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Pattern electroretinogram and peripheral colour
contrast thresholds in ocular hypertension and
glaucoma: comparison and correlation of results

Simon T Ruben, Geoffrey B Arden, Fiona O'Sullivan, Roger A Hitchings

Abstract
Ains-Both pattern electroretinogram
and peripheral colour contrast thresholds
have been shown to be abnormal in
glaucoma and ocular hypertension. This
study evaluates each of these tests as tools
for the early diagnosis of glaucoma,
compares and contrasts the results, and
examines the relation between the two
tests in a large cohort of ocular hyperten-
sive patients.
Methods-Transient and steady state
pattern electroretinograms and periph-
eral colour contrast thresholds were per-
formed in 45 normal, 37 glaucomatous,
and 206 ocular hypertensive eyes. The
results were analysed using receiver oper-
ating characteristic curves, together with
evaluation of sensitivity and specificity of
the tests. The relation between the two
tests was examined by direct statistical
correlation of the results.
Results-Al tests showed high sensitivity
and specificity for discriminating between
normal and glaucomatous eyes. However,
there was a significant difference between
the two tests for the number of ocular
hypertensives considered as abnormal.
Forty per cent ofocular hypertensives had
abnormal pattern electroretinogram
compared with 300/o with abnormal peri-
pheral colour vision. Peripheral colour
contrast thresholds showed a significant
correlation with both transient and steady
state pattern electroretinogram.
Conclusion-Both ofthese tests have been
shown to be promising new tools for the
early detection of glaucoma but the
number of ocular hypertensive patients
showing abnormal results is rather higher
than expected considering the natural
history of the condition. Sensitivity in
ocular hypertension may be increased by
using a combination of both tests. The
significant correlation between these
psychophysical and electrophysiological
tests is discussed.
(BrJ Ophthalmol 1995; 79: 326-331)

There has been increasing interest in the use of
electrophysiological and psychophysical tests
as diagnostic tools for early glaucomatous
visual loss during the past 10 years.1-3 This
interest has been fuelled by the finding that a
significant proportion of ganglion cells may
be lost before a focal field defect becomes
apparent on either manual or automated

perimetry.4 5 Attention has thus been focused
on electrophysiological techniques such as the
pattern electroretinogram, which has been
shown to be a sensitive detector of optic nerve
disfunction in both glaucoma and other optic
neuropathies.6-8 Psychophysical techniques
have also been studied extensively. Both short
wavelength perimetry9-11 and motion detec-
tion techniques'2-15 are of particular interest as
they provide non-invasive, easily performed
tests of visual function that may be more sensi-
tive at detecting early glaucomatous optic
nerve damage than present techniques. Other
psychophysical tests that have been investi-
gated include central'6 and peripheral colour
contrast thresholds,17 and flicker sensitivity.18
The use of pattern electroretinogram

(PERG)6 19 and colour contrast thresholds'7 to
discriminate between normal and glauco-
matous eyes have both been investigated in this
department and early results reported. In
addition, both tests have been shown to have
significantly reduced results in a proportion of
ocular hypertensive patients and may have a
role in the management of such patients. The
long term longitudinal studies needed to
establish the true value of these tests over more
conventional field analysers in the diagnosis of
glaucoma are under way. The purpose of this
study is to compare the results of an electro-
physiological test (PERG) with those of a
psychophysical test (peripheral colour con-
trast) in normal, glaucomatous, and ocular
hypertensive eyes. We investigated the sensi-
tivity and specificity of the two tests and the
correlation between them in a large group of
ocular hypertensive patients.

Patients, materials, and methods
Thirty seven glaucomatous, 206 ocular hyper-
tensive, and 45 normal eyes were studied. All
patients recruited form part of an ongoing
longitudinal study of psychophysical and
electrophysiological tests and gave informed
consent to participate. All patients had PERG
and peripheral colour contrast tests in addition
to Humphrey automated visual field analysis
(program 24-2) at the same visit. The tests
were carried out in random order so as not to
introduce any bias that may be caused by, for
example, fatigue. Full clinical examination,
including measurement of intraocular pressure
and gonioscopy, was carried out following
the psychophysical and electrophysiological
testing.

