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The classical electroretinogram (ERG)
has been intensively studied, mainly con-

cerning its initial deflections (a- and b\x=eow-\
waves), in various diseases of the eye since
the systematic work initiated by Karpe1
who defined several basic pathologic types
of ERG. Several papers have appeared in
relation to the classical ERG in diabetic
retinopathy. Fran\l=c;\oisand Derouck3 re-

corded the ERG in advanced diabetic
retinopathy exhibiting numerous hemor-
rhages and exudates and saw the values in
normal limits. M\l=u"\ller-Limmroth4 and
Schm\l=o"\ger5 stated that in the early stage of
diabetic retinopathy the ERG was found to
be normal. Jacobson 6 believes that diabetic
retinopathy usually does not compromise
the ERG amplitude until the disease has
reached far advanced stages, such as ret-
initis proliferans and detachment of the
retina. Straub 7 examined the ERG's of 24
diabetic patients with slight retinopathy,
demonstrating that the ERG was normal
in 20 cases and subnormal in 4 cases. In
a small number of cases with only slight
retinopathy, Karpe, Kornerup, and Wulf-
ing 8 found the ERG showing a remarkably
large i»-wave, while the other cases pre¬
sented no significant change. These ob¬
servations may indicate that the majority
of patients with diabetic retinopathy do not
show any significant abnormality in the
classical ERG until the retinopathy has
reached the far advanced stages.

Recent studies 9"n started by Cobb and
Morton 12 have revealed that the human
ERG evoked by strong single flashes of light
produced not only a large  -wave, but also
several rhythmic wavelets superimposed on

the ascending limb of the 6-wave. We have
demonstrated n typical patterns of the wave¬

lets in the human ERG which we tentatively

call "oscillatory potential": the wavelets are

fairly uniform in amplitude and are spaced
at a nearly equal interval of approximately
7 milliseconds, with little regard to the in¬
tensity of stimulating light. Furthermore
we demonstrated the oscillatory potential to
be sometimes deteriorated in diseases of
the eye,11 pointing out that the oscillatory
potential has a clinical value for the early
diagnosis of diabetic retinopathy because of
its frequent disappearance in patients with
slight diabetic retinopathy. In the present
report, a further detail will be described on

the oscillatory potential in the retinopathv,
with a discussion of its functional signifi¬
cance.

Methods and Materials
Experiments on the human eye were performed

in a dark, electrically screened room after a pre¬
liminary dark-adaptation of 15 minutes.

The pupil was maximally dilated by instilling a

5% solution of phenylephrine (Neo-Synephrine)
into the conjunctival sac to eliminate variation in
pupil size as a source of error. For control of the
eye movement, the subject was required to fixate
monocularly in the middle between 2 small dim-
red light spots which were slightly separated from
each other. The other eye was covered to exclude
photic stimulation. Examination of the ERG was

performed on both eyes.
For photic stimulation of the eye, a 10-degree

circular patch of translucent glass was used. Upon
this patch was projected flash light from a xenon

discharge lamp (FT 100, Toshiba). The discharge
energy was expressed in joules (J). The distance
between the patch and the discharge tube was set
at 5.5 cm.

The electrical potential was led off from an

active electrode (a nonpolarizing contact lens elec¬
trode) inserted in the eye. The contact lens had
an eyelid stop. A 10% solution of sodium chon-
droitin sulfate was put between the eye and the
contact lens for the purpose of avoiding corneal
lesions or irritations. The reference electrode, a

silver plate, 3X3 square centimeters in size, was

secured by the use of an electrode paste. The
potential produced between the active and the ref¬
erence electrodes was led to a RC-coupled ampli¬
fier with a time constant of 0.6 second and
recorded by means of a cathode-ray oscilloscope.
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Results
As the normal control for our present

investigation, ERG's were recorded in 350
normal subjects among whom the youngest
was 5 and the oldest 80 years old. With
these normal subjects, we never failed to
record the oscillatory potential, if the in¬
tensity of stimulation was sufficiently high.
The pattern of the recorded oscillatory po¬
tential was in good agreement with that
described by us previously.11 Though the
threshold of light stimulation for producing
the oscillatory potential varied from subject
to subject, it seemed to us that an intensity
of 15 J per flash (J/flash) or more was

usually sufficient. In Figure 1 a series of
records obtained from a normal subject
(male, aged 23 years) are given which were

taken with stimulus intensity levels of 15,
37.5, and 75 J/flash. As can be seen in this
figure, the oscillatory potential is fairly uni¬
form in amplitude and spaced at intervals
of about 7 milliseconds. With a stronger

