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Abstract
Parapapillary chorioretinal atrophy is a
morphological feature of glaucomatous optic
nerve damage since it occurs more often and is
larger in glaucomatous eyes than in normal
eyes. This study was undertaken to find the
histological correlation. Optic disc photo-
graphs and histological sections through the
optic disc of 21 human eyes enucleated
because of malignant uveal melanoma were
morphometrically evaluated. Seventeen eyes
had normal intraocular pressure and four eyes
showed elevated intraocular pressure and
glaucomatous optic disc cupping. Ophthal-
moscopically, the parapiliary chorioretinal
atrophy was divided into zone 'a', located
peripherally and characterised by irregular
hypopigmentation and hyperpigmentation, and
zone '13' located close to the optic disc border
and showing visible sclera and visible large
choroidal vessels. Histologically, zones 'A'
and 'B' were differentiated. Zone 'A' peripheral
to zone 'B' showed irregularities in the retinal
pigment epithelium. It consisted of an unequal
distribution of melanin granules and partial
atrophy of cells. In zone 'B' adjacent to the
optic disc, Bruch's membrane was bared of
retinal pigment epithelium cells and the photo-
receptors were markedly reduced in density or
were completely missing. In a direct clinical
histological comparison, zone 'A' correlated
significantly with zone 'a' (r=0-66; p<001),
and zone 'B' correlated with zone '13' (r=0 99;
p<O0OOO1). Zone 'A', 'B', 'a' and '13' were larger
in the four glaucomatous eyes than in the
normal ones. The findings indicate that zone
'13' represents histologically a complete loss of
retinal pigment epithelium cells and an
incomplete loss of adjacent photoreceptors.
Zone 'a' may be the histological correlate of
irregularities in the retinal pigment epithelium.
(BrJ Ophthalmol 1993; 77: 103-106)

In the parapapillary region of eyes with glauco-
matous optic nerve atrophy, chorioretinal
abnormalities have been reported to be larger
and to occur more often than in the parapapillary
region of normal eyes.'7 They have been
described as 'halo glaucomatosus' in eyes with
end stage glaucoma.'8-2O. We have previously
described them as zone '13' and zone 'a'.|417
Zone '13' adjacent to the optic disc showed visible

'bared' sclera and visible large choroidal vessels.
Zone 'a' peripheral to zone '13' was characterised
by an irregular hypopigmentation and hyper-
pigmentation. Zone 'a' bordered directly on the
optic disc if zone '13' was not present. The latter
was interposed between zone 'a' and the disc
border. In clinical cross section studies, both
zones correlated in extent and space with the
intrapapillary neuroretinal rim loss, retinal nerve
fibre layer defects, reduction of the retinal vessel
diameter in the parapapillary region, and peri-
metric defects in corresponding visual field
quadrants.'3 14 17 21

In a recent histomorphometric investigation,
it was hypothesised that the ophthalmoscopic
appearance of zone '13' was based on a complete
loss ofretinal pigment epithelium cells and on an
incomplete loss ofphotoreceptors.22 Zone 'a' was
thought to represent pigment irregularities at the
level of the retinal pigment epithelium. In search
of the histological correlate of zones 'a' and '13',
the present study was undertaken to perform a
direct clinical histological correlation of the
parapapillary chorioretinal atrophy in eyes with
optic disc photographs taken before enucleation.

Materials and methods
Twenty one eyes of 21 patients (five men, 16
women, mean age 57 (SD 15.2; range 10-81)
years had been enucleated owing to a malignant
uveal melanoma. Before enucleation, optic disc
photographs had been taken. In 17 of the eyes,
the intraocular pressure (IOP) had been normal.
In four eyes the IOP was elevated to readings
ranging between 21 mm Hg and 40 mm Hg.
These four eyes showed glaucomatous optic disc
cupping and glaucomatous perimetric changes as
well as visual field defects caused by the tumour
itself. Five days before removal of the globe the
eyes had received radiation with a daily rate of
4 Gy.

