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Abstract
Aims—To devise a method to describe and
quantify the shape of polar profiles ob-
tained with the scanning laser polarimeter
and to compare this measurement with
other polar profile measurements in a
series of normal subjects and glaucoma
patients.
Methods—Scanning laser polarimetry
was performed on 54 normal subjects and
74 glaucoma patients. The retardation
values obtained from one randomly cho-
sen eye of each subject were analysed
using our own methods, including the use
of an algorithm to remove blood vessels
from the polar profiles, an algorithm to
standardise the glaucoma profiles to a
normal database, and a further algorithm
to evaluate the profile shape. The meas-
urements of profile shape were compared
with measurements of the absolute and
standardised retinal nerve fibre layer
thickness obtained with the scanning laser
polarimeter.
Results—There was no significant diVer-
ence between the mean retardation values
for the normal and glaucomatous subjects
in either hemiretina. However, standardi-
sation of the glaucoma retardation values
to a normal database produced significant
diVerences at p <1 × 10−8 in the mean
retardation values for these two groups in
both hemiretinas. Profile shape
measurement analysis produced similar
significant diVerences between the mean
retardation values for the normal and
glaucomatous subjects in both hemireti-
nas, although the degree of separation was
greater following standardisation of the
retardation values.
Conclusion—The use of an algorithm to
standardise an individual’s retardation
values in conjunction with a blood vessel
removal algorithm enables an improve-
ment in the ability of the scanning laser
polarimeter to discriminate between nor-
mal and glaucomatous patients. The polar
profile shape algorithm is independent of
standardisation and significantly im-
proves the discrimination between normal
and glaucomatous patients, as well as pro-
viding additional information regarding
the retinal nerve fibre layer.
(Br J Ophthalmol 1998;82:260–266)

The scanning laser polarimeter (Nerve Fiber
Analyzer, Laser Diagnostic Technologies, San
Diego, CA, USA) is one of the new computer-
ised image analysing techniques1 2 which have

been developed in an attempt to provide a
more reliable, objective, and quantitative
measurement of the retinal nerve fibre layer. It
utilises the properties of polarised light to
measure the thickness of the birefringent
retinal nerve fibre layer.3 The underlying prin-
ciple assumes that the birefringence of the reti-
nal nerve fibre layer causes a change in the
state of the polarised light (known as retarda-
tion). This retardation is measured by the
instrument and converted into a measure of
the retinal nerve fibre layer thickness based
upon the assumption that there is a linear rela-
tion between the thickness and optical proper-
ties of this layer.3

Early studies have assessed the retardation
values obtained with the scanning laser pola-
rimeter from a population of normal and glau-
comatous subjects,4 as well as comparing retar-
dation values with visual field loss5 and with
standardised red-free photography.6 Initial re-
search performed by the authors has attempted
to improve the interpretation of the raw data
obtained with the scanning laser
polarimeter.7–10 This has involved the design
and evaluation of a blood vessel removal
algorithm7 8 and an evaluation of the pattern
and distribution of the retardation values
obtained with this technology9 10 in a cohort of
normal and glaucoma patients.
One of the most useful variables describing

the retinal nerve fibre layer appears to be an
assessment of the shape of this anatomical
structure.9 10 The initial research demonstrated
that there was relatively poor discrimination
between the “raw” retardation values obtained
from the normal and glaucomatous subjects.9 10

However, it also highlighted the potential that
“standardising” the data to defined regions and
assessing the “polar profile shape” have in dis-
criminating between normal and glaucoma-
tous eyes.9 10 In this study, a simple algorithm
has been used to standardise an individual’s
profile to a normal database. Furthermore, a
more sophisticated algorithm has been devised
to describe the shape of the polar profiles
obtained with the scanning laser polarimeter.
These algorithms have been applied to the pro-
files of a group of normal and glaucomatous
eyes and their performance has been compared
with the more conventional analysis of the
polar profiles.

Patients and methods
PATIENTS

Fifty four normal subjects (20 male, 34 female)
with healthy eyes and an age range of 31 to 89
years were examined. These were compared
with 74 patients (49 male, 25 female) with

Br J Ophthalmol 1998;82:260–266260

Torbay Hospital,
Torquay
A Waldock

Bristol Eye Hospital,
Bristol
M J Potts
J M Sparrow

Leicester Royal
Infirmary, Leicester
W S S Karwatowski

Correspondence to:
Mr Andrew Waldock, Torbay
Hospital, Lawes Bridge,
Torquay, Devon, TQ2 7AA.

