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PURPOSE. Assessing structural changes in the optic nerve is fundamental to the diagnosis
and follow-up of glaucoma. Many clinical decisions are based on the determination of sta-
bility or non-stability of glaucomatous damage. Retinal nerve fibre layer (RNFL) and optic
disc photographs are very useful in clinics but their assessment is based on subjective eval-
uation. 
METHODS. Confocal scanning laser ophthalmoscope and confocal scanning laser polarime-
try are available and allow objective and quantitative analysis of the optic nerve. These in-
struments are currently being assessed for their use in glaucoma follow-up. 
CONCLUSIONS. This article summarises their advantages and limitations in performing the 
difficult task of detecting progression or changes over time. Eur J Ophthalmol 2001; 11
(Suppl 2): S50-S56
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Measuring structural changes in the optic nerve
head and retinal nerve fibre layer

INTRODUCTION

Glaucomatous optic neuropathy causes character-
istic structural changes in the retinal nerve fibre lay-
er and optic nerve head. The identification and de-
scription of these findings and the detection of
changes over time is a fundamental component of glau-
coma diagnosis and follow-up, and is also useful for
evaluating the disease and the effects of treatment.
The interpretation of clinical findings from the clini-
cal examination of the optic nerve head and retinal
nerve fibre layer (RNFL) may be complicated because
of the great variability among normal optic disc sizes
and shapes, and the presence of other associated dis-
eases or media opacities. Undoubtedly, the most dif-
ficult task is the comparison of findings over time in
order to establish stability or progression of the dis-
ease. 

In clinical practice, the evaluation of structural changes
is usually performed based on biomicroscopy find-
ings and optic disc photographs. Unquestionably, meti-

culous subjective assessment using a slit lamp is very
useful in the clinic, but this technique lacks objec-
tivity and quantification. Optic nerve photographs are
useful for comparing findings over time. However, they
require subjective interpretation or colour-based
computer analysis, and are highly influenced by me-
dia opacity and photographic measurements (expo-
sure, light source, digital processing) that may influ-
ence the appearance of retinal structures.

An optimal method of optic nerve assessment
should be objective, quantitative, and reproducible.
Different imaging devices have been recently devel-
oped offering objective, quantitative, three-dimensional
evaluation of the optic nerve head and RNFL. Among
these are confocal scanning laser ophthalmoscopy
and confocal scanning laser polarimetry. Cross-sec-
tional studies have shown that these instruments are
sensitive and specific in the diagnosis of glaucoma,
although none are clearly superior to results obtained
with experienced evaluation of good quality stereo-
scopic photographs. On the other hand, these instruments
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are undergoing long-term prospective evaluations with
the results obtained to date suggesting that these may
be particularly promising for monitoring progression
in glaucoma. 

The instruments

Heidelberg retina tomograph 

The Heidelberg Retina Tomograph (Heidelberg,
Germany; HRT) uses a confocal scanning diode laser
(670 nm) ophthalmoscope to acquire highly reproducible
and accurate three-dimensional topographic images
of the optic disc and peripapillary retina. A topographic
image is taken as a series of optical sections at 32
consecutive focal planes, each consisting of 256 x
256 pixels (65, 536 picture elements) over a 10° to
20° field of view. A mean of three such images is nor-
mally used for all analyses. The optic disc margin is
delimited by a contour line placed around the inner
margin of the peripapillary scleral ring. Most calcu-
lations are referred to a “reference plane”, which can
be located freely but is set automatically at 50 mm
posterior to the mean peripapillary retinal height along
the contour line at the temporal sector between 350°
and 356°. 

The HRT calculates several optic nerve measure-
ments (e.g. disc area, rim area, rim volume) that de-
scribe the neuro-retinal rim and the cup. Most optic
disc topography measurements are significantly cor-
related with optic nerve fibre number in experimen-
tal glaucoma (1). The comparison of HRT data with a
normative database facilitates the classification of the
optic nerve head as normal or glaucomatous. Never-
theless, the great inter-individual variability in size (mean
± SD: 2.6 ± 0.7; range: 0.8 to 5.4 mm2) (2) and shape
of the optic nerve head limits the ability of standard
HRT measurements to separate normal eyes from dam-
aged eyes. It is the application of a discriminant func-
tion (3) that allows for simultaneous evaluation of sev-
eral measurements and classifies normal and glau-
comatous optic nerves with a sensitivity of 87% and
a specificity of 84%. 

