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Abstract
Aims—To find out whether the size of the
blind spot area, determined by static per-
imetry, depends on the surface topogra-
phy of the optic disc and its surrounding
area.
Methods—Ten eyes were examined; all
had a parapapillary atrophy adjacent to
the temporal side of the disc. Microperi-
metry was performed under direct fundus
control using a Rodenstock scanning laser
ophthalmoscope. The horizontal merid-
ian of the optic discs was examined in 0.5°
steps using five stimulus sizes (Goldmann
I to V), each with 10 diVerent degrees of
brightness. Optic disc topography was
measured with the Heidelberg retina
tomograph (HRT).
Results—Stimuli with a high luminance
level (Goldmann IV, 4 dB), presented on
the horizontal meridian, were seen up to
0.75° centrally (that is, towards the optic
disc centre) from the temporal edge of the
parapapillary atrophy but up to 1.85° cen-
trally from the nasal optic disc border
(p<0.01). Horizontal HRT section profiles
of the optic disc consistently showed
prominent nasal disc borders contrasting
with a shallow excavation within the tem-
poral parapapillary atrophy.
Conclusions—The size of scotomas de-
pends on the surface topography of the
tested area. The prominent nasal part of
the optic disc appears less ‘blind’ than the
shallow temporal part, probably because
of more intensive light scattering by the
prominent nasal part of the disc. These
considerations should also apply to other
scotomas.
(Br J Ophthalmol 1997;81:355–359)

It is known that a scotoma (for example, the
blind spot) can decrease in size when the lumi-
nance level of the test stimuli increases. Von
Helmholtz (quoted in Le Grand1) was
probably the first to describe the phenomenon
of a diVuse flash, which is noticed by many
individuals, when stimuli with a high lumi-
nance level are projected into the centre of the
optic disc, even if the stimulus size is much
smaller than the disc diameter. Fankhauser and
Haeberlin, using a cupula perimeter, showed
that this eVect was due to entoptic light
scattering and not instrumental stray light.2

Furthermore, they published quantitative re-
sults concerning stray light emitting properties

of the disc.2 When publishing those results,
however, the stimuli could not be set under
direct fundus control. Thus, correlation of the
blind spot borders with the anatomic margins
of the optic disc was not possible. Today, this
can be achieved with the scanning laser
ophthalmoscope (SLO).3 4 Our group has
already determined threshold characteristics
for normal optic discs using SLO controlled
static perimetry.5 One of our test candidates
was a moderately myopic woman with a
shallow temporal parapapillary atrophy, whose
blind spot border shifted much more towards
the disc centre at the nasal side than at the
temporal side, when the luminance level of the
stimuli was increased. This raised the question
of whether the size of the ‘blind spot’ area
depends on the surface topography of the optic
disc and its surrounding area.

Methods
We examined 10 eyes of five healthy, moder-
ately myopic volunteers (age 30 (SD 4) years,
refraction −2.0 to −6 D, three males and two
females), who all had a shallow parapapillary
atrophy adjacent to the temporal side of the
disc and fairly prominent nasal disc borders.
Demographic data are summarised in Table 1.
Visual acuity was ≥10/10 and slit-lamp

biomicroscopy, as well as indirect ophthalmos-
copy, did not reveal any abnormalities. Thirty
degree photographs of the disc and the
parapapillary fundus were taken and used as a
reference for the determination of the nasal
and temporal disc borders. Standard light
sense perimetry (Octopus, G1 program) was
normal in all cases.
Our study followed the tenets of the

Declaration of Helsinki and informed consent
was obtained before the examinations.
Microperimetry was performed within a 32°

× 24° field of the central fundus under direct
fundus control using a Rodenstock scanning
laser ophthalmoscope (scotometry program,

