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Figure 1 Box plot chart showing the distribution of retinal nerve

fibre layer (RNFL) thickness measurements in each segment in both
groups (A = patients with band atrophy; N = normal controls).
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from normal values and associated probabilities are included
in the GDx printout and provide an easy way for the clinician
to rapidly assess RNFL loss in each quadrant. In this study, the
GDx software classification of the deviation from normal
values was evaluated for each patient in the two groups.

RESULTS

A total of 19 eyes with temporal hemianopia and 19 control
eyes were studied. Data concerning age, sex, type of tumour,
visual acuity and visual fields can be found in Table 1. The
study group and the control group both consisted of 12 male
and five female patients. Mean age and standard deviation
(SD) was 44.1 (11.9) years in the study group and 43.7 (12.0)
years in the control group (p=0.92; Student’s ¢ test). Eight
eyes had complete temporal hemianopia, up to V/4e target;
and eight eyes had almost complete hemianopia with only a
small inferior temporal reminiscent of field with V/4e target
and a complete temporal defect up to I/4e target. Three eyes
presented with a small temporal reminiscent of field with V/4e
and I/4e target, and with complete defect up to the I/3e stimu-
lus. The five eyes studied with Humphrey perimetry (eyes 4, 7,
10, 13, and 17) revealed complete temporal hemianopia. The
nasal field was within normal limits in all studied eyes. Dilated
funduscopic examination revealed band atrophy of the optic
disc and RNFL in all 19 eyes with temporal hemianopia.
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Figure 2 Retinal nerve fibre layer thickness profile and deviation from normal values in each segment, as presented in the GDx printout, for
the 19 eyes with band atrophy. Part 1, eyes 1-10.
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The mean peripapillary RNFL thickness of the eyes with
band atrophy measured 47.9 (7.63) pum, 37.1 (8.48) pum, 57.0
(9.31) pm, and 37.2 (8.86) pm in the superior, temporal, infe-
rior, and nasal regions, respectively. The total average was 43.7
(12.0) pm. In the control group, the mean RNFL thickness
measured 71.1 (12.2) pm, 40.4 (10.9) pm, 85.4 (14.0) pm, and
49.8 (10.1) pm in the superior, temporal, inferior, and nasal
regions, respectively. The total average measured 67.9 (11.2)
pm. The total average, superior average, inferior average, and
nasal average were found to be significantly lower in eyes with
band atrophy compared with normal eyes. However, the values
from the temporal region were not significantly different
between the two groups (Table 2). Figure 1 shows the
distribution of the RNFL thickness values in each segment for
the two groups.

Figure 2 shows the RNFL thickness profile and deviation
from normal values in each segment, as presented in the GDx
printout, for the 19 eyes with band atrophy. Abnormality in
the deviation from normal value (with probability of less than
5% of being normal) was observed in the superior region of
the optic disc in all 19 eyes with band atrophy, in the inferior
region of eight eyes, in the nasal region in only two eyes (eyes
Nos 5 and 16), and in none in the temporal region (Fig 2). The
same analysis in the control group showed abnormality in the
superior region of the optic disc in one eye and in the nasal
region of the disc in another eye.

Figure 2 (continued) Eyes 11-19.

DISCUSSION

Accurate evaluation of RNFL loss is extremely important in
glaucoma as well as in many neuro-ophthalmological
conditions. After the initial observation of Hoyt and
Newman,” in 1972, using direct ophthalmoscopy, numerous
studies have emphasised its clinical importance. Although
several non-invasive techniques'®* have been used to assess
the RNFL, it is still unclear whether these techniques
effectively measure the RNFL thickness and how large the
RNFL loss must be before it is detectable.

The GDx nerve fibre analyser is a promising instrument for
the evaluation of the retinal nerve fibre layer. It provides fast
and reproducible assessment of the RNFL and does not require
a reference plane for the measurements. An initial study by
Tjon-Fo Sang and Lemij found a high diagnostic accuracy for
glaucoma detection with a sensitivity of 96% and a specificity
of 93%.” Subsequent studies, however, have found lower
values of sensitivity and specificity.” ** Trible and coworkers*
found scanning laser polarimetry helpful in the differentiation
of normal subjects from patients with glaucomatous damage.
However, this test failed to detect a substantial number of
subjects with severe damage, and the authors suggested cau-
tion before using the test as a screening method for glaucoma.

The evaluation of patients with band atrophy and temporal
hemianopia represents an important model in the evaluation
of the ability of the GDx to quantify nerve fibre layer loss. Its
main advantage is the predictability of nerve fibre layer loss in
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such patients, particularly in the nasal and temporal regions
of the optic nerve. Since the visual field defects in our patients
were severe and long standing, and band atrophy was
observed on fundus examination in all cases, a severe or com-
plete loss of nerve fibres in the temporal and nasal portions of
the optic disc may be inferred. Thus, it is clear that a severe loss
of RNFL must have occurred in the nasal 70 degrees and in the
temporal 50 degrees evaluated by the equipment. Our results,
however, demonstrated that the GDx was not able to identify
RNFL loss in the temporal region since there was no
significant difference in RNFL thickness measurements
between patients with band atrophy and controls. Moreover,
the deviation from normal analysis did not identify abnormal-
ity in the temporal region of the patients with band atrophy.