Fig. 1.—Normal dark-adapted electroretinograms
obtained with high-intensity flashes. Three differ¬
ent patterns recorded with 15, 37.5, and 75 joules
per flash are presented.

intensity the oscillatory potential increases
the amplitude. The ERG data of diabetics,
which will be described in the present paper,
were obtained with an intensity of 37.5
J/flash.

The ERG was recorded in 8 patients with
advanced diabetic retinopathy. They had
the text-book picture of the fundus appear¬
ances characteristic of diabetic retinopathy
in the third stage described by Scott.13 Their
visual acuity was markedly reduced to a

range from 0.01 to 0.1. We could confirm
that the oscillatory potential disappeared in
all the cases in which the distinction be¬
tween the 2 components of the a-wave (the
photopic and scotopic  -waves by Arm-
ington, Johnson, and Riggs14), was almost
impossible. An example of such a case,
(Patient 1, male, aged 48 years) is given
in Figure 2.

Data were also obtained from 15 patients
with slight diabetic retinopathy : the reduced
visual acuity in these patients ranged from
0.1 to 0.9; they had no significant defects
in color vision when tested by routine
methods of examination. In 5 of these
cases the ophthalmoscopic change was large¬
ly confined to the walls of retinal veins with

Fig. 2.—Dark-adapted electroretinogram in ad¬
vanced diabetic retinopathy. Patient 1 lacked the
oscillatory potential (the upper record). The lower
record presents a normal dark-adapted electro¬
retinogram. Flash intensity was 37.B joules.
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Fig. 3.—Dark-adapted electroretinogram in slight
diabetic retinopathy. Patients 2 and 3 developed
the retinopathy in the first stage of Scott ; Pa¬
tients 4 and 5, the retinopathy in the second stage
of Scott. These 4 patients lacked the oscillatory
potential. A normal dark-adapted electroretino¬
gram is also shown. Flash intensity was 37.5
joules.

the production of multiple aneurysms and
a few hemorrhages, corresponding to the
first stage of Scott. The remaining 10 cases

were in the second stage, that is, the further
escape of blood into the deeper layers of
the retina, with or without the formation
of exudates. Four examples of the cases

are presented in Figure 3, in which the ERG
for the normal control is also illustrated.
Patient 2 (male, aged 46 years) and Patient
3 (male, aged 54 years) developed retinop¬
athy in the first stage; Patient 4 (female,
aged 26 years) and Patient 5 (male, aged
56 years) had the fundus picture corre¬

sponding to the second stage. The oscillatory
potential is almost lacking in all these cases.

The a- and ¿-waves of the pathologic cases

were normal in their amplitudes, although
the dual appearance of the  -wave was very
inconspicuous. This was true of the other
11 patients. The level of blood sugar itself
seems to have little to do with the ERG
alterations in patients having diabetic ret¬
inopathy, since most of the patients were

those whose blood sugar levels had been
controlled down to near the normal range
by insulin and diet therapies.