Ocular hypertensive patients all had IOP
in excess of 24 mm Hg (mean of three
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Pattern electroretinogram and peripheral colour contrast thresholds in ocular hypertension and glaucoma

Table 1 Results ofPERG and peripheral colour contrast thresholds for normal, ocular
hypertensive (OHT), and glaucomatous eyes. Mean (SD)

Normals OHT Glaucoma
Variable (n= 60) (n=206) (n=37)

Age (years) 59 (14) 60 (11) 64 (7)
P50 ("V) 2 54 (0 59) 1-95 (08)* 1-38 (0 52)#4
N95 (,uV) 0-96 (0-41) 1-12 (0 8)* 0-61 (0-51)tt
P50+N95 (p.V) 3-5 (0-7) 3-07 (1-3)* 1 99 (0 8)#4
Steady state PERG (p.V) 2-4 (0 53) 2-02 (0 87)* 1-45 (0 48)#4
Tritan threshold (/) 18-4 (8 9) 21-88 (10-8)* 44-6 (27 2)#4
Protan threshold (/) 18-5 (6 4) 22-8 (37 7) 38-9 (25 6)tt
Deuteran threshold (%) 19-5 (8-3) 22-6 (9 8) 41-7 (24-8)tt

Two sample t test: *OHT compared with normals: p<0 05; tOHT compared with glaucoma:
p<0 002; tNormals compared with glaucoma: p<0-0001.

consecutive recordings). Normal Humphrey
visual fields were defined as no point of the
24-2 program having a sensitivity reduced by
greater than 5 dB compared with age matched
controls. None of the ocular hypertensive
patients were on any form of pressure lowering
treatment at the time of testing. One eye of
each subject was chosen at random for the
analysis of results.
The glaucoma patients had an IOP of

21 mm Hg or below either on topical 3 blocker
medication or having undergone filtration
surgery. Patients were diagnosed as having
glaucoma on the basis of a repeatable field
defect on Humphrey automated perimetry
(defined as at least three points depressed by
greater than 5 dB compared with age matched
controls) together with optic nerve changes
consistent with glaucomatous damage. All
glaucoma patients included had IOP greater
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Figure 1 (A) Transient, (B) steady state PERGs, and
(C) tritan thresholds in normal, ocular hypertensive, and
glaucomatous eyes (means (SD)). Measurements ofN+P
were made /rom the baseline and for steady statefrom peak
to trough. 1

than 21 mm Hg at the time of diagnosis (there
were no low tension glaucoma patients).

Persons with normal eyes consisted of
patients' spouses and hospital staff. Glaucoma
patients with all stages of disease were included
and were recruited from the glaucoma clinics
of Moorfields Eye Hospital.

Subjects with other eye disease or systemic
diseases including hypertension treated with
systemic a blockers and diabetes were
excluded. All patients had corrected visual
acuity of at least 6/9 in the eye under investiga-
tion. One eye of each individual was selected at
random for statistical analysis (except in
patients with unilateral disease).

Electrophysiological and psychophysical
tests were undertaken by experienced tech-
nicians without knowledge of the clinical status
of the patients.

PATTERN ELECTRORETINOGRAM
The method used for PERG measurement has
been described in previous reports.6 19 The
PERG was recorded using gold foil corneal
electrodes and a reference electrode on the skin
near the lateral canthus. The stimulus sub-
tended 16 X 220 and the pattern reversing
checks were of 300 subtense and near 100%
contrast. Mean illumination was 100 cd/M2.
Transient responses measured at a pattern
reversal frequency of 6 reversals per second
and steady state responses measured at a
pattem reversal frequency of 16 reversals per
second were recorded for each eye. About 250
sweeps were averaged for each response and at
least four responses were recorded for each
eye. For the transient response, the initial
corneal positive response (P50) and the
later corneal negative response (N95) were
measured separately.

