




Rod-cone interactions and analysis ofretinal disease

Fig. 7A Fig. 7B

Fig. 7 A: Fundus photograph ofpatient with X-linked retinoschisis, case 13011, whose ERGs and dark adaptation curves
are shown in Fig. 8. B: Early phasefluorescein angiogram ofperipheral retina in same subject.

difficult for such persons is night driving, and this is
the presenting complaint. It is therefore plausible
that abnormally active rod-cone interaction can be a
hitherto unsuspected cause for referral to an oph-
thalmologist. In the absence of other signs and
symptoms, and before the demonstration that all
people such as those whose results are shown in Fig.
2-6 have actual visual disability, it is premature to
suggest that the test has uncovered a new disease.

Table 2

However, it is possible that in one of our patients, the
condition is familial.

MECHANISM OF ROD-CONE INTERACTION

Depending on the cause of the interaction, the test
can shed light on the pathophysiology of disease, and
for this reason our first investigations have been
directed to this end. In the mammalian retina there
are numerous gap junctions between rods and

Patient Age VA EOG ERG Thresholds* Rod-cone
No. interaction

At cone plateau Final value

Red Green Red Green

Summary ofdata on patients with X-linked retinoschisis
13011 22 6/6 117 -ve 0-35 0-35 0-1 -1-70 -0.25
11806 46 6/60 178 subnormal 0-00 - 0-5 - 0-5
13565 59 6/60 - -ve 0-45 0-5 0-3 -1-43 -0-15
13331 48 6/36 - -ve 0-15 -0-25 0-05 -1-70 -0-10
13493 10 6/18 200 reduced 0-10 -0-65 0-80 -2-05 0-70

b waves
13494 6 6/6 240 reduced -0-25 -0-25 -0-40 -2-02 -0-15

b waves
Summary ofdata on patients with stationary night blindness
13500 36 6/6 - -ve 0-45 0-80 0-35 0-60 -0-10
13425 48 6/18 -ve 2-30 0-50 2-30 0-50 0
13490 34 6/6 - -ve 0-30 0-35 0-30 0-30 0
14085 22 6/12 - -ve 2-10 0-08 2-10 -0 40 0-0

*Threshold values in log cd.m-2.
tNormal interaction is given a +ve sign.
fAll patients had full fields with no scotomata, no ophthalmoscopic changes in the fundus, a history of nyctalopia for many years, and no
evidence on repeated visits of any progressive disorder.
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Fig. 8 Dark adaptation curves and ERGs ofa patient with X-linked retinoschisis, aged 22. He wasfirstseen aged 8, with
reduced visual acuity, when macular changes were noted. He was seen again in 1983, with VA 6/36 Rand L, with a small right
vitreous haemorrhage inferonasally. Macular andperimacular changes were seen, and leakage wasshown round the disc and
in theperiphery onfluorescein angiography. The retina wasflat, but 'looked like Cellophane.' TheERG was negative, and the
light rise in the electrooculogram (the EOG) was200% in each eye. Twelve months later the vitreous haemorrhage had
resolved and visual acuity was unchanged. The areas ofschisis were discrete and limited to theposteriorpole. The white and
strong blue ERG stimuliproduced the responses shown, with large a waves, and very subnormal b waves, but the EOG ofthe
R eye hadfallen to 116% The green light rod dark adaptation curves are nearly normal. Theflicker thresholdsfor red light
remain constant as the rods dark adapt. The conditions ofthe test were thesame as thosefor Figs. 2 and 6.

cones, so that presynaptic interaction is possible.
The results with nyctalopia provide good evidence
that the interaction is postsynaptic. The absence of
the interaction in patients with retinoschisis, who are

not night blind, implies that the bipolar cell-
ganglion cell pathway itself cannot mediate the
interaction. The finding that the interaction inter-
poses a low pass filter in the cone pathway, but that
this effect is absent or reduced when the cone test
stimulus has a very large subtense, suggests strongly
that the rod interaction occurs via a lateral interac-
tion with a large spatial summation pool, and the
earliest site for this to happen is the horizontal cell,
which has such characteristics. 124 In mammals hori-
zontal cells are known to form synapses with both
rods and cones,2' I-" and the axon terminations

