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Abstract

Background/Aim. Primary open angle glaucoma (POAG)
and normal tension glaucoma (NTG) demonstrate the
same structural changes in the optic disc along with visual
field defects but only POAG includes an abnormal eleva-
tion of intraocular pressure. Heidelberg retina tomograph
based on confocal scanning laser ophthalmoscopy (HRT)
and Moorfields regression analysis (MRA) have been em-
ployed to quantitatively assess the topography of eye pa-
pilla. We measured stereographic parameters of eye papilla
in patients with POAG, NTG, and ocular hypertension
(OH) using an HRT in order to determine whether HRT
topographic parameters can be used to differentiate those
conditions. Methods. The results of 145 eyes of 145 pa-
tients with OH, NTG and POAG were analyzed by age,
refractive error, quality of HRT images, stereometric and
MRA parameters. Results. Significant differences were
found between NTG and other two groups for a majority

of the HRT parameters, and also no differences between
OH and POAG patients for a majority of the investigated
parameters, except thickness of retinal nerve fiber layer.
By reading the MRA no differences were found in the
distribution of mostly damaged and mostly preserved neu-
roretinal rim sectors between NTG and POAG patients,
and also all sectors of the neuroretinal rim in OH patients
were preserved. Conclusion. HRT stereometric parame-
ters are useful to differentiate patients with OH and NTG,
and also for differentiation between NTG and POAG pa-
tients, but most of parameters showed no difference be-
tween OH and POAG patients. MRA may serve to con-
firm the diagnosis of OH, but not for precise distinction
between NTG and POAG.

Key words:
glaucoma; glaucoma, open-angle; ocular hypertension;
diagnosis, differential; diagnostic techniques,
ophthalmological.

Apstrakt

Uvod/Cilj. Primarni glaukom otvorenog ugla (POAG) i
normotenzivni glaukom (NTG) pokazuju jednake struktu-
ralne promene u opti kom disku zajedno sa defektom vid-
nog polja, ali samo POAG podrazumeva abnormalno po-
višen intraokularni pritisak. Heidelbergova retinalna tomo-
grafija (HRT) bazirana na konfokalnoj skening laser oftal-
moskopiji i Moorfields regresiona analiza (MRA) koriš eni
su u našoj studiji za kvantitavnu procenu topografije o ne
papile. Primenom HRT mereni su stereometrijski paramet-

ri opti kih diskova bolesnika sa okularnom hipertenzijom
(OH), NTG i POAG. Cilj rada bio je da se odredi prime-
njivost HRT parametara u OH, NTG i POAG. Metode.
Rezultati nalaza 145 o iju od 145 bolesnika sa OH, NTG i
POAG analizirani su po starosti, refrakcionoj grešci, kva-
litetu HRT fotografija i stereometrijskim parametrima.
Rezultati. Utvr ena je statisti ki zna ajna razlika izme u
bolesnika sa NTG i druge dve grupe bolesnika za ve inu
parametara, kao i odsustvo razlike izme u OH i POAG
grupe za ve inu parametara, izuzev za debljinu retinalnog
sloja nervnih vlakana. Nalazi MRA pokazali su da nije bilo
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razlike u distribuciji ošte enih i o uvanih sektora neurore-
tinalnog oboda izme u bolesnika sa NTG i POAG, kao i
da su svih šest sektora neuroretinalnog oboda kod boles-
nika sa OH bili o uvani. Zaklju ak. Stereometrijski pa-
rametri HRT korisni su u diferencijaciji bolesnika sa OH i
NTG, kao i bolesnika sa NTG i POAG, ali ve ina para-
metara ne pokazuje razliku izme u OH i POAG. Tako e,

MRA može poslužiti za potvrdu dijagnoze OH, ali ne i za
preciznu diferencijaciju NTG i POAG.

Klju ne re i:
glaukom; glaukom, otvorenog ugla; hipertenzija,
okularna; dijagnoza, diferencijalna; dijagnosti ke
tehnike, oftalmološke.

