












that part of the visual system (and its satellites) 
that produces the signals. 

The Visual Transient in Clinical 
Applications 

Our earliest studies on the visual transient re
sponse indicated its high degree of sensitivity and 
stability. Confirmation of this fact is seen in Fig. 4, 
where for the most sensitive condition a change 
of only 1.5 msec in the variable period covers the 
entire range from not perceiving the transient at 
all to perceiving it 100% of the time. This result 
has been repeated many times with ease and with 
several different observers. Such precision is al
most unheard of in visual psychophysics and so 
quite naturally led us to consider the use of the 
transient as an early warning device for develop
ing retinal pathology. 

The need for sensitive indicators of visual 
function is continually felt in the ophthalmological 
clinic. This is particularly true when it comes to 
detecting degenerative diseases whose onset and 
development are slow. Simple glaucoma is one 
such. Developing usually after the age of about 
forty, it can progress undetected causing irrepar
able destruction of nerve fibers in the retina. Un
checked, it can lead to total blindness. Several 
forms of therapy are available for halting the 
ravages of glaucoma, once detected, and the sim
plest are those applicable to the disease in its very 
earliest stages. Obviously then, it is of paramount 
importance to detect glaucoma as early as possible. 

In the clinic one of the earliest warning signs 
is an increased intraocular pressure, which, if al
lowed to persist, may be followed by neurological 
involvement. This latter consists typically of an 
enlargement of the blind spot which exists in all 
normal eyes as a consequence of certain anatomi
cal features. Because a blind spot exists normally, 
and quite unknown to most people, its slow and 
gradual extension often remains unperceived until 
it has attained more than a superficial extent. By 
probing the visual receptive field with small spots 
of light, a skilled and careful clinician can de
termine the extent of the damage incurred. This 
technique also permits evaluation of the efficacy 
of the therapy applied. 

So far so good, but there are complications. For 
one, it is becoming increasingly manifest that there 
is a group of people with higher intraocular pres
sures than the normal population who do not de-
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velop signs of neurological involvement which can 
be detected at present. Studies are presently un
derway to determine whether these people do, 
over long periods of time, eventually suffer retinal 
deterioration. More sensitive measures of retinal 
function than are currently available would then 
appear to be an obvious boon to the physician 
whose responsibility it is to initiate therapy. 

A Normal Population Study 

The transient we have been discussing was un
known until a few years ago. Consequently, rela
tively few data have been collected under stan
dardized conditions which would permit its use in 
a diagnostic way. Before meaningful clinical trials 
could be conducted we had to establish reliable 
population norms for those variables which were 
considered to be relevant. These were, in the main, 
age, sex, intensity of the modulated light source, 
and position of the stimulus on the retina, i.e., 
whether viewed directly or from the corner of 
one's eye, so to speak. This latter variable is 
important for two reasons. First, the eye is gen
erally less sensitive in its periphery under condi
tions of moderate illumination, but just how much 
less sensitive was not known in this case. Second, 
the blind spot in the normal eye is located about 
15 0 from the central fovea in the temporal field 
of view, along the horizontal meridian. Since this 
area is implicated in the early stages of glaucoma 
it seemed important to explore it if possible. 

A pool of observers with normal eyes, as de
termined by complete ophthalmological examina
tion, was drawn from volunteer staff-members of 
the Applied Physics Laboratory. Examinations 
were performed at the Wilmer Ophthalmological 
Institute by Dr. Irvin P. Pollack. A total of 30 
volunteers provided five thresholds for each eye, 
for two different levels of stimulus intensity and at 
four different positions of the horizontal meridian 
-a total of 80 thresholds per observer. The 30 
observers included 3 males and 3 females for five 
decade age groups from ages 21-70. The modula
tion pattern shown in Fig. 2 was used. The ob
server controlled the onset of the stimulus with 
a switch, and he also controlled the period of 
t2 (t1 remaining fixed at 1.0 msec) , adjusting it 
until the transient just disappeared. The period 
of t2 was then the datum recorded. 

