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SUMMARY

Most glaucoma patients are unaware of their visual
problem until a late stage of the disease, probably
because their visual field defects are being filled-in
by the brain. According to new insights into how our
brain works, plasticity of the visual cortex allows the
brain to reorganize after damage to the retina or the
visual pathways. This plasticity involves activation
of existing but normally ineffective synapses, in a
highly organized system of long-range horizontal con-
nections in the visual cortex. Normal cells in the cor-
tex surrounding the lesion thus take control of the
deprived ones. As a result, glaucomatous field de-
fects are probably concealed in the colors and pat-
terns of the surround, up to the point where visual
input has decreased to such an extent that the brain
is not able anymore to compose a plausible image.

RESUME

C’est a cause du phénomeéne de complétion visuelle
reposant sur des mécanismes de plasticité cérébra-
le, que le patient glaucomateux ne pergoit ses sco-
tomes qu'a un stade avancé de la maladie. Des étu-
des neurophysiologiques et psychophysiques mon-
trent en effet que le cerveau parvient a compléter et
a effacer les parties déficitaires du champ visuel par
I'information adjacente, de la méme maniere qu'il
le fait dans les conditions normales pour la tache
aveugle. En cas de Iésion rétinienne les cellules dans
le cortex visuel, ne recevant plus d'information, éten-
dent leur champ récepteur aux zones adjacentes et
activent un ensemble de connections avec des zo-
nes corticales voisines.
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INTRODUCTION

Glaucomatous defects commonly start at the
nasal side of the visual field and their progres-
sion is very slow. Still, this hardly explains the
nearly unlimited lack of awareness of the glau-
coma patient. New insights into the subjective
perception of visual field defects can better ex-
plain this. The defects are probably filled-in by
the brain by use of information received from
the surrounding retina, by analogy with the fill-
ing-in of the blind spot. Thus, visual stimuli are
perceived as arising from the blind area(s). As
a result, the glaucoma patient is unable to no-
tice his visual problem until a late stage of the
disease, where the brain no longer receives suf-
ficient visual input to allow it to compose an
image.

BRAIN REMAPPING

It was long held, that the brain is only capable

of filling-in:

— congenital field defects, namely the blind
spot (1) and the angioscotomas caused by
the retinal vessels (17).

— field defects acquired during a so-called crit-
ical period, early in life, up to the age of sev-
en (7).

It has however become evident, that the adult

brain is also able to adapt to acquired defects

(14). This is thanks to the so-called plasticity

of the adult primary visual cortex, i.e. the re-

gion where the visual input is first received. This
plasticity involves activation of long-range syn-
apses between cortical cells, which in normal

individuals have only subtreshold effects (3).

So that normal cells, in the cortex surrounding

the lesion, take control of the deprived ones.

Thus, contrary to long-held beliefs, cortical maps

in the adult brain are not predetermined. This

not only holds true for the visual cortex, but also

for other sensory areas of adult cortex (8-

10,15). Cortical maps can for instance also re-

organize after loss of sensory afferent nerves

from a limb (8,15). Cortical plasticity not only
allows the brain to adapt to damage of the ner-
vous system, it also underlies learning process-

es (20).

Remapping of the visual cortex takes place af-

ter all kinds of damage to the retina. The fill-

ing-in process is probably responsible for the
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delay in diagnosing primary open-angle glau-
coma and pigmentary retinopathy (18,19). Fur-
ther, it is helpful in the treatment of various re-
tinal disorders such as diabetic retinopathy, as
it allows us to perform extensive retinal photo-
coagulation without the patient noticing the de-
fects inflicted by the laser. The filling-in pro-
cess also occurs during migrainous attacks, and
after occipital lesions or other postchiasmal dis-
orders of the visual pathways (18).

