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Abstract
Aim—To evaluate the morphology of the
optic nerve head in eyes with pigmentary
glaucoma.
Methods—Colour stereo optic disc photo-
graphs of 62 patients with pigmentary
glaucoma and 566 patients with primary
open angle glaucoma were morphometri-
cally evaluated. By prestudy selection,
mean visual field defect and neuroretinal
rim area were not significantly diVerent
between the two groups (p=0.89 and
p=0.45).
Results—The pigmentary glaucoma
group did not vary significantly (p >0.10)
from the primary open angle glaucoma
group in size and shape of the optic disc,
configuration of neuroretinal rim, depth
of optic cup, area of alpha zone of
parapapillary atrophy, diameter of retinal
vessels at the disc border, and frequency
of disc haemorrhages and localised retinal
nerve fibre layer defects. The beta zone of
parapapillary atrophy was slightly, but not
statistically significantly (p=0.06), smaller
in the pigmentary glaucoma group. The
mean maximal intraocular pressure and
mean intraocular pressure amplitude
were significantly (p<0.001) higher in the
pigmentary glaucoma group.
Conclusions—In contrast with the charac-
teristic morphology of the anterior seg-
ment and despite significantly higher
intraocular pressure peaks and a larger
pressure amplitude, eyes with pigmentary
glaucoma compared with eyes with pri-
mary open angle glaucoma do not show a
pathognomonic morphology of the optic
disc and retinal nerve fibre layer. The
slightly smaller beta zone of parapapillary
atrophy may correspond to higher intra-
ocular pressure in pigmentary glaucoma.
(Br J Ophthalmol 1998;82:875–879)

Pigmentary glaucoma is a special form of
secondary open angle glaucoma in which
melanin granules from the iris pigment epithe-
lium are distributed through the eye.1 2 The
condition is characterised by moderate myopia
with a deep anterior chamber, radial defects in
the peripheral iris pigment epithelium, retro-
corneal pigmentation as Krukenberg’s spindle,
hyperpigmentation of the trabecular mesh-
work, Eggert’s line of pigmentation of the
hyaloideocapsular ligament, and equatorial
retinal degenerations. The condition more
commonly aVects males and usually presents
in the second to fifth decade of life.3

In view of the specific features of the anterior
segment found in eyes with pigmentary glau-

coma, the present study was conducted to
determine whether the optic nerve head also
showed peculiarities typical of the condition.

Patients and methods
The study included 62 patients with pigmen-
tary glaucoma who were compared with 566
patients suVering from primary open angle
glaucoma (Table 1). By selection, the two study
groups did not vary significantly in visual field
defect (mean 6.03 (SD 5.89) dB versus 6.15
(5.94), p = 0.89; Mann–Whitney test) and
neuroretinal rim area (1.18 (0.47) mm2 versus
1.16 (0.37) mm2 (p=0.45)). All participants of
the study were white. They were part of a pro-
spective study on the biomorphometry of the
optic nerve involving all patients coming to the
hospital with an anomaly or disease of the optic
nerve. The patients in the present study—that
is, those with pigmentary glaucoma, had not
been examined separately in a previous investi-
gation. The patients with primary open angle
glaucoma, whose optic disc data were used to
compare with those of the patients with
pigmentary glaucoma, had been included in
other recent studies where diVerent questions
were addressed.4

Criteria for the diagnosis of glaucoma were
an open anterior chamber angle, measure-
ments or history of an elevated intraocular
pressure above 21 mm Hg, and a glaucoma-
tous visual field defect. A glaucomatous visual
field defect was defined as a Octopus G1 field
with (a) at least three adjacent test points hav-
ing a deviation of equal to or greater than 5 dB
and with one test point with a deviation more
than 10 dB lower, (b) at least two adjacent test
points with a deviation equal to or greater than
10 dB, (c) at least three adjacent test points
with a deviation equal to or greater than 5 dB
abutting the nasal horizontal meridian, and (d)
a mean visual field defect of more than 2 dB.