Accepted for publication
10 October 1997

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.82.3.260 on 1 M

arch 1998. D
ow

nloaded from
 

http://bjo.bmj.com/


primary open angle glaucoma recruited from
the glaucoma clinics at Bristol Eye Hospital.
These had an age range from 49 to 83 years.
The mean ages for the two groups was 63 years
(normal) and 70 years (glaucoma) respectively.
This cross sectional study was approved by the
ethics committee for the United Bristol
Healthcare Trust and informed consent was
obtained from all of the patients.
Normal subjects were included in the study

if there was no family history of glaucoma and
they had had no intraocular pressure rise or
ocular trauma in the past, a best corrected
visual acuity of 6/12 or better, normal anterior
segments on slit lamp biomicroscopy, intraocu-
lar pressure of less than 22 mmHg (Goldmann
tonometer), normal optic nerve head appear-
ances on stereoscopic optic disc photography,
and no glaucomatous visual field defects on
Humphrey 24-2 full threshold automated per-
imetry.
Primary open angle glaucoma patients were

included if they had a best corrected visual
acuity of 6/12 or better, anterior segment
examination which confirmed open angles but
did not demonstrate pseudoexfoliation or
pigment dispersion, had glaucomatous
changes to the appearance of their optic nerve
heads on stereoscopic optic disc photography,
and had visual field abnormalities consistent
with glaucoma. These visual field defects were
defined by at least three adjacent points 5 dB
or more below the normal with a Humphrey
24-2 full threshold program.

SCANNING LASER POLARIMETER

Retardation was measured with a Mark I scan-
ning laser polarimeter (Nerve Fiber Analyzer
(NFA I)).11 The technical details regarding this
instrument have been documented
previously2 3 and have been described in detail
elsewhere.8 In essence, a near infrared diode
laser (wavelength of 780 nm) is used as the
light source for a scanning laser ophthalmo-
scope with a polarisation modulator, corneal
polarisation compensator, and polarisation
detection unit integrated into the system. The
modulated polarised laser beam is focused
onto the retina and undergoes refraction by the
birefringent retinal nerve fibre layer, reflection
by the deeper retinal layers, and further refrac-
tion before emerging from the eye in a different
state of polarisation. This emergent beam is
analysed by a polarisation detection unit and
the output stored in an accompanying micro-
processor.
In this study a 15 degree field of view was

used to illuminate the retina. An image
consisting of 256 × 256 pixels and containing
retardation data for these 65 536 retinal
positions is acquired in less than 1 second. The
microprocessor uses an algorithm to convert
the retrieved retardation data from each meas-
ured position into a retardation map (image)
which displays the state of polarisation at each
location within the field of view. This takes
approximately 15 seconds and can be dis-
played in a variety of pseudocolour coded
scales.

The protocol for retrieving retardation val-
ues from the image has yet to be standardised
by the manufacturers. In this study, the optic
disc margin of each eye was defined by placing
a circle around the inner margin of the
peripapillary scleral ring by a single experi-
enced operator. Retardation values were subse-
quently obtained for six circles of 1.5 to 2.0
disc diameters in dimension. For each circle,
the “band width” function was set at 1 and the
“sector” function set to 360. In essence, this
means that for each of the degrees comprising
a circle of data, only one retardation value was
used for each angular degree.
The retardation values obtained by the

above method were transferred from the
integrated microprocessor to a personal com-
puter for further calculation. A polar coordi-
nate plot (polar profile) was calculated for each
eye by obtaining a mean retardation value for
each of the 360 degrees. This mean value
derives from the average of the retardation val-
ues obtained at each degree for the six circles.