Usually, glaucomatous structural changes initially
affect specific areas of the RNFL and the optic nerve
head. Even if damage is diffuse, it is not necessarily
homogeneous. For this reason, several research

groups have proposed the division of the optic nerve
head into 36 10° sectors in order to obtain a more de-
tailed evaluation (4). Sector analysis of the optic nerve
data and the use of ratio or normalized measurements
(transformed into relative values ranging from 0 to 1)
have opened up new ways to assess structural dam-
age in glaucoma. Data from each of the 36 sectors
can be compared with normal values, structural
changes can be detected and precisely located, and
the topographical location of optic nerve damage and
functional damage can be correlated (5, 6). Individ-
ual sector changes over time can also be evaluated.

Comparing serial examinations of the same eye may
help to determine whether the appearance of the op-
tic nerve head is stable or whether significant
changes have occurred during a given time interval.
Moreover, a comparison may allow the calculation of
the rate of progression. The detection of progression
is probably the most ambitious application of any of
these instruments. The HRT already offers several meth-
ods for evaluating changes in optic disc topography,
although these applications are changing constantly,
and only long-term studies will determine their use-
fulness and precision (Fig. 1).
• First, the contour line from the baseline image can

be easily exported and placed automatically by HRT
software, enabling comparison of standard mea-
surements, ratio measurements, rank segment de-
viation curves, and the location and depth of struc-
tural defects of two different topographic images of
the same eye.

• Second, the HRT can calculate the topographic dif-
ference image by normalising and subtracting the
follow-up image from the initial (baseline) image.
The height change is considered significant if it is
greater than twice the local combined (baseline im-
age plus follow-up image) standard deviation.

• Third, Chauhan et al (7–9) have developed a pro-
gression analysis based on condensing the 256 x
256 standard pixel map into a 64 x 64 array of “su-
perpixels”, and computing a confidence interval map.
The difference between the topography values in
each baseline condensed pixel and the corre-
sponding one in the follow-up image allows the com-
putation of a p value for significant differences. The
p values are then represented in a colour-coded map
by the HRT software. This method is independent
of contour line or reference plane. The latest soft-
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ware version implemented in the HRT II applies the
most recent findings from Chauhan’s group and con-
firms structural changes evaluating three different
follow up images of the same eye.
Despite the properties and advantages, HRT has cer-

tain limitations, including the need to calculate most
measurements in relation to a reference plane and con-
tour line, and the need for long-term evaluation that
is currently under progress.

Nerve fiber analyzer 

The Nerve Fiber Analyzer (Laser Diagnostic Tech-
nologies, San Diego, CA; NFA) is a scanning laser po-
larimeter (10) that uses a near-infrared diode laser (wave-
length, 780 nm), which is polarised, to illuminate the
retina. As light crosses the birefringent nerve fibre lay-
er, a change in the polarisation state of the light oc-

curs. This shift is called “retardation”, and is com-
puter-stored and attributed to the parallel orientation
of microtubules in the retinal axons. Retardation is
measured at 65,536 individual retinal locations (256
x 256 pixels), acquisition time is 0.7 seconds and a
compensating device is used to neutralise the bire-
fringence of the anterior segment structures. Retar-
dation has been shown to be linearly related to the
thickness of the retinal nerve fibre layer (11).

The instrument offers a screening program and a
full test. The full test requires the generation of a mea-
surement ellipse and allows combining images to cal-
culate a mean image. The implemented software cal-
culates multiple global and sector measurements. The
latest version, NFA-GDx, offers 14 measurements and
a normative database. If any measurement is outside
the 80% normal limit, the percentile appears in the
print out. The recently developed “modulation para-

Fig. 1 - Scanning laser ophthalmoscope images of a left eye that demonstrated progression over a 9-month period. The colour-
coded graph shows an increase in the red area representing the area below the reference plane or the cup. Rim area decreased
from 0.84 to 0.66 mm2 while cup area increased from 0.62 to 0.80 mm2.
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meters” provide a comparison between the thickest
and thinnest parts of the retinal nerve fibre layer, and
seem to be among the best individual measurements
for classifying glaucoma and normal eyes (12). An-
other measurement incorporated in the GDx is the “num-
ber”, an experimental neural network algorithm that
assigns a number from 0 (normal) to 100 (glaucoma)
to each eye after analysing all the measurements. Wein-
reb and co-workers (12) evaluated the diagnostic pre-
cision of NFA-GDx and found an area under the re-
ceiver operating characteristic (ROC) curve of 0.78,
a sensitivity of 82%, and a specificity of 62% for the
“number”; for the discriminant function an area un-
der the ROC curve of 0.89, a sensitivity of 74% and
a specificity of 92%. 