In the eyes aVected by primary open angle
glaucoma, no obvious reason for the elevation
of intraocular pressure could be detected. The
eyes with pigmentary glaucoma were charac-
terised by radial translucent defects in the
periphery of the iris pigment epithelium, and a
hyperpigmentation in the posterior and ante-
rior chamber including a pigmentation of the
hyaloideocapsular ligament, Krukenberg’s
spindle, melanin granules on the iris surface, a
pronounced hyperpigmentation of the anterior
chamber angle, and pigment dispersion upon
mydriasis. Other reasons for pigment disper-
sion such as intraocular surgery or herpetic iri-
tis had been excluded.

Intraocular pressure had been measured for
all patients by Goldmann applanation tono-
metry in day and night pressure profiles
containing at least four measurements between
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4 pm and 8 am (at about 5 pm, 9 pm,
midnight, and 7 am). The means of the four
highest values and the four lowest values were
recorded.

For all eyes, 15° colour stereo optic disc
transparencies had been taken using a Zeiss
telecentric fundus camera. Mixed together
with photographs of more than 500 patients
with other forms of glaucoma or optic nerve
diseases, the disc transparencies were projected
in a scale of 1 to 15. The outlines of the optic
cup, optic disc, peripapillary scleral ring, and
alpha zone and beta zone of parapapillary atro-
phy were plotted on paper and analysed
morphometrically. The border of the optic disc
was identical with the inner side of the
peripapillary scleral ring. The optic cup was
defined on the basis of contour and not of pal-
lor. Correspondingly, in some eyes the area
with cupping was larger than the area with pal-
lor. Based on the stereoscopic impression
obtained from viewing the stereo diapositives,
the depth of the optic cup was estimated in a
scale ranging from “0” for no cupping to “5”
for very deep cupping. The reproducibility of
the optic cup depth assessment examined in a
previous study5 ranged between 2.0% and
8.9%. Parapapillary atrophy was diVerentiated
into two zones. The alpha zone was located in
the periphery of the parapapillary region and
was characterised by irregular hypopigmenta-
tion and hypopigmentation with a round
border to the retina on its outer side. The beta
zone was located between the alpha zone and
the peripapillary scleral ring. It was whitish and
showed visible sclera and visible large choroi-
dal vessels.4 To obtain the measurements in
millimetres or square millimetres, the ocular
and photographic magnifications were cor-
rected according to the Littmann method
using the anterior corneal curvature and the
refractive error.6

For 30 patients with pigmentary glaucoma
(seven women, 23 men; age 43.6 (10.3) years;
refractive error −3.66 (2.63) dioptres) and 146
patients with primary open angle glaucoma (77
women/69 men; age 59.7 (11.6) years; refrac-
tive error −0.91 (2.49) dioptres), wide angle
photographs of the retinal nerve fibre layer
were available. They had been taken and
evaluated as reported recently.7 Instead of
paper prints diapositives were developed. The
slides were projected with a magnification of
15 times after maximal defocusing of the
projector. The area of the blurred image of the

optic disc was covered, then the projector refo-
cused and the retinal nerve fibre layer evalu-
ated. A localised defect of the retinal nerve
fibre layer was defined as a wedge-shaped and
not spindle-like defect, running towards or
touching the optic disc border for not more
than 60 degrees of the optic disc
circumference.7

The photographs of the optic disc and
retinal nerve fibre layer were evaluated inde-
pendently of each other in a masked fashion
without knowledge of the clinical diagnosis and
the visual field data. Only one randomly
selected eye per patient was taken for statistical
analysis.