CLINICAL STUDY

In this study, optic disc cupping was graded by
two independent observers using stereoscopic
optic disc photographs. A template of diagrams
depicting the full range of cup to disc ratios was
used as a reference by both of the observers.
The mean of the vertical and horizontal
components of the cup:disc ratio from both
observers was taken to represent the cup:disc
ratio. All subjects had three “good quality”
images obtained from each eye by one
experienced operator in a single session using
the scanning laser polarimeter. The criteria for
“good quality” images included the absence of
any eye movement during the image acquisi-
tion, the presence of “even illumination” of the
whole image, and optimal use of the dynamic
range of the polar profiles. In all imaging
sessions, the patients rested after each image
acquisition and subsequently repositioned
themselves for each further image. A complete
image acquisition series of both eyes and three
images per eye would take between 10 and 15
minutes.
The polar profiles obtained from one ran-

domly chosen eye from each of the subjects
were analysed in the following way. The three
polar profiles from the chosen eye of each of
the subjects were initially aligned using the
author’s own “best fit” algorithm based upon a
“least squares” method. In essence, this
algorithm comprises the calculation of the sum
(designated “s”) of the square of the diVer-
ences in retardation values at each of the 360
points comprising a polar profile for a specified
alignment of the three polar profiles. The
alignment of the three profiles is then modified
in a systematic fashion and the process
repeated. The alignment with the lowest “s”
value is defined as having the best fit. A mean
polar profile was subsequently created from
these three aligned profiles.
The presence of blood vessels within these

profiles has been demonstrated to be a source
of high measurement variability by the
authors7 8 and also a feature which inhibits the
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description of the polar profile shape. The
authors have devised an algorithm which
removes the blood vessels from the polar
profiles without oversmoothing the rest of the
profile. The full details of this algorithm and its
performance have been described elsewhere.7 8

In brief, the algorithm is designed to detect
blood vessels within the profile by assessing
gradient changes within the profile. If the
threshold for a gradient change is exceeded,
the algorithm recognises this as the presence of
a blood vessel. The algorithm extrapolates
across the region defined by the above process
as the site of a blood vessel. This process is
performed on several occasions, initially assess-
ing the profile in a clockwise (1–360 degrees)
and then an anticlockwise direction (360–1
degree). The presence of vessel bifurcations
and trifurcations is also recognised and this
requires further processing of the profiles by
this algorithm using diVerent gradient thresh-
olds depending upon the nature of the vessel
composition.

The mean aligned polar profiles of all
subjects underwent the removal of blood
vessels using the aforementioned algorithm. A
further realignment was performed to enable
direct comparison of every profile with regard
to the nasal minimum. This is calculated by
finding the lowest value of an average of 20
degrees based around a midpoint ranging from
20 degrees above the horizontal nasal midline
to 20 degrees below the horizontal nasal
midline. The final location of the nasal
minimum in relation to the horizontal midline
is registered for further reference, while the
polar profiles are realigned around this nasal
minimum.
Previous research by the authors9 10 has

demonstrated that this instrument appears to
measure “relative” retinal nerve fibre layer
thickness. It was observed that in patients with
increasing glaucomatous nerve fibre loss, the
superior and inferior polar profile peaks were
less prominent while the nasal and temporal
troughs appeared to be less deep.9 10 This unu-
sual phenomenon could be overcome by
“standardising” the superior and inferior retar-
dation measurements to the nasal quadrant.9 10

In this study it was decided that the eVect of
“standardising” an individual’s polar profile
should be formally assessed. The normal
subjects’ polar profiles were separated into
right and left eyes and a mean polar profile
from all the subjects was created for each eye.
This created an eye matched normal database.
The retardation values from the nasal 30
degrees and temporal 30 degrees were then
averaged to obtain a “reference” retardation
value from which each of the individual
glaucomatous eyes could be standardised.
The process of standardisation requires the

alignment of an individual’s profile to the nor-
mal database profile, using the nasal minimum
as the reference point. Once this has been per-
formed, the mean retardation value from the
individual’s nasal 30 degrees and temporal 30
degrees is compared with the normal reference
value and a ratio obtained. This ratio is then
applied to each of the 360 retardation values
comprising the individual’s polar profile.
In an earlier study,9 10 the authors devised

relatively crude methods for describing the
profile shape. In this study, the profile shape
has been calculated by using the mean retarda-
tion values for the hemiretinas (as described
previously), and subsequently calculating the
absolute diVerence between this value and
each of the 180 retardation values comprising a
hemiretina. The profile shape measurement for
each hemiretina is then expressed as the sum of
these absolute diVerences from the mean. An
example of this simple algorithm is illustrated
in Figure 1.
This relatively complex series of analyses of

the raw retardation values from normal and
glaucomatous eyes enables the data to be
expressed and evaluated in several ways. In
essence, the retardation values contained
within the blood vessel removed and realigned
polar profiles can be expressed in terms of a
mean retardation value for the superior and
inferior hemiretinas. These values represent a

Figure 1 (A) Example of a polar profile of a normal subject demonstrating the mean
retardation value for each hemiretina. (B) Example of the same normal polar profile
demonstrating the application of the algorithm to calculate the profile shape (depicted as the
shaded area of the profile). 0 = Temporal midline; 90 = superior midline; 180 = nasal
midline; 270 = inferior midline.