Diabetic retinopathy was long thought to
be the result of, or associated with, retinal

arteriosclerosis and hypertension. It is
known that the majority of patients who
develop diabetic retinopathy have arterio¬
sclerosis. Therefore, selective deterioration
of the oscillatory potential in our patients
might have some connection with retinal
arteriosclerosis or hypertension. Such a

conception, however, cannot be accepted for
the following reasons: Contrary to the fact
that the oscillatory potential is severely ar¬

rested in the great majority of the cases of
diabetic retinopathy, we demonstrated else¬
where u that retinal arteriosclerosis unas-

sociated with diabetes did not cause any
serious change in the oscillatory potential.
Furthermore, the existence of several young
patients showing the complete absence of
the oscillatory potential may be regarded
as additional evidence, for they exhibited no

sign of arteriosclerosis or hypertension but
only a slight diabetic retinopathy. Our find¬
ings just mentioned above will clearly indi¬
cate the existence of a specific diabetic
retinopathy unrelated to retinal hypertensive
or arteriosclerotic disturbances. In support
of our view, some authors believe that there
is a specific diabetic retinopathy unassociated
with hypertension and arteriosclerosis.15

We also investigated the ERG's of 13
patients with long-standing diabetes in
whom we could not find any ophthalmo-
scopic change ascribable to diabetic retinop¬
athy. It was found that the oscillatory
potential was absent or greatly arrested
in 7 cases having normal values in their
a- and ¿-waves. Two examples of the cases

showing the impaired potential are given
in Figure 4. Patient 6 (male, aged 33 years),
who had a slight corneal opacity and re¬

duced visual acuity of 0.7 to 0.6 in both eyes,
presented a marked diminution in the oscil¬
latory potential. In Patient 7 (male, aged
35 years) who had a myopia of 2 D. in both
eyes, the oscillatory potential was extin¬
guished.

Comment
Before discussing the origin of the oscil¬

latory potential, it must be emphasized that
a faithful recording of the oscillatory po-
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Fig. 4.—The dark-adapted electroretinograms of
Patients 6 and 7, who had long-standing diabetes.
In the patients, no pathological finding attributable
to diabetic retinopathy was detected ophthalmo-
scopically. The oscillatory potential was extin¬
guished in Patient 7 and was greatly arrested in
Patient 6. The lower record belongs to normal
dark-adapted electroretinogram. Flash intensity
was 37.5 joules.

tential in the ERG is accomplished only by
the use of a cathode-ray oscilloscope with a

considerable, fast sweep, using a high in¬
tensity of stimulation. This exact method
accurately the wave form of the oscillatory
of recording has enabled us to determine
potential in the normal subject, so that a

definitive statement can be made on the
change of the oscillatory potential in patho¬
logical cases. We suppose that if an ink-
writing recorder of a conventional type,
which has been frequently used in clinical
research, were applied to recording the
oscillatory potential, no clear-cut evidence
could be obtained. As a matter of fact, the
oscillatory potential, which was described by
Cobb and Morton12 about 10 years ago,
has not attracted particular attention in the
field of clinical investigation, except in the
work of Bornschein and Goodman.10

The occurrence of rhythmic ripples ap¬
parently similar in form to the oscillatory
potential in the human ERG are described
in the ERG's of several species, such as

rabbit,16 frog17 and turtle.18 Some con¬

siderations are made, indicating that the
wavelets originate in some elements in the
retina,10,17 but their generation mechanism
is not elucidated. The present experiment
has confirmed that the oscillatory potential
is selectively deteriorated in diabetic ret¬

inopathy. This behavior of the oscillatory
potential in diabetic retinopathy suggests
that the oscillatory potential and the classical
ERG are different from each other in the
generation mechanism. This may be sup¬
ported by the experiment of Cobb and
Morton.12 These authors indicated that the
oscillatory potential have an origin distinct
from Granit's  ¡¡ and  m 19 to which the
ganglion cells in the retina supposedly make
no substantial contribution.20"22 A question
may arise as to whether the oscillatory po¬
tential comes from the ganglion cells or not.
If the connection between the oscillatory
potential and the ganglion cells were true,
one would expect the oscillatory potential
to be impaired in cases with complete optic
nerve atrophy resulting from an injury to
the optic canal. The reasons are as follows:
we may assume that the majority of the
ganglion cells in the retina on the injured
side are degenerated to some extent, because
the experiments of sectioning the optic
nerve in mammals (rabbits,23 rats,24 and
cats 23) have demonstrated that there occurs

a considerable reduction in the number of
the ganglion cells in the injured side. In
fact, we failed to show any decreased ac¬