PERIPHERAL COLOUR CONTRAST THRESHOLDS
The method of measuring peripheral colour
contrast has been described in detail in a pre-
vious publication.17 The equipment consists of
a high resolution colour monitor driven by a
computer with special graphics card and soft-
ware. The image on the screen was a central
white fixation spot, a uniform background of
16 cd/m2, and a colour contrast annulus con-
centric with the fixation spot. Annulus and
background were of the same luminance and
this varied slightly depending on the subject's
flicker matches. The distance between screen
and cornea was fixed at 45 cm. The annulus
had a radius of 12-50 in the extramacular field
and a width of 10 of arc.
The test involved the removal of a 450

segment of the annulus in one of four quad-
rants: right or left upper, right or left lower.
The patient had to identify the correct quad-
rant. Threshold colour contrast was obtained
with a modified binary search technique pre-
viously described. What was measured
amounted to an average colour contrast
threshold in the entire annular zone of the
retinal image of the stimulus.

Peripheral colour contrast thresholds were
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Table 2 Specificity and sensitivity for different values
ofperipheral colour contrast threshold in normal and
glaucomatous eyes (tritan axis)

Perpheral colour vision (% threshold)

20 22 23 24

Specificity (%) 70 82 82 87
Sensitivity (%/6) 89 86 86 78

determined
axes.

for tritan, deuteran, and protan

Results
The patient characteristics and results of
PERG and colour threshold tests are shown in
Table 1 and Figure 1.
The PERG values for ocular hypertensives

differ significantly from the normal values and
these mirror previous reports from this depart-
ment.6 19 Of the three colour contrast axes
examined only the tritan axis showed a signifi-
cant difference from the normal group which is
in agreement with earlier studies.17 Because of
this finding, only the tritan axis has been used
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Table 3 Proportion of ocular hypertensives considered to
be abnormal on each test. (Normal values: tritan threshold
's 23%, transient PERG >'2-7 ,uV, steady state PERG
>1 8,uV)

Vaiable 'Abnormal' 'Normal'

Tritan threshold 62 (30%) 144 (70%)
Transient PERG 83 (40%) 123 (60%)
Steady state PERG 84 (41%/o) 122 (59%)

in subsequent analysis. The PERG values and
all three peripheral colour contrast thresholds
were significantly different from both the
normal and ocular hypertensive eyes.

PATFERN ELECTRORETINOGRAM
Results for transient and steady state PERG
are summarised in Figure IA and B and
Table 1. A value of 2-7 ,uV for the combined
(P50+N95) amplitude of the transient PERG
and 1-8 ,uV for the steady state amplitude were
found to have a high degree of sensitivity and
specificity for discrimination between normal
and glaucomatous eyes. Using this criterion
specificity and sensitivity were both 900/o for
the transient PERG and 74% and 92% for the
steady state PERG. Diagnostic precision (the
percentage of eyes correctly diagnosed out of
all normals and glaucomas) was 90/o for the
transient PERG and 85% for the steady state
PERG.

Using these criteria for the lower limit of
normality about 40% of the ocular hyper-
tensive eyes would be considered abnormal
(see below).

0.1 PERIPHERAL COLOUR CONTRAST

o-o / I The peripheral colour contrast thresholds are0.0 0.2 0.4 0.6 0.8 1.0 summarised in Table 1 and Figure 1C. The
1-specificity glaucomatous eyes show significantly raised

B0 / thresholds with ocular hypertensive eyes giving

2KB intermediate values, being the mean of a group0-8 containing normal and abnormal results. In
these groups of normal and glaucomatous eyes

0.6 - there is some overlap of results from the two
groups but similar changes are seen in each of

0.4 the three colour axes measured. In a previous
series17 a high degree of separation between

0.2 normals and glaucomatous eyes was found.
Although specificity and sensitivity are high in

o-o / I I I I this present series (82% and 86% respectively),
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 there is some overlap between normal and

1-specificity glaucomatous eyes (see ROC plots below),
1.0 - depending on the value taken as being the

C upper limit of normal. A value between 22%
0.8 and 24% for the tritan axis gives the best

separation between normal and glaucomatous
0.6 eyes for this series of patients (Table 2).

