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Decreased choroidal thickness in eyes with secondary

angle closure glaucoma

An aetiological factor for deep

retinal changes in glaucoma?

Toshiaki Kubota, Jost B Jonas, Gottfried O H Naumann

Abstract

A decreased count of retinal photoreceptors all
over the fundus and a loss of retinal pigment
epithelium cells mainly in the parapapillary
region have been reported to be associated
with glaucoma. This study addressed the
question whether this cell loss in the deep
retinal layers may be connected with a change
of the choroidal thickness in glaucomatous
eyes. Histological sections of 12 eyes with

-secondary angle closure glaucoma due to a

malignant melanoma of the ciliary body and 20
eyes with a malignant choroidal melanoma and
normal intraocular pressure were histo-
morphometrically evaluated. Before enuclea-
tion the intraocular pressure was significantly
higher in the glaucoma group compared with
the control group. Thickness of the choroid
was measured at 12 locations from the posterior
pole to the fundus periphery. The choroid was
significantly thinner in the glaucoma group
than in the control group. The decreased
choroidal thickness was mainly due to a
diminished choroidal vessel diameter. The
differences were more marked at the optic disc
border than in the fundus periphery. The '
decreased choroidal thickness in the glauco-
matous eyes suggests a reduced choroidal
perfusion. It fits with the reported lack of
autoregulation of the choroidal blood circu-
lation. Considering the diminished choroidal
thickness especially in the parapapillary region,
it may be one among other factors explaining

E
~

e = o

Figure 1 Histological section through the parapapillary area of

the changes of the deep retinal layers in eyes
with glaucoma. It indicates that thinning of the
choroid, besides the chorioretinal atrophy in
the parapapillary region, should be added to
the panoply of histological changes in
glaucoma.

' (Br¥ Ophthalmol 1993; 77: 430-432)

Since the first descriptions of parapapillary
chorioretinal atrophy to Elschnig et al' reports
are accumulating in number emphasising the
correlation between atrophic changes in the
intrapapillary region and those in the deep
retinal layers in the parapapillary area of glauco-
matous eyes.** Some authors divided ophthal-
moscopically the parapapillary chorioretinal
atrophy into two zones: a peripheral zone a with
irregular pigmentation and a central zone  close
to the optic disc border -with sclera and large
choroidal vessels visible upon ophthalmoscopy.’
Histologically, zone a correlated with an unequal
distribution of melanin granules and partial
atrophy of the retinal pigment epithelium (RPE)
cells.” In zone B Bruch’s membrane was bared of
RPE cells and the photoreceptors were markedly
reduced in density or were completely missing
(Fig 1)." Besides these changes in the vicinity of
the optic disc, several investigators have reported
a decreased count of retinal photoreceptors for
areas all over the fundus in eyes with secondary
angle closure glaucoma."-"* Extrapolating these
findings for eyes with primary open angle
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an eye with a malignant melanoma in the ciliary body and

secondary angle closure glaucoma (A ) and an eye with choroidal malignant melanoma and normal intraocular pressure (B). Long
thin black arrows: zone o characterised by irregularities in the retinal pigment epithelium (RPE ); area between long thin

black arrow and short thick black arrow: zone B showing complete loss of RPE cells and incomplete loss of photoreceptors; area
between short thick black arrow and black arrowhead: peripapillary scleral ring. The choroidal thickness of the parapapillary
area (white arrows) is thinner in the glaucomatous eye than in the non-glaucomatous eye. The photoreceptors are artificially

detached from the RPE in B. Bar=100 pm.
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Figure2 Choroidal
thickness in eyes with
secondary angle closure
glaucoma caused by a
malignant melanoma of the
ciliary body (O, mean)
compared with non-
glaucomatous eyes with a
malignant choroidal
melanoma (X, mean). Mean
(SD) is indicated by symbols
(lines). The letters indicate
the significance between the
two groups (a: p<0-005;