Table 1 Demographic and refractive data

Patient Age Sex Eye Visual acuity Refraction

1 MG 30 F R 12/10 −4.75
L 12/10 −6.0

2 HS 26 F R 12/10 −4.0
L 12/10 −3.75

3 TW 32 M R 10/10 −3.75
L 10/10 −2.0

4 TE 27 M R 10/10 −6.0
L 10/10 −6.0

5 SH 36 M R 10/10 −3.5
L 10/10 −2.25
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version 1.51). Background and stimuli were
generated by a helium–neon laser (633 nm).
Background luminance was 6 cd/m2. Stimulus
duration was 0.2 seconds and the brightness
could be varied in 1 dB steps within a range
equivalent to 0.2 to 33 µW. Fundus imaging
was achieved by an infrared (780 nm) diode
laser scanning synchronously with the helium–
neon laser.
Eye movements cannot yet be corrected with

automated routines.6 To guide the placement
of the test stimuli we have manually superim-
posed a test grid, printed on a translucent plas-
tic sheet, on the fundus image displayed on the
SLO monitor. The temporal edge of the chori-
oretinal atrophy was aligned with the grid bor-
der (Fig 1). Each square corresponded to 0.5°.
We examined the horizontal meridian of the

optic discs in 0.5° steps beginning and ending
1.5° away from both optic disc margins, using
five stimulus sizes (Goldmann I to V), each
with 10 degrees of brightness (0–18 dB, 2 dB
steps). About 30% of all answers had to be
neglected because of fixation shifts. Each test
point was examined 10 times. If less than 50%
of these 10 stimuli were seen, the test area was
considered ‘blind’.
As test time was about 4 hours per eye and

concentration and, therefore, fixation stability
markedly decreased after 30 minutes, we
divided the whole examination into 30 minute
sections on diVerent days. All volunteers had
15 minutes of training before the first test was
started.
The results from the right eye of patient 1

are shown in Figure 2. Confirming former
observations (DOG Guhlmann, personal com-
munication) we found that with increasing
luminance power (size × luminance) the border
of the blind spot shifted towards the optic disc
centre much more at the nasal side than at the
temporal side of the disc. This nasotemporal
asymmetry was especially pronounced for
stimulus IV. Thus we only used this stimulus

(0–18 dB) in the remaining four patients. The
Wilcoxon test was used for statistical compari-
son.
Small and bright stimuli (Goldmann I, 0 dB)

were used as well in all patients to determine
the sensitivity just at the edge of the discs.
To correlate the perimetric results with the

topography we obtained three dimensional 10°
images of the optic disc surface using the
Heidelberg retina tomograph (HRT, version
1.117).
Using these images we determined depth

profiles exactly along the horizontal meridian
which we had examined earlier with the SLO.

Results
The whole area of the optic disc and the para-
papillary atrophy turned out to be blind when
tested with a bright small stimulus (Goldmann
I, 0 dB), which was seen everywhere on the
fundus (Fig 2). DiVerential light thresholds
were the same just outside the clinically visible
border of the blind spot at the nasal and the
temporal side.
Larger stimuli were seen within the optic

disc area, the largest and brightest stimuli
(Goldmann V, 0 dB) were seen evenly within
the disc (Fig 2).
Stimuli with medium luminance level

(Goldmann IV, 4 dB), presented on the
horizontal meridian of the 10 examined optic
discs, were seen on average up to 0.75°(SD
0.27°) centrally (that is, towards the optic disc
centre) from the temporal edge of the parapap-
illary atrophy and up to 1.85°(0.71°) centrally
from the nasal optic disc border (p<0.01, Wil-
coxon test). The results of 10 eyes are summa-
rised in Figure 3.
Figure 4 demonstrates the fundus photo-

graph, the HRT intensity image with both the
horizontal section profile and the superim-
posed perimetric result, and the 3 D disc
surface reconstruction of the right disc of one
test person (No 2).
All 10 patients showed in the horizontal

HRT section profiles of the optic disc consist-
ently prominent nasal disc borders contrasting
with a shallow excavation within the temporal
parapapillary atrophy. In fact, the transition
zone between the parapapillary atrophy and
the adjacent normal retina was rather steep.
Even though there was some interindividual

variation of the nasotemporal asymmetry, the
tendency was the same in all cases: within the
excavation there was definite ‘blindness’, as
long as the temporal part of the stimulus was
within that excavation (that is, the parapapil-
lary crescent), whereas stimuli presented
within the prominent area of the disc were seen
much more centrally.