tivity in the oscillatory potential in the cases

with the optic nerve atrophy due to an in¬
jury at the optic canal.11 These findings are

quite contrary to what was expected. It is
more reasonable to suppose that the oscil¬
latory potential has little relationship with
the ganglion cells or the optic nerve fibers.
We may tentatively conclude that the source

of the oscillatory potential does not lie in
the ganglion cells but is further distal to
them. Then, it may be considered that the
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retinal neuronal elements distal to the gan¬
glion cells may give rise to the oscillatory
potential. Besides, it is not completely out
of question that the non-neuronal elements,
such as the glia or other sustentacular cells,
can have some responsibility for production
of the oscillatory potential. Actually it is
considered that the glia cell or the susten¬
tacular cell may possibly produce electrical
activity in various sensory organs.26,27
Takagi and Shibuya 27 suggested that among
the electrical response of the frog's olfactory
epithelium to adequate odorous stimulation,
the potential oscillation which appears super¬
imposed on the slow potential may possibly
be generated in the sustentacular cells in the
olfactory epithelium.

In order to explain the changes of the
oscillatory potential in diabetic retinopathy,
therefore, it may be very important to know
the pathology of the main elements, both
neuronal and non-neuronal (excluding the
ganglion cells) in the retina in diabetic
retinopathy. Up to the present, there are

very few data concerning this point.28
On the other hand, vascular pathology

of diabetic retinopathy has been advanced
by numerous investigations29-32: advanced
changes on the venous side of the vascular
systems are well known typical features of
diabetic retinopathy. Karpe, Kornerup, and
Wulfing 8 studied the ERG in diabetic ret¬

inopathy and found that in a few cases

with only slight retinopathy the ERG
showed signs typical of venous stasis. On
the basis of the results, they propounded
the opinion that diabetic retinopathy is in¬
timately connected with a slight venous
stasis which may not be detected ophthal-
moscopically. It is a still unexplored prob¬
lem whether the alteration of the oscillatory
potential as found in diabetic retinopathy
in our experiment is also related to the
venous stasis or not.

The present report provides another point
to be noted. The impairment of the oscilla¬
tory potential in diabetic retinopathy can

sometimes precede any sign to be detected
ophthalmoscopically. This finding indicates

that the oscillatory potential is of practical
value for an early diagnosis of diabetic
retinopathy.

Summary
The dark-adapted electroretinogram

(ERG) evoked with a strong single flash
from a xenon discharge tube was investi¬
gated in 36 diabetic patients and in 350
normal subjects. The age of the subjects
ranged from 5 to 80 years.

1. The ERG of normal subjects showed
several wavelets superimposed upon the
ascending branch of the ¿-wave. The wave¬
lets were tentatively called "oscillatory
potential" because of their rhythmic ap¬
pearance. The oscillatory potential could be
demonstrated in all the normal subjects
examined so far, provided that the intensity
of flash was sufficiently high. It was con¬
firmed that an intensity of 15 joules per
flash or more was sufficient to produce the
oscillatory potential.

2. The ERG of the diabetic patients were

investigated using a flash intensity of 37.5
joules.

In 8 patients with advanced diabetic ret¬
inopathy in the third stage of Scott, the
oscillatory potential was entirely extin¬
guished.

In 15 patients with slight retinopathy,
among which 5 cases were in the first stage
of Scott and the others in the second stage,
the oscillatory potential was lacking or great¬
ly reduced, although the amplitudes of the
a- and ¿-waves were in the normal ranges.

3. The oscillatory potential was also ves¬

tigial in 7 out of 13 diabetic patients in
which no visible fundus change was de¬
tected ophthalmoscopically.

In the great majority of the diabetic pa¬
tients with deteriorated oscillatory potential,
the dual appearance of the  -wave was also
found very inconspicuous.

4. It is suggested that the origin of the
oscillatory potential does not lie in the gan¬
glion cells and that the generation of the
oscillatory potential is related to a mecha¬
nism different from that giving rise to the
classical ERG.
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