
ARCH SOC ESP OFTALMOL 2007; 82: 413-422
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ABSTRACT

Purpose: To determine the diagnostic capability of
PULSAR-T30W, FDT-Threshold-N30 and HRT-II
in glaucoma suspects. 
Methods: Forty-seven eyes from 47 referred glau-
coma suspects (GS) were examined twice with each
technique. Cases with TOP-WW-MD>6dB were
excluded. Results were compared with those of 70
eyes from 70 normal controls (C). 
Results: Mean MD value using TOP-WW in the
GS group (0.96dB. SD=1.7) was not significantly
different from C (0.8dB. SD=1.77) (p>0.05). Disc
area in GS group (2.12 mm2. SD=0.34) was signifi-
cantly greater than in C (1.97 mm2. SD=0.45)
(p<0.01). For 95.7% specificity, PULSAR-sLV sho-
wed the highest sensitivity of 30.9% in individual
examinations. The highest reproducible sensitivity
in the two examinations was obtained using HRT-II
maximum contour elevation (23.4%) and reference
height (23.4%), and was 14.9% for various indices
after correcting for the influence of disc area (cup
area, cup/disc area ratio, maximum contour depres-
sion and mean RNFL thickness). Reproducible sen-
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RESUMEN

Objetivos: Determinar la capacidad diagnóstica de
TOP-32, PULSAR-T30W, FDT-Umbral-N30 y
HRT-II en glaucoma de sospecha. 
Métodos: 47 ojos de 47 sujetos remitidos por sos-
pecha de glaucoma (SG) se examinaron dos veces.
Se excluyeron los casos con defecto medio (MD)
superior a 6dB en TOP-32. Los resultados se com-
pararon con los obtenidos en 70 sujetos normales
control (C). 
Resultados: No se observaron diferencias signifi-
cativas entre los valores de MD obtenidos en TOP-
32, en los grupos SG (0,96dB. DE=1,7) y C (0,8dB.
DE=1,77) (p>0.05). El área papilar de SG (2,12
mm2. DE=0.34) fue significativamente superior que
en C (1,97 mm2. DE=0,45) (p<0,01). Para una espe-
cificidad del 95%, la raíz cuadrada de la varianza de
pérdida (sLV) de PULSAR presentó la mayor sen-
sibilidad (30,9%) en exámenes individuales. La
mayor reproducibilidad diagnóstica se obtuvo con
la máxima elevación del contorno de HRT-II (23%)
y con el Plano de referencia (23,4%), siendo del
14,9% para varios índices, después de corregir la



414 ARCH SOC ESP OFTALMOL 2007; 82: 413-422 

GONZÁLEZ-DE-LA-ROSA M, et al.

INTRODUCTION

Drance (1) warns that a diagnosis that no lesion
exists is much more complex than our current
notions of hypertension suggest. In fact, as our
knowledge of the physiopathology of the condition
improves and our diagnostic methods advance, the
frontier between normality and glaucoma begins to
move. If we do without the current criteria estab-
lished in practice, we have to admit that this limit is
not clearly defined. If it were, our attempts to dis-
cover ever more precocious and sensitive proce-
dures would be unnecessary.

Many researchers consider «ocular hyperten-
sion» and «glaucoma» to be sufficiently well-
defined concepts and so no doubt need be raised.
Such an attitude would render works such as the
one we propose here pointless. Our hypothesis is
that such a criterion is, on the contrary, a disad-
vantage when it comes to investigating new early
diagnostic procedures. Thus for example the cus-
tom of establishing a benchmark standard is more
of a hindrance than an aid in the structuring and
interpretation of many of these works. It is evident
that, if we assume that there is a diagnostic proce-
dure that should be recognized as a standard, then,
in the case where a better procedure exists, its
results will be undervalued in comparison with
those offered by the first. When a standard is
applied, the normal statistical procedures for sen-
sitivity and specificity analysis are only relatively

certain if this procedure is more perfect than the
one assessed. If not, such an analysis becomes a
mathematical sophism.

