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Abstract
Aim—To evaluate histomorphometrically
the optic nerve head in highly myopic eyes
with absolute secondary angle closure
glaucoma.
Methods—Optic disc sections of 16 highly
myopic eyes with an axial length of more
than 26 mm and of 19 eyes with an axial
length of less than 26 mm were histomor-
phometrically evaluated. All eyes had
been enucleated due to painful absolute
secondary angle closure glaucoma.
Results—In the highly myopic eyes com-
pared with the non-highly myopic eyes,
mean optic disc diameter was significantly
larger (mean 2.33 (SD 0.55) mm versus
1.77 (0.50) mm; p=0.01), and the optic cup
was significantly shallower (optic cup
depth 0.34 (0.29) mm versus 0.63 (0.23)
mm; p=0.03). The peripapillary scleral
ring was significantly broader (0.58 (0.65)
mm versus 0.08 (0.06) mm; p=0.001), and
the â zone (0.83 (0.74) mm versus 0.28
(0.25) mm; p=0.006) of the parapapillary
chorioretinal atrophy was significantly
larger in the highly myopic eyes.
Conclusions—The results of the present
study agree with biomorphometric data of
the optic nerve head in highly myopic eyes
with glaucoma. In the highly myopic
group, a markedly enlarged peripapillary
scleral ring characterised by absence of
Bruch’s membrane and choriocapillaris
contributes in addition to á and â zone to
the parapapillary atrophy.
(Br J Ophthalmol 1998;82:286–289)

Remarkable diVerences exist in the optic disc
morphology between glaucomatous eyes with
high myopia and glaucomatous eyes with
normal axial length. Clinical studies have
shown that highly myopic eyes compared with
emmetropic eyes have an unusually large and
abnormally configured optic nerve head with
shallow disc cupping and an unusually large
parapapillary atrophy.1–3 As histomorphometric
correlations of these clinical findings in highly
myopic eyes are scarce or lacking,4–7 the aim of
the present investigation was to identify and
measure the histological correlates of the oph-
thalmoscopic features of the optic disc in glau-
comatous eyes with high myopia and to
describe diVerences between these eyes and
glaucomatous eyes without high myopia.

Material and methods
The study included 35 histological sections of
35 globes enucleated due to painful absolute
secondary angle closure glaucoma. Various
reasons such as perforating corneal injuries
had been responsible for the closure of the
angle. Medical and surgical therapy such as
cyclocryocoagulation did not succeed in re-
ducing intraocular pressure or pain. Posterior
to the ora serrata, no surgical intervention had
been undertaken. In all sections the retina was
attached or only artificially detached.
The eyes were divided in two groups accord-

ing to axial length. Sixteen eyes had an axial
length of more than 26 mm and were
considered to be highly myopic; 19 eyes with
an axial length of less than 26 mm served as a
control group (Table 1).
According to the selection criteria mean

axial length and mean horizontal and vertical
globe diameters were significantly (p<0.001;
Mann–Whitney test) larger in the highly
myopic group than in the non-highly myopic
group (Table 1). The groups did not vary
significantly in age (p=0.33) and sex (Table 1).
All globes were fixed immediately after enu-

cleation in a solution of 4% formaldehyde/1%
glutaraldehyde. All globes were opened in an
anteroposterior direction. Histological sections
8 µm in thickness going through the pupil and
the optic disc were prepared in a routine man-
ner, embedded in paraYn, and stained by the
periodic acid SchiV method. The slide which
contained the most central part of the optic
disc was selected for further evaluation. Both
groups contained horizontal and vertical sec-
tions in a similar distribution (Table 1).
Using a microscope and a planimeter, the

illuminated cursor of which was mirrored into
the microscope, we evaluated on every histo-
logical slide the diameter of the optic disc
defined as distance between the two inner mar-
gins of the sclera, and the depth of the optic
cup measured between the inner surface of the
lamina cribrosa and three reference lines at the
level of the uveoscleral interface, Bruch’s
membrane, and the retinal surface, respec-
tively. In the parapapillary region, we deter-
mined the width of the peripapillary scleral
ring defined as distance between the optic disc
border and the beginning of Bruch’s mem-
brane; the length of zone “B” defined as
Bruch’s membrane bared of retinal pigment
epithelium cells; and the length of zone “A”
defined as Bruch’s membrane covered with
irregularly pigmented retinal pigment epithe-
lium cells. The method has already been
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explained in detail.8 9 The study design was
unmasked with the examiner knowing to which
group the histological sections were assigned.
To determine the reproducibility, measure-
ments of zone B of the parapapillary atrophy
were repeated five times in randomly selected
sections of five eyes of the highly myopic group
and in randomly selected sections of five eyes
of the non-highly myopic group.