Table 1 Demographic data for the eyes analysed in the study

No M/F
Age
(years) Eyes R/L Cup:disc ratio

Visual field
(MD)

Normal 54 20/34 63 28/26 0.55 0 dB
Glaucoma 74 49/25 70 37/37 0.75 −8.25 dB

Age, cup:disc ratio, and visual field documented as mean values for the normal and glaucomatous
groups.
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measurement of the retinal nerve fibre layer
thickness within the appropriate hemiretinas.
This can be calculated both before and after
standardisation to the normal database for the
glaucomatous eyes. These profiles can also be
used for the derivation of the profile shape
measurement and this can also be calculated
both before and after standardisation to the
normal database for the glaucomatous eyes.

STATISTICAL ANALYSIS

In this study, one eye from each subject was
chosen randomly and used for the statistical
analysis. The Student’s t test was used to com-

pare the mean age for the two groups. It was
also used to compare the results for the normal
eyes with those of the glaucomatous eyes both
before and after standardisation. The 95%
confidence interval range (95% CI) has been
calculated and represents the lower and upper
95% confidence limits for the appropriate data.
The sensitivity and specificity values for the
mean retardation and profile shape measure-
ments were generated by defining the optimum
cut oV criterion using the principle of receiver
operating characteristic curve analysis.12 The
Pearson’s product moment correlation was
used to calculate the correlation of the retarda-
tion values and profile shape values to the
cup:disc ratios, while Spearman’s rank correla-
tion was used to correlate retardation values
and profile shape values with visual field mean
deviations for the appropriate groups.

Results
A synopsis of the demographic data of the eyes
analysed in the clinical evaluation of this study
is given in Table 1. The mean age of the glau-
coma group was significantly older at 70 years
of age compared with 63 years for the normal
group (p <1 × 10−5). The mean cup:disc ratio
for the normal subjects was 0.55 compared
with 0.75 for the glaucoma group, while the
average mean deviation (MD) for the visual
field assessment is 0 dB for the normal subjects
and −8.25 dB (range of +1.33 to −28.22 dB)
for the glaucoma group.
The mean retardation values for the superior

and inferior hemiretinas of the normal and
glaucomatous groups are demonstrated in
Table 2. The inferior retardation values were
found to be higher than the superior retarda-
tion values in both the normal and glaucoma-
tous eyes. The “original” or “non-
standardised” glaucomatous group of eyes had
a superior mean retardation value which was
only 0.10 degrees lower than the normal group
and an inferior mean retardation value of only
0.17 degrees lower than the normal group.
These represent only a 1.2% and 1.8% reduc-
tion in values from the appropriate normal val-
ues respectively and were not found to be
significantly diVerent using the Student’s t test.
However, the standardised glaucomatous
group of eyes had a superior mean retardation
value which was 1.02 degrees lower than the
normal group and an inferior mean retardation
value of 1.28 degrees lower than the normal
group. These represent a statistically

Table 2 Retardation values and profile shape values

Normal
Glaucoma
(original)

Glaucoma
(standardised) p Value (I)* p Value (II)†

Retardation values:
Superior hemiretina 7.61 (7.36 to 7.86) 7.51 (7.24 to 7.76) 6.59 (6.39 to 6.80) 0.55 8 × 10-9
Inferior hemiretina 9.43 (9.13 to 9.73) 9.26 (8.98 to 9.53) 8.15 (7.92 to 8.37) 0.38 3 × 10-10

Profile shape values:
Superior hemiretina 375 (350 to 400) 281 (254 to 307) 254 (226 to 307) 3 × 10-6 9 × 10-9
Inferior hemiretina 546 (516 to 576) 420 (396 to 444) 385 (354 to 415) 2 × 10-9 5 × 10-11

Retardation values expressed as a mean value in degrees for the appropriate hemiretina.
Profile shape values expressed in degrees (retardation) and represent the sum of the “absolute diVerences from the mean retarda-
tion value” for the 180 degrees comprising a hemiretina.
95% Confidence intervals for retardation values and profile shape values in parentheses.
Statistical analysis by Student’s t test.
*Compares the normal data with the “original” glaucoma data.
†Compares the normal data with the “standardised” glaucoma data.

