
Specific deficits of flicker sensitivity
in glaucoma and ocular
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Temporal modulation sensitivity for a 5°flickering field was measured in central and peripheral
retina for 46 eyes with glaucoma and ocular hypertension. Prior to showing any visual field loss
by conventional perimetry, 90% of patients exhibited significant losses in sensitivity around a
specific frequency of about 30 to 40 Hz. Low-frequency sensitivity and critical flicker frequency
were often .unaffected by such losses. The central field showed almost as pronounced a loss as
20° in the periphery.
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he technique of measuring the temporal
frequency characteristics of the human eye
by varying modulation depth of sinusoidal
flicker was introduced by de Lange.5' 6 He
appreciated the clinical value of this in-
creased information over the conventional
measure of critical flicker frequency (CFF)
and suggested the use of such measurements
before and after medical treatment.

This approach was taken up by Breukink,4

who examined the diagnostic value of de
Lange curves in 100 patients with various ret-
inal diseases, using a 2° field with a large
equiluminant surround. He analyzed the data
in terms of the qualitative similarity of effects
to three manipulations for normal eyes: lumi-
nance reduction, eccentric viewing, and elim-
ination of the equiluminant surround. Lumi-
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nance reduction results mainly in a loss of
modulation sensitivity in the high-frequency
region. Eccentric fixation produces a general
loss in sensitivity, whereas elimination of the
equiluminant surround produces a loss in the
low- and medium-frequency regions. These
effects provided a framework for the discus-
sion of his abnormal results. Five of Breu-
kink's patients had simple glaucoma. For
these patients the main loss was in the
high-frequency region, although one patient
showed middle-frequency (4 to 30 Hz) losses
only and hence did not fit into his classification
scheme.

This paper describes an experimental study
which uses the de Lange technique in a popu-
lation of patients with ocular hypertension and
glaucoma, using a temporal version of the
visuogram analysis of functional loss3 to assess
the temporal characteristics of sensitivity loss
in these conditions. Many of the patients
showed losses specific to limited ranges of
temporal frequency, which are of a different
form from those described by Breukink.4 The
results are considered both in terms of their
experimental significance and their potential
clinical application.

204 0146-0404/81/020204+09$00.90/0 © 1981 Assoc. for Res. in Vis. and Ophthal., Inc.

Downloaded from iovs.arvojournals.org on 09/12/2019



Volume 20
Number 2 Flicker sensitivity losses in glaucoma 205

Methods

The flicker sensitivity functions were measured
by varying the modulation depth of a sinusoidally
flickering light to perceptual threshold for various
frequencies of flicker. The frequency range chosen
was from 5 Hz upwards, both because pilot data
below 5 Hz showed greater variability than above
this frequency and because it is above the range at
which pupil responses are elicited.9

The flicker apparatus consisted of a square array
of 25 high-luminance light-emitting diodes. These
light sources have an extremely linear current/
luminance function. A steady DC signal controlled
the mean luminance at 40 cd/m2 and a two-decade
10-turn logarithmic potentiometer controlled the
added amplitude of sinusoidal modulation. An
additional one-decade range switch permitted
control of the modulation from 0.1% to 100%,
which is important because good observers can
give readings in the range of 0.3% to 0.5% under
optimal conditions.

The field of 25 light-emitting diodes was set
behind a circular diffusing sheet in a tube with a
white inner surface, so as to give the appearance of
a uniform field 2.5 cm in diameter. This field was
placed in a large (40 cm) equiluminant steady field
made by projection of 4 incandescent bulbs onto a
diffusing surface. There was a 1 mm dark border
around the flickering field. The apparatus was
viewed from a forehead and chin rest at a distance of
28.5 cm, so that the flickering field subtended 5°.
Black fixation spots were placed 45° down to the
right and left of the flickering field at a distance of 10
cm (20° from the fovea). For peripheal observation
the patient was instructed to fixate on the appro-
priate one of these points to present the field to the
nasal retina 14° below the blind spot (Fig. 1). The
aims of the peripheral positioning were to test an
area of retina which is affected early in the course of
the disease (as in Bjerrum's scotoma, which extends
in an arc above and below the blind spot) and
at the same time to avoid the possibility of stimulat-
ing in the blind spot itself.