Results
Age was significantly (p<0.0001) lower, refrac-
tive error was significantly more myopic
(p<0.0001), and there were significantly
(p<0.001) more men than women in the group
with pigmentary glaucoma compared with the
group with primary open angle glaucoma
(Table 1). Although size and shape of the optic
disc and neuroretinal rim are statistically inde-
pendent of age beyond the age of 15 years,8 we
formed a subgroup of patients with primary
open angle glaucoma which was adjusted for
age and refractive error with the pigmentary
glaucoma group. The percentage of patients in
separate age groups each spanning over 15
years of life in the primary open angle
glaucoma group was similar (plus or minus
8%) to the percentage of patients in the same
age groups in the pigmentary glaucoma group.
Correspondingly, diVerence in age between the
two groups was not significant (p=0.42;
Mann–Whitney U-Wilcoxon test). The ad-
justed subgroup consisted of 102 patients with
primary open angle glaucoma (Table 1). With
the size and shape of the optic disc, neuroreti-
nal rim, and parapapillary atrophy being inde-
pendent of sex,4 8 the diVerences in this
variable were not taken into account.

The pigmentary glaucoma group did not
vary significantly (p >0.10; Wilcoxon-Mann–
Whitney test) from the primary open angle
glaucoma groups in optic disc area, horizontal
and vertical disc diameter, minimal and maxi-
mal disc diameter, ratio of minimal to maximal
disc diameter, and disc form factor (Table 2).
Correspondingly, the pigmentary glaucoma
group did not diVer significantly (p >0.10)
from the primary open angle glaucoma group,
adjusted and not adjusted for age and refrac-
tive error, in area and width of neuroretinal
rim, horizontal and vertical cup/disc diameter
ratios, quotient of horizontal to vertical cup/
disc diameter ratios, total and sectorial area of
alpha zone and beta zone of parapapillary atro-
phy, diameters of retinal arterioles and venules
at the optic disc border, frequency of optic disc
haemorrhages, prevalence of localised retinal
nerve fibre layer defects, and loss variance
value of the perimetric examination (Table 2).

If the pigmentary glaucoma group was com-
pared with a primary open angle glaucoma
control group which was adjusted only for
refractive error (n=226; age 58.0 (15.0) years;
refractive error −3.39 (2.12) dioptres; optic

Table 1 Composition of the study groups (mean (SD))

Pigmentary
glaucoma

Primary open
angle glaucoma p Value

Primary open
angle
glaucoma
adjusted for
refractive error
and age p Value

n 62 566 102
Women/men 13/49 276/290 <0.001 66/36 >0.05 (ns)
Age (years) 44.2 (9.4) 59.2 (13.9) <0.0001 44.7 (7.8) 0.42 (ns)

Range 26–64 22–89 23–53
Refractive error (D) −3.54 (2.64) −0.91 (2.62) <0.0001 −2.82 (2.05) 0.17 (ns)

Range −9.50 to +0.50 −9.25 to +6.75 −7.5 to −0.25

p Value = significance of diVerences between the pigmentary glaucoma group and the primary
open angle glaucoma group adjusted or not adjusted for age and refractive error; ns = statistically
not significant.
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disc area 2.67 (0.67) mm2; neuroretinal rim
area: 1.16 (0.38) mm2), the diVerence in beta
zone between the two groups was more
pronounced and almost reached the level of
5% error of probability (0.52 (0.71) mm2 in
pigmentary glaucoma versus 0.89 (1.42) mm2

in the control group; p=0.06).
The mean maximal intraocular pressure

measurements and the diVerence between the
maximal and minimal intraocular pressure
readings were significantly (p<0.001) higher in
the eyes with pigmentary glaucoma than in the
eyes with primary open angle glaucoma. The
mean minimal intraocular pressure values did
not vary significantly (p=0.73) (Table 2).

Discussion
The open angle glaucomas form a heterogene-
ous group of diseases, features of which vary in
the level of intraocular pressure, age of the
patients, prevalence of arterial hypotension,
refractive error, and atrophic appearance of the
posterior fundus.6 7 9–26 The appearance of the
optic disc diVers in the various forms of open
angle glaucoma.