Figure 2 Distribution of the retardation values for the superior and inferior hemiretinas of
the normal and glaucomatous eyes. The mean value for each group is demonstrated by the
bold line, while the 95% confidence interval is shown by the fine lines.

Figure 3 Distribution of the profile shape measurement values for the superior and inferior
hemiretinas of the normal and glaucomatous eyes. The mean value for each group is
demonstrated by the heavy line, while the 95% confidence interval is shown by the fine
lines.
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significant 13.4% and 13.6% reduction in val-
ues from the appropriate normal values respec-
tively.
The measurements for the profile shape val-

ues (measured in degrees) are also docu-
mented in Table 2. The inferior values were
also found to be higher than the superior values
in both the normal and glaucomatous eyes.
The original or non-standardised glaucoma-
tous group of eyes had a superior hemiretinal
shape value which was 94 degrees lower than
the normal group and an inferior hemiretinal
shape value which was 126 degrees lower than
the normal group. These represent a statisti-
cally significant 25% and 23% reduction in
values from the appropriate normal values
respectively. The application of the profile
shape algorithm to the standardised glaucoma-
tous polar profiles produced a superior hemi-
retinal shape value which was 121 degrees

lower than the normal group and an inferior
hemiretinal shape value which was 161 degrees
lower than the normal group. These also repre-
sent a statistically significant 32% and 29%
reduction in values from the appropriate
normal values respectively.
The distribution of the retardation values

obtained for the normal and glaucomatous
eyes in both the superior and inferior hemireti-
nas are illustrated in Figure 2, while the distri-
bution of the profile shape values obtained for
the same groups are illustrated in Figure 3.
The 95% confidence intervals for the various
groups are also displayed. Table 3 illustrates
the standardised mean retardation and profile
shape values following the stratification of the
glaucoma patients into three categories. The
severity of the glaucoma has been graded both
in terms of the cup:disc ratio and the visual
field mean deviation, while each category has
at least 20 eyes comprising the mean values. In
general, there is an appropriate reduction in
both the retardation and the profile shape val-
ues with an increasing severity of glaucoma, the
pattern being more apparent with an anatomi-
cal stratification.
Table 4 documents the sensitivity and

specificity values for the mean retardation and
profile shape measurements for the appropri-
ate hemiretinas. These pairs of percentages
represent the optimum diagnostic performance
for the individual groups, based upon using the
receiver operating characteristic curve analysis
to identify the best cut oV criterion in each
case. There is a general improvement in the
performance of both the retardation values and
the profile shape values following the stand-
ardisation procedure. The inferior hemiretina
provided slightly better outcomes, with the
best sensitivity and specificity being 70% and
91% respectively for the standardised profile
shape measurement of the inferior hemiretina.
The cut oV criterion for this pair of percent-
ages was 430 degrees (of profile shape).
The correlation coeYcients corresponding

to the correlation of retardation values and
profile shape measurement values (for the
whole eye rather than individual hemiretinas)
to the cup:disc ratio and visual field mean
deviations for the normal and glaucomatous
eyes are demonstrated in Table 5. The correla-
tion of the normal subjects to the two
traditional variables is very weak, both in terms
of the retardation values and in the profile
shape. Equally, the non-standardised glaucoma
retardation values are also very weakly corre-
lated with both cup:disc ratio and visual field
mean deviations. However, the non-
standardised glaucoma shape measurements
are significantly correlated with the cup:disc
ratio at r = −0.38 (p <0.01) and the visual field
MD at r = +0.39 (p <0.01). The standardisa-
tion of the glaucomatous retardation values has
a significant eVect on the correlation of these
values with the other variables (r = −0.40, p
<0.01 for cup:disc ratio; r = +0.44, p <0.01 for
MD). However, standardisation has no en-
hancing eVect on the correlation of the glauco-
matous shape measurements with these vari-
ables.