The patient was seated in the apparatus and
informed of procedure. At each frequency tested
the experimenter adjusted the log potentiometer
until the patient was satisfied that flicker had just
disappeared. Usually each point was measured
twice, but at some intermediate frequencies only
one reading was taken. (CFF for 100% modulation
was measured by varying the test frequency while
modulation remained at 100%.) Almost all patients
showed extremely good reliability under this
method of experimenter admustment, with a

20°-•

Fig. 1. Stimulus configuration as seen by a patient
viewing with the right eye. Full circles represent
the area of the flickering stimulus in its two alter-
native positions. F, Point of fixation. Also shown is
the projection of the blind spot (black region) and
an example of the form of Bjerrum's scotoma
(dashed line).

mean standard deviation of only 1.2 db (15%) of
the mean threshold at any frequency. Thus the
criterion for abnormality (described in Results) lies
at 5 S.D. from the normal mean in terms of the
experimental variability of patients' responses.
This means that less than one normal response in a
million will appear abnormal on the basis of ex-
perimental variability alone (as opposed to vari-
ability across observers, which is discussed in Re-
sults).

The population was drawn from the normal glau-
coma population of Moorfields Glaucoma Clinic,
London. Patients were selected solely on the basis
of exhibiting mild or no field losses on the Gold-
mann perimeter in the eye to be tested. Forty-one
patients were tested, of whom 75% showed marked
field losses in the untested eye. The age range of
the patients was 29 to 78 years (mean 59). Twelve
normal observers from roughly the same geo-
graphic population were tested to provide a re-
sponse baseline. (Individuals with a high con-
sumption of alcohol or tobacco were eliminated
from the sample.) The age range of normals span-
ned 30 to 67 years and was similar to that of the
patients but with a somewhat lower mean age (44).
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Fig. 2. Upper panel, Flicker sensitivity for 5° field
shown in terms of modulation threshold as a func-
tion of temporal frequency in double logarithmic
coordinates for the normal observers in this study.
Sensitivity for central vision is shown on the left,
and sensitivity for the 20° peripheral condition is
given on the right, with central sensitivity replot-
ted as dashed line for comparison. Error bars rep-
resent 1 S.D. of the mean response across ob-
servers. Center panel, Flicker sensitivity for a typ-
ical ocular hypertensive patient, with central (left)
and 20° peripheral (right) viewing. Note reduction
in sensitivity compared with normal (dashed
lines). Error bars represent 1 S.D. of each set-
ting averaged across temporal frequency. Lower
panel, Loss ratio for this patient in comparison to
normals. A value of 1 represents equality with the
normals, and regions of loss are shown hatched.
Values below dashed line are significantly differ-
ent from normal at a probability level of p = 0.01.

This mean age difference might be embarrassing if
sensitivity tended to decline with age, but in this
population of normals, for example, there is ac-
tually a nonsignificant positive correlation (0.04) of
age with sensitivity at 40 Hz. Given the lack of

0.2
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Fig. 3. Interocular temporal visuograms of the loss
in the eye with the highest known intraocular
pressure relative to the other eye for five patients.
Central test fields are shown at left, and 20° pe-
ripheral condition at right.

correlation with age in the patient population re-
ported below, there seems to be little ground for
concern over the mismatch of mean age in the
normal and patient populations.

Results

The format in which the data were ob-
tained is shown in Fig. 2 for a typical patient,
54 years old. His right eye showed com-
pletely normal Goldmann perimetric fields
with the I4 target (which was the size in rou-
tine use at the Moorfields clinic). Snellen
acuity was 6/5. Fundus examination revealed
no cupping of the disc. The intraocular pres-
sure had been 38 mm Hg 2 years before but
was brought down to 14 mm by the use of
pilocarpine and adrenaline drops. The left
eye had shown less elevation of pressure (22
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Table I. Clinical data for five patients of Fig. 3

Patient
(age)

Tested
pressure
(mm Hg)

Highest
known

pressure
(mm Hg)

Field
losses Acuity Fundus

Treatment
when tested

A. F. (59):
OD

OS

A. B. (54):
OS
OD

J. A. (50):
OS

OD

K. R. (47):
OD
OS

T. G. (41):
OS

OD

33

40

16
14

22

22

19
41

20

28

37

47

22
38

30

22

19
41

26

44

Enlarged papilla

Spotty losses

None
None

None (except 2° lower
macular scotoma)

None (except 2° lower
macular scotoma)

None
Peripheral restric-

tion (due to
aphakia?)