Discussion
Diminution of the blind spot with increasing
luminance level is a known and disturbing
eVect in light sense perimetry.8 9 According to
the data presented here and the data we
obtained with normal emmetropes5 10 the true
borders of the scotoma will only be determined
correctly with stimuli of an intermediate lumi-

Figure 1 Test stimuli were projected on the fundus using a test grid (row of squares),
which is superimposed on the fundus image displayed on the SLO monitor. The centre of the
test stimulus is located in the centre of the square. All squares are 0.5° wide. *Margin of the
temporal crescent, **Goldmann IV, 4 dB stimulus.

**

*
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nance level—that is, Goldmann I, 0 dB (SLO).
With greater luminance level, the scotoma size
will be underestimated.
With ordinary automated or kinetic peri-

metry the ‘true’ depth and size of scotomas as
large as (or smaller than) the blind spot cannot
be determined exactly11 because of microsac-

cades, which exclude exact and consistent
stimulus setting. SLO perimetry is advanta-
geous in this regard as it allows fundus control
during the examination.
As far as we know, this paper shows for the

first time that the size of a scotoma depends on
the surface topography of the tested area. The
prominent nasal part of the disc appears less
‘blind’ than the shallow temporal part of the
disc (including the parapapillary atrophy),
probably due to higher light scattering by the
prominent nasal part.
The ‘topography eVect’ did not occur with

small (Goldmann I, 0 dB) stimuli; they should
be used in SLOmicroperimetry of small retinal
lesions.
We believe that these considerations should

also apply to other scotomas.
Some questions may arise regarding this

topography eVect.

(1) Where are the stimuli actually perceived?
Areas of the retina with an underlying chorio-
retinal atrophy do not contain functioning
photoreceptors or their amount is heavily
reduced,12 nor do photoreceptors exist within
the (nasal parts of the) optic discs.13 Remaining
photoreceptors within the parapapillary atro-
phy (crescent) obviously do not function well
because we recorded sharp scotoma borders
with small bright stimuli exactly at the tempo-
ral edge of the crescent in all 10 cases.
This corresponds with observations of Jonas

et al 14 and Stürmer et al,4 who found an abso-
lute scotoma within zone â (that is, the
parapapillary chorioretinal atrophy), the latter
using direct laser scanning ophthalmoscopy.
We therefore feel sure that the stimuli

presented within the disc were actually ‘seen’
outside the disc/crescent borders.

(2) Could stray light caused by other structures
contribute to the eVect?
It was shown by Miller and Benedek15 that the
cornea contributes 25%, the lens 50%, and the
retina 25% to the total entoptic stray light.
Because the stimuli were seen better when

presented at the (more prominent) nasal parts
of the disc in all 10 eyes, this eVect should be
attributed to retinal (disc surface) light scatter-
ing rather than light scattering within the optic
media. There is no reason why light scattering
within the optic media should favour the retina
located nasally to the optic disc.
We have no doubt, however, that the percep-

tion of large stimuli presented centrally within
the disc area is also caused by scattering of the
stimulus light when passing through the optic
media of the eye. A sharply delimited stimulus
is blurred such that a surrounding halo appears
at the retinal surface, which depends on its size
and intensity. When presented on a normal
functioning retina this halo will be eliminated
by lateral inhibition. When presented within
the optic disc or another receptor-free area this
halo will be perceived by the adjacent normal
retina.
This eVect may explain why very bright

stimuli, presented entirely within the excavated

Figure 2 The number of stimuli seen by the test candidate
(No 1, right eye, y axis) depends on the test location (x
axis), the luminance (z axis), and the size of the stimulus.
Note that with increasing luminance the border of the blind
spot shifts towards the optic disc centre. This eVect shows a
nasotemporal asymmetry. The left arrows indicate the
temporal margin of the parapapillary atrophy, the right
arrows the nasal margin of the optic disc.
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temporal parapapillary atrophy can be seen at
all (Fig 2).