Ever since Hubel and Wiesel (7) first began to
explore the primary visual cortex with elec-
trodes, our view of how the brain works, has
been dominated by studies of the visual sys-
tem. Lessons from the visual system are also
enlightening our understanding of other corti-
cal regions. Thus, researchers outside the field
of ophthalmology have performed the most sub-
stantial part of the research into the plasticity
of the visual cortex. This is illustrated by the
fact that only 5 references to ophthalmic jour-
nals are listed in this paper. This probably ex-
plains the wide gap between basic research and
clinical ophthalmic practice. A key paper on the
plasticity of the visual cortex has already been
published 13 years ago (14) and many papers
on the subject were published in the top jour-
nal Nature. Yet the impact of the effects of cor-
tical plasticity on daily clinical practice still re-
mains largely unrecognized by ophthalmolo-
gists.

CHARACTERISTICS OF
THE PLASTICITY OF THE
ADULT VISUAL CORTEX

REPORTS

Because acquired lesions of the retina or visu-
al pathways vary markedly between patients,
it is practically impossible to systematically in-
vestigate the characteristics of cortical plasti-
city in selected eye disorders. Individual re-
ports of the filling-in process are however avail-
able, amongst others even a historical one. King
Charles 11 (°1630, England) whose own father
was beheaded, used to “behead” his courtiers
in a harmless manner, probably by gazing at
them in such a way that their heads were posi-
tioned in his visual field defect, the gap being
filled-in by the surround (14). More recently a



researcher, he himself suffering from a migrain-
ous attack, reported that while he was talking
to a friend, he looked just to the right of his
friend’s face whereon his head disappeared (13).
His friend’s shoulders were still visible, but the
wallpaper behind him seemed to extend right
down to his necktie. Prompt visual field test-
ing revealed a large area covering about 30 de-
grees, of total blindness just off the macula.

RESEARCH

NEUROPHYSIOLOGICAL TESTS

Neurophysiological tests measure electrical ac-
tivity of cortical cells in experimental animals,
such as the cat or monkey, among other things
after destruction of selected areas of the retina
with a laser. This research shows that cortical
reorganization depends on the potentiation of
existing but normally ineffective (subtreshold)
synapses, in a highly organized system of long-
range horizontal connections in a large zone of
the visual cortex (3). When retinal lesions re-
move a competing source of activation, the sub-

treshold signals gradually become effective in
activating neurons to suprathreshold levels. This
process may take some weeks to months.

It should however be remembered that consid-
erable reorganization can also be expressed
subcortically (8,12), as has been shown after
loss of the sensory afferents from the forelimb
in monkeys. Thus, subcortical regions possibly
contribute to the visual filling-in process. Fur-
ther, the development of new connections might
also play a role in the plasticity of the visual
cortex (2), by analogy with other brain regions
and the spinal cord (4,8,12). The growth of
new connections, previously viewed as unlike-
ly, may in fact be very important in large-scale
reactivation (4,5,8,10,11).

PSYCHOPHYSICAL TESTS

Psychophysical tests involve normal human sub-
jects, who are asked to look at a display, and
report what they observe (Figure 1). Field de-
fects are imitated by small homogeneous ar-
eas that subtend 1.5° to 2.8°. The subject is
asked to fixate a spot, located about 6° away

Fig 1. This image allows you to check your own cortical plasticity. With strict fixation at the white fixation point, the
homogenous gray square vanishes within 10 seconds and gets replaced by the pattern from the surround.
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from this area, while various visual stimuli are
presented.

The average time for fading of the homogenous
area and filling-in is 5 seconds (14). The visu-
al information that is filled-in, comprises (1)
color; (2) patterns or texture; and (3) motion.
Filling-in, can occur separately for texture and
color, suggesting separate mechanisms (14).
Color fills in first. And, although one would, in-
tuitively, expect motion to be an enormous chal-
lenge to the brain, nothing could be farther from
the truth. Motion actually increases the brain’s
capacity of filling-in. This has been shown, by
at least two different experiments. First, when
a line is presented across a masked area, its
completion is accelerated, when the line is mov-
ing (6). Alternatively, if the background pre-
sented to the test person has a dynamic ran-
dom noise, for example when it is a flicker on
a TV screen, the filling-in of a masked area is
also facilitated (22).