Enlarged papilla

None

20/15

20/15

20/20
20/15

20/15

20/15

20/30
20/80

(Aphakic)

20/200
(Cataract)

20/15

Normal

Normal

Normal
Normal

Normal

Normal

Normal
Normal

Slight cupping
of disc

Slight cupping
of disc

Guanethidine,
adrenaline

Pilocarpine

None (OD di-
lated)

None

Diamox

Pilocarpine,
adrenaline

mm) and was clinically normal. The right eye
was regarded as having a condition of ocular
hypertension (since the fields were normal).

The normal flicker sensitivity profile as a
function of temporal frequency is shown in
the upper panel of Fig. 2, with the mean
response provided by data from 12 normal
observers. Error bars represent 1 S.D. of the
variability across normal observers, which is
approximately constant across temporal fre-
quency. The level at which sensitivity loss
regarded as significant will be taken as 2.3
S.D. of the response distribution across nor-
mal observers below the normal mean. By
this criterion, 1% of normals would spuri-
ously show a significant loss, which is an ap-
propriately low false-positive rate. Central
observation is shown in the left graph by
filled circles in Fig. 2, and the 20° peripheral
condition in the right graph by open circles.

The patient's data are shown in the center
panel. It is clear that this patient showed a
markedly reduced flicker sensitivity, espe-
cially at the high frequencies. Central and
peripheral sensitivities were about equally af-
fected. The lower panel shows the degree of

loss in the patient's sensitivity relative to the
normal observers. These functions are ex-
pressed as the ratio of normal to abnormal
sensitivity at each temporal frequency and
may be called the temporal visuograms of the
eye. The dashed line indicates the criterion
of 2.3 S.D. of the variance across normals and
will be regarded as the level below which the
loss is significant. This patient showed a
marginally significant loss for both central
and peripheral viewing up to 15 Hz, but the
loss was dramatic in the region of 20 to 40 Hz.
Note that the visuogram plot emphasizes
specific aspects of the loss function which are
not clearly evident in the sensitivity func-
tions, due to the changing slope of the normal
curve.

Interocular comparison. Since there may
be substantial variability in many particulars
of individual visual systems, it is of value to
compare visual losses in the two eyes of pa-
tients with a greater glaucomatous involve-
ment of one eye than the other. This type of
comparison uses each patient as his or her
own control and avoids several potential fac-
tors which might add variability to the data,
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Fig. 4. Temporal visuograms for 46 eyes with ocular hypertension and glaucoma. Visuograms
are plotted in terms of loss ratio relative to normal observers as derived in Fig. 2. Data on the
left of each column are for central retina (full circles), and on the right for 20° peripheral retina
(open circles). Scale is shown at lower right, with dashed line representing level of significant
loss at p = 0.01. The average variability of the data is small, and ±1 S.D. is only twice the
diameter of the open and filled symbols. Glaucomatous eyes (exhibiting perimetric field losses
in addition to ocular hypertension) are indicated by circled crosses.

Table II. Proportion of patients showing significant flicker loss in the temporal visuogram in
relation to field losses revealed by Goldmann perimetry (N = 42)

Perimetry

Retinal locus

Flicker
Normal
Loss

Total

Normal (ocular hypertension)

Central (%)

17
83

100

Peripheral (%)

14
86

100

Loss (glaucoma)

Central (%)

23
77

100

Peripheral (%)

0
100
100
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such as (1) endogenous variations in sen-
sitivity across individuals, (2) retinal differ-
ences due to drug treatment of the disease in
patients but not in normals, and (3) effects of
drugs on pupil size and hence on effective
luminance of the display (except where a
mydriatic has been used in one eye, as was
the case with one patient in this series, J. A.).

It was possible to make interocular com-
parisons in five patients whose clinical pro-
files are summarized in Table I. These pa-
tients showed a range of clinical conditions.
Three were receiving hypotensive drugs
when tested, but two were not. One was
aphakic in one eye. One had a substantial
uniocular cataract. Four had normal fundi in
both eyes, whereas one showed slight cup-
ping of the optic disc in both eyes. All had
either full Goldmann fields or only slight
losses.

