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Abstract

Purpose To evaluate the capacity of a new

topographic map analysis to detect abnormal

optic discs from healthy ones in a new cohort

of subjects.

Patients and methods Only one eye was

chosen randomly from each subject included

in the study. In total, 20 normal eyes with a

normal visual field, an IOP of o22mmHg

and no history of glaucoma in their family,

and 20 glaucomatous eyes with an abnormal

visual field and an open angle were selected.

All the subjects were examined with the

Heidelberg Retina Tomograph (HRT,

Heidelberg Engineering GMBH, Heidelberg,

Germany) and Humphrey Perimeter,

program 30-2 (Humphrey Instrument, Inc.,

San Leandro, CA, USA). Topographic

maps analysis was performed to each HRT

optic nerve head image. Sensitivity,

specificity, and diagnostic precision were

calculated.

Results When the topographic map

analysis was applied to the group, a

sensitivity of 80%, a specificity of 75%,

and a diagnostic precision of 77.5% were

obtained.

Conclusion Using the topographic map

analysis, the HRT capacity to differentiate

normal optic discs from those with glaucoma

was similar to those already published in the

literature, but using this technique there is no

input from the observer to draw the

contourline and reference plane is not

necessary.
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Introduction

It has been shown that Heidelberg Retina

Tomograph (HRT, Heidelberg Engineering

GMBH, Heidelberg, Germany) has a good

sensitivity and specificity to detect

glaucomatous optic nerve head (ONH)

changes.1,2 The observer can use different

mathematical approaches to distinguish normal

ONHs from abnormal ones.3–8 The Moordfield

Regression Analysis or the linear discriminant

function analysis are able to detect

glaucomatous ONHs with a sensitivity and

specificity around 80–90%.3–8 However, there

are two weak points in the HRT methodology:

the reference plane and the contourline.9

The observer has to draw the contourline on

the outer edge of the rim and then the system is

able to find a reference plane, which is

fundamental to calculate some of the HRT

parameters, such as rim area or volume, cup

area, or volume, etc.

In 1999, Iester et al.10 introduced a

topographic map analysis able to analyse the

ONH without drawing the contourline.

The purpose of this study was to evaluate the

capacity of this topographic map analysis to

detect glaucomatous optic discs from healthy

ones by using a cohort of patient different from

the one used to create the algorithm.

Patients and methods

This is a cross-sectional cohort study. In total, 40

subjects were included in this study and only

one eye for each subject was randomly included

in the study. The research followed the tenets of

the Declaration of Helsinki and informed

consent was obtained from all enrolled patients.

A total of 20 patients were randomly

recruited from the patients of the glaucoma

center of the University of Genoa and
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20 age-matched normal subjects were recruited from

volunteers. Subjects were not excluded on the basis of

age, gender, and media opacity. Subjects with a refractive

error more than �7 diopters (dB) were excluded and

best-corrected visual acuity was 20/30 or better.

Glaucomatous patients had to have an abnormal visual

field as defined below and an open angle as judged by

gonioscopy. Although it may have played a part in the

initial referral to the clinic, the visual appearance of the

ONH was not used as a criterion by which to exclude or

include normal subjects or patients.11 Normal subjects

had to have a normal visual field, an IOP of o21 mmHg

on at least two separate occasions and no history of

glaucoma in their family.11

All the include patients performed a visual field test

and an HRT analysis.

Visual field analysis

All the subjects had a visual field examination by the

Humphrey Field Analyzer, program 30-2, full threshold

(HFA; Humphrey Instrument, Inc., San Leandro, CA,

USA). A visual field was classified as glaucomatous if it

had: (a) three adjacent points down by 5 dB with one of

the points being down by at least 10 dB; (b) two adjacent

points down by 10 dB; or (c) a 10 dB difference across the

nasal horizontal meridian in at least two adjacent points.

None of the points could be edge points except

immediately above or below the nasal horizontal

meridian.12 Only reliable fields were used, as determined

by the reliability parameters: there had to be less than

three fixation losses, and false-positive and false-negative

responses both had to be o10%.

Mean deviation (MD) and corrected pattern standard

deviation (CPSD) were calculated.

Optic nerve head topographic analysis

Optic disc images were analysed using the HRT, version

2.01S. The accuracy and reproducibility of this

instrument have previously been described in detail.13–22

The HRT uses a scanning confocal laser imaging system,

which produces a series of 32 confocal images of the back

of the eye at consecutive focal planes, each 256� 256

pixels. This series is converted by further processing into

a single 3-D topographic image. The field of each image

was 101. Three images were obtained for each eye, and a

single mean topographic image was further calculated

after alignment and averaging.