This instrument allows the operator to transfer the
ellipse from a patient’s visit to the following visit in
order to compare all measurements and help in de-
ciding whether there is a change in the optic nerve.
The NFA-GDx offers a proprietary follow-up algorithm
based on pixel by pixel comparison between two im-
ages of the same eye, and shows significant differ-
ences in a colour coded map. To the best of my knowl-
edge no report has been published on the evaluation
of this algorithm.

The NFA also has certain drawbacks and limitations.
Firstly, it gives high retardation measurements in par-
ticular areas of peripapillar atrophy or chorio-retinal
scars. Secondly, the anterior segment birefringence
compensator does not account for all patterns of corneal
birefringence and this induces significant measure-
ment errors. As improved version of the biorefringence
compensator is currently being developed. Finally, long-
term evaluation is needed in order to establish
whether this instrument is useful for detecting pro-
gression of glaucomatous optic neuropathy. 

Variability vs change

The key to detecting change is differentiating real
change from variability of the measurements. The lat-
ter is related directly to the reproducibility of the in-
strument and its ability to identify changes. The bet-
ter the reproducibility, the smaller the change that may
be detected by a certain device. Intra-observer vari-
ability is the difference between measurements ob-
tained by the same instrument in the same eye by the
same observer. Inter-observer variability is the dif-

ference between measurements obtained by the
same instrument in the same eye by different observers.
Variability may be quantified by calculating the mean
standard deviation, mean standard deviation equiv-
alent, coefficient of variance, intraclass correlation
coefficient or the “limits of agreement” (LA). Standard
deviation may be calculated from the relative height
or the retardation values obtained at each of the pix-
els by the scanning lasers. The coefficient of variance
(COV) is the ratio between the standard deviation and
the mean and it ranges from 0 to 100%, with the low-
er values indicating better reproducibility. Another use-
ful index is the intraclass correlation coefficient (ICC),
defined as the ratio between the variance (V) due to
the patient effect and the sum of the variance due to
patient and the measurement effect:

ICC = V (patient) / (V (patient) + V (error))

The values of ICC range from 0 to 1, with 1 repre-
senting the best reproducibility. It is generally accepted
that reproducibility of measurements is high when the
ICC is greater than 0.9 or 90%. Finally, the “limits of
agreement”, as described by Bland and Altman (13),
are based on the difference between two consecu-
tive measurements and the 95% range of this differ-
ence. The value is given in the same unit as the mea-
surement assessed and provides the amount of
change of a certain measurement needed for it to be
statistically significant. All or some of these values
have been calculated for each of the instruments in
various studies.

Variability of HRT

The variability of HRT raw measurements may be
analysed without the need to place the contour line.
The relative height of each pixel or small groups of
pixels vary in different measurements, and mean stan-
dard deviations (MSD) range from 25 to 49 µm (7, 
14–16) (with higher MSD representing greater vari-
ability). Variability is greater in glaucomatous nerves
than in optic nerves (Tab. I). 

Reproducibility can also be assessed after the con-
tour line is placed and certain measurements have
been calculated. The COV varies with each of the mea-
surements and in different studies. The best values
of intra-observer COV are 2%, 4%, and 8% for rim
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area, rim volume, and third moment, respectively. As
expected, the variability among measurements ob-
tained by different observers is slightly greater than
the intra-observer variability (17-19) (Tab. II). Considering
that there is great normal variability among normal
discs, it may be better to calculate the ICC. 

Furthermore, there are different factors that increase
the variability of HRT measurements. According to
Chauhan (7) and co-workers, variability increases with
age, and most studies find greater variability among
glaucomatous nerves than among normal nerves. On
the other hand, measurements of relative height are
less reproducible in areas with greater slope or along
the vessels.