Ideally, none of the procedures evaluated should
interfere in the selection process. Our intention has
been to analyze several of the examination proce-
dures developed in the last few years in order to
estimate their ability to provide an early diagnosis,
attempting to avoid the logical labyrinth constituted
by the use of a rigid standard and avoiding, as far as
possible, preliminary selection biases.

In this work we have attempted to investigate the
diagnostic ability and reproducibility of a series of
tests applied to patients referred with suspected
glaucoma.

SUBJECTS, MATERIAL AND
METHODS

All the normal controls (Group C) and those with
suspected glaucoma (SG) underwent a complete
ophthalmologic exam, including:

— Family and personal history related to glau-
coma, such as migraine, Raynaud’s syndrome, arte-
rial hypo- or hypertension, diabetes, cardiovascular
illnesses, smoking or medication.

— Refraction and visual acuity.
— Anterior segment examination and gonios-

copy.
— Intraocular pressure (Goldmann tonometer).

sitivity of the perimetric indices was: PULSAR-
MD=8.5%, PULSAR-sLV=17%, FDT-MD=6.4%,
FDT-PSD=4.3%. The association of perimetric and
HRT-II indices achieved high sensitivity but low
diagnostic reproducibility. 
Conclusions: The most effective indices were
maximum contour elevation, reference height and
PULSAR-sLV, although the inclusion of the optic
nerve head assessment in the selection of the GS
sample may have favored the HRT-II results (Arch
Soc Esp Oftalmol 2007; 82: 413-422).

Key words: Glaucoma, perimetry, visual field,
diagnosis, optic nerve.

influencia del tamaño papilar (área de la excava-
ción, cocientes de área excavación/papila, máxima
depresión del contorno y espesor de la capa de
fibras). La reproducibilidad de los índices perimé-
tricos fue: PULSAR-MD=8,5%, PULSAR-
sLV=17%, FDT-MD=6,4%, FDT-PDT=4,3%. La
asociación entre índices perimétricos y HRT-II ele-
vó la sensibilidad pero redujo la reproducibilidad
diagnóstica.
Conclusiones: Los índices de mayor eficacia fue-
ron la máxima elevación del contorno, el plano de
referencia y PULSAR-sLV, aunque la inclusión del
aspecto papilar en la selección del grupo SG favo-
reció los resultados de HRT-II.

Palabras clave: Glaucoma, perimetría, campo
visual, diagnóstico, nervio óptico.



— Topography of the optic nerve with confocal
laser (HRT-II) (Heidelberg Engineering, Gerhart-
Hauptmann-Strasse 30. 69221 Dossenheim, Ger-
many).

— FDT Perimetry (Threshold N30) (Carl Zeiss
Pty Ltd, 114 Pyrmont Bridge Road, Camperdown,
NSW 2050, Australia).

— Conventional white-on-white luminous
threshold perimetry (TOP «32» WW) (2) using the
Octopus 311 perimeter (HAAG-STREIT, Garten-
stadtstrasse 10 CH-3098 Köniz. Berne. Switzer-
land).

— PULSAR perimetry (T30W) (Octopus exper-
imental prototype. HAAG-STREIT, Gartenstadt-
strasse 10 CH-3098 Köniz. Berne. Switzerland).

— Exam of posterior pole in mydriasis.

Inclusion Criteria

The patients in the SG group were recruited con-
secutively between 07/03/2003 and 08/08/2003 at
our Glaucoma Department from those referred by
different out-patient clinicians and other profes-
sionals. They were especially recruited depending
on their interocular pressure figures. Patients with
and without hypertension treatment were included,
as were those with limit pressures associated with
asymmetric glaucoma, family history of glaucoma
or suspected papilla. The suspicion of glaucoma
was established by consideration of all relevant
data. The centers referring patients did not have a
perimeter or papillary topography equipment.

Group C was constituted by normal volunteers
who came to the clinic during the same time period
for refraction problems or were accompanying oth-
er patients. The field of vision was not taken into
account for their inclusion.

Exclusion Criteria

Subjects with associated pathology were exclud-
ed, as well as those with treatment that might affect
vision or field of vision, significant loss of crys-
talline transparency, corrected visual acuity of less
than 0.8, pupil diameter of less than 3 mm or a lot
of errors in the perimetric check-ups. An open ante-
rior chamber was required in the gonioscopic exam.
All subjects had refractive errors of less than 5
sphere dioptres and two cylinder dioptres.