The optic disc margin outline, at the inner edge of the

scleral ring (Elshnig’s ring), under visual guidance was

drawn using a computer mouse system by a trained

observer (MI). Then the program (Stereometric

Measurements) calculated a number of predefined shape

parameters. To determine some of these HRT parameters

such as rim area and volume, cup area and volume, cup/

disc area ratio, mean retinal nerve fibre layer thickness

(mRNFLt), and retinal nerve fibre cross-sectional area

(RNFLcsa), it is necessary to define a reference plane,

which is placed at 50 mm below the retinal surface within

the papillo-macular bundle (the temporal 350–3561

sector), in the software version 1.11. In addition, four

other parameters, independent from the reference plane

(mean and maximum cup depth, height variation

contour, and cup shape measure), were determined.

In order to visualize the three-dimensional shape of the

examined surface (quantitatively and qualitatively), a

topography image could be displayed. The topography

image was enlarged and displayed with a superimposed

grid of 16� 16 fields, and each field is 16� 16 picture

elements in size. The numeric value indicated an

absolute value in micrometres.

Topographic map analysis

The 40 ONH topographic map data sets were imported

and analysed using the MatLab program (The Math

Works Inc., Version 5.1).

Analytic–geometric analysis methods were used trying

to distinguish ONHs with normal visual field from those

with an abnormal one by finding relationship between

the observable data and the diagnosis. The details of the

topographic map analysis have been described

elsewhere.10 In brief, three-dimensional images were

sectioned into n different contour lines obtained by the

intersections of n equidistant planes with the surface

f(x,y). Each contour line is constituted of a different

number of points of the same height that shape a

polygon. The authors used a linear interpolation between

the data given by HRT measurements. Using the

mentioned criteria, all the images were divided in n¼ 30

different contour lines with their relatives areas. The

three-dimensional image and its bi-dimensional

projection on the (x,y) plane were used to analyse all the

ONHs. The authors tuned two complementary methods

that could discriminate glaucomatous characteristic from

normals.

‘Double cup method’ (method 1) was defined when

there were present two poligonal cups in the polar

regions having the same height on the saddle point. An

algorithm was used to calculate the cup areas and their

ratio. In other words, two depressed areas were present

in the superior and inferior areas of the lamina cribrosa

as Quigley described.23

The second method (‘contour line areas’) calculated

how change the contour line areas among the 30 different

planes: in other words the first derivative of the contour

line areas was calculated.
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Statistical analysis

To describe all the considered subjects with standard

parameters for each patient disc area, rim volume and

cup shape measure were calculated. Besides to compare

age, refraction, ONH parameters, MD and CPSD

Student’s t-test was assessed between the two groups.

The sensitivity, the specificity, and the diagnostic

precision was calculated for the topographic map

analysis program.

Results

Table 1 lists the details of the recruited patients. No

significant difference was found between healthy

subjects and glaucoma patients for age, refractive error,

and disc area, while significant differences were found

for RV, CSM, MD, and CPSD.

When method 1 (double cup method) was applied to

the group and in normal ONHs, the value of the ratio

between the largest cup and the smallest was more than

10, while in glaucomatous ONHs, the ratio was o10. The

presence of ‘double cups’ was always associated to a

pathological condition, even if vice versa was not true.

This was a sufficient but not a necessary condition

(Figure 1).

Figure 1 Print out of the results obtained by the topographic map analysis program. Above: Normal ONH map. Right image: Three-
dimensional image of a normal ONH. Left top image: Bi-dimensional projection on the (x,y) plane of a normal ONH. Each contour line
has the same height. Below: Bi-dimensional projection on the (x,y) plane of a glaucomatous ONH. Each contour line has the same
height. On the button, this patient has two cups on the superior and inferior pole.

Table 1 Descriptive analysis

Healthy
(n¼ 20)

Glaucoma
(n¼ 20)

P-value

Mean SD Mean SD

Age (years) 63.8 4.1 64.3 4.7 NS
Refractive error (diopter) �0.7 4.6 �1.01 5.4 NS
DA (mm2) 2.44 0.65 2.49 0.64 NS
RV (mm3) 0.41 0.20 0.33 0.26 ***
CSM �0.21. 0.07 �0.14 0.10 ***
MD (dB) �0.43 1.33 �5.15 3.85 ***
CPSD (dB) 1.45 0.98 6.03 3.58 ***

NS: not significant, ***Po0.001, n: number of eyes.

