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High correlation between absolute psychophysical
threshold and the scotopic threshold response to the
same stimulus

Stuart L Graham, Vaegan

Abstract
The scotopic threshold response (STR) is a
negative potential to low intensity light
recorded from the dark-adapted retina. It
reflects inner retinal function. The STR is now
recorded routinely as part of our electroretino-
graphy protocol. The projected absolute
threshold calculated from the amplitude
versus intensity function for the STR has been
found to correlate well (r=059) with the abso-
lute subjective threshold to the same stimulus.
The correlation holds for about 1*5 log units
above normal. With further elevation the STR
is usually abnormal or absent as b wave
threshold is approached. The correlation
would have been much greater were it not for
this truncated range over which both are
recordable. This report includes our findings
in 127 patients and examines several disease
groups. When the STR had a reduced and
abnormal intensity series or was absent, the
subjective threshold was elevated in almost all
cases (92.2%). The converse relationship also
held. When there was a discrepancy, recording
problems were usually identified. Since the
STR requires difficult, time consuming signal
averaging for reliable recording, it may be
adequate to record the subjective threshold
alone to provide a relatively easily recordable
indicator of inner retinal function. Additional
STR recording will seldom be warranted.
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The scotopic threshold response (STR) has been
shown in man to be a unique component of the
normal electroretinogram (ERG).'-' It is a nega-
tive potential in response to the onset ofillumina-
tion of intensities ½/2-2 LU above absolute
threshold. It occurs below the b-wave threshold,
is dependent on rods at dim illumination, and
probably reflects inner retinal function."' Its
origin has been proposed as being amacrine
cells,3 and it has been reported as abnormal in
diseases affecting the inner retinal circulation
such as diabetic retinopathy.6 Since it is rod
driven, it is also lost in disorders such as retinitis
pigmentosa (RP), though its behaviour in the
early stages of the disease has yet to be defined.
We have noticed that a raised absolute subjec-

tive threshold (recorded to blue strobe flash at
the depths of dark adaptation) is usually seen in
conjunction with an abnormal STR recorded
with the same coloured flashes. The projected
absolute threshold, obtained by extrapolating
from the STR intensity series, shows good
correlation with the subjective threshold, and
this relationship holds in all disease groups
tested. The significance of this is that the subjec-

tive absolute threshold is a relatively fast and
reliable test to perform, in contrast with the STR
threshold. Each STR is a small signal (<15 ,uV),
and several prolonged averages must be obtained
at each intensity before the threshold can be
estimated. The subjective absolute threshold
may therefore be a simpler addition to the
electroretinography protocol than the STR and
provide further information on the integrity of
inner retinal function, especially when combined
with examination of other inner retinal para-
meters such as the oscillatory potentials (OPs) or
pattern electroretinogram (PERG).7-'

Material and methods
We examined 127 patients from Prince of Wales
Hospital Eye Clinic and from routine referrals to
our electrophysiology unit. Before recording
began the patients' pupils were dilated to at
least 8 mm with tropicamide 1% (Mydriacil)
and phenylephrine hydrochloride 10%
(Neosynephrine).

SUBJECTIVE THRESHOLD RECORDING
The subjective threshold of each eye was
recorded after a minimum of 20 minutes of dark
adaptation in response to a blue strobe flash. The
flashes were presented every 5 seconds, and
intensity was initially set at -6-3 log units. One
eye was patched while the other was tested. The
patient was asked to count consecutive flashes.
The flash intensity was raised or lowered accord-
ing to the patient's response in 0-3 log unit
increments. This was sufficiently coarse for us to
usually find a 'threshold' level, where detection
was 100% and detection 0 3 LU dimmer was
near 0%. In a few uncertain cases a detection rate
of 50% had to be taken as the threshold.

STIMULUS PARAMETERS
Subjects were positioned on a chin rest with their
faces 2 cm from the centre of a 61 x61 cm milk
plexiglass screen 5 mm thick. In control experi-
ments (Vaegan, Arora, and Millar, unpublished
observations) we verified the report of Arden et
al" that the screen in this position gave ERGs
indistinguishable from those obtained with a
ganzfeld. An industrial quality stroboscope
(IEL, Melbourne, Model XD) with an 8 inch (20
cm) parabolic reflector 15 cm from the other side
of the screen delivered 10 [ts white flashes. Two
filter wheels were set between the strobe and the
screen so that one of three coloured filters (red,
blue, or white) could be selected and the inten-
sity could be attenuated in 0 3 LU steps between
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Figure]1Example ofplotting STR amplitudes and extrapolating an absolute threshold using
a line of best fit. The values obtainedfor each patient were then compared with their subjective
thresholds.