Despite this range of conditions, the losses
shown by the interocular temporal visuogram
were remarkably similar (Fig. 3). The in-
terocular temporal visuogram was obtained
by taking the ratio of sensitivity in one eye
relative to the other. The baseline was always
the eye with the lower of the two intraocular
pressures at the maximum recorded level
(Table I, column 3). In each case, therefore,
the eye with the higher intraocular pressure
showed a loss relative to the other eye, par-
ticularly at high temporal frequencies (Fig.
3). Although the foveal losses had no very
consistent pattern, the peripheral losses were
predominant at a particular temporal fre-
quency (30 to 50 Hz) in each of the four cases
where they were measurable. In the fifth
case (G. G.) it was not possible to measure
the peripheral loss due to a cataract in the
eye with the lower intraocular pressure (OS),
but the foveal loss (which may be slightly ele-
vated due to the cataract) showed the same
pattern of maximum loss at a high temporal
frequency. These results are illustrative of
the pattern of temporal loss in ocular hy-
pertension and glaucoma and of the relative
insensitivity of the technique to optical fac-
tors, both of which are considered in more
detail in the following sections.
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Fig. 5. Sensitivity relative to normal mean at 30
Hz for normals and patients with three categories
of field loss. Filled circles, Central sensitivity;
open circles, peripheral sensitivity; dashed line,
level of significant loss at p = 0.01. For the major
field loss category, peripheral sensitivity was ab-
sent, and hence loss was greater than the horizon-
tal bar. Note substantial separation of normal and
ocular hypertensive groups in terms of degree of
loss and progressive increase in loss with increas-
ing field defect.

Temporal visuograms. Temporal visuo-
grams derived as in Fig. 2 for 46 eyes with
ocular hypertension and glaucoma are given
in Fig. 3. Full lines, filled circles to the left of
each column show central foveal losses and
dashed lines, open circles to the right of each
column show 20° peripheral condition. The
data are arranged approximately in order of
the severity of loss, with the last five eyes
showing no flicker detection at all in the pe-
riphery so that only central curves are given.
Eyes showing field losses in the tested eye
are indicated by a circled cross.

It is immediately obvious that most hy-
pertensive eyes showed marked losses in
flicker sensitivity at some point in the visuo-
gram. The significance level is indicated by
the dashed line in the scale panel in the lower
right corner of Fig. 4 and applied at each
measured point, but since the data analysis
below will focus attention on just one point, it
did not need correction for multiple tests.

An initial analysis of the losses represented
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Table III. Percentage of cases in which
loss has the form of a low-frequency
notch (<25 Hz), a high-frequency notch
(>25 Hz), or increases up to the maximum
frequency testable for central and
peripheral vision (N = 45)

Vision

Central
Peripheral

Low-F
loss (%)

39
5

High-F
loss (%)

33
46

Maximum
loss (%)

27
49

Total

33
41

in Fig. 4 shows that a very high proportion of
ocular hypertensives and all glaucomatous
eyes exhibited significant flicker sensitivity
losses. These results were partitioned sepa-
rately for central and peripheral sensitivity in
Table II. There are two major observations to
be drawn from these figures.

(1) Overall, there was a substantial propor-
tion (about 80%) of significant loss in the cen-
tral 5° of vision, although none of these pa-
tients showed any field losses in this region,
and its involvement was usually manifest only
late in the course of the disease. (2) For ocu-
lar hypertensives, 86% showed significant
losses in the periphery, and for losses either
in central or peripheral vision (the union of
the two sets), the figure rose to 90%. This
suggests that the temporal visuograms are
highly sensitive to slight disruptions of visual
function at an early stage of glaucoma.

Relationship to visual field loss. Although
it is difficult to quantify visual field losses be-
cause of the range of retinal regions in which
they may occur, it is worth considering the
relationship of flicker sensitivity losses to a
crude breakdown of the extent of visual field
loss shown in Fig. 5. For this purpose, in
addition to normals, the patients were di-
vided into three categories: (1) ocular hy-
pertensives (no Goldmann field loss), (2) mild
field loss (Goldmann field losses that did not
include either the central or 20° peripheral
region), and (3) extensive field loss (Gold-
mann field losses that included the 20° pe-
ripheral region, so that only the central loca-
tion could be tested).