For the selection of the SG group, we tried to
ensure that our research was limited to early glau-
coma by excluding those cases that presented mean
defect (MD) perimetric values in excess of 6dB at
the first exam. We excluded those suffering from a
condition or taking any medication that might affect
vision, and those that presented a family history of
glaucoma or ocular hypertension, or signs associat-
ed with the illness (migraine, Raynaud’s syndrome,
vasculopathy, etc).

Those subjects that did not complete all exams
were also excluded.

Techniques

Examination procedures with HRT-II, FDT and
TOP are well-known in the literature. In contrast,
PULSAR perimetry is an experimental procedure
that needs to be briefly described:

A digital photometer placed in the corner of the
19-inch Samsung SyncMaster 959NF monitor
(Samsung Electronics Co, 416 Maetan-3Dong, Pal-
dal-Gu, Suwon City, Kyungki-Do, Korea) reports
the luminance to a computer via a USB connection.
The computer periodically regulates the brightness
and contrast according to a pre-established scale. In
this way, it can show a scale with the 256 levels
commonly used in computing.

The stimulus consists of a circular wave, waning
in contrast towards the periphery, similar to that of
a drop falling on water. The background lighting is
100 asb and the stimulus oscillates above and
below the background levels, in such a way that it is
iso-illuminant with this on the whole (Fig. 1). The
duration of the stimulus is 500 msec and the diam-
eter 5º. The stimulus wave can be modulated in
terms of spatial resolution (from 0.5 to 6.3 cycles
per degree on a scale of 12 logarithmic levels), con-
trast (32 logarithmic levels between 3 and 100%),
color (white, red, green and blue), centrifugal
movement (from 2 to 20 cycles per second on a log-
arithmic scale of 11 levels) or time frequency, oscil-
lating in-phase and counter-phase (10, 15 or 30 Hz).

— For spatial resolution, the scale is established
from a minimum spatial frequency value of 0.5
cycles/degree, using the following formula: Spa-
tial resolution (dLog) = 10 x Log (Spatial Fre-
quency/0.5).

— As the contrast is below and above the back-
ground level, the following formula was used: Con-
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trast = –20 x Log (Central amplitude from the back-
ground/intensity of the background).

The instrument can examine several visual
functions related to the Contrast Sensitivity
Function (CSF) in the center of the field of
vision, with the rest remaining constant, in
order to measure the sensitivity of some with
respect to others, using the Tendency Oriented
Perimetry (TOP) strategy. On the basis of previ-
ous studies (3-5), the 36-level stimulus scale
used had spatial resolution (sr) and contrast (c)
that varied simultaneously (src units). This scale
has the advantage of being approximately per-
pendicular to the contrast sensitivity curves,
which are parallel to each other in the different
regions of the field of vision (Fig. 1). In this
way the threshold halfway down the descending
portion of the curve towards the high spatial fre-
quencies is examined, i.e. the area in which

glaucomatous defects tend to occur, at least for
central vision (6-8).

In the same way as for FDT (9), the thresholds in
PULSAR are altered when refraction is inadequate
[Fernandez-Baca G, González de la Rosa M, Perez
Fernandez JR & González Hernández M (2003):
Influence of visual acuity on PULSAR T30W
Perimetry. 79th Congress of the Spanish Ophthal-
mology Society. Valencia]. Because of that, the
instrument shows a visual acuity test for myopia
just before the start of each exam. In the PULSAR
T30W programme, the stimulus is shown in-phase
and counter-phase at 30 Hz, which has been shown
to be useful in the early diagnosis of glaucoma
(4,10-12).

In all cases, the first two perimetries were exclud-
ed to reduce the «learning effect». The three peri-
metric exams and the HRT-II were applied twice in
each participant. All the exams were performed
over a period of less than one month, with a mini-
mum rest of 10 minutes. The field of vision test was
performed with the refraction for hypermetropy for
FDT and TOP, and for myopia in PULSAR. The
working hypothesis was that the most efficient
diagnostic technique would be the one that best dis-
criminated between both SG and C groups, while
maintaining high specificity.

