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NEUROLOGICAL INVESTIGATIONS

Vision

J F Acheson, M D Sanders

Before the era of scientific medicine the eye

was the window to the soul, and after the
invention of the ophthalmoscope, the eye

became the window to the brain. Now, in the
1990s, the "decade of the brain", it is no

exaggeration to say that it is the neurobiology
of the visual sensory apparatus as a whole and
not just the eye which offers a window to the
brain. As visual function is now increasingly
understood in terms of the parallel processing
of streams of data concerning form, colour,
and motion in parvocellular and magnocellu-
lar systems so is modern clinical practice
increasingly based on these concepts. This
article offers a guide based on current prac-

tice to the clinician faced with a patient with
an apparently normal eye but who has poor

vision and who therefore starts to cross the
threshold from ophthalmology into neurology.'

Visual acuity testing
Although acuity testing only measures the
central 1 to 2 degrees of field at 100% con-

trast, this measurement of visual health is
almost universally understood and changing
levels of performance measured in this way

sometimes assume great medicolegal signifi-
cance. The physiological basis and shortcom-
ings in clinical practice may be less widely
appreciated. The minimal resolvable or ordi-
nary acuity is most applicable to everyday
practice, involving the correct identification
of a target characteristic. In health, there is a

remarkable concordance between the
observed minimal angle of resolution and the
expected resolving capacity of the eye's
optics. In disease, the observed minimal angle
of resolution will drop not only as a result of
defects in optical imagery, but also where
abnormalities arise in foveal fixation, photo-
receptor structure and function, photopic
luminance levels, and full integrity of the
neural pathways.2
The purest visual acuity test uses a square
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Table 1 Visual acuity and grating acuity equivalents

Spatial
Acuity Acuity frequetncy Stripe width
(nr) (feet) (cyclesldegree) (ninO)
6/6 20/20 30 1
6/12 20/40 1 5 2
6/30 20/100 6 5
6/60 20/200 3 1 0

wave grating comprising black and white
stripes of equal width. An acuity of 6/6
equates to a grating made up of stripes each
subtending 1 minute of arc at the testing dis-
tance, so that the separation between two
black and two white stripes is 1 minute; pairs
of stripes must therefore be repeated 30 times
to subtend a visual angle of 1°. This is termed
the spatial frequency and is measured in
cycles/degree; the narrower the stripes the
higher the spatial frequency. The highest fre-
quency grating which elicits a response is the
measure of the visual acuity. Table 1 shows
the correlation between Snellen values, stripe
width, and spatial frequency.

Grating acuities have been shown to be
superior to visual acuity based on optotypes
especially when there is foveal pathology or
dense amblyopia. The stripes can be pre-
sented on a TV screen and form the basis for
the objective measurement of acuity using opto-
kinetic nystagmus (rotating striped drum to
elicit eye movements), visually evoked cortical
potentials, and preferential looking tech-
niques. Grating acuity techniques are in stan-
dard use in visual science and in the clinical
assessment of visual function in infants (fig 1).

For the remainder of clinical practice, acu-
ity is measured by presenting a selection of
ordinary, recognisable targets or optotypes for
the subject to choose between so that guess-
ing is eliminated. A variety of optotype pat-
terns can be used for the determination of the
minimal resolvable acuity. The most familiar
is the Snellen chart in which the standard
pattern is enlarged so that resolution is
achieved (fig 2). For a normal observer in
best focus the resolution limit is 30 to 60 sec-
onds of arc. The E optotype for 6/6 vision
(which uses a sans serif or Gothic typeface)
subtends 5 minutes of arc vertically and hori-
zontally, and 1 minute between each stroke
when viewed at 6 m (or 20 feet). If the sub-
ject can only see at a distance of 6 m an opto-
type which would subtend 1 minute of arc at
9 m, then the acuity is said to be 6/9 and so
on through to 6/60. Sometimes it is conve-
nient to express acuity in terms of visual effi-
ciency scores (for example, in medicolegal
work) or as Snellen ratios (for example, when
entering acuity data into automated perimetry
equipment) (table 2).

Because some optotypes are easier to see
than others, single letter charts have some
advantages particularly when assessing
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Vision

Figure 1 Contrast gratings used to obtain grating acuities. (A) 0-29 cyclesl at 38 cm
roughly equivalent to a Snellen acuity of 61620. (B) 7-7 cyclesl at 38 cm roughly
equivalent to a Snellen acuity of 6124.

patients with cognitive or reading difficulties.
In the Landolt C test, the subject must iden-
tify the orientation of the C by finding the
side of the gap in the curve and in the E for
illiterate patients test the direction of the bars
must be recognised. If the minimal resolvable
optotype size is 1 minute of arc then the

acuity is said to be 6/6. These tasks may be
easier to perform than the task of reading a
standard Snellen line alone and are not
strictly equivalent. Although the Snellen chart
is well understood, the patient's performance
may vary simply because of poor illumination
and variable optotype complexity. As a gen-
eral rule the smallest line that the patient can
read is used to quantify visual acuity-one or
two mistakes per line are often allowed.
Changes in visual acuity over time are
reported in units of "number of lines lost or
gained". This method is subject to a number
of limitations: as each line becomes smaller
the number of letters becomes greater and
therefore harder to read; a two line loss from
6/20 to 6/60 is a tripling of the visual angle
but a two line loss from 6/5 to 6/9 is less than
double the visual angle and therefore is not
comparable. In terms of visual pathophysiol-
ogy, there may only be a weak correlation
between the level of underperformance on a
Snellen chart and the level of dysfunction of
the visual apparatus and it is not correct to
say that an eye with a Snellen fraction of 0-25
(6/24) has a disease process twice as severe as
one with a fraction of 0 5 (6/12).