Further, motion perception is not suppressed
like other visual information (14). So that, for
instance, when a person is driving a car, the
part of the image that is being filled-in will move
just like the surround.

Interestingly, different mechanisms can com-
pete for filling-in the blind area (18). For ex-
ample, when a black and a white line, perpen-
dicular to each other, are shown crossing a blind
area, only the one which attention is being paid
to, looks continuous. Or if two perpendicular
lines have different lengths, only the longest one
looks continuous (16). This competition shows
that the filling-in process can be affected by
brain activity arising in, or visual information
received from areas distant from the blind area.

IMPLICATIONS FOR
VISUAL FIELD TESTING

Cortical plasticity greatly affects the results of
the Amsler grid test. Nearly half of the scoto-
mas resulting from macular disorders are not
detected (21), probably because they are be-
ing filled-in (18). The majority of field defects
smaller than, or equal to, 6° in diameter are
filled-in completely when tested with the Amsler
grid. Larger field defects may fill-in only partly,
the process starting from the surround towards
the center of the blind area, so that the defect
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perceived by the patient during Amsler grid test-
ing is smaller than the actual one.

IMPLICATIONS FOR THE
PERCEPTION OF
GLAUCOMATOUS FIELD
DEFECTS

The plasticity of the visual cortex of glaucoma
patients has not been studied in particular. The
above mentioned psychophysical tests howev-
er, give us some idea of what the glaucoma pa-
tient experiences (Figure 2).

In an early stage, the brain is probably able to
compose a very plausible image, by filling-in
the field defect with the colors, forms and tex-
tures of the surround. Yet, objects in the fore-
ground, which are positioned completely in the
blind area, are probably not perceived by the
patient with the affected eye. This is because
the brain cannot be expected to form an image
of an object of which it receives no information
at all. Apart from the problems this may cause
in daily life, this might also lead to hazardous
situations. It is for instance conceivable that
when a patient is driving a car he might not no-
tice, for instance, children suddenly crossing
the street, if their image happens to be posi-
tioned completely in the field defect whilst it is
not seen with the other eye. This is all the more
dangerous, as the patient is unaware of any vi-
sual problem.

As the glaucomatous disease progresses, gra-
dually less objects are seen in the periphery be-
cause increasingly more objects are complete-
ly located in the expanding blind areas. Fur-
ther, objects located at the border of the field
defects probably adopt a rather peculiar as-
pect. Lines are stretched, and colors spill over,
into the field defects. Yet, the patient is prob-
ably still not alarmed as he is unable to scru-
tinize these distortions in the periphery of his
visual field, and the defects are still concealed
in the background colors and forms of the sur-
round. Thus, glaucoma most often continues to
progress unnoticed, until a late stage of the dis-
ease where visual input has decreased to such
an extent that the brain is not able anymore to
compose an image.

Patients who have paracentral field defects how-
ever, often report that they sometimes miss



Fig. 2a

Fig. 2b
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Fig. 2c. Images and corresponding visual field examinations of (a) a normal eye, and an eye affected by (b) an early or
(c) later stage of glaucoma. The yellow symbols in Figures (b) and (c) represent the patient’s fixation point. Objects
located completely in the blind areas are not seen. These areas are filled-in with the colors and patterns of the surround.

parts of the texts they are reading. The filling-
in of the field defect with the background color
of the sheet of paper and some text-like forms,
can explain why they do not perceive black or
gray spots. But as the brain probably does not
succeed in producing a sensible text, these pa-
tients do notice that they have a visual prob-
lem.

Two matters hamper our understanding of the
perception of glaucomatous field defects at this
time. First, the asymmetry of the field defects
in both eyes might affect the filling-in process.
The possibility cannot be excluded that the fill-
ing-in of a blind area is refined, if information
on this area is received from the other eye. Sec-
ond, as motion increases the brain’s capacity
of filling-in, the brain might be able to produce
some image of an object that is completely lo-
cated in a field defect for a short period of time
only, when the object or the patient is moving.
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