To give examples, eyes with the highly
myopic type of primary open angle glaucoma
have large and abnormally shaped optic discs
with shallow and concentric cupping. Disc
haemorrhages and localised retinal nerve fibre
layer defects are relatively rare, parapapillary
atrophy is pronounced, and intraocular pres-
sure measurements are often in the normal
range.19 20 22 25 26 In eyes with the focal type of
normal pressure glaucoma, size and shape of
the optic disc is normal, optic disc cupping is
deep and steep, frequencies of neuroretinal
rim notches, disc haemorrhages, and localised
retinal nerve fibre layer defects are relatively
high, parapapillary atrophy is only slightly
enlarged, and intraocular pressure is in the
normal range.9 12 21 22 Eyes with the age related
atrophic type of primary open angle glaucoma
usually show a pronounced parapapillary atro-
phy in combination with a marked fundus tes-
sellation and a shallow and concentric disc
cupping. Disc haemorrhages, rim notches, and
localised retinal nerve fibre layer defects are
relatively rare in this type of glaucoma.
Intraocular pressure readings are often in the

Table 2 Measurements of the optic disc and intraocular pressure (mean (SD))

Pigmentary
glaucoma

Primary open angle
glaucoma p Value

Primary open
angle glaucoma
adjusted for
refractive error
and age p Value

n 62 566 102
Optic disc area (mm2) 2.67 (0.79) 2.69 (0.62) 0.21 (ns) 2.67 (0.72) 0.55 (ns)
Min/max diameter 0.87 (0.07) 0.89 (0.07) 0.007 0.89 (0.07) 0.06 (ns)
Form factor 0.97 (0.02) 0.97 (0.06) 0.84 (ns) 0.97 (0.02) 0.83 (ns)
Rim area (mm2):

Total 1.18 (0.48) 1.16 (0.37) 0.45 (ns) 1.25 (0.39) 0.35 (ns)
Temporal horizontal 0.17 (0.09) 0.17 (0.08) 0.30 (ns) 0.18 (0.08) 0.95 (ns)
Temporal superior 0.30 (0.15) 0.29 (0.11) 0.59 (ns) 0.31 (0.12) 0.67 (ns)
Temporal inferior 0.29 (0.14) 0.30 (0.12) 0.64 (ns) 0.34 (0.13) 0.67 (ns)
Nasal 0.44 (0.17) 0.42 (0.13) 0.31 (ns) 0.45 (0.15) 0.02 (ns)

Rim width (mm):
Temporal 0.20 (0.15) 0.19 (0.10) 0.33 (ns) 0.20 (0.11) 0.75 (ns)
Inferior 0.26 (0.18) 0.26 (0.13) 0.48 (ns) 0.29 (0.12) 0.30 (ns)
Nasal 0.29 (0.16) 0.28 (0.11) 0.18 (ns) 0.30 (0.11) 0.85 (ns)
Superior 0.29 (0.19) 0.26 (0.12) 0.11 (ns) 0.29 (0.14) 0.81 (ns)

Cup/disc diameter ratios:
Horizontal 0.71 (0.16) 0.73 (0.12) 0.35 (ns) 0.71 (0.14) 0.76 (ns)
Vertical 0.71 (0.17) 0.73 (0.14) 0.51 (ns) 0.69 (0.15) 0.34 (ns)
Horizontal/vertical 1.00 (0.09) 1.02 (0.11) 0.47 (ns) 1.03 (0.09) 0.02

Optic cup depth (relative units) 2.4 (0.9) 2.6 (0.9) 0.08 (ns) 2.5 (1.0) 0.27 (ns)
Frequency of disc haemorrhages 3.2% 6.2% >0.05 (ns) 2.9% >0.05 (ns)
Localised retinal nerve fibre layer defects 16% 22% >0.05 (ns) 19% >0.05 (ns)
Alpha zone area (mm2):