For these reasons the "Logmar" chart is
preferable. The working distance is 4 m.
Each letter on a line has uniform difficulty,
there are the same number of letters on each
line, and the size increase from one line to the
next is governed by a simple geometrical pro-
gression of the log of the minimal angle of
resolution (LOGMAR). In conjunction with
standardised illumination systems Logmar
charts were first introduced into ophthalmol-
ogy in 1982 for the Early Treatment of
Diabetic Retinopathy Trial and other multi-
centre prospective trials and are now widely
used in clinical practice where accurate follow
up data are required (fig 3).4

NEAR VISION TESTING
It is often extremely useful to determine
acuity for near as well as for distance as some
patients experience difficulty in reading out of
proportion to their Snellen acuity as a result
of parafoveal scotomata (for example, macu-
lar degeneration) or to poor foveal fixation in
certain eye movement disorders (for example,
jerk nystagmus), which prevent the whole
word being seen at the same time. The post-
fixational blindness of a dense bitemporal
hemianopia may also be detected by this
method, as may cerebral dyslexia. In the
United Kingdom, the current standard nota-
tion used is the N system where text printed
in the Times Roman font is expressed in font
sizes as points (multiples of 1/72nd of an
inch) and the reading acuity is denoted as the
minimum size comfortably seen at a normal
reading distance (33 cm) with presbyopic
correction when appropriate. This is likely to
be replaced by reading versions of the Snellen
and Logmar charts in the near future.

r
3 FACTORS INFLUENCING VISUAL ACUITY

To achieve peak performance, referred to as
normal visual acuity, all optical, anatomical,
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Figure 2 Snellen charts. (A) Standardformat; (B) single letterformat.

and physiological elements must themselves
perform normally. For example, acuity is
readily degraded by refractive error so that
1 dioptre of defocus will reduce the Snellen
fraction to about 0 3. Young hypermetropes
(hyperopes) can accommodate to overcome

their own refractive error, but myopes and
presbyopes cannot. A pinhole is a very helpful
method of determining whether acuity is due
to refractive error rather than ocular pathol-
ogy or neurological disease. It is important to
remember that a pinhole, however, will only
correct to 6/6 up to a maximum of 4 dioptres
of spherical and cylindrical error and that an

up to date refraction is essential in all cases of
unexplained visual loss. Optical quality also
depends on pupil size: visual acuity remains
roughly constant in the range of 2-5 to 6 mm
after which the minimal angle of resolution
falls off. In elderly people, as pupil size
diminishes and lenticular opacities increase
the spatial resolution of the eye may fall even in
the absence of specific pathological conditions.

Pupillary light reflexes
The assessment of afferent pupil defects is an

important part of the neuro-ophthalmic
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7Vision

Table 2 Visual acuity equivalents in different notations

Minutes of arc Snellen Snellen
(minimal angle of SneUen acuity at acuity at Visual efficiency Snellen
resolution-MAR) LogMAR acuity at 4 m 20feet 6 m (%) fraction

0-75 20/15 6/4-5 104 1-33
- 0 1 4132 20/16 6/5

1-0 0-0 4/4 20/20 6/6 100 1-0
1-25 + 0-1 4/5 20/25 6/7-5 96 0-8
1-5 20/30 6/9 91 0-67

+ 0-2 4/6-3 20/32 6/10
2-0 + 0-3 4/8 20/40 6/12 84 0-5
2-5 + 0-4 4110 20/50 6/15 76 0-4
3-0 20/60 6/18 70 0-33

+ 0-5 4/126 20/63 6/20
4-0 + 0-6 4/16 20/80 6/24 58 0-25
5-0 + 0-7 4/20 20/100 6/30 49 0-2
6-0 20/120 6/36 41 0-17

+ 0-8 4/25 20/125 6/38
7-5 20/150 6/45 31 0-133

+ 0-9 4132 20/160 6/48
10-0 + 1-0 4/40 20/200 6/60 20 0-10
20-0 20/400 6/120 (3/60) 3 0-05

examination and subtle abnormalities may
often be clinically significant. A discussion of
unequal pupils and efferent pupil defects is
beyond the scope of this paper.
The pupil of an eye that is blind from reti-

nal or optic nerve disease will fail to react
directly to light but will constrict consensually
when the other healthy eye is stimulated. The
blind eye shows an afferent pupil defect.
Much more commonly, however, a disease
process will leave one eye with a degree of
visual impairment and direct stimulation will
still result in pupillary constriction. In these
circumstances it is important to perform a

swinging light test to look for a relative affer-
ent pupillary defect (Marcus Gunn pupil).
Relative afferent pupillary defects are best
seen by moving a hand held light from one
eye to the other, holding the light to each eye
for about one second in a regular symmetric
way. As the light shifts from the eye with nor-
mal vision to the eye with reduced vision, the
direct light stimulus is no longer sufficient to
keep both pupils small; thus they both dilate.
The test is very quick and easy to perform
and is sufficiently sensitive to detect residual
optic nerve dysfunction after an episode of
retrobular neuritis and recovery of acuity to
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Figure 3 Logmnar chart.
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6/6. Only one working iris sphincter is neces-
sary to perform this test. For example, a third
nerve palsy or anterior ocular segment disrup-
tion as a result of trauma, inflammation, or
surgery will not stop the examiner from
observing the direct and consensual responses
of the intact pupil as each is alternately stimu-
lated. A dim side light is invaluable, especially
in patients with dark irides, to observe the
pupillary movements. The afferent pupil
defect may also be quantified by using a series
of neutral density filters over the good eye to
reduce the stimulus to the point at which a
balance is reached.

Afferent pupil defects are absent in func-
tional visual loss and in lesions of the retinal
macula, and are either absent or subtle when
central visual loss is due to amblyopia. Optic
nerve lesions, however, typically produce sig-
nificant afferent defects and hence the test is
of great value in cases of unexplained visual
loss. When optic neuritis has been diagnosed
and there is no relative afferent pupillary
defect, the diagnosis is either wrong or else
there is bilateral disease. The acronym
PERLA standing for "pupils equal and react-
ing to light (and accommodation)" is often
used in clinical notes but does not indicate
whether the consensual reflex has been
tested, or whether a relative afferent defect is
present.