All globes were fixed immediately after
enucleation in a solution of4% formaldehyde/1%
glutaraldehyde. Periodic acid Schiff stained
histological sections were prepared through the
optic disc and pupil. The histological slide going
closest through the optic disc centre was selected
for evaluation. Using a planimeter tablet with the
cursor illuminated and mirrored into the micro-
scope, we determined: (1) the distance between
the two ends of Bruch's membrane, (2) the
thickness of the peripapillary scleral ring directly
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beneath Bruch's membrane, (3) zone 'B',
defined as the length ofBruch's membrane bared
of retinal pigment epithelium cells and located
peripheral to the peripapillary scleral ring, and
(4) zone 'A', adjacent to zone 'B' and defined as
the length of Bruch's membrane covered by
retinal pigment epithelium cells irregularly
pigmented and structured (Fig 1).
The optic disc photographs were projected to

magnification of 1 to 15. The outlines of the

Figure I Optic disc
photograph (A) and
histological slides (PAS
stained) through the
parapapillary area
(temporal side (B); nasal
side (C)) ofan eye obtained
from a 1Oyear old boy with
a uveal malignant
melanoma and secondary
open angle glaucoma. The
white line on (A) indicates
the direction ofthe
histological section as shown
in (B) and (C). (A) Long
arrows: zone 'a', short
arrow: peripapillary scleral
ring; arrowheads: conus
pigmentosus. (B) Arrows:
zone 'A' between arrow and
asterisk: peripapillary scleral
ring. (C)Arrows:
hypertrophy ofthe retinal
pigment epithelium.
Bar=50 [tm.
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optic disc, peripapillary scleral ring, and para-
papillary chorioretinal atrophy were plotted on
paper. The optic disc was defined as all the area
within the peripapillary scleral ring. The latter
was a white band encircling the optic disc. The
parapapillary chorioretinal atrophy was divided
into zones 'a' and 'a'. 13 14 17 The ocular and
camera magnification were corrected according
to Littman.23 In the same meridian in which the
globe had been sectioned histologically we
measured the diameters of the optic disc, peri-
papillary scleral ring, and zones 'a' and '13'. The
histological evaluation and the morphometric
analysis of the disc photographs were performed
independently by two different investigators.

Results
Comparing the histomorphometric and bio-
morphometric data, histological zone 'A'
correlated significantly with zone 'a' (correlation
coefficient: r=0i66; slope of the regression line:
+0 65; p<0-01). Histological zone 'B' correlated
significantly with zone '13' (r=0 99; slope of the
regression line; +1-08; p<0-0001). In the non-
glaucoma group the size of histological zone 'B'
was significantly correlated with the axial length
of the globe (r=0-71; p<0 005). If eyes with an
axial length exceeding 26 mm were excluded,
zones 'A' and 'B' and 'a' and '13' were on an
average larger in the four glaucoma eyes com-
pared with the 15 remaining normal eyes (zone
'A' 0-228 (SD 0-124) mm versus 0-096 (SD
0 072) mm, zone 'B': 0-015 (SD 0-023) mm
versus 0-013 (SD 0034) mm; zone 'a': 0-163 (SD
0-065) mm versus 0-097 (SD 0-102) mm; zone
'13': 0-048 (SD 0 095) mm versus 0 mm). The
difference was not significant on a 5% level of
error of probability.

In one eye, a 'conus pigmentosus' was present
correlating histologically with a hypertrophy of
the retinal pigment epithelium close to the optic
disc border (Fig IA, IC).

Discussion
In this study of a direct biomorphometric
histomorphometric comparison, a statistically
significant correlation was found between the
parapapillary chorioretinal atrophy, determined
ophthalmoscopically on the one hand and histo-
logically on the other. Zone 'a' may represent
pigmentary and structural irregularities of the
retinal pigment epithelium, and zone '13' may
correlate with a complete loss of retinal pigment
epithelium cells and an incomplete loss of photo-
receptors (Fig 1).
For several decades, atrophic changes in the

parapapillary region have been described as
occurring in some eyes with advanced glauco-
matous optic nerve atrophy.'7 1-20 Recently,
parapapillary atrophic alterations were reported
in eyes with moderate glaucomatous optic nerve
damage.' 12-14 In a retrospective study, Anderson
and colleagues examined 127 glaucoma patients
and 49 control individuals. Over time they
observed parapapillary abnormalities in the form
of retinal pigment epithelium changes in 21% of
the glaucoma patients with progressive glauco-
matous cupping and in 4% of normal control
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subjects. The acquired changes were estimated
to be too small and too infrequent to account for
the high prevalence of large haloes in the para-
papillary region in glaucoma eyes. 12 In an investi-
gation of 137 healthy subjects and 195 subjects
with ocular hypertension, a lower prevalence
rate of crescent was found in the ocular hyper-
tensive group than among the healthy subjects.'5
In another study the average area of bared
choroid and sclera was greater in eyes with
normal tension glaucoma than in those with
ocular hypertension. The authors assumed that
the absence of a crescent decreased the risk of
glaucomatous damage from elevated lOP. 16 It fits
the hypothesis that the parapapillary chorio-
retinal atrophy may be important pathogenetic-
ally for the glaucomatous optic nerve fibre loss.
As recently discussed in the literature,24 an
altered area of contact between the choroid and
the optic disc, without an interposed cellular
layer barrier, might affect the degree of influence
of substances that may diffuse from the choroid
into the optic nerve head. Additionally, it was
concluded that the presence of a crescent cor-
related with the glaucomatous disc damage.
These findings were contradicted by studies in