Total 0.68 (0.57) 0.72 (0.59) 0.63 (ns) 0.81 (0.60) 0.19 (ns)
Temporal horizontal 0.32 (0.26) 0.33 (0.24) 0.53 (ns) 0.36 (0.25) 0.20 (ns)
Temporal superior 0.11 (0.11) 0.15 (0.16) 0.17 (ns) 0.18 (0.20) 0.06 (ns)
Temporal inferior 0.18 (0.15) 0.16 (0.18) 0.20 (ns) 0.17 (0.14) 0.86 (ns)
Nasal 0.07 (0.20) 0.09 (0.18) 0.20 (ns) 0.10 (0.18) 0.24 (ns)

Beta zone area (mm2):
Total 0.52 (0.71) 0.60 (1.09) 0.75 (ns) 0.52 (0.77) 0.77 (ns)
Temporal horizontal 0.22 (0.25) 0.21 (0.33) 0.36 (ns) 0.22 (0.16) 0.94 (ns)
Temporal superior 0.10 (0.25) 0.11 (0.21) 0.64 (ns) 0.11 (0.20) 0.46 (ns)
Temporal inferior 0.17 (0.29) 0.16 (0.31) 0.38 (ns) 0.13 (0.21) 0.43 (ns)
Nasal 0.04 (0.11) 0.12 (0.39) 0.30 (ns) 0.07 (0.26) 0.73 (ns)

Retinal vessel diameter (mm), arteriole:
Temporal inferior 0.093 (0.032) 0.102 (0.029) 0.19 (ns) 0.103 (0.023) 0.05 (ns)
Temporal superior 0.098 (0.028) 0.098 (0.024) 0.59 (ns) 0.101 (0.026) 0.54 (ns)
Nasal superior 0.091 (0.030) 0.090 (0.024) 0.31 (ns) 0.095 (0.023) 0.64 (ns)
Nasal inferior 0.093 (0.031) 0.091 (0.027) 0.44 (ns) 0.093 (0.024) 0.15 (ns)

Venule:
Temporal inferior 0.127 (0.037) 0.138 (0.033) 0.09 (ns) 0.139 (0.035) 0.07 (ns)
Temporal superior 0.131 (0.040) 0.132 (0.032) 0.62 (ns) 0.133 (0.032) 0.84 (ns)
Nasal superior 0.113 (0.038) 0.113 (0.033) 0.75 (ns) 0.111 (0.031) 0.31 (ns)
Nasal inferior 0.124 (0.035) 0.113 (0.033) 0.09 (ns) 0.117 (0.031) 0.88 (ns)

Perimetric loss variance value (dB2) 19.97 (30.6) 20.7 (24.99) 0.34 (ns) 16.2 (23.0) 0.35 (ns)
Intraocular pressure (mm Hg):

Mean maximal 24.5 (6.6) 21.2 (5.1) <0.0001 22.0 (5.1) 0.0008
Mean minimal 13.0 (2.8) 13.2 (3.0) 0.73 (ns) 13.9 (3.0) 0.10 (ns)
Amplitude 11.5 (6.6) 8.0 (5.2) <0.0001 7.9 (5.3) 0.0008

p Value = significance of diVerences between the pigmentary glaucoma group and the primary open angle glaucoma group adjusted
or not adjusted for age and refractive error; ns = statistically not significant.
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upper normal range or are only slightly
elevated.11 16 17 19 20 22 23 In the juvenile onset
type of primary open angle glaucoma and in
secondary open angle glaucoma with high
intraocular pressure, optic disc cupping is
steep and deep. Frequencies of disc haemor-
rhages, neuroretinal rim notches, and localised
retinal nerve fibre layer defects are low,
parapapillary atrophy is small, and minimal
and maximal values of intraocular pressure
measurements are high.6 12 16 22 In eyes with
secondary open angle glaucoma due to
pseudoexfoliation of the lens, the optic disc
size is normal or slightly smaller than in eyes
with primary open angle glaucoma. The shape
of the optic disc and neuroretinal rim,
prevalence and size of parapapillary atrophy,
and optic cup depth do not diVer significantly
between eyes with pseudoexfoliative glaucoma
and eyes with primary open angle
glaucoma.18 24