Sensitivity and specificity for both tests is
0.4 - high when comparing normal eyes with eyes

with established glaucomatous visual loss.
0.2dWhat is more important is the ability of the

tests to diagnose early glaucomatous damage
0.0 I I I in patients with ocular hypertension.-o4 0.2 0.4 0.6 0.8 1.0

1-specificity
Figure 2 Receiver operating characteristic plots for
(A) transient pattern electroretinogram, (B) steady state
pattern electroretinogram, and (C) peripheral colour
contrast thresholds.

RECEIVER OPERATING CHARACTERISTIC PLOTS
To further illustrate the ability of each test to
discriminate between normal and glaucoma,

(I)
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Table 4 Proportion of ocular hypertensives considered abnormal using more than one test
(normal values as for Table 3 (n=206))

PERG versus colour contrast

'Normal' PERG 'Abnormal' PERG
Both with 'abnormal' with 'normal' Both
'normal' colour contrast colour contrast 'abnormal'

Transient PERG 96 (470/%) 26 (130/%) 48 (23%) 36 (17%)
Steady state PERG 92 (44%) 28 (14%) 53 (26%) 33 (16%/6)

receiver operating characteristic (ROC) curves
have been constructed for transient and steady
state PERG and peripheral colour contrast
thresholds (Fig 2A-C). The ROC plot is
obtained by calculating the sensitivity and
specificity for every possible value of a given
variable and plotting sensitivity against 1-
specificity. A test that perfectly discriminates
between the two groups would coincide with
the left and top sides of the plot. The diagnos-
tic precision as described above coincides with
the area under the curve.20

It can be seen that the transient PERG
gives the best discrimination between the
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Table S Correlation coef cients and significance values
for colour contrast thresholds compared with PERG
measurements in normal, glaucomatous, and ocular
hypertensive eyes

r p Value

Ocular hypertension:
P50 -0 35 <0 0001
N95 -0-075 0-14
N+P -0-27 0.0001
Steady state -0-22 0 001

Normals:
P50+N95 -0 45 <0 007
Steady state -0-23 0-18

Glaucoma:
P50+N95 -0 09 >0 5
Steady state -0-22 >0 2

two groups with the steady state and colour
contrast thresholds having very similar
curves.

RESULTS IN OCULAR HYPERTENSION
Using the results obtained in the normal and
glaucoma groups it is possible to divide indi-
vidual ocular hypertensive patients into those
who have normal or abnormal results. Table 3
shows the proportion of the population of 206
ocular hypertensives who gave abnormal
results for each test.
A significantly smaller number of the cohort

are abnormal with the peripheral colour con-
trast test when compared with either PERG
parameter: p<0 05 using the x2 test.

If a combination of PERG and peripheral
colour contrast tests are used to evaluate nor-
mality versus abnormality in ocular hyperten-
sion, a higher degree of discrimination and
therefore higher sensitivity can be obtained
(Table 4).

20

o0I
0 1 2 3 4 5

Transient PERG (N+P (gV))

B

0

0 0

*0
0

0 0
0

0
0
0

-0

* 0
0

0 1 2 3 4

Steady state PERG (,uV)
Figure 3 Scattergram plots and regression lines ofperipheral colour
against (A) transient PERG, (B) steady state PERG.