which the parapapillary atrophy was not found to
be significantly different between eyes with
unilateral secondary glaucoma and the contra-
lateral normal eye,24 or in eyes with high and low
tension glaucoma.25 Also, in another study, the
parapapillary chorioretinal atrophy was not a
sufficiently sensitive or specific parameter to
predict the development of visual field defects in
a follow up examination of ocular hypertensive
subjects.26

In a recent histological study, Fantes and
Anderson described an irregular pigmentation
occurring when the retinal pigment epithelium
adjacent to the disc lacked pigment or was
hyperpigmented.27 Our study confirmed these
findings elucidating the differentiation between
the ophthalmoscopical zones 'a' and ',3' and the
histological zones 'A' and 'B'. It agrees with
another histological study that compared the
parapapillary chorioretinal atrophy in human
eyes enucleated because of painful secondary
angle closure glaucoma or malignant choroidal
melanoma without glaucoma.22 It also agrees
with a comparison of the blind spot size and the
area of the parapapillary chorioretinal
atrophy.2829 In these studies zone 'a' was attri-
buted to a relative scotoma, and zone '13' to an
absolute scotoma. Histologically, the relative
scotoma of zone 'a' can be explained by the
irregularities of the retinal pigment epithelium
cells, and the absolute scotoma of zone '13' can
histologically be based on the loss of photo-
receptors and retinal pigment epithelium cells.

Biomorphometrically, zones 'a' and '13' are
significantly larger in glaucomatous eyes
compared with normal ones.'3 '4 17 In the present
study, zones 'a' and '13' as well as zones 'A' and
'B' were larger in the glaucoma group than in the
control group. The differences, however, were
not significant, probably because of the small
number of cases in the subgroups.

Pathogenetically, it remains unclear whether
the parapapillary chorioretinal atrophy pre-
disposes to glaucoma or whether it occurs parallel

to or in consequence of the glaucomatous optic
nerve fibre loss. The fact that in histological zone
'B' the retinal pigment epithelium was com-
pletely lost and the retinal photoreceptors were
still partially present suggests that the para-
papillary choriocapillaris may be responsible for
the atrophy. It has been hypothesised that the
increased IOP reduces the choroidal blood flow
in the parapapillary region and has been shown
in several studies."3' This could lead firstly to
damage of the retinal pigment epithelium cells
and later to a loss of photoreceptors.

Clinically, the parapapillary chorioretinal
atrophy has been described as being more
common in glaucomatous eyes with moderately
elevated IOP, shallow disc cupping, and marked
tessellated fundus compared with glaucomatous
eyes with high IOP readings, deep optic disc
cupping, and less marked tessellated fundus.'7
With respect to glaucomatous changes in the
deep retinal layers, it remains unclear if glauco-
matous eyes with a large parapapillary
chorioretinal atrophy exhibit a loss of retinal
pigment epithelium cells and photoreceptors
only in the area close to the optic disc or whether
they show a disseminated loss and alteration of
retinal pigment epithelium cells and photo-
receptors and uveal changes across the whole
fundus as reports have previously suggested for
eyes with secondary angle closure glaucoma.3233

In one eye of the present study, a conus pig-
mentosus or pigment ring was present at the
optic disc border (Fig 1). Ophthalmoscopically,
it has to be differentiated from zone 'a' and
histologically, it correlated with a hypertrophy of
the retinal pigment epithelium. This indicates
that it consists of pigment epithelium cells with
an abnormal high grade of pigmentation with an
otherwise normal structure and this is in contrast
to zone 'a' which is characterised by a clumping
and an irregular arrangement of retinal pigment
epithelium cells.
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