Colour vision
It is a characteristic of certain disorders of the
anterior visual pathways that sensitivity to
hue discrimination (colour vision) may be
impaired whereas luminance and contrast
based functions (acuity) are preserved.' At
the level of retinal photoreceptors, colour
vision is a function of three classes of cones of
overlapping spectral sensitivities for red,
green, and blue so that colours are repre-
sented by differential matching of the output
of each group. At a neural level, colour vision
is processed according to a colour opponent
code whereby certain colour pairs appear as
mutually exclusive opposites such as red-
green and blue-yellow. The physiological sub-
strate for colour opponent encoding lies
within the neural elements of the retina. In
clinical terms, these concepts are reflected in

the classification of congenital defects of
colour vision according to whether one or
more classes of photoreceptor are missing
(dichromats and monochromats) or have
anomolous sensitivity to specific wavelengths
of light (anomalous trichromats):
The inherited dyschromatopsias are binoc-

ular and symmetric and do not change over
time. Monochromats have major cone defects
and also have poor acuity. Dichromats and
anomalous trichromats have normal acuity.

Acquired dyschromatopsias are different
from congenital defects in several respects.
Firstly, they are noticeable to the observer.
Secondly they may be monocular or even
restricted to one part of the visual field.
Thirdly, although colour defects may be
much more pronounced than acuity defects,
acuity is generally reduced to some degree. It
is helpful to classify acquired defects of colour
vision as follows:

According to Kollner's rule patients with
neural disorders have a preponderance of
damage to red-green discrimination with
preservation of blue-yellow discrimination
(type I and II defects), whereas those with
retinal and choroidal disease may show selec-
tive loss of blue-yellow discrimination (type
III defects).
Some optic neuropathies, however-espe-

cially those associated with preserved acuity-
may show type III defects. Cones sensitive to
blue are not found in the central 05 degrees
of the field, so that disease processes that
selectively damage the extrafoveal visual field
will leave the patient with normal acuity and
normal red-green discrimination. Examples
include glaucoma, dominant optic atrophy,
chronic papilloedema, and early chloroquine
retinal toxicity. More typically, optic neu-

ropathies that involve the fibres of the papillo-
macular bundle such as retrobulbar neuritis,
Leber's disease, and extrinsic compression
will damage neural elements serving foveal
function and green-red discrimination will be
damaged, often out of proportion to acuity
loss. Table 3 summarises the classifications of
colour deficiency.

Formal colour vision testing with spectral
light sources graded for luminance changes is
very demanding and time consuming, and
not very practical in the clinical setting.

Table 3 Classification of congenital and acquired colour deficiency
Name Red deficient Greenl deficienit Blue deficienit

Conigeniital colour deficienicy
Anomalous trichomats Protanomal Deuteranomal TritanomalDichromats Protanope Deuteranope Tritanope
Monochromats Blue cone monochromats/

rod monochromats
Acquired colour deficiency

Alternative name Hue discrimination Visual acuity loss
defect

Type I Red/green "protan like" red/green discrimination moderate to severe
loss: preserved
blue/yellow
discrimination

Type II Red/green "deutan like" red/green discrimination moderate to severe
loss plus mild
blue/yellow impairment

Type III Blue/yellow "tritan like" blue/yellow confusion mild to moderate

Acheson, Sanders

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.59.1.4 on 1 July 1995. D

ow
nloaded from

 

http://jnnp.bmj.com/


Vision

RIGHT
AGE
FIXATION LOSSES
FALSE POS ERRORS
FALSE NEG ERRORS
QUESTIONS ASKED

TEST TIME 00:12:48

HFA S/N 630-6591

TOTAL
DEVIATION

59
1/23
0/10
0/12
410

27

30

31

26

32

31

29 25+ 4

(272 g

31 31 6 1
(29) (9)
30 35 12 10

i8
- -32- 33~(9) Al(i

28 32 ( 9)

27 30

26 29

0 n
0 0 0

_ _

U.._

mm

1*

(8)
(90)
o(Q

(0

(Q
1)15'd- J

9) (?j) 10 10

5) 15 (2)

') (12)

PATTERN
DEVIATION

PROBABILITY
SYMBOLS

:: P5P
%?.P( 2%
uP( 1%
SP ( 0.5%

... , ; ............... .................. ................... . . . . . . . .. ...
-.-.... .......... . . . . . . . ...
*.,..... , . . . . . ....- , .-.
............ . , , . .,,,,* - ........ ,......... . . -........................ ........................ .

........................ :-...................... .. ......................... .. ....................... .. ...................... . ..................... ...................... . -.................. . .................... . .................. .. t
.............. .. .
.............. ........... -:-

....................

I

* s s

:: *E

-V. N

MD -7.29DB P(0.5%
PSD 11.46DB P(0.%
SF 3.67 DB P ( A
CPSD 10.77 P ( 0.5%

LEFT
AGE 51
FIXATION LOSSES 0
FALSE POS ERRORS 0
FALSE NEG ERRORS 1/
QUESTIONS ASKED 31

TESTTIME 00:11:01

HFA S/N 630-6591

TOTAL
DEVIATION

Ut..
Al*m *

2 4

/20 (8, 0

y19 (o (0 (8) 2
66 Q

(O (8) db) (9)"
(0 7 13

((0)

(J8) (69

*U.

* .~0 * n
n . .

PROBABILITY
SYMBOLS
::p 5%

MP( 1%
*P( O.5

I.
r2519

) ( 20)2

19 18 16

24 11 Z--

21

(29 2 2

26

~21

2526
(22)

20

PATTERN
DEVIATION

*

mm

::

* 6 0

U9..