b: p<0-01; c<0-05; d: not
significant; Mann-Whitney
test). A: temporal side; B:
nasal side.
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Table 1 Choroidal thickness (mean and (SD)) in eyes with malignant ciliary body melanoma and secondary angle closure
glaucoma compared with eyes with choroidal melanoma and normal intraocular pressure; p value: significance of difference

between the two groups

Temporal side Nasal side

g;‘rsou'z”nce (mm) Gla Non-glaucoma zi;;szam;e( ‘mm) Gla (o) {\lon-glaucoma

the optic ucoma (um) (um) om t ucoma (um, um,

disc) Mean (SD) Mean (SD) p Value optic disc) Mean (SD) Mean (SD) p Value
0-2 56 (28) 117 (30) <0-005 0-2 72 (35) 128 (38) <0-01
0-4 67 (22) 123 (39) <0-01 04 76 (30) 113 (34) <0-05
06 57 (18) 96 (27) <0-01 06 68 (25) 106 (27) <0-01
0-8 51(12) 91(31) <0-05 0-8 64 (24) 96 (25) <0-05
1-0 51(15) 93 (28) <0-005 1-0 62(23) 86 (22) <0-05
1-5 51(18) 103 (29) >0-005 15 59 (26) 95 (25) <0-01
20 65 (20) 116 (42) <0-01 2:0 66 (39) 101 (28) <0-05
3-0 78 (25) 126 (47) <0-05 3-0 70(27) 95 (44) ns
5-0 83(33) 111 (45) ns 5-0 62 (24) 95 (28) <0-05
7-0 91 (31) 100 (40) ns 70 61(22) 86 (22) <0-05
9-0 81(29) 93 (47) ns 9-0 57 (22) 76 (22) ns

11-0 81(20) 79(34) ns 11-0 56 (36) 53(25) ns

glaucoma, one might assume that some psycho-

_physical defects in glaucoma such as the acquired

blue colour deficiency may be caused not, or not
only, by a loss of retinal nerve fibres but also by
damage to the retinal photoreceptors.

This study was performed to address the
question as to whether the glaucomatous
alterations in the deep retinal layers and in the
RPE are associated with a change in the choroidal
thickness. Assuming a correlation between
choroidal thickness and choroidal blood flow, it
may point towards a pathogenetic role of an
altered choroidal perfusion.

Materials and methods
Thirty two eyes enucleated because of a malig-
nant uveal melanoma were included in the study.
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In 12 eyes of 12 patients (eight men, four women;
mean age 56-3 (SD 20-2); range 10-81 years) the
tumour was located in the ciliary body. By
blockage of the trabecular meshwork, it had
caused a secondary angle closure glaucoma with
increased intraocular pressure ranging between
24 and 60 mm Hg.

A second group was composed of 20 enucleated
eyes (from 11 men, nine women; age 59:1 (SD
12-3); range 37-77 years) in which the malignant
melanoma was located in the choroid without
involvement of the trabecular meshwork. The
intraocular pressure was less than 22 mm Hg.

Preoperatively all eyes of both groups had
received a mean daily radiation of 4 Gy for 5 days
preceding the enucleation. Eyes with an axial
length exceeding 26:0 mm had been excluded.
The intraocular pressure was significantly higher
in the glaucoma group (38-3 (SD 14-0) mm Hg)
compared with the control group (13-9 (SD 2-3)
mm Hg) (p<0-0001). Both groups did not vary
significantly in age (p=0-86), side (p=0-52),
gender (p=0-59), horizontal globe diameter
(p=0-12), vertical globe diameter (p=0-30), and
axial length (p=0-70).

All globes were fixed immediately after
enucleation in a solution of 4% formaldehyde/1%
glutaraldehyde. Histological sections stained by
periodic acid Schiff method and 8 um in thick-
ness were prepared through the optic disc and
pupil. The histological slide going closest through
the optic disc centre was selected for evaluation.
The meridional orientation of the sections did
not differ significantly between the two groups.
The thickness of the choroid was measured at 12
locations from the posterior pole to the periphery.
To avoid a possible hyperaemic effect by the
choroid tumours with secondary choroidal
swelling, only the contralateral side to the
tumours was evaluated.