* * COMPARISON OF PERG AND PERIPHERAL
COLOUR VISION
For the comparison of peripheral colour
contrast thresholds with PERG (in ocular

6 7 8 hypertensive eyes), only the tritan threshold
was used. When the results from the ocular
hypertensive group are plotted there is a signi-
ficant correlation between peripheral colour
contrast thresholds and both transient and
steady state PERG (Fig 3A, B). Pearson's cor-
relation: (i) for transient PERG; r=-0-27
p<0-0001; (ii) for steady state PERG;
r=-0'23, p=0-001. Neither the deuteran nor
the protan axes showed any significant correla-
tion with any PERG parameters.

Results for each PERG parameter (P50,
N95, N+P, and steady state) correlated with
peripheral colour contrast thresholds (tritan
axis) are shown in Table 5.

It can be seen that there is a weak but signifi-
cant correlation between peripheral colour
thresholds and both transient and steady state

* PERG amplitudes. However, the strongest
relation is between the P50 component of the

* PERG and tritan values. Of the three colour
I axes measured only the tritan showed any sig-
5 6 nificant correlation with the PERG results.

Figure 4 shows the lack of a significant correla-
contrast (tritan axis) tion between deuteran thresholds and the P50

PERG. Deuteran and protan thresholds gave
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Figure 4 Scattergram plot of deuteran threshold against P50 PERG showing no
significant correlation.

similar plots with all PERG values in ocular
hypertensive eyes.

Discussion
Studies have shown that a significant number
of ganglion cells are damaged before glauco-
matous field loss can be measured by standard
perimetric methods.4 5 There has subsequently
been considerable interest in finding more
sensitive tests of optic nerve function in order
to make the diagnosis of glaucoma at an earlier
stage. These tests fall into two groups: firstly,
alternative psychophysical tests such as blue-
yellow perimetry,9-"1 peripheral motion detec-
tion,12-'5 and colour vision tests'6 17; secondly,
electrophysiological tests such as the pattern
electroretinogram.68

Psychophysical tests depend on the integrity
of the whole visual pathway and also rely on
the patients' motor and cognitive skills.2' On
the other hand electrophysiological tests, while
depending on some patient cooperation, are
more objective and can be used to test more
specific parts of the visual pathway.

In this study we compared the transient and
steady state PERG with peripheral colour
contrast in normal, glaucomatous, and ocular
hypertensive eyes. Both tests have previously
been shown to have high sensitivity and speci-
ficity when discriminating between normal
eyes and those with established glaucoma. In
this series the PERG showed results in close
agreement with previous series.3 6 19 The
results for peripheral colour contrast do not
show such a high degree of separation as found
previously,'7 there being some overlap
between the normals and glaucoma. This may
reflect the difference in the groups of patients
studied, those in the first study being a smaller
and more select group of patients whereas in
this series the subjects were selected purely on
their clinical state and not on their willingness
to perform the tests.
As has been found previously,3 a higher pro-

portion of ocular hypertensives were found to

have abnormal PERG results (about 40%)
than would be expected from the conversion
rate of these patients to glaucoma which has
been found to be nearer 10% in longitudinal
follow up studies of ocular hypertensive
patients not on treatment.22-24 The proportion
of ocular hypertensives with abnormally high
peripheral colour vision thresholds (30°/O) is
also on the high side. However, if one looks at
the number of patients with abnormal results
on both tests the value of 17% is more akin to
the number of patients one would be expecting
to develop glaucoma over a prolonged period.
By using both tests, selectivity for diagnosing
early glaucomatous damage may be increased.
This is supported by the high specificity and
sensitivity when using both tests together to
discriminate between normals and established
glaucoma. Obviously longitudinal studies of
those patients converting to glaucoma will
reveal the true value of these and other tests in
the early diagnosis of glaucoma. The value of
each test would also be dependent on the
clinical setting in which they were to be used.
For example, a high sensitivity would be
acceptable as a screening test where the higher
proportion of false positives could be elimi-
nated by a second test. In this respect these
tests would prove to be as effective as visual
field testing and better than intraocular
pressure measurement.