4.

MD -12.62D P ( 0.5
PSD 11.24 DB P ( 0.5;
SF 2.3 DB P( 10%

CPSD 10.950D P<0.5%
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Pseudoisochromatic plates are very widely
used because of their portable nature, low
cost, and ease of use. The plates consist of a

series of dots of various colours and sizes that
are clustered together into carefully arranged
patterns of various hues. These hues can

readily be distinguished by normal trichro-
mats but not by those with defective colour
vision. The patterns form highly legible fig-
ures that are visible even to those with poor

acuity. An initial test plate excludes subjects
whose acuity or reading skills do not allow
them to perform the test. Commercially avail-
able pseudoisochromatic plates (Ishihara and
Hardy, Ritter, Read (HRR) plates) are

designed to detect those with congenital
dyschromatopsias, but do not allow protan-
deutran distinctions or the separation of
anomalous trichromats from dichromats.
They may be used in the qualitative assess-

ment of acquired colour defects. A greater
quantitative element is supplied by the
Farnsworth-Munsell 100 hue test in which
the subject is required to arrange a series of
coloured discs in sequence between pairs of
reference discs.6 The order of discs is then
plotted in a circular diagram so that the
degree of error is represented by points far
away from the centre of the diagram.
Characteristic patterns for errors along the
red-green and blue-yellow axis will emerge

allowing full characterisation of the dyschro-
matopsia. Even with automated, computer
assisted versions, this test remains inconve-
nient and time consuming and is not greatly
used. The Farnsworth D-15 (dichotomous)
panel test simplifies matters by recording
confusions in the allocation of non-adjacent
hues into their correct colour grouping.

Other techniques include the Pickford-
Nicholson anomaloscope in which the subject
views a translucent panel through a monocu-

lar objective and has to match pairs of
coloured lights. A more modern alternative is
provided by computer assisted colour con-

trast sensitivity systems in which standard
optotypes are presented in colour against a

coloured background and the contrast thresh-
olds measured in each of the colour confusion
axes. It is likely that in many clinics a psy-
chophysical central vision assessment package
can be used where thresholds for acuity tasks,
contrast sensitivity, and colour contrast sensi-
tivity can all be presented in a sequence of
quick user friendly formats with a micro-
processor and standard computer monitor.

Visual field testing
The analysis of the visual fields retains central
importance in the localisation of defects in
the visual system, and for monitoring the nat-

ural history of a condition and responses to
treatment.8 Simple confrontation testing
(qualitative) remains useful in clinic based
and bedside topical diagnosis, but semiquan-
titative and quantitative methods are essential
for accurate documentation, detection of more
subtle defects, and for assessing progress.

In quantitative perimetry the task is always

hampered by the need for highly trained and
experienced perimetrists who can reliably dis-
tinguish between pathology and artefact.
Enormous efforts have been devoted to the
task of replacing perimetrists with computers
and now automated perimetry machines are
widely available (fig 4).9 11 These can now
generate numerical indices of point by point
deviations in retinal thresholds supported by
reliability scores and by statistical analysis
packages to help to determine the significance
of any departure from age matched controls.
Ease of data storage and standardisation of
presentation are advantages. With increasing
sensitivity, however, specificity is lost.
Although it is now possible to explore the
visual field at the limits of complex physio-
logical measurement-even to the extent of
measuring differential function in ganglion
cell subpopulations according to their motion
detection and luminance functions-it is
important to deploy strategies that support
practical management decisions. Automated
systems measuring static or motion detection
thresholds are primarily designed for the
detection of subclinical disease states not
detectable by confrontation, in particular
early glaucomatous optic neuropathy, and are
not necessarily suitable for characterising pat-
terns of field defect, which are so important
in neuro-ophthalmic diagnosis.12 Other prob-
lems include patient learning effects, physio-
logical variation in field performance over
time,'3"16 and fatigue.'7 Also, test strategies
emphasise threshold changes across the hori-
zontal meridian, but in neuro-ophthalmic
assessment, the vertical meridian is of crucial
diagnostic importance, and fixation testing
strategies rely on repeated blind spot check-
ing; this is of course lost in bitemporal defects
with chiasmal disease.8 19 Table 4 summarises
these techniques for assessing the visual field.

COLOUR PERIMETRY
As described in the section on colour vision
testing, acquired lesions of the optic nerve
characteristically show chromatic defects that
may precede luminance defects. It follows
that in some circumstances colour visual field
testing is more sensitive than using white test
targets of differing sizes and light intensities.
From Kollner's rule, optic neuropathies often
manifest red-green discrimination defects that
are readily picked up with a red target and
confrontation methods ("in which hemifield
is the colour brighter?"), especially with the
tangent screen.

Fundoscopy: direct and indirect
ophthalmoscopy, special techniques
The direct ophthalmoscope incorporates a
light source focused directly on to the retina
through a small angled mirror that fills either
half or the whole of the aperture. The mirror
centre is unsilvered so that the illuminated
fundus can be seen through it. Between the
returning light rays and the examiner's eye
there is a revolving magazine of lenses that
usually range from -30 to +30 diptres to

10
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Table 4 Techniques for assessing the visualfield

Method Vaniants Comments

Qualitative Confrontation with fingers or
neurological pin heads

Visually elicited eye movements Infants and obtunded adults
Finger mimicking Preverbal children and dysphasic adults
Hand and colour comparison Children and adults
Blinking to menace and flashing Children and obtunded adults

lights
Semiquantitative Tanget screen perimetry Very rapid. Suitable for all patients with

(Bjerrum) steady fixation. Good for topical diagnosis
of neuro-ophthalmic disease

Quantitative Goldmann kinetic and static Standard reference method: very operator
perimetry dependent

