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Comparison of localised nerve fibre layer defects in
normal tension glaucoma and primary open angle
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Aim: To compare the pattern of localised nerve fibre layer
(NFL) defects in normal tension glaucoma (NTG) and
primary open angle glaucoma (POAG).
Methods: 50 NTG eyes and 36 POAG eyes, all with
localised NFL defects, were enrolled. On retinal NFL
photography, the proximity of the defect to the centre of
the fovea (angle α) and the sum of the angular width of the
defects (angle β) were determined. Angle α was the angle
made by a line from the centre of the fovea to the disc cen-
tre and a line from the disc centre to the disc margin,
where the nearest border of the defect met. The patterns of
localised NFL defects in NTG and POAG were compared
with angles α and β. Independent t test was used for statis-
tical analysis.
Results: Angle α in NTG (35.1 (SD 20.0)°) was
significantly smaller than that of POAG (45.9 (21.9)°)
(p=0.02), while angle β in NTG (49.0 (31.9)°) was signifi-
cantly larger than that of POAG (33.1 (23.9)°) (p=0.01).
Conclusions: The pattern of NFL defects in NTG was dif-
ferent from that in POAG. Localised NFL defects in NTG
were closer to the fovea and wider in width than those in
POAG.

Many researchers have suggested a difference in patho-
genesis between normal tension glaucoma (NTG) and
primary open angle glaucoma (POAG). Among the

evidence supporting this theory were the different patterns of
visual field defect1–5 and optic nerve head configuration.3 5–9

The frequent occurrence of optic disc haemorrhage and the
high incidence of systemic diseases10–14 in patients with NTG
also suggested that a damaging mechanism other than high
intraocular pressure contributed to the glaucomatous
damage.1 Although retinal nerve fibre layer (RNFL) evaluation
has become important in detecting glaucomatous nerve dam-
age, quantitative comparison of RNFL photographs between
NTG and POAG has been rare.

In this study, we tried to evaluate the difference in nerve
fibre layer (NFL) defects between NTG and POAG through
analysis of RNFL photographs.

SUBJECTS AND METHODS
This was a retrospective clinical study. Patients who were
diagnosed as NTG or POAG in the glaucoma clinic of Seoul
National University Hospital from 1994 to 2000 were included
in the study. All patients received evaluation including
complete ophthalmic examinations with gonioscopy, applana-
tion tonometry, disc stereophotography, RNFL photography,
and visual field test with automated perimetry. Red-free fun-
dus photographs of RNFL was taken by a previously described
technique.15 A TRC-50IA (Topcon Inc, Tokyo, Japan) or

CF-60UV (Canon Inc, Utsunomiya, Japan) fundus camera and
TMX 135–24 film (Kodak Inc, Seoul, Korea) were used. The
visual field tests were performed using the C30-2 program of
Humphrey visual field analyser, Model 750 (Zeiss Inc, San
Leandro, CA, USA) or Model 630 (Allergan Inc, San Leandro,
CA, USA).

We defined NTG according to the following criteria: (1)
intraocular pressure consistently less than 21 mm Hg in an eye
without antiglaucoma medication, (2) characteristic glauco-
matous optic nerve head damage, (3) glaucomatous visual
field loss, (4) no neuroradiological evidence of optic nerve
damage, (5) open iridocorneal angle, and no abnormal cham-
ber angle structure on gonioscopic examination. POAG was
defined to meet the same criteria of NTG except for intraocu-
lar pressure greater than 21 mm Hg in an eye without
antiglaucoma medication.15

The exclusion criteria were as follows: (1) MD (mean
deviation) of more than −14 dB on Humphrey C30-2 program.
By limiting the MD value below −14 dB, we excluded the eyes
with severe visual field defects from this study; (2) previous
ocular pathology such as retinal diseases and cataract, or a
history of ocular surgery; (3) patients older than 70 years to
rule out senile NFL atrophy.

The parameters of RNFL photography were defined for the
evaluation of localised NFL defects and these are illustrated in
Figure 1.

Figure 1 Parameters obtained from the retinal nerve fibre layer
(RNFL) photograph. Reference line d was from the disc centre to the
centre of the fovea. Angle α (a) was the angle made between the
reference line and a line from the disc centre to the point of disc
margin where the nearest border of the defect met. Angle β was the
sum (b + c) of the angular widths of the defects.
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(1) Reference line d: a line from the centre of the disc to the
centre of the macula.