0 and -6-9 LU (ND filters from Lee, England).
Screening was placed so that no light leaked into
the room, only that passing through the screen.
All STR recording was with the blue filter (Roscc
supergel no. 69, brilliant blue, 90% peak trans-
mission at 440 nm, width at half height 380-52(
nm, 0% 580-660 nm, red rise to 30% transmis-
sion at 740 nm). After attenuation by the blue
filter and the screen the brightest flash was 0-305
cd.m- s5t (8-0 log quanta 450 s- 'assuming a
9 mm pupil). Normal ERGs, to photopic white
flashes and scotopic blue flashes, saturated at
-0-3 LU attenuation and were smaller at 0 LU.
Scotopic ERGs to white had a waveform like
those expected from a 'standard' flash, as defined
in the ISCEV standard.'12 The greatest attenua-
tion used for ERG recording was -6-3 LU or the
absolute psychophysical threshold, if it was
greater.

STR RECORDING
The eyes were topically anaesthetised with pro-
xymetacaine hydrochloride 0-5% (Ophthetic).
After lubrication with a drop of methylcellulose
2% (Methocel) locally constructed gold-foil
electrodes'13 (similar to previously published de-
signs but improved by better bonded gold) were
placed in the lower fornix. The use of gold foils'I
allowed us to record binocularly for over two
hours without evidence of the ocular irritation or
corneal o'edema that is frequently seen with~
contact lens electrodes. The indifferent electro-
des (3 M red dot), cut to sit close to the eye, were
placed at the outer canthus, and another elec-
trode on the central forehead served as the earth.
The amplifier had 10 OO0 x gain, and the four-
pole Bessel filters included all frequencies
between 0-1I and 2 KHz. A PDP 11/23 computer
(Digital Electronic Corp), programmed in the
DAOS language (Laboratory Software Associa-
tion, Melbourne) was used for signal averaging.
plotting, and measurement.

For the STR, 128 sweeps were averaged ata
rate of one flash every 670 ins; the time base was
384 ins. The baseline drift was adjusted by
software so that the response had returned tc
baseline after 384 ins. Latency was chosen from
values close to those published by Aylward,
Vaegan, and Billson.2 Minima were chosen

Table]1Normal values for absolute subjective thresholds
and for STR projected thresholds

Normals STR Subjective threshold

No. of eyes 28 30
Mean age 26-8 25-5
Threshold -693, SD 0-38 -687, SD 0-09
Gradient 8-9, SD 3-0

between here and 200 milliseconds. Cat STR
peak times recorded by Arora, Vaegan, and
Miller'4 were used as a guide. It was essential to
take special care with noise elimination to ensure

.8 reliable recording of small signals like the STR.
To eliminate mains noise, timing was driven by

a counter, based on a mains signal zero crossing
detector to give clock pulses at 2 x mains fre-
quency. The averager was triggered after an odd
number of zero mains crossings, usually 67, that
is, 670 milliseconds, also 2670 to 4670 at higher
intensities above b-wave semisaturation. The
ongoing high frequency noise was never greater
than 100 RsV; if higher values were observed,
electrodes were examined and corrected and the
recording restarted.

Artefact rejection was carefully adjusted. In
general this can be done in two ways: either
varying gain to make a steady signal close to the
limits of the artefact rejector or by varying its

i trigger limits. The first was not available to us
because of our fixed gain amplitude. The second

t was readily accomplished, though with some loss
in the number of useful bits in the 12 bit A to D
converter. Limits could be dynamically adjusted

I during the test by setting a single parameter to
ensure there were always a few rejections (5%),
however good the subject. System noise was ±30
to ±50 1tV. The tightest limit was ±75 iiV,
while the most relaxed was never wider than
±200 RiV in the STR range.