Introduction

Primary open-angle glaucoma (POAG) is a disorder
that demonstrates typical structural changes in the optic disc
along with visual field defects related to an abnormal eleva-
tion of intraocular pressure (IOP), while normal-tension
glaucoma (NTG) is a type of glaucoma that shares clinical
features and mechanisms with POAG, except for the abnor-
mal elevation of IOP. Ocular hypertension (OH) is intraocular
pressure higher than normal in the absence of optic nerve
damage or visual field loss. Assessment of the optic disc is
included in the standard examination of patients with OH or
suspected or manifest glaucoma. Such evaluation is per-
formed not only by glaucoma experts, but also by general
ophthalmologists, ophthalmology residents, and ophthal-
mologists with special skills in areas other than glaucoma.
Glaucomatous optic nerve damage may manifest itself not
only as a morphological change in the optic disc but also as a
decrease in the thickness of the retinal nerve fiber layer
(RNFL) 1. Loss of axonal fibers results in the decreased
thickness of the RNFL, and this structural change has been
found to precede both any morphological changes of the op-

tic disc and functional changes in the visual field 2–13. Thus,
measuring the RNFL thickness, along with morphological
analysis of the optic disc lies at the cornerstone of early
glaucoma detection. Various computerized quantitative im-
aging techniques have been developed to help doctors iden-
tify structural glaucomatous damage. Confocal scanning la-
ser tomography using the Heidelberg retina tomograph II
(HRT II); (Heidelberg Engineering, GmbH, Heidelberg,
Germany) was introduced in the beginning of the 1990s and
has been further developed since then. HRT II uses confocal
scanning laser ophthalmoscopy to evaluate quantitatively the
three-dimensional surface topography of the optic nerve head
and the surrounding nerve fiber layer 14–21. There fore, HRT
II is considered to be a promising tool for the early detection
of glaucoma.

The aim of this study was to investigate whether the
HRT instrument can make distinguish between stereometri-
cal characteristics of papilla in groups of patients with OH,
NTG and POAG. We wanted to know whether the three ex-
amined identity may vary based on size of neuroretinal rim
damage, as well as the distribution of damaged and preserved
neuroretinal rim sectors. All that in order that the results ob-
tained in our study help ophthalmologists in routine exami-
nations of the HRT findings, to help them to avoid errors in
diagnosis of the glaucomatous or OH damage to the optic
disk and its surroundings.

Methods

This retrospective study included 145 eyes of 145 pa-
tients from the Institute of Ophtalmological of Medical of
Medicine Faculty of the Belgrade University. The research
followed the tenets of the Declaration of Helsinki and was
approved by the Regional Ethical Review Board. Stere-
ographic parameters of 61 eyes in 61 patients with POAG,
and 45 eyes in 45 patients with NTG, and 39 eyes in 39 pa-
tients with were investigated OH (Table 1). The restriction of

the study considering the one eye of each patient for each
group was made in order to facilitate statistical analysis.
Those eyes with excessive refractive error (of more than +6
diopters or less than –6 diopters), cataracts, diabetic reti-
nopathy or with any history of surgical treatment or eye
trauma were excluded. The NTG eyes included in this study
were defined as those showing both glaucomatous optic disc
changes and IOP never exceeded 21 mmHg on repeated
measurements. Subsequently, the eyes enrolled as POAG
group included those whose IOP exceeded 21 mmHg prior to
or after initiation of therapy. The OH eyes included in this
study were defined as those showing no glaucomatous optic
disc changes and IOP exceeded 21 mmHg on repeated meas-
urements. We used HRT II in our study for the collection of
all necesary data.

Table 1
Basic data of patients with ocular hypertension (OH), normal tension glaucoma

(NTG), and primary open angle glaucoma (POAG)
Variables OH NTG POAG
Number of eyes 39*,† 45 61
Male/female (n) 15/24 17/28 24/37
Age (year), mean value ± SD 51.7  15.8 61.9  10.7 57.3  9.2
Refractive error, mean value ± SD -0.5  1.5 -0.8  2.5 -1.3  3.3
Topographic standard deviation 26.3  6.9 28.2  5.6 21.5  8.5
*p < 0.05 vs POAG group; †p < 0.01 vs NTG group (t-test)
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By using HRT II we can get a series of photographies
of the cross section of the optical nerve head of different
deepness and after 3D reconstruction it produces topographi-
cal photographies of the papilla and peripapillar retina 22. To
quantify morphometric rim and cup parameters in optic disc
topography, a reference plane is defined. The reference plane
is parallel to the retinal surface. It needs to be stable so that
the parameters change only when true structural changes in
the optic disc occur. Within the disc margin, the retinal sur-
face located above the reference plane is defined as rim and
below the reference level as cup.