Results
In the highly myopic eyes compared with the
non-highly myopic eyes, the optic disc diam-
eter was significantly larger (p=0.01; Mann–
Whitney test) and the optic cup depth
measured as distance to the reference level at
the retinal surface was significantly (p=0.03)
more shallow (Table 2). Taking into account all
measured sections, the optic disc diameter was
significantly (p=0.004) correlated with the
axial length of the globes (Pearson’s correlation
coeYcient R = 0.51). In the parapapillary
region, the peripapillary scleral ring was
significantly (p=0.001) broader and zone B
was significantly (p=0.006) larger in the highly
myopic group than in the non-highly myopic
group (Table 2). The values for zone A did not
diVer significantly. Taking into account the
larger optic disc diameter and the larger width
of the scleral ring and zone B in the highly
myopic group compared with the non-highly
myopic group, area of zone A calculated as
width of zone A × circumference of the outer
border of zone B was markedly larger in the
highly myopic group than in the non-highly
myopic group (Figs 1–4). The coeYcient of
reproducibility of the measurements was
10.8%, determined as mean of the standard
deviation divided by the mean of the means.

Discussion
The histomorphometric results demonstrate
abnormally large optic discs in glaucomatous
eyes with high myopia. They confirm intravital
measurements of the optic disc on fundus
photographs.1–3 Abnormally large optic discs or
“macrodiscs” can be diVerentiated into pri-
mary macrodiscs that are present at birth or in
the early years of life, and secondary macro-
discs that are acquired.10 The large optic discs
in highly myopic eyes are presumably second-
ary macrodiscs, since in these eyes the optic
disc size is positively correlated with the
myopic refractive error.2 This is confirmed by
the correlation between axial length and optic
disc diameter in the present study. It suggests
that optic discs in highly myopic eyes enlarge
due to a myopic stretching of the globe. This
stands in contrast with eyes with slight
hyperopia or myopia where the optic disc size is
independent of the refractive error.11

The optic cup as measured histomorpho-
metrically in this study was significantly more
shallow in the highly myopic eyes than in the
non-highly myopic eyes. It agrees with biomor-
phometric data of an unusually shallow disc
cupping in highly myopic eyes with
glaucoma.1 3

In the parapapillary area of the highly
myopic eyes, three regions could be diVerenti-
ated histomophometrically.
(1) The region at the border of the optic

nerve scleral canal was formed by the inner
surface of the peripapillary scleral ring covered

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

Highly myopic
group

Non-highly myopic
group p Value*

Number 16 19
Age (years) 65.3 (15.0) 70.5 (13.6) 0.33 (NS)
Sex (M/F) 6/9 8/11
Horizontal/vertical sections 9/7 9/10
Axial length (mm) 30.4 (2.6) 23.6 (0.9) <0.0001
Horizontal diameter (mm) 26.0 (1.4) 23.1 (1.1) <0.0001
Vertical diameter (mm) 25.3 (1.6) 23.2 (1.2) <0.0005

*Significance of diVerences between the two groups; NS = not statistically significant).

Table 2 Histomorphometric measurements of the highly myopic group (eyes with absolute
secondary angle closure glaucoma and an axial length >26 mm) compared with the
non-highly myopic group (eyes with absolute secondary angle closure glaucoma and an
axial length <26 mm) (mean (SD)

Highly myopic
group

Non-highly myopic
group p Value*

Intrapapillary region:
Optic disc diameter (mm) 2.33 (0.55) 1.77 (0.50) 0.01

Optic cup depth (mm) measured:
From the uveoscleral interface 0.20 (0.19) 0.34 (0.21) 0.09
From Bruch’s membrane 0.24 (0.20) 0.41 (0.21) 0.08
From retinal surface 0.34 (0.29) 0.63 (0.23) 0.03

Parapapillary region:
Width (mm) of:
Peripapillary scleral ring 0.58 (0.65 0.08 (0.06 0.001
Zone “B” 0.83 (0.74) 0.28 (0.25) 0.006
Zone “A” 0.49 (0.25) 0.42 (0.35) 0.17

*Significance of diVerences between the two groups.

Figure 1 Microphotograph of an optic nerve head cross
section of an eye with absolute glaucoma and normal axial
length of 24 mm.Note the deep excavation.White arrows
indicate the ends of Bruch’s membrane. (Magnification as
indicated in the right lower corner: black bar 100 µm;
staining, periodic acid SchiV.)