According to the results of the present
study, eyes with secondary open angle
glaucoma due to primary melanin dispersion
syndrome (pigmentary glaucoma) do not
show peculiarities of the optic disc and retinal
nerve fibre layer which may be characteristic
of this type of chronic open angle glaucoma. It
is in contrast with the morphological abnor-
malities in the anterior segment of the eye
which are pathognomonic for pigmentary
glaucoma. The finding that the disc morphol-
ogy is not significantly diVerent between eyes
with pigmentary glaucoma and eyes with
primary open angle glaucoma despite signifi-
cant diVerences in sex and refractive error
agrees with previous studies in which the disc
morphology was mostly independent of sex
and refractive error in a range of −5 to +5
dioptres.8

There are factors limiting the present study.
Owing to the deeper anterior chamber and
similar keratometric readings, eyes with
pigmentary glaucoma may have a longer axial
length than eyes with primary open angle
glaucoma with the same refractive error. A
diVerence in axial length influences optic disc
measurements since only anterior corneal cur-
vature and refractive error are taken into
account with the Littmann formula. Accord-
ing to Littmann,6 an increase in axial length by
2 mm from 24 mm to 26 mm increases the
linear magnification factor in the Littmann
formula by about 10%. It means that the optic
disc area measurements expressed in absolute
size units (that is, millimetres) would haver to
be multiplied by a factor of (1.1)2, which is
1.21. It would lead to a significantly larger
optic disc size in the pigmentary glaucoma
group than in the primary open angle
glaucoma group. Other measurements such as
shape of the neuroretinal rim expressed as the
ratios of the neuroretinal width measure-
ments, cup/disc ratios, and the ratios of the
alpha area to disc area and beta area to disc
area are independent of fluctuations in the
magnification factor. Against the fact that
diVerences in axial length may have had a
significant eVect on the results of the present
study was that there was no significant diVer-

ence in the mean perimetric defect and
neuroretinal rim area measurements between
the two groups. Furthermore, a diVerence in
the depth of the anterior chamber of 20%
(from 3.1 mm to 3.7 mm) increases the mag-
nification factor in the Littmann formula by
only 0.6%.

Interestingly, the mean maximal intraocular
pressure values were significantly higher in the
pigmentary glaucoma group than in the
primary open angle glaucoma. This finding
partially agrees with the results of a previous
study performed in our department which
found that eyes with high pressure juvenile
onset primary open angle glaucoma had optic
discs with specific characteristics including
steep and deep cupping and only slightly
enlarged areas of parapapillary atrophy.5 In
agreement, a relatively small beta zone was
found in both the present study and that relat-
ing to patients with high pressure juvenile
onset primary open angle glaucoma. However,
diVerences were found in the two studies with
respect to the extent of parapapillary atrophy
and cup depth between the two groups of
patients. A reason for the discrepancy may be
that in the eyes with juvenile onset primary
open angle glaucoma, the maximal and
minimal intraocular pressures were markedly
elevated whereas in the present study in the
eyes with pigmentary glaucoma, only the
maximal intraocular pressure measurements
were markedly increased. It is possible that
high intraocular pressure peaks, with
otherwise only slightly elevated intraocular
pressure, do not lead to a pathognomonic
morphology in the optic disc and retinal nerve
fibre layer. In a parallel manner, eyes with
pseudoexfoliative glaucoma compared with
eyes with primary open angle glaucoma have
significantly higher intraocular pressure peaks
and a significantly larger pressure amplitude,
while the mean minimal intraocular pressure
measurements and the morphology of the
optic disc and retinal nerve fibre layer do not
show a clinically significant diVerence between
the two glaucoma types.24
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