Table 3 Standardised retardation values and profile shape values for varying degrees of
severity of glaucoma

Cup:disc ratio Mild (less than 0.75)
Moderate (0.75 to
less than 0.85) Severe (0.85 or greater)

Retardation values:
Superior hemiretina 6.94 6.55 6.29
Inferior hemiretina 8.41 8.38 7.70

Profile shape values:
Superior hemiretina 304 266 197
Inferior hemiretina 404 379 325

Visual field (mean
deviation) Mild (up to −3.5 dB)

Moderate (−3.5 to
−9.99 dB)

Severe (−10 dB or worse)

Retardation values:
Superior hemiretina 6.72 6.76 6.30
Inferior hemiretina 8.71 8.13 7.56

Profile shape values:
Superior hemiretina 279 271 209
Inferior hemiretina 436 392 321

Table 4 Optimum sensitivity and specificity values for the retardation values and profile
shape values for both hemiretinas

Superior hemiretina Inferior hemiretina

Sensitivity Specificity Sensitivity Specificity

Retardation values:
Normal compared with
original glaucoma 54 48 49 61
Normal compared with
standardised glaucoma 74 76 73 80

Profile shape values:
Normal compared with
original glaucoma 72 76 64 81
Normal compared with
standardised glaucoma 78 76 70 91

All sensitivities and specificities given as percentages.
All values optimised with the use of receiver operating characteristic curve analysis.

Table 5 Correlation of retardation values and profile shape values to cup:disc ratio and
visual field mean deviation

Cup:disc ratio Mean deviation (visual field)

Retardation values:
Normal +0.07; p >0.1 (0.5%) −0.03; p >0.1
Glaucoma (original) −0.08; p >0.1 (0.6%) +0.15; p >0.1
Glaucoma (standardised) −0.40; p <0.01 (16%) +0.44; p <0.01

Profile shape values:
Normal +0.01; p >0.1 (0.0%) −0.05; p >0.1
Glaucoma (original) −0.38; p <0.01 (14%) +0.39; p <0.01
Glaucoma (standardised) −0.35; p <0.01 (13%) +0.35; p <0.01

Statistical analysis used for the above correlations:
Correlation with cup:disc ratio = Pearson’s product moment correlation with Student’s t test for
statistical significance and the coeYcient of determination (r2) expressed in percentages and in
parentheses.
Correlation with visual field = Spearman’s rank correlation coeYcient with statistical significance.
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Discussion
The initial research on the clinical evaluation
of the scanning laser polarimeter9 10 has con-
firmed previous reports4 that the retardation
images of normal eyes demonstrate some
global features consistent with known features
of the retinal nerve fibre layer. Furthermore, it
has also been shown that the interpretation of
the retardation values obtained from subjects
can be significantly improved by the applica-
tion of a blood vessel removal algorithm,7 8 a
feature which the manufacturers have now
incorporated into their Mark II version of this
instrument.13 The authors have also demon-
strated that more sophisticated analyses of the
raw retardation values, especially with regard
to the shape of the polar profiles, can lead to a
better discrimination of normal and glaucoma-
tous eyes.9 10

This study was performed in an attempt to
improve on the previous methods devised by
the authors to assess the retardation values
comprising polar profiles and the shape of
these polar profiles. Two relatively simple algo-
rithms have been devised to achieve this evalu-
ation. The first algorithm standardises an indi-
vidual’s polar profile to a known eye matched
normal database profile, while the second algo-
rithm uses a simple mathematical calculation
to provide a measure of the polar profile shape.
An assessment of the raw retardation values

obtained from a sample of normal and glauco-
matous subjects confirms previous findings9 10

that there is less than a 2% reduction in the
hemiretinal retardation values in the glaucoma
group compared with the normal group. The
authors had previously used the nasal quadrant
as a reference point from which to standardise
the retardation values and this had improved
the discrimination between these two
groups9 10 In this study, standardisation to the
nasal and temporal 30 degrees also improves
the discrimination of these two groups to a
high degree of significance, with a 13.5%
diVerence in the hemiretinal retardation val-
ues. The sensitivity and specificity of these
standardised values are substantially improved
over the original retardation measurements.
Furthermore, the mean values demonstrate a
gradual decline with increasing severity of
glaucoma.
The standardisation procedure is one