To test the significance of differences, the
Wilcoxon and Mann-Whitney tests were used.

Results

The choroid was significantly thinner in the
glaucoma group compared with the control
group. The differences were more marked close
to the optic disc border than in the fundus
periphery (Table 1, Fig 2). The width of zones «
and P as defined histologically” (Fig 1) was 0-28
(SD 0-08) mm in the glaucomatous eyes and 0-25
(SD 0-10) mm in the control eyes. Probably
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because of the relatively small number of eyes
examined, the difference was not significant on
the 5% level of error of probability.

Discussion

This histomorphometric study revealed a
decreased choroidal thickness in glaucomatous
eyes with increased intraocular pressure
compared with non-glaucomatous eyes. It
confirms a histological investigation of Francois
who reported that the choroidal thickness in
autopsy eyes with absolute glaucoma was
extremely reduced. It contradicts another
study in which the choroid measured by radio-
frequency signals was 20% thicker in glauco-
matous eyes than in normal eyes.'

In spite of the statistical significance of its
findings there are factors limiting the present
study. It included eyes with secondary angle
closure glaucoma. This is a special form of
glaucoma. Compared with primary open angle
glaucoma, it is characterised by a secondary
elevation of intraocular pressure, higher intra-
ocular pressure readings, a shorter passage of
time until complete optic nerve atrophy occurs,
and often unilaterality. It can be considered to be
one extreme of the disease process in glaucoma,
ranging from eyes with marked elevated intra-
ocular pressure to eyes with so called normal
pressure glaucoma. Although representing only
a small fraction of all glaucoma eyes, baro-
traumatically induced changes observed in eyes
with secondary angle closure glaucoma may also
occur in eyes with primary open angle glaucoma.
Evaluation of secondary angle closure glaucoma
may thus offer hints with regard to primary open
angle glaucoma. It cannot be excluded with
certainty that a possible tumour induced hyper-
aemia with secondary swelling of the choroid was
more marked in the non-glaucomatous eyes than
in the glaucomatous ones. To avoid this possible
effect of the tumour, we evaluated only the side
contralateral to the malignancy. The preoperative
radiation was performed for all eyes of both
groups. Assuming that the effect of the radiation
on the choroid was the same in the glaucomatous
and non-glaucomatous group, it may not have
affected the significant differences in choroidal
thickness between the two groups.

The decreased choroidal thickness was caused

by a diminished diameter of the choroidal

vessels. Owing to the light microscopic
technique it cannot conclusively be determined
whether additional changes of the connective
tissue were present. The association between
decreased choroidal thickness and diminished
choroidal  vessel . diameter suggests a
reduced choroidal blood circulation in
glaucoma. The choroidal thickness was reduced
most markedly in the parapapillary region com-
pared with other fundus areas. It may indicate
that the choroidal blood flow too is most affected
in the region close to the optic disc border. It fits
with the results of experimental studies.' ' They
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demonstrated that the choroid is not fully able to
adjust blood flow in conditions with varying
intraocular pressure. In laboratory animals with
artificially elevated intraocular pressure, the
choroidal filling defects were most marked in
the parapapillary region compared with other
fundus areas. These findings favour the possi-
bility that an impairment of parapapillary
choroidal blood circulation may be one among
other factors leading to parapapillary
chorioretinal atrophy in glaucomatous eyes. It is
in agreement with the histology of zones o and f3
(Fig 1).® The hypothesis of an impaired
choroidal blood perfusion in glaucoma could
also explain recent observations that eyes with
secondary angle closure glaucoma might have a
decreased thickness of RPE cells® and a diffusely
diminished count of retinal photoreceptors all
over the fundus.'"

Supported by grants from the Alexander von Humboldt-
Foundation (grant No 13648, T Kubota). This study is part of a

project of the Deutsche Forschungsgemeinschaft (Klinische
Forschergruppe ‘Glaukome’, DFG Na 55/6-1/Jo).