Linear regression was used to analyze the corre-
lation between the numerical indices for each tech-
nique. The association between perimetric and
anatomical indices was evaluated using linear and
logarithmic regression. The probability that the
indices would be significantly different between
the SG and C groups was evaluated using Studen-
t’s t. An association was also evaluated for indices
obtained previously through discriminating analy-
sis (11).

An ROC (Receiving Operating Characteristic)
analysis was performed for each index, calculating
the ROC areas, confidence intervals, cut-off points,
sensitivity, specificity and probability (Student’s t)
using an application designed with Excel (Microsoft
Corporation). Our study was centred on the cut-off
point providing a specificity closest to 95%, since
early diagnosis requires high specificity. The result
of this application was verified with the NCSS 2000
programme (NCSS, Kaysville, UT). The diagnosis
was considered to be reproducible when it coincid-
ed in both examinations. Thus, the reproducibility in
the diagnosis of abnormalities was calculated over
the total of the sample, and not as a percentage of the
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Fig. 1: Scale of 36 src levels, that combines spatial (sr)
and contrasting (C) frequencies, approximately perpen-
dicular to the descending portion of the contrast sensiti-
vity curve for different eccentricities.



sensitivity. In order to evaluate reproducibility, the
intra-class correlation coefficient was also analyzed
(13) using the SPSS v. 12.0.1. programme (SPSS
Inc., Chicago, ILL). The same software was used to
calculate the statistical power of the results in rela-
tion to the number of cases.

In this study the principals of the Helsinki Decla-
ration were respected.

RESULTS

Two participants from Group C were excluded
for poor collaboration and one for not completing
the second group of exams. Two in SG were exclud-
ed for cataracts, one for poor collaboration, one for
not disclosing ocular hypertension and two for not
completing the second group of exams.

Finally 70 eyes of 70 normal subjects in Group C
(average age 40.1 years, SD=16.5, 39 women) were
studied and 47 eyes of 47 patients in Group SG
(average age 60.4 years, SD=10.8, 31 women). All
the patients were of Caucasian race except for one
negro belonging to Group SG.

In Group C, no correlation was observed between
age and any of the indices analyzed.

The duration of the perimetric exams was as fol-
lows: TOP 32 WW = 2:52 minutes (SD=0:17),
PULSAR T30W= 3:50 minutes (SD=0:12) and
FDT N30= 4:31 minutes (SD=0:19).

The mean defect (MD) measured using TOP 32
WW was: Group C = 0.80dB (SD=1.8) and Group
SG = 0.96dB (SD=1.7) (p>0.05) (Fig. 2).

The mean square root of the loss variance (sLV)
using TOP 32WW was: Group C = 1.77dB (SD=0.68)
and Group SG = 2.30dB (SD=1.19) (p<0.01).

The mean MD using PULSAR was: Group C =
0.13dB (SD=2.11) and Group SG = 1.25dB
(SD=2.72) (p<0.01).

The mean square root of the loss variance (sLV)
using PULSAR was: Group C = 2.25dB (SD=0.58)
and Group SG = 2.94dB (SD=1.00) (p<0.01).

The mean MD using FDT was: Group C = -
1.59dB (SD=2.42) and Group SG = 1.81dB
(SD=3.03) (p>0.05).

The mean pattern standard deviation (PSD) using
FDT was: Group C = 4.33dB (SD=1.97) and Group
SG = 4.50dB (SD=2.28) (p>0.05). 39% of the sub-
jects from Group C presented at least one defect in
the five central points.

The average papillary area using HRT-II was:
Group C = 1.97 mm2 (SD=0.45) and Group SG =
2.12 mm2 (SD=0.34) (p<0.01).

Table I shows the correlation coefficient (r)
between the principal numeric indices of the three
types of perimetry test. The greatest correlation
was observed between the values of MD and sLV-
PSD in each procedure, followed by the values of
the respective MD values of PULSAR and FDT.

Using linear regression, MD PULSAR presented
a significant correlation with 9 of the 23 main
indices of HRT-II, FDT PSD with three indices,
FDT MD with one and PULSAR sLV with one. The
application of logarithmic regression did not
change these results.