Continuous monitoring of the ongoing signal.
Mains noise and artefacts which suddenly
intruded were usually associated with the gold

* foil sticking to the tear wetted cheek after blinks.
Electrodes were readjusted under red light to
ensure that the bottom of the gold foil stood off
the face (in accordance with Holder'5). The
experimenter and the subject were alerted to
the presence of blinks or eye movements by
computer beeps. The subject's task was to keep
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Figure 2 Absolute subjective thresholds for normal patients.
Lower limit of testing was -6-9 LU and almost all patients
achieved this level. U =Number of eyes tested.
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Table 2 Values for absolute subjective thresholds andfor STR projected thresholds in
different disease groups. The absent column includes those with a markedly abnormalSTR
intensity series such that a threshold could not be extrapolated. Note the large number ofRP
cases and diabetics in this column

STR - projected threshold Subjective threshold

No. Mean Mean
Disease group eyes Absent (-L U) SD (-L U) SD

RP and retinal dystrophies 52 45 4-98 0-87 4-81 1-08
Cone dystrophy 24 4 6-39 0 85 6 53 0 35
Diabetes 36 18 6-03 0-69 5 65 0-87

Prelaser 22 8 5 99 0 75 5 43 1-05
Post laser 14 10 6-10 0-37 6 00 0-24

CRVOs 4 4 - - 6-38 0-29
Glaucoma and ocular

hypertension 24 8 6-62 0 64 6-27 0 73
Optic nerve disease 34 8 6-50 0.91 6-20 0-71
Macular disorders 14 1 6-57 0-41 6-60 0-37
Stargardt's disease/flavimaculatus

andBest'sdisease 16 6 6-51 0 30 6-53 0-48
Mixed disease 20 8 6-88 0-65 5-87 0-85

these beeps to a minimum, since each one was
associated with a rejected sweep.
Mains shielding. The cables for active and

indifferent were shielded by the earth lead to
within 10 cm of the subject.
The STR amplitudes were plotted against

intensity and a least squares estimated straight
line was fitted to the monotonically increasing
part of the curve. Because the line is fully
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Figure 3 Charts showing the subjective thresholds in those patients in whom the STR was

absent, or reduced such that an absolute threshold could not be determined. Ofthese patients
92% recorded a subjective threshold above or at -6-3 LU (which is elevated).
As expected the STR did not persist in most cases ofRP, since it is rod dependent, although

it was preserved in most ofthe cone dystrophies. The previously describedfinding ofits reduction
in diabetic retinopathy was observed. It was also absent in CRVO's. No definite pattern of
reduction was identified in other disease groups (see Figure 6 also).

described by two parameters - gradient (in [V/
log unit) and threshold (the zero intercept) - a
more complete assessment ofthe STR function is
achieved in the form of a gradient of increasing
response and an extrapolated threshold. Figure 1
shows an example using a normal patient.

Problems in recording the STR include: (1)
The STR can be recorded only across a limited
range of intensities (1 5-2 LU). (2) Variable
Vmax and amplitude intensity function due to b-
wave intrusion. (3) Confusion with slow PIII
(which occurs later and at slightly higher intensi-
ties). As a general rule we found that STR peak
times were 220 ms at most and became earlier as
the response grew larger, whereas slow PIII was
always later than 240 ms. When the STR was
reduced with an elevated threshold and the b-
wave/PIII complex was normal, the STR and
slow PIII could be confused. (4) High noise,
including eye movements. (5) Problems of fitting
lines to a limited series of imprecisely located
points to obtain an accurate projected threshold.

Results
The normal values are shown for patients tested
in our laboratory in Table 1 and their distribu-
tion in Figure 2. Almost all normal persons
achieved a subjective threshold of -6-9 LU,
with a lesser number recording -6-6 LU. This
gave a mean of -6-87 LU (SD 0-09 LU). For
the STR the mean projected threshold for our
normals was -6-93 LU (SD 0-38 LU). The
results, except for one case, represent recordings
made on the same patient at a single recording
session.