method of overcoming the previously reported
observations9 10 that the NFA I measures
greater retardation values in the temporal and
nasal regions of glaucoma subjects compared
with normal subjects. However, this method
relies on the availability of a normal database,
which ideally is age and eye matched. In this
study, we utilised our own small sample of nor-
mal subjects as there was no commercially
available normal database at the time. Further-
more, it requires the definition of a reference
point or range, a feature which may encounter
problems similar to those observed by users of
the scanning laser ophthalmoscope.
An alternative approach is to assess the

shape of the polar profile. This is made
possible by the application of a blood vessel
removal algorithm, a method which the au-

thors have previously described7 8 and a
process which the manufacturers have now
incorporated into the scanning laser
polarimeter.13 Previous research9 10 has high-
lighted the potential that polar profile shape
analysis oVers in the discrimination of normal
and glaucomatous subjects.
In this study, a simple algorithm was

designed to provide a more comprehensive
assessment of the shape or modulation of the
polar profile. The results demonstrate that by
using this simple algorithm on the non-
standardised retardation values, the discrimi-
nation between the normal and glaucoma sub-
jects is improved, with a statistically significant
24% diVerence between the two groups. This
diVerence can be increased by the use of the
standardised retardation values to the order of
30%. Furthermore, the profile shape measure-
ments also demonstrate a gradual decline in
value with increasing severity of glaucoma.
Despite these improvements, there is still no

one variable which demonstrates mutual exclu-
sivity between these two groups (see Figs 2 and
3). This is illustrated in a more diagnostic
manner by the optimal sensitivities and specifi-
cities for this study. All of the pairs of percent-
ages are relatively poor with regard to the diag-
nostic use of any single variable. Even the best
outcome (70% sensitivity, 91% specificity) is
still inferior to that previously documented for
the more traditional method of the glaucoma
hemifield test (94% sensitivity, 90% specifi-
city14), but is slightly better than red-free
photography (64% sensitivity, 84% specifi-
city15). Interestingly, the ranges of sensitivities
and specificities obtained in this study are also
substantially lower than the 96% sensitivity
and 93% specificity recently reported for the
diagnostic performance of the NFA I.16 The
reasons for such a discrepancy are unclear, but
may reflect the diVering methods of data
retrieval from the retardation images, the indi-
vidual study’s definition of abnormality, and
the actual derivations of the sensitivity and
specificity values.
The authors also considered it important to

compare the original and modified retardation
values and profile shape measurements with
the traditional methods of assessing glaucoma
subjects—namely, the cup:disc ratio and the
visual field. In general, the non-standardised
retardation values were extremely weakly
correlated with both of the traditional vari-
ables. The standardisation of the glaucoma
retardation values improves the correlation to a
significant but modest r = −0.4 (p < 0.01) with
the cup:disc ratio and r = +0.44 (p <0.01) with
the mean deviation of the visual fields. Similar
correlation coeYcients are obtained with the
profile shape measurement using non-
standardised retardation values.
These results are comparable with those of

other studies5 6 using diVerent methods to uti-
lise the raw retardation values. Nevertheless,
these results are still rather disappointing, in
that only approximately 15% of the variation in
the retardation values is attributable to the
cup:disc ratio or the mean deviation of the
visual field. This may be explained by the
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relatively subjective and variable assessment of
the cup:disc ratio, or by the chronological delay
in functional loss in patients with glaucoma.
However, it may also be a reflection on the
retardation values themselves. We have previ-
ously alluded to the question of the exact rela-
tion between the retardation values which
probably represent microtubule density in the
retinal nerve fibre layer and the retinal nerve
fibre layer thickness itself.10 Furthermore, we
have demonstrated both clinically9 10 and in a
primate study17 that there is a disparity
between the exact location of the retinal nerve
fibre layer and the characteristic “double
hump” pattern of the polar profiles.
The scanning laser polarimeter is a new

method for quantifying retinal nerve fibre layer
thickness. The interpretation of the retardation
values obtained with this instrument can be
improved significantly by either standardising
an individual’s profile to a normal database or
by assessing the polar profile shape. Both of
these methods will now be possible with the
GDx, the latest version of the scanning laser
polarimeter, following the recent development
by the manufacturers of their own blood vessel
removal algorithm13 and the construction of a
normal database. However, the modest sensi-
tivity and specificity values obtained in this
study, along with the relatively weak correla-
tion of these new methods of interpreting the
polar profiles with conventional variables,
highlights the need to determine exactly what
the scanning laser polarimeter actually meas-
ures.
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