It can be seen from the ROC plots that the
transient PERG is a little better at discriminat-
ing between normals and glaucomatous eyes
than the steady state response. However, this
difference must be looked at in light of the fact
that the steady state response takes a consider-
ably shorter time to perform and is much
better tolerated by the patient. Thus in a
screening situation the steady state response
may be the better test with the option of per-
forming the transient response for those who
are abnormal.

Correlation coefficients are not the most
powerful statistical method for analysing these
results because of the wide variation of values
in each group and the fact that the ocular
hypertensive group probably includes two sub-
populations: those with normal function and
those with early optic nerve dysfunction. This
simple analysis shows that there is a systematic
variation between the members of the cohort,
that it appears to be disease related, and that
there is no good evidence that the two tests are
analysing losses of different functions.
However, in view of the spread of results, more
sophisticated analyses were not attempted.

Furthermore, because of the differences
between the retinal areas tested and the levels
in the retina or central nervous system involved
in producing the responses one could not
expect to find a perfect correlation between the
results of a psychophysical test and an electro-
physiological test, even when used to discrimi-
nate between normal and severely damaged
eyes as in glaucoma.
The correlation between the PERG and

peripheral colour vision for the tritan axis must
be interpreted in this light. The proportions of
ocular hypertensives considered abnormal on
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each test are significantly different. This is
reflected to some degree by the low value of the
correlation coefficient. The fact that a signifi-
cant correlation is found can only support the
hypothesis that both tests are measuring the
same pathological process to some degree. The
finding that only the tritan axis shows signifi-
cant correlation with the PERG results and
was also the only colour axis to be significantly
reduced in ocular hypertension lends support
to the theory of selective damage to the blue
cone system early in the disease process, but
that in more advanced glaucoma there is a dis-
turbance of all retinal elements. On the other
hand, a far from perfect correlation would be
expected if there were more than one patho-
logical process occurring in the early stages of
glaucoma with perhaps different retinal
elements affected to differing degrees.

Also of interest was the difference between
the different variables of the PERG. The N95
component did not show a significant correla-
tion with colour vision whereas the strongest
correlation was with the P50 component.
Steady state amplitudes which depend to a
greater extent on the N95 component25 also
showed a significant correlation. Current
source density analysis of the PERG suggests
that the P50 component originates in the inner
retina, whereas the N95 component is associ-
ated with ganglion cell or optic nerve activity.25
If in glaucoma the earliest changes were in the
ganglion cell layer as histological changes have
shown,45 we would expect early loss of the
N95 component of the PERG and for this to
correlate with other tests of early glaucoma.
One explanation for our findings is that there is
also early loss of function in the retina - pos-
sibly the photoreceptors - and this is reflected
by changes in the colour contrast test and also
a decrease of the P50 component of the PERG.
Histological studies have shown loss of photo-
receptors in eyes with secondary angle closure
glaucoma and this may indicate that glaucoma
may be associated with a loss of photo-
receptors.26 Decreased sensitivity of the blue
cone pathway has been utilised in blue-yellow
perimetry which has also been advocated as a
more sensitive measure of early glaucomatous
damage.9-'1
Another explanation could be that there is

more than one type of defect occurring in early
glaucoma and that both inner and outer retinal
elements are affected to some degree at differ-
ent stages of the disease or in different patient
populations. Both P50 and N95 components
of the PERG have been shown to be affected in
patients with glaucoma.3 Outer retinal damage
may occur later in the process which would
explain the smaller number of ocular hyper-
tensives giving abnormal results for peripheral
colour vision.

Further studies are under way in order to
establish the predictive values of these two
tests. If more than one pathomechanism is
involved in the early stages of glaucoma, a
combination of tests that reflect differing

aspects of visual function may be utilised to
increase the sensitivity of diagnosing early
damage in patients at risk of developing
glaucoma.
The authors would like to thank the staff of the electrodiag-
nostic department for technical assistance. STR is supported by
a grant from the Guide Dogs for the Blind Association.
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