Many of the HRT-II indices presented a high
degree of dependency on the size of the papilla.
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Fig. 2: Distribution of the MD TOP WW in the control
and suspected glaucoma patients.

Table I Correction coefficients between the three perimetries

MD TOP WW sLV TOP WW MD PULSAR sLV PULSAR MD FDT

sLV TOP WW 0.72 (p<0,01)
DM PULSAR 0.11 (p<0,05) 0.23 (p<0,01)
sLV PULSAR –0.021 (p>0,05) 0.06 (p>0,05) 0.67 (p<0,01)
MD FDT –0.220 (p<0,01) –0.25 (p<0,01) –0.36 (p<0,01) –0.27 (p<0,01)
PSD FDT 0.14 (p>0,05) 0.22 (p<0,01) 0.25 (p<0,01) 0.17 (p>0,05) –0.59 (p<0,01)



Figure 3 shows the correlation coefficients and the
probability value in Group C.

A significant association was observed between
the maximum contour elevation and the reference
height in both Group C (r=0.41, p=0.0004) and
Group SG (r= 0.38, p=0.0002).

Figure 4 shows that the best results for the peri-
metric exams were obtained with the PULSAR sLV.
The 95% percentile of the ROC areas in the MD
FDT and PSD FDT was lower than the 5% per-
centile of sLV PULSAR.

A high sensitivity was observed (43.6%) for the
formula obtained previously through discriminating
analysis combining anatomical and functional
indices (11) [COMBINATION = -4.95 + (sLV TOP
WW * 1.09) + (sLV PULSAR * 0.61) + (MD TOP
WW * -0.33) + (Max. depr. cont. * 3.56)]. Howev-
er, reproducibility was very low (12.8%).

Some HRT II indices were offset depending on
papillary size. Garway-Heath (14) and Jonas (15)
have proposed two methods for this. The regres-
sion equation between each index and papillary
size was calculated for the control population.
The formula for the resulting regression line was
used to calculate the value that each index should
reach in each specific patient as a function of pap-
illary size. For the subjects in the SG Group, the
deviation of their real values was subsequently

calculated with respect to that expected in the nor-
mal population.

Table II shows the results for a specificity of
95.7% (5% and 95% confidence intervals =
95.7±4.8%). The English names have been kept for
the indices, as no commonly accepted Spanish
translation exists for all of these. The cup area
/papilla ratio and the vertical cup/papilla ratio are
shown in the table, with and without correction. The
reproducibility indicates that the percentage of SG
cases with significant differences with respect to
Group C in the two exams. For example, with the
Maximum Contour Elevation index a little over a
quarter of the cases turned out abnormal (sensitivi-
ty = 26.6% on average in both exams) and in 23.4%
of all the cases both exams came out abnormal. The
probability (p value) of the intra-class correlation
coefficient was less than 0.001 in all cases, except
for the «Mean Variability» (p=0.015) and «Combi-
nation» (p=0.629).

When both perimetric examinations were abnor-
mal, we verified if the same thing happened in both
HRT-II exams. This occurred in three out of four
cases in PULSAR MD, six out of eight in PULSAR
sLV, one out of three in FDT MD and in one in two
cases for FDT PSD.

The greatest ROC area corresponded to PULSAR
sLV, but an important overlap was observed
between its confidence intervals and those of the
other best indices obtained (Fig. 5).

The power of the three psychophysical examina-
tions was calculated to distinguish between their
diagnostic abilities and those of the main HRT-II
indices (Figs. 4 and 5). For the two exams, compar-
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Fig. 3: Correlation coefficient (r) and probability (p)
between the pupil area and the rest of the indices pro-
vided by the HTR-II. The English names have been
used, as there is no commonly accepted translation in
Spanish.

Fig. 4: ROC areas and confidence intervals of the peri-
metry indices.



ing groups C and SG, the power values were: PUL-
SAR MD (0.727, 0.652), PULSAR sLV (0.995,
0.992), FDT MD (0.081, 0.066), FDT PSD (0.060,
0.189), Maximum contour depression (0.929,

0.918), Maximum contour elevation (0.836, 0.776),
Reference height (0.749, 0.905) and Mean variabil-
ity (0.880, 0.671).