In order to verify the quality of topographic images
we used images with standard deviation less than 40 μm.
Eight stereometric parametres were taken into considera-
tion in this study: disc area (mm2), cup area (mm2), rim
area (mm²), cup-to-disc area ratio (C/D ratio), cup volume
(mm³), rim volume (mm³), cup shape measure (mm) and
mean retinal nerve fiber layer (mRNFL) thickness (mm).
Moorfields regression analysis (MRA), a program con-
tained in the basic package of HRT device was used for
comparison of the examined six sectors of neuroretinal rim
(1. temporal, 2. supero-temporal, 3. infero-temporal, 4. na-
sal, 5. supero-nasal, and 6. infero-nasal) with a normative.
It defines these sectors as damaged, borderline and normal
based on the 95% and 99.9% confidence intervals.

The aim of this study was to find which group has
larger damage (in percent) of the of the neuroretinal rim
and which segment of the neuroretinal rim is the most fre-
quently and the least frequently often represented as the
damaged for each group separately. Also, the aim of this
study was to find if we can confirm by reading the MRA
findings that the neuroretinal rim of OH patients is pre-
served.

By using SPSS version 20 we analysed the basic
demographic characteristics (age, gender), also a refractive
error and standard deviation of HRT images and examined
eight morphometrical parametres of the optical disc in all
three groups, with the aim to establish the existance of sta-
tisticaly significant difference between the same parametres
in the groups (statisticaly significant difference is when
p < 0.05). We used methods of descriptive statistics, and an
analytical statistical methods (t-test).

Results

Basic statistics relating to sex, age, size of refractive
error in patients eyes and standard deviation of topo-
graphic HRT images were shown in table 1. Between all
patients who met the entry criteria there were no signifi-
cant differences in refractive error and standard deviation
of topographic HRT images among the three groups. There
was statistically significant differences in age between pa-
tients wih OH and NTG, and patients with OH and POAG.
Patients with OH were significantly younger than patients
with NTG and POAG. A basic statistical summary of the
results of the HRT parameter measurements was shown in
Table 2. Examining the significance of differences among
parameters between groups we found different values. The
mean values of disc area (mm²) were significantly larger in
NTG than in the other two groups. The NTG group also
showed significantly the largest cup area (mm²), followed
in order by POAG and OH group. On the other hand, the
mean values of rim area (mm²) were significantly higher in
OH than in NTG group. Rim area were not significantly
different between OH and POAG patients, and also be-
tween NTG and POAG patients. Cup volume (mm³) were
significantly higher in HTG than in other groups, and the
same parameter were not significantly different between
OH and POAG group. The mean values of rim volume
(mm³) were significantly larger in OH than in NTG group,
but there was no statistically significant differences be-
tween other groups in relation to this parameter. Further,
the mean values of cup to disc area ratio were significantly
larger in NTG eyes than in OH and POAG eyes, though at
was not significantly different between OH and POAG
group. The NTG patients showed the significantly larger
values for cup shape measure (mm) compare to OH and
POAG patients, and the same parameter were not signifi-
cantly different between OH and POAG group. Last in-
vestigated parameter of optic disc was mean RNFL thick-
ness (mm), and it was significantly larger in OH than in
other two groups of patients. Mean RNFL thickness were
not significantly different between NTG and POAG group
(Table 2).

Table 2
Heidelberg retina tomograph (HRT) parameters in ocular hypertension (OH), primary open angle glaucoma (POAG) and

normal tension glaucoma (NTG)