(2) Angle α (a): the minimum angle which was made by a
reference line and a line from the centre of the disc to a disc
margin where the NFL defects meet the disc.

(3) Angle β (b + c): the summated width of the circumfer-
ential angle of NFL defects around the disc.

Localised NFL defects more than 120 degrees from the ref-
erence line were excluded because the defects in the nasal NFL
were ambiguous and difficult to determine.

These parameters were obtained through thorough evalua-
tions of the RNFL photographs by one ophthalmologist expe-
rienced in RNFL evaluation. To prevent examiner bias, RNFL
photography evaluation was carried out without any infor-
mation on the patients’ diagnoses.

Medical records were reviewed for 71 eyes of 47 patients
with NTG and 58 eyes of 33 patients with POAG, who were
taken RNFL photographs. Ten eyes of seven patients older
than 70 years and 11 eyes of nine patients with severe visual
field defects (MD values below −14 dB) were excluded from
the RNFL analysis. During RNFL analysis, 22 eyes of 18
patients were excluded because of the indefinite localised NFL
defects due to cataract (five eyes), abnormal retinal findings

such as diabetic retinopathy, drusen, or epiretinal membranes
(seven eyes), and diffuse NFL atrophy (15 eyes). Finally, 50
eyes of 33 NTG patients and 36 eyes of 26 POAG patients were
included in the analysis of localised NFL defects.

The demographic data of the two groups, including age and
sex ratio, were compared. The obtained parameters of NFL
defects (angles α and β) were compared between NTG and
POAG. Statistical analyses were performed with independent t
test.

RESULTS
The mean ages of the patients were 51.3 (SD 9.2) (range
29–66) years in the NTG group and 48.4 (11.2) (27–66) years
in the POAG group. The male to female ratios were 1.1:1 in the
NTG group and 1.3:1 in the POAG group. Neither difference
was significant between the two groups (both p >0.05). MD of
Humphrey C30-2 perimetry was not different between the
NTG group (−4.88 (3.02) dB) and the POAG group (−6.16
(4.05) dB) (p = 0.10)

Typical RNFL photographs of NTG and POAG are shown in
Figure 2. Angle α in the NTG group (35.1 (20.0)°) was signifi-
cantly smaller than that of the POAG group (45.9 (21.9)°)
(p = 0.02), while angle β in the NTG group (49.0 (31.9)°) was
significantly larger than that of the POAG group (33.1 (23.9)°)
(p = 0.01) (Fig 3).

DISCUSSION
Many researchers have studied the structural and functional
differences between NTG and POAG. The targets were optic
nerve head, visual field, and RNFL. The significant evidence of
differences in NTG and POAG would imply pathogenic differ-
ences of optic nerve damage between NTG and POAG.

Visual field defects of NTG and POAG have been analysed by
many authors since the first report in 1857 by von Graefe.16

While some authors reported no differences between NTG and
POAG, others concluded that the visual field defect in NTG
was characteristically different from that of POAG. Caprioli et
al1 reported that the visual field defects in low tension
glaucoma occurred closer to fixation and that the slope and

Figure 2 Typical retinal nerve fibre layer (RNFL) photographs of
normal tension glaucoma (NTG) (A) and primary open angle
glaucoma (POAG) (B). (A) Localised NFL defects of NTG located in
both superior and inferior retina are wider and closer to the fovea
than those of POAG (B). (B) Localised NFL defects of POAG are far
from the fovea and have very narrow widths.

Figure 3 Angles α and β in normal tension glaucoma (NTG) and
primary open angle glaucoma (POAG).
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depth of the scotoma was steeper and greater in low tension
glaucoma than those in high tension glaucoma.

There have also been many controversies about the
difference of optic nerve head configuration between NTG and
POAG. Disproportionately greater cupping compared with
comparable visual field loss was reported in patients with
NTG.5 6 Caprioli et al6 suggested that significant correlation
existed between the thickness of the neural rim and the
distance of the deepest scotoma from fixation only in high
tension glaucoma, but not in low tension glaucoma. They sug-
gested that in high tension glaucoma, the progression of visual
field loss started from a more peripheral toward a more central
field, while in low tension glaucoma, the visual field loss was
very close to fixation and the pattern of progression was not
related to the thickness of the neural rim.