The comparison was made for each cate-
gory of loss and the flicker sensitivity at 30

Hz. (This frequency was chosen rather than
40 Hz because the former gives a greater
measurable range of possible loss in the cen-
tral retina.) If CFF was lower than 30 Hz, as
happened occasionally, the sensitivity loss
was taken as that for the CFF itself.

The data shown in Fig. 5 for both the cen-
tral and peripheral locations (except the latter
for category 3) show that, in general, the
flicker sensitivity loss became worse as the
field loss became more extensive. The data
also emphasize the separation between nor-
mals and most patients, including ocular hy-
pertensives, who showed little overlap in
their distributions of flicker sensitivity at
30 Hz.

Notch losses in sensitivity. What is the
form of the sensitivity loss? When one scans
the set of visuograms in Figs. 3 and 4, it be-
comes clear that sensitivity loss was often
greater at some intermediate frequency than
at either low or high frequencies. There was a
marked tendency for the loss to occur in the
form of a notch, as has been reported for
losses in spatial frequency sensitivity.3

The existence of such notch losses implies
that measurement of temporal losses by the
conventional CFF technique will show less
dysfunction than will the temporal visuo-
gram. In fact, in the present sample there
were many cases in which CFF was within
normal limits but a significant sensitivity loss
occurred at medium frequencies. This situa-
tion occurred in 11 cases for central stimula-
tion, nine cases for peripheral stimulation,
and nine cases for peripheral stimulation, and
nine cases when both central and peripheral
positions show normal CFF. Thus some 20%
to 25% of this population would appear normal
by a CFF test but showed significant losses in
their temporal visuogram.

The notch loss can be analyzed in more
detail in terms of its peak temporal fre-
quency. In order to quantify this occurrence,
I divided the data of Fig. 4 in which a sig-
nificant loss occurred into three categories:
(1) a notch loss peaking below 25 Hz, (2) a
notch loss peaking above 25 Hz, and (3) a loss
maximal at the highest testable frequency,
i.e., no notch. The criterion for a notch loss
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was that the loss, both at 5 Hz and at CFF,
was less than the peak loss. Note that since
the loss tended to increase markedly towards
higher frequencies, a sudden shift toward de-
creasing loss represents a marked change in
the slope of the loss function.

The number of each of these cases for the
central and peripheral viewing is shown in
Table III. The difference in distribution be-
tween center and periphery was significant
on a x2 t e s t at P = 0.01 This reflects the
preponderance of low-frequency notch losses
in central retina and high-frequency losses in
the periphery. Thus the two regions of
retina seemed to be differently affected by
glaucoma.

Note from Table HI that, overall, 60% of
the losses were in the form of a notch loss;
that is, the greatest loss occurred at some
temporal frequency other than CFF. Note
also that a higher proportion of significant
losses occurred in the periphery (98%) than
in the central 5° (77%).

Finally, the data may be considered in
terms of the test frequency most susceptible
to loss. The point of greatest susceptibility
overall was in the high-frequency region,
since those with a maximum loss at the high-
est testable frequency also showed substan-
tial losses at slightly lower frequencies. The
periphery also showed a greater proportion of
notch losses at high frequencies. Thus a sin-
gle test condition that would maximize the
number of cases detected would be a fre-
quency of 40 Hz for the periphery condition.
At this point, the range of severity of loss that
can be measured is 1.0 log units (or a factor of
10 worse than normal). The 40 Hz test condi-
tion would show a loss of 37 of the 42 cases
which show any significant loss. An additional
test condition at 25 Hz in the periphery
would catch three of the remaining cases,
adding up to a total of 95% of the cases show-
ing a loss at any frequency in either retinal
location.

Effect of age on flicker sensitivity. If flicker
sensitivity were affected by the age of the
observer, this would tend to lessen the value
of the test in older populations. A correlation
was therefore performed between age and

flicker sensitivity in the periphery at 40 Hz.
The correlation was —0.23, which is not sig-
nificant at p = 0.05. The normal sample
showed a correlation of 0.04 between age and
the same sensitivity measure. Therefore, in
the version of the flicker sensitivity test used
in this study, age per se did not have a sig-
nificant effect on flicker sensitivity across the
adult population. A flicker sensitivity test is
therefore preferable to tests based on visual
acuity, which are affected by aging of the op-
tics of the eye.