OH (n = 39) NTG (n = 45) POAG (n = 61)
Variables

(min–max) mean (min–max) mean (min–max) mean
Disc area (mm²) (1.638–3.226) 2.398 2 (1.410–3.922) 2.814b2 (1.532–3.928) 2.484
Cup area (mm²) (0.019–1.652) 0.587 2 (0.099–3.354) 1.201b2 (0.048–3.168) 0.785
Rim area (mm²) (0.891–2.572) 1.810 2 (0.149–2.515) 1.571 (0.759–2.691) 1.699
Cup/disc area ratio (0.053–0.650) 0.230 2 (0.071–0.958) 0.426b2 (0.023–0.807) 0.293
Cup volume (mm³) (0.004–0.691) 0.161 2 (0.005–1.104) 0.393b2 (0.002–1.747) 0.209
Rim volume (mm³) (0.118–0.967) 0.458 2 (0.006–1.194) 0.365 (0.101–0.769) 0.408
Cup shape measure (mm) (-0.079– -0.305) -0.195 2 (-0.284–0.129) -0.130b2 (-0.414–0.013) -0.183
Mean RNFL thickness (mm) (0.080–0.396) 0.235 1,b1 (0.019–0.527) 0.184 (0.043–0.379) 0.203
RNFL – retinal nerve tiber layer; a1 – p < 0.05 vs NTG; a2 – p < 0.01 vs NTG; b1 – p < 0.05 vs POAG; b2 – p < 0.01 vs POAG
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By the reading of MRA findings of all three groups, we
found that the size of the damage of neuroretinal rim is
higher in the NTG group (12.4 %), than in the group of the
patients with POAG (6.5 %). We found that in group of the
patients with POAG the segment which is most often classi-
fied as damaged was nasal, and the least often temporal, also
in the group of the patients with NTG the segment the most
often classified as damaged was nasal, and the least often
temporal (Table 3). All six sectors of neroretinal rim of each
eye in the OH group were classified as normal.

Discussion

Since the development of the HRT, many reports have
demonstrated its advantages for quantitative assessments of
optic disc topography during diagnosis and follow-up of
glaucoma patients 23–34. Several authors have made compari-
sons between the topographic parameters of optic discs
among patients with glaucoma, individuals with OH, and
normal controls 26, 28, 32, 34, 35. However, there are few reports
of studies that have compared those parameters among OH,
NTG, and POAG patients 26, 27. In our study we did not find
any HRT parameter witch is significantly different among all
three groups. In previous reports 26, 35, 36, disc area showed no
significant difference among these disorders; however in our
study the NTG patients have significantly largest disc area.
In our study the NTG group also showed significantly the
largest cup area, cup volume and cup to disc area ratio, fol-
lowed in order by POAG and OH group. Same results can be
found in study of Kiriyama et al. 36. The mean values of rim
area and volume were significantly higher in OH than in
NTG group, and the same results we can find in the study of
Kiriyama et al. 36. Our study demonstrated no difference in
the some parameters between NTG and POAG had shown
group, as in a study of Iester et al. 37. Further on, our study
showed that the NTG patients had larger values of cup shape
measure compared to OH and POAG patients, and the same
parameter was not significantly different between OH and

POAG group. Kiriyama et al. 36 reported that when compar-
ing the same parameters cup shape was significantly differ-
ent between POAG and OH, and NTG and OH eyes, but not
between POAG and NTG eyes. Previous mentioned study 36

also showed that mRNFL thickness was significantly differ-
ent between POAG and NTG eyes, and NTG and OH eyes,
however, did not between POAG and OH eyes. Our study
showed that mRNFL thickness was significantly larger in
OH than in other two groups of patients. In sum, we found
significant differences between NTG and other two groups

for a majority of the parameters, and also no differences
bettwen OH and POAG patients for a majority of the investi-
gated parameters, except mRNFL. By reading the MRA
findings we found no differences in the distribution of
mostly damaged and mostly preserved neuroretinal rim sec-
tor between NTG and POAG patients. MRA findings also
showed that all sectors of the neuroretinal rim in OH patients
were preserved. Another study showed that by using HRT
and following throw time parameters of the neuroretinal rim
may prove the diagnosis of ocular hypertension 38.

Conclusion

Patients with NTG tend to have larger disc, larger cup-
ping, smaller rims, and thinner RNFL as compared to POAG
and OH patients. Patients with NTG also had a larger area of
damage of the neuroretinal rim, compared to POAG. On the
other hand, patients with OH were younger, and had largest
rim area and largest cup shape measure. Looking at the size
of the all tested parameters, the patients with POAG were
positioned in the middle, with respect to all three groups.
Thus, HRT topographic parameters are useful to differentiate
patients with OH and NTG, and also for differentiation be-
tween NTG and POAG patients, but in most of them showed
no difference between OH and POAG patients. Also, we can
conclude that MRA may serve to confirm the diagnosis of
OH, but not for precise distinction between NTG and POAG.
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