
cluded because of their different optic disc morphology.
The mean refractive error was -1.1±2.2D (range -5.0
to +3.0D). Patients with a small pupil or medial opac-
ity were excluded.

The retinal nerve fiber layer thickness was measured
with a Nerve Fiber Analyzer version 2.1.07alpha
(NFAII: Laser Diagnostic Technologies, Inc., San
Diego, California) (6, 8, 10). This new scanning laser
ophthalmoscope uses the polarization properties of
the retinal nerve fiber layer to determine its thickness.
Using the NFA, the retinal nerve fiber layer thickness
was generally (7-10, 14) measured in each of four 90-
degree quadrants: superior (S), temporal (T), inferior
(I) and nasal (N) along the 1.5 disc diameters con-
centric from the disc margin, shown in Figure 1. Two
trained operators measured the nerve fiber layer thick-

ness three times for each eye.
For each eye, visual field analysis, was done with

the 30-2 program of the Humphrey visual field ana-
lyzer (HFA). Each test point of perimetry was num-
bered in accordance with the location of the nerve
fibers around the optic disc as in the previous report
(15) (Fig. 2).

Five nerve fiber parameters were calculated for S,
I, and T with respect to N and/or the Total, ie the sum
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Fig. 4 - a) Scatter plot showing the distribution of 30 eyes according to the conventional parameter S and mean threshold of the
corresponding inferior visual field.
b) Scatter plot showing the distribution of 30 eyes according to the new parameter S-N and mean threshold of the correspond-
ing inferior visual field.

Fig. 3 - The peripapillary nerve fiber layer profiles. T, S, N and
I refer to temporal, superior, nasal and inferior locations. The
typical double-hump pattern corresponds to the nerve fiber bun-
dles at the superior and inferior poles of the optic disc.

ba Visual field thresholdVisual field threshold
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of all four: (S+I+T+N). For example, for the S sector,
there are five parameters, S/N, S-N, S/Total, (S-N)/N
and (S-N)T/Total. S/N indicates the ratio of the su-
perior nerve fiber layer thickness to the nasal fiber
layer thickness. S-N means the thickness of the su-
perior nerve fiber layer over the nasal one. S/Total
means the ratio of S to the whole thickness (Fig. 3).

The new parameters (S-N, I-N, etc.) were compared
with the conventional parameters (S, S/N, etc.). The
correlations with the mean threshold of the associ-
ated visual fields were included in the comparison.

The sensitivity and specificity of these parameters
to glaucomatous damage were investigated. The cri-
terion of glaucomatous damage was 0.5% or less prob-
ability of total deviation, with the HFA Statpac. Only
patients in whom scanning laser polarimetry and vi-
sual field analysis with HFA were measured successfully
were selected for this statistical analysis.

TABLE I - CORRELATIONS BETWEEN NFLT PARAMETERS AND VISUAL FIELD THRESHOLD

Spearman
Parameters correlation p-value

coefficient

total 0.305 0.1007
S 0.455 0.0143
N -0.235 0.2059
I 0.439 0.0179
T -0.162 0.3825

Conventional S/N 0.700 0.0002
Parameters I/N 0.707 0.0001

T/N -0.016 0.9303

S/I 0.129 0.4856
S/T 0.603 0.0012
I/T 0.596 0.0013

S/total 0.692 0.0002
I/total 0.588 0.0016
T/total -0.521 0.0050

S-N 0.782 <0.0001
I-N 0.714 0.0001

New T-N 0.020 0.9151

Parameters (S-N)/N 0.700 0.0002
(I-N)/N 0.707 0.0001
(T-N)/N -0.016 0.9303

(S-N)/total 0.706 0.0001
(I-N)/total 0.682 0.0002
(T-N)/total 0.054 0.7710

Fig. 5 - Receiver operating characteristic (ROC) curves for the pa-
rameters S (open squares), S/N (filled circles) and S-N (open circles).
Area under the ROC curve were respectively 0.75, 0.86 and 0.91.
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RESULTS

The correlation between each nerve fiber index and
the corresponding filed index was evaluated. S and I
were both positively correlated with the mean thres-
hold of the corresponding visual field, but the corre-
lation between T and the mean threshold of the cor-
responding visual field was not significant (Tab. I).

The new parameters (S-N, I-N, etc.) were well cor-
related with the change of the visual field except for
those associated with T (Tab. I). The scattergrams of
S and S-N are shown in Figure 4. A better correlation
was found in S-N. The correlation between nerve fiber
layer thickness and visual field threshold was best
with the parameter S-N (Tab. I).

The sensitivities of S, S/N and S-N were compared
by the receiver operating characteristic (ROC) curves
(Fig. 5). The S-N curves shifted to the upper left of
the diagram indicate enhanced sensitivity and speci-
ficity.

DISCUSSION

Generally, we cannot diagnose obesity only from
body weight, and we need to correct it for height.
Similarly, the nerve fiber layer thickness needs some
correction for glaucoma diagnosis. In some studies
only considering nerve fiber layer thickness, consid-
erable overlap was found between healthy subjects
and glaucoma patients (8, 9). Investigators were aware
of the need for new methods to evaluate nerve fiber
layer thickness.

Corrections based on mean values for the nasal and
temporal retinas were made in an attempt to reduce
the overlap, and there was some improvement in cor-
relation coefficients between nerve fiber thickness and
mean deviation of the half visual field (9). We tried to
find another method to correct for the nerve fiber thick-
ness. We found that the new parameter S-N was bet-
ter than the conventional parameter S or S/N. The
new parameters were more sensitive and specific for
glaucoma diagnosis, and better correlated with the
mean threshold of the corresponding visual field.

The nerve fiber layer thickness of the nasal retina
was used to correct for the thickness of other parts
of the nerve fiber layer. We have our doubts about
the temporal retinal thickness used for the correc-

tion. The characteristics of the temporal retina are as
follows: 1) The reproducibility of measurements is worse
on the temporal side (7). 2) There are frequent
changes in shape, such as those due to myopia on
the temporal side. 3) Glaucomatous changes are less
likely to be manifested on the nasal side, but a num-
ber of patients show changes on the temporal side in
the early stage of the disease.

Tjon-Fo-Sang reported high sensitivity and speci-
ficity for glaucoma diagnosis by laser scanning po-
larimetry with the conventional parameter S/I, mean-
ing the ratio of the thickness of the superior nerve
fiber layer to the inferior fiber layer (16). Better re-
sults can be obtained using a correction such as our
new parameters.

The present study did not include a comparison with
healthy subjects, but OH was compared with various
stages of glaucoma. Nevertheless, there was considerably
less overlap with the new parameters, and close cor-
relations with the visual fields were confirmed. In the
future, we plan a comparison with age-matched healthy
subjects.

At present, the reliability of the NFA is judged sole-
ly on the basis of the reproducibility of measurements,
and there still remain some differences between re-
searchers. Therefore, a device capable of taking pic-
tures automatically is needed so as to reduce arti-
facts. In the meantime, it is important to consider low-
artifact parameters. Changes in the retinal nerve fibers
may possibly arise earlier than visual field changes
and may be of diagnostic value. Applying our new pa-
rameters, we hope that the study of nerve fiber thick-
ness will eventually become clinically useful, and will
be used in routine clinical examinations.
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