Automated perimetry Excellent for detecting early bitemporal
defects. Unsuitable for ill patients or those
with poor concentration, poor acuity, or
functional visual loss

correct any inherent refractive error in either
the patient or the examiner. In practice, it
may be easier to view the fundus of a patient
with a larger refractive error by leaving the
glasses on and turning the ophthalmoscope
lens to zero. Changing the ophthalmoscope
lens power will also change the depth of focus
within the eye and allow examination of
media opacities, especially in the lens. The
field of view with the direct ophthalmoscope
is small, about 60 with a magnification x 15;
the image is erect and real. A green or "red
free" filter is useful for examining nerve fibre
detail, retinal vessels, haemorrhages, and
microaneurysms. The examiner views the
patient's right eye with his right eye and
changes eyes to view the left. Pupillary dilata-
tion with 1% tropicamide drops is essential
for the best retinal view. The risk of precipi-
tating an attack of acute angle closure glau-
coma by using dilating drops is very low and
is usually outweighed by the benefits of
achieving an adequate view.
The direct ophthalmoscope, by virtue of its

small field and high magnification, is very
suitable for viewing the optic nerve head.
When a wider field and an appreciation of
stereoscopic depth detail is required, indirect
ophthalmoscopy is used. In this technique a

light source is directed into the eye and the
reflected light is gathered by a hand held con-

densing lens to form a virtual inverted image
of the retina. The size of the image varies
according to the power of the condensing

lens: the greater the power the smaller the
image. A + 13D lens magnifies the retina
about four times and a + 30D lens by two.
Indirect ophthalmoscopy has the advantage
of providing high intensity illumination, stere-
opsis, and a wide field of view as well as

allowing dynamic assessment of vitreoretinal
pathology. Disadvantages include the
inverted image, the requirement for wide
pupillary dilatation, and the considerable
practice needed to master the technique.

Other methods for viewing the fundus
require a slit lamp and are especially helpful
in the assessment of stereo detail in macular
pathology. These include fundus contact
lenses and the non-contact Hruby and Volk
lenses.

FLUORESCEIN ANGIOGRAPHY
Fluorescein angiography provides an impor-
tant adjunct to the ophthalmoscopy of dis-
eases of the retina and the optic nerve head
by showing evidence of disease activity and
by providing a permanent record. After an

intravenous injection, a dilute solution of flu-
orescein in the blood will absorb blue light at
a peak of 480 nm and emit it as green-yellow
at a peak frequency of 530 nm. With appro-
priate filters on flash fundus photography the
exciting blue light can be separated from the
emitted light and the retinal and choroidal
circulations studied. Dynamic studies of the
passage of dye from the arterial to venous

sides of the circulation in the two vascular

Table 5 Common indications forfluorescent angiography in neuro-ophthalmology

Clinical problem Comment

Optic disc swelling Distinction between true acquired pathological disc
swelling of raised intracranial pressure or local
disease and pseudopapilloedema of hypermetropic
eyes, buried disc drusen, and other anomalies.

Multifocal white matter lesions or unexplained optic Subtle or subclinical retinal vasculitis indicates an
neuropathy inflammatory cause (multiple sclerosis, sarcoidosis,

or Behcet's disease).
Unexplained visual acuity loss with a central Subtle macular pathology (age related macular

scotoma degeneration, branch retinal vein occlusion, retinal
dystrophies) well demonstrated.

Unexplained neuromuscular disease Mild or severe forms of retinal pigment epithelial
degeneration well shown in the mitochondrial
myopathies (Keams-Sayre syndrome).

Unexplained (aseptic) meningitis Demonstration of choroidal abnormalities in the
uveomeningeal syndromes (Vogt-Koyanagi-Harada
syndrome, Behcet's disease sarcoidosis, non-
Hodgkin's lymphoma, metastatic carcinoma).
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Figure 5 Fundus
fluorescein angiogram
showing abnormal
microvascular perfusion at
the macula in a patient
with central visual loss due
to a branch retinal vein
occlusion.
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beds are obtained. In the evaluation of optic
disc swelling, true disc oedema can be distin-
guished from the pseudopapilloedema of
buried optic disc drusen or elevated discs in
hypermetropic eyes by demonstrating the
presence of dilated capillaries on the disc sur-
face during the arterial phase of the
angiogram, and hyperfluorescence in the late
venous phase. Also, buried disc drusen may
fluoresce without any injection of dye-a phe-
nomenon known as autofluorescence. This
avoids unnecessary imaging and CSF studies,
and even shunting procedures. Table 5 gives
further examples.

It is important to remember that fluores-
cein angiography is an invasive study.
Patients often experience nausea and occa-
sionally vomit shortly after injection. They
should be warned that the skin (but not the
sclera) appears icteric for a few hours and
that urine passed during this time will fluo-
resce. Rarely, hypersensitivity reactions
occur probably due to the presence of
macromolecular impurities because fluores-
cein itself has a low molecular weight and
does not provoke an antigen-antibody reac-
tion. This usually takes the form of urticaria
and transient bronchospasm but may occa-
sionally give rise to anaphylactic shock. Full
resuscitation equipment is mandatory and the
investigation is contraindicated in patients
with a history of asthma or adverse reactions
to radiological contrast media.