DISCUSSION

Discussion of the Functional Results

The mean MD values for TOP WW in our SG
sample are lower than those in most of the studies
carried out on early glaucoma (16-23), which
explains why the results are less than those of other
studies using cases with deeper defects.

The selection of cases for Group SG by a TOP
WW MD score of less than 6dB in the first exam
has introduced a small bias in the results of this
technique with respect to the others, where the more
advanced defects were not eliminated. The diagnos-
tic potential of TOP WW could thus have been
underestimated and it has not been included in the
study.
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Tabla II. Results

ROC Sensitivity Intra-class
Area rho Slice Sensitivity CI (±) Reproducibility correction factor

Maximum contour elevation 65.3 0.00045 0.3 26.6 12.6 23.4 0.921
Reference height 68.1 0.00026 0.5 28.7 12.9 23.4 0.778
PULSAR sLV 71.3 0.00000 3.3 30.9 13.2 17.0 0.482
CDAR corrected with the Disk area 61.5 0.00162 0.7 18.1 11.0 14.9 0.962
Cup area 63.6 0.00128 2.7 14.9 10.2 14.9 0.942
Cup/disc area ratio (CDAR) 60.1 0.00157 0.4 18.1 11.0 14.9 0.962
Maximum contour depression 69.3 0.00004 0.4 17.0 10.7 14.9 0.578
Mean RNL thickness 53.9 0.20772 0.2 17.0 10.7 14.9 0.827
Average variability 66.1 0.00052 0.0 21.3 11.7 12.8 0.311
COMBINATION 82.7 0.00000 0.3 43.6 14.2 12.8 –0.05
Cup volume 64.3 0.00075 0.8 16.0 10.5 12.8 0.974
Horizontal cup/disk ratio 63.6 0.00060 1.0 18.1 11.0 12.8 0.804
Rim/disc area ratio 60.7 0.00285 0.7 17.0 10.7 12.8 0.902
FSM discriminant function value 49.9 0.21080 –0.2 11.7 9.2 10.6 0.915
Height variation contour 52.2 0.36699 0.6 16.0 10.5 10.6 0.571
Cup share measure 58.8 0.01499 0.2 14.9 10.2 10.6 0.905
Maximum cup depth 62.6 0.00124 1.0 16.0 10.5 10.6 0.881
Mean cup depth 64.5 0.00020 0.4 16.0 10.5 8.5 0.828
PULSAR DM 61.5 0.00224 3.9 14.9 10.2 8.5 0.753
RB discriminant function value 51.3 0.34582 1.7 10.6 8.8 8.5 0.834
Vertical cup/disk ratio (VCDT) 59.2 0.00919 0.6 22.3 11.9 8.5 0.955
VCDR corrected with the Disk area 59.6 0.1481 1.1 8.5 8.0 8.5 0.955
FDT MD 53.9 0.20290 5.3 11.7 9.2 6.4 0.731
Rim volume 51.0 0.26485 0.0 7.4 7.5 6.4 0.855
CLM temporal-inferior 54.3 0.28983 0.2 7.5 7.5 4.3 0.753
RNFL cross sectional area 50.3 0.40125 –0.2 7.4 7.5 4.3 0.821
FDT PSD 51.8 0.24512 7.4 9.6 8.4 4.3 0.415
CLM temporal-superior 48.5 0.49302 0.1 6.5 7.0 2.1 0.714
Rim area 47.9 0.28966 –1.3 2.1 4.1 2.1 0.902

Fig. 5: Confidence intervals of the ROC area for the
best indices obtained.



There is no reason to suppose that the age differ-
ence between the C and SG Groups have an influ-
ence on the results. MD is an age-adjusted index
and no-one has reported any impact of age on sLV,
PSD or the overall HRT-II indices.

On the contrary the present work confirms our
earlier studies that indicate that PULSAR is sensi-
tive and specific for the early diagnosis of glauco-
ma, just like our previous observations on sLV. TOP
calculates thresholds taking physiopathological
interrelations into consideration (24). The studies
that have assumed that the softening of the visual
field it produces and the reduction it induces in the
LV values may lead to a diagnostic limitation are
based on suppositions (25) or on simulations using
isolated scotomas, without relation to the phys-
iopathology of glaucoma (26).