The evaluation of the nasal region showed that although the
mean RNFL thickness values were significantly different
between the two groups, the deviation from normal analysis
identified abnormality in only two of the 19 eyes with band
atrophy (Fig 2). On the other hand, the significant loss of
RNFL found in the superior and inferior portions of the disc
seems to reflect the findings of Mildelberg and Yidegiligne'
who observed loss of fibres in these areas in an eye with band
atrophy studied with automated quantitative histological
analysis. These authors documented that, although the loss of
nerve fibres occurs predominantly in the nasal and temporal
segments, the superior and inferior areas of the optic disc are
also involved. Our results are in accordance with those from
many other investigators who consider the GDx sensitive
enough to detect superior and inferior RNFL loss.” ¢ *

Previous studies have also questioned the ability of the GDx
to identify nerve fibre layer loss in the temporal and nasal
regions. Kogure and colleagues” reported that the RNFL
thickness measured on the superior and inferior regions were
correlated with visual field change, but not on the temporal
side of the optic disc. In another report, the same authors
showed that there was no difference between the RNFL thick-
ness of the temporal region in severe glaucoma eyes and that
of normal, age matched controls.* In a histological study,
Morgan and coworkers” compared the thickness of the RNFL
around the optic disc in a primate eye with retardation meas-
urements obtained in vivo using scanning laser polarimetry. A
regional comparison showed that the best correlations
occurred inferior and superior to the optic disc, with less posi-
tive correlation seen temporally. No significant correlation was
found at the nasal aspect of the disc.

The diminished validity of measurements by the GDx on
the nasal and temporal regions may result from incorrect
compensation of anterior segment birefringence. While the
RNFL exhibits substantial birefringence, it is not the only
birefringent structure of the eye. The cornea and, to a lesser
extent, the lens also exhibit birefringence.” As all birefringent
structures cause a change in the polarisation of the illuminat-
ing laser beam, the accuracy of RNFL thickness assessment
with scanning laser polarimetry depends on the ability to
extract the RNFL retardation from the total retardation. The
GDx incorporates a cornea polarisation compensator designed
to cancel the polarisation effects of the cornea.”” This compen-
sator has a fixed optic axis (15° nasally downward) and a fixed
magnitude of retardation (60 nm, single pass retardance),
based on values found in the mode of the population.
Therefore, the corneal component of retardation is eliminated
only if the axis and magnitude of retardation of the cornea in
the eye being imaged are identical to the mode of the popula-
tion. However, several studies have shown that there is a wide
variability of individual eyes both in the axis and in the mag-
nitude of retardation.” * Inadequate compensation of anterior
segment birefringence may cause the total retardation
measured by the GDx to reflect not only the RNFL retardation,
but also the retardation of the combined cornea and corneal
compensator. The magnitude of the minimum retardation
around the optic disc (in the temporal and nasal parts of the
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peripapillary retina) is related to the magnitude of retardation
arising from anterior birefringent structures.” In fact,
Zangwill and colleagues’ showed that individual correction of
the corneal polarisation axis and magnitude improves the dis-
criminating ability of the GDx. Using a variable corneal com-
pensator, several parameters including those related to nasal
and temporal thickness measurements showed improved
ability for discriminating between normal and glaucomatous
eyes.”

The erroneous compensation of anterior segment birefrin-
gence produces a wider range of retardation measurements
for the normal population, which may complicate the identifi-
cation of abnormalities.” This would explain, at least in part,
the poor sensitivity of the deviation from normal analysis in
detecting RNFL loss in the nasal and temporal regions of
patients with band atrophy. However, we have no reasons to
believe that there was any difference in anterior segment bire-
fringence between the patients with band atrophy and the
normal controls, other than by chance. Therefore, it is hardly
likely for the anterior birefringence to have influenced the
comparison between mean RNFL thicknesses in the two
groups. As we were not able to detect a significant difference
in the temporal RNFL thickness between the two groups, the
poor sensitivity of the GDx in identifying loss of nerve fibres in
this sector is probably associated with other factors.

Lee and Mok,* studying patients with glaucoma using the
GDx, found RNFL loss in the superior and inferior portions of
the optic disc that was significantly different from the findings
of normal patients. These authors, however, did not observe
RNFL loss in the temporal and nasal portions of the optic disc
and concluded that these areas were not affected by the
disease. Our study is important in this regard because it shows
that the findings obtained in the nasal and temporal portions
of the disc should be interpreted with caution, since the GDx
seems to lack the sensitivity required to detect abnormalities
in those regions. This conclusion is especially important when
studying optic neuropathies with a predilection for the nasal
and temporal portions of the optic disc, particularly the tem-
poral side which may be affected by a number of optic
neuropathies including band atrophy, heredodegenerative dis-
eases, toxic, carential, compressive and even inflammatory
optic neuropathies. Failure to recognise the equipment
deficiency in measuring RNFL in those locations can lead to
erroneous diagnosis, a fact that should be taken into account
by all physicians employing this semiological method.
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