Variability of NFA

The reproducibility of the NFA may be evaluated with-
in a pixel or within measurements, and it has improved
as subsequent versions of the instrument have be-
come available (NFA I, NFA II, and NFA-GDx). The MSD
(and its 95% confidence interval) of average retarda-
tion within a 10 pixel width band (9 baseline images)
is 0.43° (0.36-0.51°) with a mean COV of 4.2% (3.8-
4.5%) according to Zangwill and co-workers (20). Sim-
ilarly, Hoh (21) studied the total RNFL thickness mea-
surements and observed that mean COV was 4.48 ±
1.76% and 4.92 ± 2.32% for two different operators.
Inter-operator reproducibility was high (p = 0.20-0.93)

TABLE I - VARIABILITY OF HRT MEASUREMENTS OF NORMAL AND GLAUCOMATOUS OPTIC NERVES

Method Author Normal Glaucoma

MSD Pixel by pixel Dreher (14) 38–42 41–49

MSD equivalent 64 x 64 pixels Chauhan (7) 25 31

MSD equivalent 10 x 10 pixels Cioffi (15) 25 –

MSD Pixel by pixel Lusky (16) 30 31

TABLE II - INTRA- AND INTER-OBSERVER VARIABILITY OF DIFFERENT HRT VALUES (17–19)

Measurement Intra-observer COV Inter-observer Intra-observer ICC Inter-observer
COV COV ICC ICC

Disk area 2.4–3.8 4 0.98 0.67

Third moment 8 –0.89 0.92

Rim volume 4–8.5 9 0.99 0.73

TABLE III -REPRODUCIBILITY OF SOME NFA-GDx MEASUREMENTS. INTRACLASS CORRELATION COEFFICIENT
(ICC) AND LIMITS OF AGREEMENT (LA) FOR THE MOST REPRODUCIBLE MEASUREMENTS

Measurement LA (unit) LA (%) ICC

Average thickness 5.1 µm 9.3 0.97
Ellipse average 5.2 µm 9.5 0.97
Superior integral 0.015 10.0 0.98
Superior average 5.9 µm 10.4 0.98

Adapted from Colen et al., 2000 (22)
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if a single ellipse was applied to the images of both
examiners. However, measurement reproducibility
worsened if each operator created his own measure-
ment ellipse (p ≤ 0.05 for 3 out of 5 participants) (21). 

Colen (22) evaluated the ICC and the LA for all 14
measurements calculated by the NFA-GDx in a recent
study and observed that reproducibility varied con-
siderably across measurements (Tab. III), but did not
find consistently better or worse reproducibility in glau-
coma patients than in normal individuals. In glauco-
ma patients, the ICC was lowest for the inferior ratio
(0.91) and the maximum modulation (0.88), and high-
est for the superior average retardation and superior
integral (0.98 in both). The LA ranged from 9.3% (5.1
µm) of the average thickness and the 9.5% (5.2 µm)
of the ellipse average to the 29% (17.7) and 30% (0.31)
of the “number” and the maximum modulation, re-
spectively. The ICC was over 0.90 in 13 of 14 mea-
surements, indicating that the reproducibility of the
NFA-GDx in general is high.

Similarities between the HRT and NFA

Several features are common to both the HRT and
the NFA.
• Measurement variability is present, as expected, in

both devices and needs to be considered when eval-
uating potential structural changes or progression.

• Both instruments offer good reproducibility and may
be particularly useful for evaluating changes in op-
tic nerve structure over time.

• Inter-observer variability is greater that intra-observer
variability, particularly when the ellipse (NFA) or the
contour line (HRT) are placed independently by each
observer.
Although the ellipse and the contour line may be

easily transferred from one examination to the next,
this final point is an important clinical issue. Most glau-

coma patients will be examined over long periods of
time (decades) and several operators will probably be
involved in their follow-up. The inter-observer vari-
ability could probably be decreased with meticulous
operation of the instrument, thorough training of the
operators, use of disk photographs to help the oper-
ators placing the contour line or the ellipse (standard
procedure in most research groups), and/or im-
provement of the software implemented in the instrument. 

CONCLUSIONS

1. Instruments are available to provide objective and
quantitative data of the optic nerve, including the
confocal scanning laser ophthalmoscopy and con-
focal scanning laser polarimetry.

2. Intra-individual variability is an issue that has to be
considered when any technique is used to diag-
nose glaucoma, and monitor its progression, in clin-
ical practice.

3. Present data regarding HRT and NFA reproducibil-
ity suggests that both techniques could be useful
in detecting change or progression of glaucoma-
tous optic neuropathy.

4. Algorithms to detect progression or change are un-
der continuous improvement and are currently be-
ing prospectively evaluated. These studies will es-
tablish the usefulness and limitations of these in-
struments.
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