Careful analysis of the results from all observers 
led to the conclusion that the only important 
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variables affecting transient thresholds were stimu
lus intensity and retinal position. Table 1 shows 
the mean threshold periods of t2 with standard 
deviations at various retinal positions for all nor
mal observers at one intensity level. Also shown 
are results from several observers who supplied 
thresholds at two retinal positions along the 30° 
meridian. 

TABLE 1 

MEAN THRESHOLD SETTINGS 

AND STANDARD DEVIATIONS 

FOR ALL NORMAL OBSERVERS 

(Values are periods of the variable rate in rnsec) 

Retinal Position 

Horizontal Meridian 30° Meridian 

0° 3° 6° 10° 3° 6° 

Mean 4.62 9.59 11.20 11.59 12.96 15.33 

u 0.94 2.21 2.61 2.88 2.69 2.59 

The Clinical Study 
Volunteer patients from the private practice of 

Dr. Pollack are being seen and tested at the 
Wilmer Ophthalmological Institute. The main 
body of them can be classified by one of three 
categories, as follows: (a) patients whose intra
ocular pressures were higher than normal at 
test, i.e., pressures above 20 mm Hg, but had no 
neurological involvement insofar as could be de
termined, (b) patients with no signs of neuro
logical deterioration whose pressures had been 
higher than normal but due to drug therapy were 
normal at the time of testing, (c) patients on 
therapy who had suffered some glaucomatous 
neurological changes. 

The testing procedure in the clinic was identical 
with that used for the normal population except 
that it was not as extensive. Experience with test
ing of the normal observers prompted elimination 
of the brightest of the two light intensities. While, 
in general, it yielded lower thresholds, it also was 
uncomfortably bright to view for long periods of 
time. Also, to further reduce the tediousness of 
the testing sessions, no thresholds were obtained 
in the clinic for retinal areas 10° from the direct 
line of view. 

16 

At this writing, data are still being gathered 
and will continue to be for quite some time, so it 
must be emphasized that any results to date are 
tentative. Table 2 shows the mean threshold pe
riods and . standard deviations for the three cate
gories of patients so far completed. Comparing 
this table with Table 1 leads to the suggestion that 
patients with raised intraocular pressures yield, in 
the aggregate, higher thresholds and greater vari
ability than normals, whether their pressures were 
elevated at time of test or were reduced to normal 
by drugs. Also, patients who have suffered some 
visual loss due to simple glaucoma exhibit elevated 
thresholds in unaffected portions of the retina, 
when compared with normals. 

TABLE 2 

MEAN THRESHOLD SETTINGS 

AND STANDARD DEVIATIONS 

FOR ALL CLINIC PATIENTS 

(Values same as Table 1) 

Retinal Position 

Horizontal Meridian 30° Meridian 

Hypertensives-Intraocular Pressures > 20 flllll Hg 

Mean 6.57 13.70 15.08 14.82 17.23 
u 2.52 3.68 5.12 3.33 4.09 

Hypertensives--Intraocular Pressures < 20 rnrn Hg 

Mean 6.67 12.36 14.75 16.51 19.02 
u 2.56 3.69 4.55 5.06 3.02 

Patients with Glaucomatous Neurological Involvement 

Mean 10.09 12.25 14.08 11.69 12.71 
u 4.89 1.87 0.95 4.11 2.45 

Of further interest, though not shown by the 
tables, is the fact that those patients classed as 
hypertensives, i.e., not exhibiting any neurological 
involvement, seem to fall naturally into two classes 
as regards their transient threshold. One of these 
classes, amounting to about one-third of the total 
group, produces thresholds at all retinal positions 
that are completely within the normal range. The 
other two~thirds of the group all have thresholds 
that are markedly higher than normal. The crucial 
question that only follow-up study will answer is 
whether or not the higher than normal two-thirds 
are among those who will ultimately develop the 
deteriorating signs of glaucoma. 
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