Contrast sensitivity
In visual science contrast sensitivity forms the
basis of one of the most important psy-
chophysical methods for measuring visual
function-for example, allowing the demon-
stration that neurons of the visual system are

sensitive to limited ranges of spatial frequency
and orientation. In clinical practice these
methods allow the detection of otherwise sub-
clinical pathology and offer a sensitive way of
following up patients with chronic disease
such as optic nerve function after an episode
of optic neuritis.
The patient who complains of "faded"

vision but who has a normal (high contrast)
Snellen acuity may have defects in contrast
sensitivity.2t The level of contrast at which a
light and dark pattern is first discriminated is
the contrast threshold. No consistent discrim-
ination occurs for contrast below the subject's
threshold for a particular spatial frequency.
High and very low spatial frequencies require
higher contrast for resolution. Contrast sensi-
tivity is the reciprocal of the contrast thresh-
old and is measured with sine wave
(sinusoidal) gratings that show gradual
change from light to dark. Measurement aims
to record the patient's contrast threshold over
a range of spatial frequencies with gratings of
different contrast levels. Because two vari-
ables are involved (spatial frequency and con-
trast threshold) a graph is constructed that
sets out the contrast threshold for each spatial
frequency, and results in a contrast sensitivity
curve. Pathological reduction in contrast sen-
sitivity occurs in developmental and acquired
visual defects when the contrast threshold can
be raised for low, high, or all spatial frequen-
cies depending on the underlying cause.

In formal systems, spatial vision is repre-
sented by sinusoidal or square wave gratings
presented on a TV monitor with frequencies
ranging between 0-1 and 25 cycles/degree,
with standardised visual angles of 50 height
and 320 width and with additional counter-
phasing at a frequency of 06/s to prevent
afterimages. User friendly book mounted and
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Figure 6 Pelli-Robson formatfor qualititative contrast sensitivity testing.

wall mounted charts are available-for exam-

ple, the Vis Tech and Pelli-Robson sys-

tems.2' 24 In a Vis Tech chart photographs of
sinusoidal gratings are presented and thresh-
olds for different spatial frequencies are deter-
mined by the subject recognising the correct
orientation of the stripes whereas in the sim-
pler Pelli-Robson chart (fig 6) standard sized
optotypes of uniform spatial frequency are

presented with decreasing contrast as the
patient reads along a line allowing threshold
detection. Computer generated presentations
have the advantage of a capability to assess

temporal effects (loss of contrast sensitivity
with time), and colour contrast sensitivity.A 29

Macular pathology and amblyopia
In all instances of deficient vision the clinician
must ask whether the observed pathology
matches the degree of visual loss. Normally
this question lies within the province of the
general ophthalmologist, but it is not unusual
for a patient to have an apparently normal eye

and yet still have poor vision raising the ques-

tion of a retrobulbar optic neuropathy.
Localisation to the optic nerve is supported
by the presence of dyschromatopsia, a central
scotoma or altitudinal field loss, and a relative
afferent pupil defect. A central scotoma (but
not a relative afferent pupil defect) may also
be due to retinal pathology at the macula and
subtle pathology may be overlooked.
Sometimes the scotoma is too small to be
detected by confrontation or perimetry. The
Amsler grid is a coarse high contrast grid
against which the small paracentral scotomas
and central distortions (metamorphopsia,
micropsia, macropsia) of macular disease can

readily be seen. In the photostress test the
subject fixates on a bright light for a defined
period of time (about 30 seconds) and the
time to recovery of acuity to the pretest level
after eventual disappearance of the induced
positive scotoma is measured. In lesions of
the choroid, pigment epithelium, or photore-
ceptors, recovery from this bleaching is
greatly prolonged, whereas in optic nerve dis-
ease recovery is normal as function is not
dependent on the rapid functioning of the
visual cycle.

AMBLYOPIA
An additional common difficulty arises in the
discrimination between poor uniocular vision
due to amblyopia ("lazy eye"), which the
adult patient may suddenly become aware of,
and an acquired cause of visual loss without
evident intraocular pathology. Amblyopia
arises from a failure to establish normal corti-
cal representation of the visual input from
one eye during the critical period for visual
maturation in childhood (six months to nine
years) as a result of strabismus, stimulus
deprivation, or uncorrected refractive error.
Amblyopic eyes may have a small relative
afferent pupil defect. When illumination is
reduced (for example, by using a standard
neutral density filter), acuity is preserved in
eyes with amblyopia, but is profoundly
degraded in an acquired optic neuropathy.
Another characteristic of the amblyopic eye is
that acuity improves on testing with a single
letter per line format on the Snellen chart
compared with a chart with four to five letters
per line: this phenomenon is known as
crowding. Because amblyopia is often associ-
ated with some degree of concomitant squint,
the demonstration of reduced motor and sen-
sory fusion by an orthoptist can be invalu-
able. A squint can be shown by the
cover-uncover test where an occluder is
placed over one eye and the patient fixates
with other eye. Then the occluder is placed in
front of the eye initially fixating-in a patient
with manifest squint the uncovered eye will
move to take up fixation.

Electrophysiological assessment of visual
function
Psychophysical methods of acuity measure-
ment, contrast function, motion detection,
perimetry, and colour vision all depend on a
stimulus-response paradigm that is mediated
by the subject's conscious understanding of
the test, and certain assumptions must be
made about the correlation of these stimulus-
response properties to physiological events.
The clinical electrophysiology of vision
bypasses this area of theoretical and practical
complexity and allows closer correlation with
physiological functions. There is the added
advantage of being suitable for the assessment
of vision in preverbal children, and in cogni-
tively impaired patients.