Discussion

Normal flicker sensitivity. The data from
the normal observers are worthy of comment
in themselves. It is well known7 that with a
large field size, peripheral CFF can be
higher than central CFF. What has not pre-
viously been established is whether this is
due to a higher sensitivity in the periphery to
flicker as such or to a specific increase in the
frequency range over which flicker could be
detected. The data of Fig. 2 clearly show that
the normal peripheral retina has a lower sen-
sitivity than central vision up to 30 Hz and
that the increased sensitivity corresponding
to a higher CFF is limited to the range above
30 Hz. This result was found for each ob-
server (with some variability in the crossover
point) and hence is a reliable aspect of flicker
perception.

Thus increased CFF is not due to a general
increase in sensitivity in the periphery but
represents the sensitivity of a specific high-
frequency mechanism.

In terms of receptive field types, this
change in the shape of the flicker sensitivity
function implies the existence of at least two
mechanisms, of which the one with lower
temporal-frequency range is more sensitive in
central vision, whereas the higher temporal-
frequency one predominates in peripheral vi-
sion. It is tempting to draw the analogy with
the sustained central and transient peripheral
mechanisms widely described in neurophys-
iology and psychophysics, but further evi-
dence would be required before a firm rela-
tionship could be established.

Flicker losses in glaucoma. There is only
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one previous study of flicker sensitivity in
ocular hypertension (10 cases) and glaucoma
(11 cases).2 The authors measured flicker
sensitivity at 8 Hz for a uniform field and
counterphase grating. At this frequency they
found a mean loss of about a factor of 2 for
ocular hypertensives and about a factor of 4
for glaucoma. These data are commensurate
with the loss obtained in the present group at
5 to 10 Hz. About half the ocular hy-
pertensives fell within the normal criterion in
their study, whereas for frequencies in the 30
to 40 Hz range (as above) 90% of ocular hy-
pertensives are classified as abnormal. The
higher frequency range is therefore more
useful as a diagnostic tool than the 8 Hz
commonly used in visual testing.

It is appropriate to consider the temporal
visuogram results in relation to other recent
psychophysical methods of assessment in
glaucoma. One such is the spatial modulation
sensitivity method developed originally by
Schade8 and adapted in a clinical form by
Arden and Jacobsen.1 In their study, the
greatest losses occurred at the higher range
of spatial frequencies tested by them and
hence tend to confound age-related optical
losses with retinal losses. For all other test
conditions, the mean results for ocular hy-
pertensives fell at just greater than the crite-
rion for loss (2 S.D. poorer than normal). This
suggests that approximately 40% of their ocu-
lar hypertensives would be classified as nor-
mal. By contrast, the temporal visuogram
method described here shows abnormalities
in 90% of ocular hypertensives, so that only
10% would be classified as normal. Thus, on
this basis of comparison, the temporal vis-
uogram method appears to be more sensitive
to visual loss than a spatial visuogram meth-
od. Similarly, only 33% of ocular hyperten-
sives show a central or peripheral flicker
sensitivity loss at 5 Hz, which is the closest to
a static sensitivity loss measured in this
study. Thus the visual loss produced by ocu-
lar hypertension is emphasized by the higher
temporal frequencies (e.g., 40 Hz), rather
than static test patterns.

Conclusion. The results may be summa-
rized by saying that the temporal visuogram

provides a highly sensitive measure of visual
losses in ocular hypertension and glaucoma.
It has the advantage of being relatively im-
mune to aging effects either of the retina or
the optics of the eye. It is more sensitive to
visual loss than the standard clinical use of
Goldmann perimetry. And it is rapid and
easy to administer to the patient.

These advantages combine to suggest that
the temporal visuogram method could use-
fully be adopted in clinical practice for the
assessment of visual losses in glaucoma.
Given the lack of correlation of the visual loss
with intraocular pressure, the temporal vis-
uogram would provide a valuable method of
assessing the effectiveness of drug therapy in
minimizing visual loss and managing the
course of the disease.

My thanks are due to Prof. J. Gloster and the staff of
the Glaucoma Clinic of Moorfields Eye Hospital, Lon-
don, for their collaboration and assistance with the test-
ing program and to Profs. R. Weale and G. B. Arden and
the Institute of Ophthalmology, London, for the use of
facilities.
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