(3) Is the retina adjacent to the optic disc more
sensitive at the nasal side?
DiVerential light sensitivity thresholds are
lower at the temporal side of the optic disc than
at the nasal side.11 Using microperimetry, we
found, that the diVerential light sensitivity of
the area directly adjacent to the optic disc was
almost the same at both horizontal borders in
test volunteers without a crescent5 as well as in
the eyes presented here.

If the stray light from both borders of the
disc (or the crescent) was identical, one there-
fore would assume that stimuli presented
within the temporal parts of the disc/crescent
area can be seen at least as well as those
presented within the nasal parts of the disc.
As we found a better perception of the

stimuli presented nasally, we concluded that
this is not attributed to a better sensitivity of
the adjacent functioning retina but to more
light being scattered towards the functioning
retina at the (prominent) nasal disc border
than at the temporal one (Fig 4D).

The ‘topography eVect’ described above
should be considered with some (minor)
restrictions.
The eVect is described for SLO controlled

perimetry only. Background illumination, du-
ration of the stimulus presentation, and wave-
length of light are diVerent from ordinary per-
imetry. There should not be any qualitative
diVerences, however.
Using SLO controlled perimetry, the eVect

is measurable with stimulus sizes ≥Goldmann
II only.
We only tested the horizontal meridian of

discs with an ‘asymmetric’ morphology. Other
parts of the retina—for example, laser scars or
other flat (scars) and prominent chorioretinal
lesions (granulomas), should be examined the
same way to prove whether the eVect also really
applies to other scotomas.

Figure 3 Number of eyes perceiving Goldmann IV, 4 dB stimuli depending on the distance
of the disc margins to the centre of the stimulus. Note the marked diVerence between the
nasal and the temporal disc side.

10

0

N
u

m
b

er
 o

f 
ey

es

Distance between the disc margin and the location
where stimuli were just seen (°)

5

Nasal disc margin
Temporal disc margin9

8

7

6

4

3

2

1

0.5 3.02.52.01.51.0

Figure 4 Results of patient No 2, right eye: (A) 30° fundus photograph. (B) HRT intensity image with the overlaid perimetric result using Goldmann
stimulus IV, 4 dB (open circles, seen; closed circles, not seen) and the horizontal section profile measured along the horizontal line. (C) 3 D disc surface
reconstruction. Line shows the meridian, which the test stimuli were projected on. (D) Possible scattering of the incoming light (long white arrows) by the
fundus (optic disc) surface. Note that stray light striking the optic disc/crescent within the excavation should not reach the adjacent functioning retina
directly, while stray light originating from prominent nasal parts of the disc should be able to do that. The lower white arrows show the temporal margin of
the parapapillary atrophy (left) and the nasal margin of the optic disc (right).
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We expect, for example, that the growth of
intraocular tumours may be underestimated
when they are examined with perimetry
(stimulus size ≥Goldmann II) during follow
up; if a tumour, which is flat in the beginning of
the disease, becomes more and more promi-
nent the topography eVect may mask the true
increase of the scotoma.
The opposite may occur if the (retinal)

surface becomes more excavated. According to
the data presented here one may expect that
cupping of the optic disc in early glaucoma,
which, as we know, precedes visual field loss,
may lead to less light scattering by the
(excavated) disc surface towards the adjacent
retina and thereby leads to a ‘baring’ (enlarge-
ment) of the blind spot. This ‘baring’ has been
reported in early glaucoma by some authors16 17

while others did not find it,18 possibly because
the patients had diVerent disc topographies or
the luminance level of the test stimuli was dif-
ferent.
In summary, we found that the size of the

blind spot not only depends on the receptive
function of the tested retina and on the
luminance power of the test stimulus but also
on the surface topography of the tested area.
The prominent nasal part of the disc appeared
less ‘blind’ than the shallow temporal part of
the disc (including the parapapillary atrophy),
probably as a result of higher light scattering by
the prominent nasal part of the disc.
As the ‘topography eVect’ did not occur with

Goldmann I, 0 dB stimuli, these should be
used in SLO microperimetry of small retinal
lesions.
These considerations should also apply to

other scotomas.

Preliminary data were presented at the ARVO annual meeting,
May 1995, Ft Lauderdale, Florida, USA.
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