VISUALLY EVOKED POTENTIALS
After repetitive visual stimulation using

13
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.59.1.4 on 1 July 1995. D
ow

nloaded from
 

http://jnnp.bmj.com/


Acheson, Sanders

flashes of light or sudden changes in a grid
pattern, a cortical potential is detectable that
may be summated and averaged using micro-
processors after repeated testing to yield the
visually evoked cortical potential or visually
evoked response (VER).30 31 The VER reflects
the integrity of the central visual field
throughout the entire afferent visual system
but is non-specific in localising a lesion to the
retina, optic nerve, or cortex. A flash gener-
ated VER is stimulated by luminance change
whereas a pattern VER is stimulated by con-
trast change. The complex wave form is
described in terms of amplitude and latency
according to characteristics of the PI wave
which is a large positive deflection occurring
at around 100 ms. Amplitude varies widely
among normal subjects but latency is con-
stant. Pathological conditions of the anterior
visual pathways yield relatively non-specific
abnormalities of the VER, but the test is none
the less useful, especially when carried out in
conjunction with flash and pattern generated
electroretinograms (see later). Latency delay
with relative amplitude preservation is found
in demyelination, even long after the acute
episode and after visual recovery, and also in
optic nerve compression. Amplitude reduc-
tion is a feature of ischaemic optic neuropa-
thy and other conditions where axonal loss is
prominent compared with conduction block.
By careful choice of stimulus variables (check
size and reversal speed in the pattern gener-
ated VER), the effects of optical blurring can
be minimised and the test made sufficiently
sensitive to be useful in moderate or minimal
acuity loss. For example, the persistent
latency changes of optic neuritis are best
demonstrated and the effects of optical defo-
cus minimised by using high contrast squares.
Additional specificity can be achieved by half
field testing whereby differences in amplitude
and latency recorded from each hemisphere
after uniocular stimulation can be used to
assess abnormalities of the optic chiasm.
Further refinements in VER techniques,
which are currently undergoing clinical evalu-
ation, include differential testing of the parvo
and magnocellular systems by the use of test
targets that selectively stimulate chromatic,
temporal, and spatial functions, and also the
discrimination between striate, extrastriate,
and subcortical responses. These are likely to
be of value in the early detection of subclini-
cal abnormalities such as glaucomatous optic
neuropathy and in the assessment of residual
vision in those with cortical visual impair-
ment, especially children.32

ELECTRORETINOGRAPHY
Stimulation of the eye with either a flash or a
pattern reversal system results in a recordable
potential from the retina that has two princi-
pal components33 14: the "a" wave, which
depends on the activity of the photoreceptors,
and the "b" wave, which arises from the inner
nuclear layer and the Muller cells. Disorders
predominantly involving cones can be distin-
guished from those involving rods by per-
forming the test in light (photopic) and dark

(scotopic) conditions. In primary retinal dis-
eases, such as diabetic retinopathy, pigmen-
tary retinopathies and dystrophies, and in
toxic degenerations, both the a wave and the
b wave are abnormal. Exceptions to this are
seen in central retinal artery occlusion where
in the acute phase the photoceptors that
derive their blood supply from the choroidal
circulation are preserved and therefore the a
wave persists whereas the b wave is extin-
guished. Superimposed on the b wave in a
normal retina are a series of rhythmic oscilla-
tions referred to as oscillatory potentials.
These may be of diagnostic importance when
lost in the early stages of both diabetic
retinopathy and in pigmentary retinopathies.
In advanced disease, the flash ERG will be
abnormal whereas in a primary optic neu-
ropathy it will be unaffected unless secondary
trans-synaptic degeneration of outer retinal
cells has taken place. The flash ERG, how-
ever, is a mass retinal response to luminance
change, and just as the use of pattern reversal
stimuli offers greater sensitivity in the VER,
so it does in the ERG. Although origins of the
pattern ERG are not entirely clear, it is
accepted that the response does arise from
retinal structures proximal to the photorecep-
tors, and it is this anatomical localisation
which, together with the fact that pattern
reversal stimuli test the central retina only,
gives the test its potential power. Unlike the
flash ERG, the late components of the pat-
tern ERG are abnormal in disorders of the
optic nerve and retinal ganglion cell.
Therefore, the pattern PERG may be of value
in discriminating subtle cases of central visual
loss of central retinal origin, when early and
late components will be abnormal, from
visual loss of optic nerve origin when the late
component alone is abnormal. With the
increasing recognition that subclinical abnor-
malities of retinal function may be of diagnos-
tic importance in, for example, the
tapetoretinal degenerations and in the mito-
chondrial cytopathies, the use of elec-
troretinography is likely to gain in importance
in clinical neuro-ophthalmology.35 4()

We are grateful to Dr Malcolm Steiger for helpful comments
on an earlier version of this manuscript.

Standard texts for further reading
Spalton DJ, Hitchings RA, Hunter P. A colour atlas of clinical
ophthalmology. London: Gower, 1985.
Vaughan DG, Astbury, Riordan-Eva P. General Ophthal-
mology. 13th ed. Norwalk: Appleton and Lange 1992.
Hart WM. Adler's physiology of the eye. 9th ed. St Louis:
Mosby Year Book, 1992.
Glaser JS. Clinical neuro-ophthalmology. 2nd ed.
Philadelphia: JB Lippincott, 1991.
Frisen L. Clinical tests of vision. New York: Raven Press, 1990.

1 Van Essen DC, Anderson CH, Felleman DJ. Information
processing in the primate visual system: an integrated
systems perspective. Science 1992;255:419-23.

2 Frisen L, Frisen M. How good is normal visual acuity?
Graefes Arch Exp Ophthalmol 1981;215:149.

3 Wetherill JR. Visual acuity assessment. Eye 1993;7:
26-9.

4 Ferris FL III, Kassof KA, Brenick GH, Bailey I. New
visual acuity charts for clinical research. Am _7
Ophthalmol 1982;94:91-6.

5 Ferris FL III, Sperduto RD. Standardised illumination for
visual acuity testing in clinical research. An _7
Ophthalmol 1982;94:97-8.

14

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.59.1.4 on 1 July 1995. D

ow
nloaded from

 

http://jnnp.bmj.com/


15

6 Hart WM. Acquired dyschromatopsias. Surv Ophthalmol
1987;32:10-31.

7 Lanthony PH. Clinical examination of the chromatic
saturation. Neuro-ophthalmology 1990; 10: 119-28.

8 Wellings PC. Detection and recognition of visual field
defects resulting from lesions involving the visual path-
ways. Aust NZJ Ophthalmol 1989;17:331-5.