RNFL photography has been confirmed to detect glaucoma-
tous abnormalities earlier than visual field analysis.17–19

However, the difficulties in quantitative analysis made it diffi-
cult to determine the severity of glaucomatous damage with
RNFL photographs. It was also hard to demonstrate the
differences of RNFL defects between NTG and POAG.

In the present study, the evaluation of localised NFL defects
was done by one experienced examiner who measured the
angles around the disc. Through this method, which has not
been used in previous studies, quantitative information about
the NFL defects could be obtained.

Yamazaki et al20 21 used microdensitometric analysis of RNFL
photographs to demonstrate the difference in pattern of RNFL
changes between eyes with NTG and high tension glaucoma.
He concluded that in eyes with NTG, RNFL loss tended to be
localised, whereas it tended to be diffuse in eyes with high
tension glaucoma. In analysis of RNFL using scanning laser
polarimetry, the thickness of the RNFL was reduced sym-
metrically in the superior and inferior quadrants in high ten-
sion glaucoma, whereas a more localised defect on the inferior
RNFL occurred in NTG.22 In another report using scanning
laser polarimetry, the RNFL thickness of POAG was relatively
thinner especially in the superior retina compared to that of
NTG.23 These studies also confirmed the different pattern of
RNFL defect in NTG and POAG, but the results are somewhat
inconsistent and hence it is difficult to determine the exact
differences.

Analysis using microdensitometry and scanning laser
polarimetry has the advantage of evaluating the severity of
NFL defects in three dimensional mode by computer system.
In the present study, the pattern of localised defects was ana-
lysed quantitatively in two dimensional mode by an examiner,
so the depth or severity of NFL loss could not be evaluated and
the data obtained are subjective. Nevertheless, with this
manual evaluation of RNFL photographs by an experienced
ophthalmologist it was possible to obtain reliable data and
there were no limitations as quadrantic measurement in
scanning laser polarimetry and no interphotographic varia-
tions in microdensitometry.

The result of the present study was that angle α was smaller
in the NTG group than in the POAG group and that angle β
was larger in the NTG group than in the POAG group. After
careful interpretation of these results, we reached the follow-
ing two conclusions.

(1) The localised NFL defects in NTG are closer to the cen-
tre of the fovea and are wider than those in POAG. Consider-
ing that the MDs of visual fields were not different between
the two groups, it can be stated that these different patterns of
NFL defects occurred in similar stages of glaucomatous dam-
age in both groups. The involvement of more central NFL in
NTG than in POAG might be due to the fact that the localised
NFL defects in NTG occurred from the central retina while
those in POAG occurred from the peripheral retina. This con-
clusion is also in accord with the previous reports1 6 suggesting
that the NFL defects in NTG start to appear at the more cen-
trally located retina, whereas the NFL defects in POAG
progress from peripheral to central retina.

(2) Although the NTG patients had the same or slightly
smaller MD in Humphrey perimetry, they showed wider local-
ised NFL defects than the POAG patients. This indicates that
POAG may have more diffuse loss of NFL with narrower local-
ised defects than NTG. Therefore, it can be concluded that in
NTG, the NFL damage might present in the form of a mainly
localised type, while in POAG a relatively more diffuse type. It
can be inferred that the scotoma in NTG might be denser and
more definite than those in POAG. The previous report on the
differences of optic nerve head between the two kinds of glau-
coma, with inferotemporal notch of optic disc in NTG and
generalised cupping of disc in POAG, also supports this
conclusion.6 The results obtained using scanning laser
polarimetry also substantiate this hypothesis.22 23

In conclusion, the NFL defects of NTG are characteristically
different from those of POAG. The localised NFL defects of
NTG occur closer to the centre of the fovea and wider than
those of POAG. In NTG, the NFL defects occur in a more local-
ised fashion than those in POAG. In addition, the occurrence
and progression of NFL defects may be different between the
two types of glaucoma. These different patterns of NFL change
between the two types of glaucoma suggest that a different
pathogenesis of glaucomatous damage is associated with each
type of glaucoma.
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