SD: standard deviation, DA: disc area, RV: rim volume, CSM: cup shape

measure, MD: mean deviation, CPSD: corrected pattern standard

deviation.
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For the second method, the variation of the contour

line areas was considered abnormal when the first

derivative of these areas was more than 2 for all the first

five consecutive levels or when there was a variation

more than 4 between two close areas. When the data of

contour line area variation were represented in a graph,

the curves were similar as morphology but different in

values between normal and glaucomatous optic discs.

Indeed, in glaucomatous ONH, the level curve areas

changed faster than in normal (Figure 1).

When the topographic map analysis was applied to the

group, a sensitivity of 80%, a specificity of 75%, and a

diagnostic precision of 77.5% were obtained (Table 2).

Discussion

It has been widely accepted that analysis of the

anatomical changes of the ONH has a relevant place in

establishing the diagnosis of glaucoma.23 It has also been

shown that in glaucoma structural damage to the ONH

can be recognized prior to the detectable visual field

loss.24

Analysing all the ONH area, the HRT is able to give a

three-dimensional map of the disc. Even if each image is

made by many points, users prefer to employ standard

parameters for each system and do not use all the

available data.13–22

To obtain parameter measurements, an outline had to

be drawn around the outer optic disc edge and although

this technique had a good reproducibility, the contour

line position could change from one center to another.10

The anatomical variability of normal ONH shape

makes it difficult to differentiate normal from

glaucomatous optic discs.25 Even a careful clinical ONH

evaluation by visual means is sometimes unable to detect

damage in patients who have glaucomatous field loss.

Although it is possible that machines will do no better, it

seems worthwhile to explore the diagnostic possibilities

offered by computerized ONH shape analysis.

In 1997, Rolando et al26,27 introduced a new optic disc

morphometric parameter, the optic disc surface

smoothness (ODSS), based on the ability of these

computerized system to provide the position of a large

number of points placed on the surface of the ONH. The

ODSS was the results of the evaluation of the relative

position of a large number of points located on the

surface of the ONH, and it was thought to be less

influenced by the reference plane and not by the

contourline. This parameter was applied to the Image-net

topographic map with a sensitivity and specificity

of 88 and 97.4%, respectively. However, when this

algorithm was applied to the HRT topographic maps,

a worse diagnostic capacity was found (Iester,

unpublished data).

Caprioli et al found that mean peripapillary slope of

the nerve fibre layer surface can be used to discriminate

between healthy subjects and glaucoma patients with

clinically useful diagnostic precision (83%). This

parameter was independent of a retinal reference plane

and may be particularly useful to detect progressive

glaucoma damage.28

Using the HRT topographic maps, Iester et al

introduced a different way to evaluate ONHs. This new

approach was based on the analysis of 65 536 points

which the HRT measured. Using an ‘Euritics Analysis’,

two different methods were found to be able to

differentiate healthy and glaucomatous ONHs. This new

approach was based on the possibility to evaluate all the

points within the 101 of the image, and not only using the

point within the contourline. The novelty of this method,

however, is to avoid the observer input (the ONH

contour line) and to use the topographic map and not

only some standard HRT parameters, in order to analyse

all the significant ONH points.10

In 2000, also Swindale et al29 introduced a new method

to analyse ONH without using a contorline analysing the

shape of the ganglion cells when they cross the scleral

canal, and they obtained a good sensitivity and

specificity.

The standard HRT analysis (program: Stereometric

Measurements) is not entirely automatic, but requires

that an operator first draw an outline manually around

the edge of the optic nerve. Most of the HRT shape

parameters are sensitive to the determination of this

outline for the contourline area and for the reference

plane position. The placement of the outline is not always

obvious; furthermore, the size of the optic discs could be

different for many reason: racial,25 selection of the

subjects,30–32 systems used to analyse the ONHs and

observers.

From these results, using the HRT topographic map

analysis, it was possible to differentiate normal from

glaucomatous with a diagnostic capacity similar to

discriminate formula analysis, but without any observer

input. New ONH shape parameters will be introduced to

better use all the topographic map information.

Table 2 Diagnostic capacity of the topographic map analysis

New algorithm

Healthy Glaucoma

Visual field classification
Healthy 15 5 SS¼ 80%
Glaucoma 4 16 SP¼ 75%

DP¼ 77.5%

SS¼ sensibility; SP¼ specificity; DP¼diagnostic capacity.
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