9 Beck RW. Automated perimetry: principles and practice.
Int Ophthalmol Clin 1986;26:163-73.

10 Beck RW, Bergstrom TJ, Lichter PR. A clinical compari-
son of visual field testing with a new automated perime-
ter, the Humphrey field analyser, and the Goldmann
perimeter. Ophthalmology 1985;92:77-82.

11 Mills R. Automated perimetry in neuro-ophthalmology.
Int Ophthalmol Clin 1991;31:51-70.

12 Hitchings RA, Migdal CS, Wormald R, Pooinooswamy
D, Fitzke F. The (Glaucoma) Primary Treatment Trial:
changes in visual field analysis by computer assisted
perimetry. Eye 1994;8:117-20.

13 Lachemeyr BJ, Drance SM, Douglas GR, Mikelberg FS.
Light sense, flicker and resolution perimetry in
glaucoma. A comparative study. Graefes Arch Clin
Ophthalmol 1991;29: 1246-51.

14 Searle AET, Wild JM, Shaw DE, O'Neill EC. Time-
related variation in normal automated static perimetry.
Ophthalmology 199 1;98:701-7.

15 Glovinsky Y, Quigley HA, Bissett RA, Miller NR.
Artificially produced quadrantanopsia in computed
vision testing. Am Ophthalmol 1990;11O:90-1.

16 Safran AB, Glaser JS. Statokinetic dissociation in lesions
of the anterior visual pathways. Arch Ophthalmol 1980;
98:291-5.

17 Wilderberger H, Robert Y. Visual fatigue during pro-
longed visual field testing in optic neuropathies. Neuro-
Ophthalmology 1993;8: 167-74.

18 Keltner JL, Johnson CA. Current status of automated
perimetry. Is the ideal automated perimeter available?
Arch Ophthalmol 1986;104:347-9.

19 Sanabria 0, Feuer WJ, Anderson DR. Pseudo-loss of fixa-
tion in automated perimetry. Ophthalmology 1991;98:
76-8.

20 Arden GB. Testing contrast sensitivity in clinical practice.
Clin Vis Sci 1988;2:213-24.

21 Pelli DG, Robson JG, Wilkins AJ. The design of a new
letter chart for measuring contrast sensitivity. Clinical
Vision Science 1988;2:187.

22 Regan D, Neiman D. Low-contrast letter charts as a test
of visual function. Ophthalmology 1983;90:1192-200.

23 Pardhan S. Binocular performance in patients with uni-
lateral cataract using the Regan test. Eye 1990;4:
702-17.

24 Arden GB, Jacobsen JI. A simple grating test for contrast
sensitivity: preliminary results indicate value in screen-
ing for glaucoma. Invest Ophthalmol Vis Sci 1978;17:
23-32.

25 Arden GB, Grundez K, Perry S. Colour vision testing
with a computer graphics system. Clin Vis Sci 1988;
2:303-20.

26 Hess RF, Zihl J, Pointer JS, Schmid C. The contrast sen-
sitivity in patients with cerebral lesions. Clinical Vision
Science 1990;5:203-15.

27 Potts M, Fells P, Falcano-Reis F, Arden GB. Colour con-
trast sensitivity, pattern electroretinography and cortical
VEPs in dysthyroid optic neuropathy. Invest Ophthalmol
Vis Sci 1990;31 (suppl): 189.

28 Travis D, Thompson P. Spatiotemporal contrast sensitiv-
ity and colour vision in multiple sclerosis. Brain 1989;
112:283-303.

29 Verplank M, Kaufman DJ, Parono T, Yedavally S,
Kokinakis D. Electrophysiology versus contrast sensitiv-
ity in the detection of visual loss in pseudotumour cere-
bri Neurology 1978;38:1789-92.

30 Halliday AM, Halliday E, Kriss A, et al. The pattern
evoked potential in compression of the anterior visual
pathways. Brain 1976;99:357-74.

31 Frederiksen JL, Larsson HB, Ottovay E, Stigsby B, Olesen
J. Acute optic neuritis with normal visual acuity: com-
parison of symptoms and signs with psychophysical,
electrophysiological and magnetic resonance imaging
data. Acta Ophthalmol 1991;69:357-66.

32 Sanders EACM, Volkers ACW, van der Poel, Lith GHM.
Visual function and pattern visual evoked potentials in
optic neuritis. BrJ7 Ophthalmol 1987;71:602-8.

33 Berninger TA, Arden GB, Hogg CR, Franto T. Separable
evoked retinal and cortical potentials from each major
visual pathway: preliminary results. Br Ophthalmol
1989;73:502-1 1.

34 International standardisation committee of the inter-
national society for the clinical electrophysiology of
vision. Standard for clinical electroretinography. Arch
Ophthalmol 1989;107:816-9.

35 Plant G, Hess R, Thomas S. The pattern evoked elec-
troretinogram in optic neuritis. A combined psy-
chophysical and electrophysiological study. Brain 1986;
109:469-490.

36 Holder GE. Significance of abnormal pattern elec-
troretinography in anterior visual pathway dysfunction.
BrJ Ophthalmol 1987;71:166-71.

37 Lorenz R, Dodt E, Heider W. Pattern electroretinogram
peak times as a clinical means of discriminating retinal
from optic nerve disease. Doc Ophthalmol 1989;71:
307-320.

38 Holder GE, Acheson JF, Griffiths MFP, Green W,
Shilling WE. Pattern electroretinography in patients with
branch retinal vein occlusion. Jf Physiol 199 1;438:295.

39 Berninger TA, Arden GB. The pattern electroretinogram.
Eye 1988;2:s257-83.

40 Ryan S, Arden GB. Electrophysiological discrimination
between retinal and optic nerve disorders. Doc
Ophthalmol 1988;68:247-55.

Vision

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.59.1.4 on 1 July 1995. D

ow
nloaded from

 

http://jnnp.bmj.com/