The reality is just the opposite: with TOP few
cases of elevated LV are observed in normal sub-
jects. The principal components of LV are the
threshold fluctuation, topographical irregularity,
and errors. The errors in TOP are limited as the neu-
rological «fatigue effect», attention lapses and the
methodological defects caused by examining the
points independently are reduced (27-29). Flammer
(30) indicated that the first signs of glaucoma are
not the focal or diffuse defects but the increase in
threshold fluctuation. By reducing methodological
errors, TOP seems to detect the increased fluctua-
tion as a neuronal defect, probably prior to or at
least independent of anatomical damage. PULSAR
simultaneously examines functions associated with
contrast and high spatial and timing frequencies
that could facilitate the detection of these function-
al defects.

Discussion of the Morphological Results

If the papillary size is taken into account, the
diagnostic sensitivity of some HRT-II indices is
substantially reduced. The proportion of this reduc-
tion is variable and does not affect diagnostic repro-
ducibility, which continues to remain high. Some of
them, like the Maximum contour elevation and the
Reference height, attained maximum diagnostic
capacity. HRT-II calculates a specific value for the
Reference height in each exam, 50 microns below
the contour line in the temporal sector between 350º
and 356º. This may explain the comparable results
obtained with both exams.

Discussion of the Relation Between Function
and Morphology

With respect to the results obtained with HRT-II,
we must acknowledge that previous studies (11)
had led us to think that its diagnostic capacity was
below the value of sLV in TOP-WW and the PUL-
SAR indices, but this opinion should be revised tak-
ing into account the new data obtained with respect
to diagnostic reproducibility and the intra-case cor-
relation coefficient for each index.

It has not been possible to avoid a certain degree
of bias in the selection of the SG Group, since the
doctors admitting patients knew the ophthalmo-
scopic appearance of the papilla. Thus, the differ-
ences between the best anatomical and perimetric
indices may be circumstantial, caused by the char-
acteristics and size of the sample. However, we
have not wished to suppress the information pro-
vided by the HRT-II, so as not to exclude possible
pre-perimetric glaucomas. The intra-class correla-
tion was, in general, greater in the HRT-II indices
than in the perimetric ones, in contradiction with
the results obtained by other authors (31) who
found no differences in the long-term fluctuation of
the perimetric and HRT-II indices. However the
bias produced by the papilla in the selection of the
SG Group and the sensitivity differences observed
between PULSAR and the best HRT-II indices
introduce doubts with respect to the precocity of the
morphological defects, since the ROC of HRT-II
areas are lower and their confidence intervals over-
lap with those of sLV PULSAR.

We should add that the formula we obtained in a
previous work through discriminant analysis (11)
and which associated various perimetric and HRT-
II indices has confirmed its high sensitivity in this
work. However, this fact contrasts with a fairly poor
diagnostic reproducibility, in such a way that its
overall diagnostic ability is inferior to that of the
best perimetric and HRT-II indices. We should con-
clude upon seeing this new information that the
association of perimetric and papillary indices does
not provide as many diagnostic advantages as we
had supposed.

The absence of differences between linear and
logarithmic regression could be related to the char-
acteristics of our sample: incipient glaucoma, with
a scant range of defects. The MD with all three
types of perimetry presented a high correlation with
papillary damage, but with less diagnostic ability
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than sLV PULSAR, which also reached a lower
intra-class correlation with MD. This might indi-
cate that sLV PULSAR provides pre-anatomical
information, while MD would be associated with
more advanced phases of the pathological process.

The SG that are differentiated from C using these
techniques will not necessarily develop glaucoma
in the future. This is particularly likely in many sus-
pect cases with large papillae. However we should
remember that, in the Ocular Hypertension Treat-
ment Study (32,33), the PSD value in the
Humphrey perimetry, equivalent to the sLV in Octo-
pus perimetry, seems to exceed MD as a risk factor
for developing glaucoma.

The methodology of this work has been similar to
another recent publication of our Group, where
some additional considerations can be consulted
with respect to the possibility of reducing the usual
biases in this kind of study (34).
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