In Table 2 the results are included for the
broad disease groups. Whereas a subjective
threshold is always recordable (even if raised
significantly), the STR intensity series is often
abnormal in disease, and therefore this table
includes threshold values only in those patients
in whom they were recordable. Figure 3 shows
the remaining patients in whom the STR was
either abnormal or absent. In all but eight of
these eyes the subjective threshold was -6-3 LU
or above, which is outside our range for normal
persons. Therefore when the STR had either an
abnormal intensity series or was absent, 92 2% of
eyes tested had an elevated subjective
threshold.
The graphs shown in Figures 4 and 5 record

the projected ERG thresholds derived from the
STR series plotted against the subjective
thresholds for each patient, Figure 4 is a sum-
mary of all patients where both an STR and a
subjective threshold could be recorded. The
calculated regression lines have been drawn in.
There is a significant correlation between the

two recordings of 0-59. This correlation would
have been higher but for two limiting factors.
Firstly, the lower limit of our equipment for
subjective thresholds was -6-9 LU, and clearly
the majority of normal persons were at this level.
Had we been able to test for lower levels some of
these patients may well have had thresholds of
-7-2 LU or less. Secondly, at levels above -5 0
LU, the b-wave begins to intrude on the STR,
eventually cancelling it (see Figure 6 for example
of normal patient). The patients with thresholds
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Figure 4 Summary ofall patientgroups plottingSTR projected threshold against subjective
threshold. Linear regression lines are included. Correlation r=0-59. Note the flattened
distribution at -6-9 LU representing our lower limit ofthe subjective threshold recording. Also
veryfew patients are seen to have a recordable STR above a threshold of-5-4 L U. These two
factors have limited the correlation achieved.

elevated into the b-wave range would therefore
have their STRs reduced or cancelled, and many
of these patients may be seen in Figure 3. A
further example of this could be in some RP
patients when a delayed b-wave intrudes on the
STR directly and cancels it earlier, though we
have seen some RP patients in whom the b-wave
threshold is also elevated and the STR may be
reduced but preserved.

It can be seen from Figures 2, 3, and 4 that if
the subjective threshold is above -6-0 LU there
is a very high incidence of either an abnormal
STR threshold, or of the STR being reduced in
amplitude and range, or even absent. There were
a few cases of artificially low STR thresholds
(<-8-0 LU); also eight eyes recorded a reduced
or absent STR at subjective thresholds of -6-6
LU or better. We believe, from examining the
traces in these subjects, that they mainly repre-
sent STR recording errors with a combination of
variable wave forms and incomplete or truncated
intensity series, which makes extrapolating a
threshold unreliable.

It is not the purpose of this paper to report the
various changes of the STR seen in individual
diseases. However, in general it can be seen that
there were reductions in the STR threshold in
diabetes as previously described by Aylward.6
There were more marked losses in those who had
undergone laser treatment, as expected with
large areas of retina ablated, but the correlation
still held in these patients. There were significant
reductions in most cases of RP, which is consis-
tent with widespread rod losses. The STR was
also absent in the four central retinal vein
occlusions reflecting inner retinal ischaemia. It
was preserved in the cone dystrophies.

Discussion
Our recordings show that, when the subjective
threshold is raised, the STR threshold is also
raised. This relationship holds for about 1-5 log
units, above which the STR is usually abnormal
or absent. Conversely, when the STR is of
reduced amplitude, abnormal form, or has a
raised threshold, the subjective threshold is also
abnormal In those few cases in which there was
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50 ma

Figure 6 Example ofnormal STR intensity series. Note
increasing amplitude ofSTR until b-wave threshold is
reached. The STR becomes swamped by the b-wave by
-4-2 LU.

no agreement between the two responses it was
usually the STR that was suspicious. We believe
that this reflects recording difficulties with the
STR rather than a true discrepancy between the
responses.

It is clear that a raised subjective threshold is
by no means a specific indicator for any one

disease process, but shows subtle changes at
these very low luminances which seem to reflect
a disturbance of the integration of rod responses.
This normally occurs in the process of spatial
summation at the level of the amacrines, so it is
not surprising that diseases that alter the STR
(which is thought to originate at this level) will
also effect the subjective threshold.

Since the amplitude of the STR is very small
(8-20 [V), recording is subject to frequent
artefact intrusion and requires multiple sweeps
to achieve a reliable trace. At least five traces
taking over 15 minutes need to be recorded to
ensure there are enough data. Recording the
subjective threshold, however, is simple, and the
only source of error here is patient confidence in
reporting the visual stimulus at low levels. Thus
the subjective threshold may be an easy alterna-
tive to the STR in co-operative patients and still
provide additional information on both rod func-
tion - as has been its traditional role in conditions
such as RP - and on the state of the inner retina -
in diabetic retinopathy or central retinal vein
occlusion for example. If a questionable elevated
subjective threshold is found, electrophysiologi-
cal confirmation with an STR intensity series is
still possible.
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