1 Elschnig A. Der normale Sehnerveneintritt des meschlichen
Auges.  Denkschrift der kaiserlichen  Akademie  der
Wissenschaften Wien, M. h Natur haftliche
1901; 70: 219-310.

2 Biicklers M, Anatomische Untersuchung iiber die Beziehung
zwischen der senilen und myopischen circumpapilliren
Aderhautatrophie. Unter Beifiigen eines Falles von
lzlocgl_lsggadiger Anisometropie. Arch Ophthalmol 1929; 121:
4 .

3 Primrose J. Early signs of glaucomatous disc. Br ¥ Ophthalmol
1971; 55: 820-5.

4 Hayreh SS. Blood supply of the optic nerve head and its role in
optic atrophy, glaucoma and oedema of the optic disc. Br ¥
Ophthalmol 1969; 53: 721-48.

5 Wilensky JT, Kolker AE. Peripapillary changes in glaucoma.
Am ¥ Ophthalmol 1976; 81: 341-5.

6 Airaksinen PJ, Juvala PA, Tuulonen A, Alanko AJ, Valkonen
R, Tuohino A. Change of peripapillary atrophy in glaucoma.
In: Kriegistein GK, ed. Glaucoma update III. Berlin:
Springer Verlag, 1987: 91-102.

7 Anderson Dr. Correlation of the peripapillary damage with the
disc anatomy and field abnormalities in glaucoma. Doc
Ophthalmol Proc Series 1983; 35: 1-10.

8 Fantes FE, Anderson DR. Clim'cal histologic correlation of
lsluman peripapillary anatomy. Ophthalmology 1989; 96: 20—

9 Jonas JB, Nhung XN, Gusek GC, Naumann GOH. Para-
papillary chorm-retmal atrophy in normal and glaucoma
eyes. I. Morphometric data. Invest Ophthalmol Vis Sci 1989;
30: 908-18.

10 Jonas JB, Konigsreuther KA, Naumann GOH. Optic disc
histomorphometry in normal eyes and eyes with secondary
angle-closure glaucoma. II. Parapapillary region. Graefes
Arch Clin Exp Ophthalmol 1992; 230: 134-9.

11 Pum D, Ahnelt PK, Grasl M. Iso-orientation areas in the
foveal cone mosaic. Vis Neurosci 1990; 5: 511-23.

12 Panda S, Jonas JB. Decreased photoreceptor count in human
eyes with secondary angle-closure glaucoma. Invest Ophthal-
mol Vis Sci 1992; 33: 2532-6.

13 Millecchia LL, NorkM Lemley HL, Schochet TL. Regional
damage to photoreceptots in human eyes with chronic
glaucoma. I'nvest Ophthalmol Vis Sci (Suppl) 1992; 33: 1093.

14 Francois J, Neetens A. Vascularity of the eye and optic nerve
in glaucoma. Arch Ophthalmol 1964; 71: 219-25.

15 Cristini G, Cennamo G, Doponte P. Choroidal thickness in

primary glaucoma. Ophthalmolagw 1991; 202: 81-5.

16 Dollery CT, Henkind P, Kohner EM, Paterson JW. Effect of
raised intraocular pressure on the retinal and choroidal
circulation. Invest Ophthalmol 1968; 7: 191-8.

17 Alm A, Bill A. Blood flow and oxygen extraction in the cat uvea
at normal and high intraocular pressure. Acta Physiol Scand
1970; 80: 19-28.

18 Hayreh SS. Optic disc changes in glaucoma. Br ¥ Ophthalmol
1972; 56: 175-85.

19 Alm A, Bill A. Ocular and optic nerve blood flow at normal and
increased intraocular pressures in monkeys (Macaca irus): a
study with radioactive labelled microspheres including flow
determinations in brain and some other tissues. Exp Eye Res
1973; 15: 15-29.

20 Ueno M, Naumann GOH. Uveal damage in secondary
glaucoma. A morphometric study. Graefes Arch Clin Exp
Ophthalmol 1989; 227: 380-3.