Figure 2 Microphotograph of an optic nerve head cross
section of a highly myopic eye with absolute glaucoma
(axial length 30 mm). It shows a shallow excavation.
White arrows indicate the retinochoroidal interface.
(Magnification as indicated in the right lower corner: black
bar 100 µm; staining, periodic acid SchiV.)
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only by the remainder of the retinal nerve fibre
layer. Photoreceptors, Bruch’s membrane, reti-
nal pigment epithelium cells, and choriocapil-
laris were absent. The width of this region was
more than seven times larger in the highly
myopic group than in the non-highly myopic
group. It corresponds to the whitish zone
around the optic disc as observed intravitally or
on clinical photographs. The question arises
whether vasoactive substances may be able to
penetrate to the inner retinal layer in this
region.12 If so, it be may one of the reasons why
glaucoma susceptibility may be higher in highly
myopic eyes than in emmetropic eyes.13 14 On
fluorescein angiograms of highly myopic eyes,
however, leakage of fluorescein is generally not
observed in the parapapillary region.15 16

(2) In the parapapillary region, the peripap-
illary scleral ring was adjacent to zone B. The

latter is histologically characterised by Bruch’s
membrane devoid of retinal pigment epithe-
lium cells and photoreceptors (Fig 2). Accord-
ing to indirect and direct clinical histolog-
ical correlations, the histological zone B
corresponds to â zone of the parapapillary
chorioretinal atrophy as evaluated on
ophthalmoscopy.9 17 18

(3) In the vicinity of zone B, zone A shows an
irregular pigmentation of the retinal pigment
epithelium. It correlates with á zone of the
parapapillary atrophy.8 17 18 Both zones A and B
were larger in the highly myopic group than in
the non-highly myopic group. This is in agree-
ment with significantly larger á and â zones in
highly myopic eyes with glaucoma than in non-
highly myopic eyes with glaucoma.1 3

The histology of the parapapillary region
explains why the blind spot is enlarged in
highly myopic eyes.19 The abnormally large
optic disc itself, the large peripapillary scleral
ring, and the unusually large zone B with reti-
nal photoreceptors missing correspond to an
abnormally large absolute scotoma.20 Zone A
represents a relative scotoma as shown in
recent studies.20

There are factors limiting the present study.
Eyes with primary open angle glaucoma were
not available for histological examination. The
question arises, therefore, as to how far the
results of the present study can be generalised
for highly myopic eyes with primary open angle
glaucoma. One cannot exclude the possibility
that surgical interventions such as cyclode-
structive procedures may have aVected the
optic disc morphology. This, however, would
account for both study groups since in both
groups antiglaucomatous operations anterior
to the ora serrata had been performed. The
measurements may have been aVected by
swelling of the tissue after enucleation before
the fixative agent reached the tissue, and the
tissue dimensions may have changed by
shrinkage as a result of the fixation process
itself. These sources of artefact, however, affect
all eyes included in the study in a similar man-
ner and may therefore have not induced a
larger error when both study groups were com-
pared with each other. Owing to the fact that
only eyes with end stage glaucoma were
included, this study cannot contribute directly
to an early diagnosis of glaucoma. However,
the results of the study are helpful to show that
in highly myopic eyes with glaucoma, the
biomorphometric data of an abnormally large
optic disc with shallow disc cupping and a large
parapapillary atrophy agree with our histologi-
cal measurements. It also shows that the whit-
ish region at the outer border of the optic disc
in highly myopic eyes with glaucoma is not
parapapillary atrophy but the inner surface of
the peripapillary scleral ring. This peripapillary
scleral ring is covered only by the retinal nerve
fibres and the inner limiting membrane (Fig 4).
As in non-highly myopic eyes, it suggests that
the thickness of the retinal nerve fibre layer
may be measured in the region of the peri-
papillary scleral ring. This may be important
for three dimensional evaluation of the optic
nerve head.21

Figure 3 Microphotograph of the parapapillary region of an eye with absolute glaucoma
and normal axial length (same eye as Fig 1). The black arrow points to the edge of Bruch’s
membrane and the white arrow indicates the beginning of the retinal pigment epithelium.
The scleral ring is located left of the black arrow, zone B is between the two arrows and zone
A is on the right of the white arrow. (ON= optic nerve, SA = subarachnoid space, V =
vitreous; magnification as indicated in the right lower corner: black bar 50 µm; staining,
periodic acid SchiV.)

Figure 4 Microphotograph of the parapapillary region of a highly myopic eye with
absolute glaucoma (axial length 34 mm). The white arrows indicate the retinal remnants.
Bruch’s membrane and the retinal pigment epithelium are absent at this location. The white
arrowhead points to the border of the optic nerve head. (ON = optic nerve, V = vitreous;
magnification as indicated in the right lower corner: black bar 100 µm, staining, periodic
acid SchiV.)
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