receive predominantly rod inputs. All S potentials
recorded contain rod and cone components, but the
potentials are additive. The inhibition of cones by
rods is not directly explicable from such observa-
tions. However, an inhibitory action which is well
known involves the feedback to cones'22229 from
horizontal cells. This has been demonstrated only in
turtles and amphibia, where intracellular recordings
from photoreceptors is possible, but the synaptic
appearances in the primate outer plexiform layers
suggest a similar organisation. The effect of the
feedback is to reduce the cone receptor potential
waveformtn after a delay, so that the flash evoked
response reaches its peak and then suddenly
decreases. As expected, this feedback improves the
high frequency response of the cone system. 3'
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The simplest explanation of the findings described
under 'Results' is that late in dark adaptation the
cone feedback system becomes relatively inefficient,
so that the high frequency responsiveness of the
photopic system is decreased. Horizontal cells, like
photoreceptors, are depolarised in darkness and are
supposed under these conditions to liberate continu-
ously an inhibitory transmitter. Hence when a stimu-
lus hyperpolarises the cones, and the horizontal cell
membrane hyperpolarises in turn, there is a small
proportional decrease in the concentration of the
inhibitory feedback transmitter. When rods hyper-

Fig. 9 Rod cone interaction in a
patient with retinitis pigmentosa,
aged 70. The patient's condition
was discovered when she went to an

w opticianfor reading glasses. The
o fundishowed extensive

] pigmentation in the midperipheral
zone, much ofit in bone corpuscle
clumps, but the posteriorpole was

0 relatively free ofpigmentation.
Retinal vessels were attenuated, and

0 0 the disc normal. Goldmannfields
showed an irregular constriction
mostsevere in the upper visual
fields. The ERGs were reduced to
about halfsize, but there was no
change ofsensitivity (see Arden et
al. 9) and dark adapted rod

.L.- thresholds (circles) were slightly
30 mi n elevated at the retinal locus tested.

The elevation ofconeflicker
threshold is c. 0-3 L U, which is
considerably below the normal
mean value.

polarise, the horizontal cell follows suit, the concen-
tration of the inhibitory feedback transmitter
declines, and the fractional change in transmitter
caused by the same cone signal increases. In addition
it is possible that the relationship between horizontal
cell membrane potential change and the rate of
liberation of feedback transmitter is optimised for the
light adapted state. A given cone signal would then
cause a maximal change in feedback transmitter
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Fig. 10 Rod cone interaction in a
patient with retinitis pigmentosa.
This 24-year-old woman camefrom
afamily with autosomal dominant
disease. When she wasfirst seen the
ERGs, fields, and rod thresholds
were only slightly affected. In the
few months before the test her
condition had deteriorated, and the
slow dark-adaptation curve shown
was obtained. Note that after three
hours the rod threshold (circles)
was nearly normal. Coneflicker
threshold (squares) rises after an
unusual delay, but is quite
pronounced. However, at the time

0 ofthe rise the rods are extremely
insensitive.
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output when the horizontal cell was partially hyper-
polarised.
When the cone stimulus covers a large retinal area,

it produces larger horizontal cell responses than
when it subtends a small visual angle, and therefore
the feedback may still be effective in the dark
adapted eye. In the first few minutes after intense
light adaptation, the rat rod receptor potential is
maintained3 in the hyperpolarised state, but later the
dark current returns once more along a time course
that (in axolotl rods32) approximates to, but is not
identical with, that of the recovery of sensitivity to
light, thus accounting for the attenuation of the cone
flicker signal during rod dark adaptation.

Following intense bleaching there is a large after-
hyperpolarisation in cat horizontal cells, which lasts
for many seconds, but the time course of recovery
may be faster than the rate of rhodopsin regenera-
tion 252633 In turtle cones'222 the horizontal cell feed-
back is best seen and operates between different
classes of cones, but it has been reported5 that in man
the interaction occurs only between rods and red
cones; little is known about the feedback in mamma-
lian or primate receptors. An alternative hypothesis
is that the rods control the horizontal cell membrane
potential indirectly, through an interplexiform cell
feedback.'M

CLINICAL IMPLICATIONS
The appearance and magnitude of the rod-cone
interaction described above would, on our hypo-
thesis, depend upon the time and extent of the rod
dark current. In those persons with exaggerated
effects, perhaps the effectiveness of the rod trans-
mitter in depolarising the horizontal cells is greater
than normal. In our cases of X-linked schisis the
reduction of the inhibition of cones by rods implies
that the horizontal cell feedback must be reduced,
but the relationship to pathological changes is not
certain. In elderly persons cystic degeneration affects
the outer retina, so that in the end a few bipolar cells
mark the limits of the cysts, and it is entirely plausible
that the lateral connections of horizontal cells are
disrupted. In X-linked schisis the split is supposed to
be in the nerve fibre layer or the inner plexiform
layer.'5 However, the evidence is not conclusive,
and the patients from whom the histological results
were derived were not investigated by ERG, so it is
not known if they were of the type we have seen. The
lesions were much more severe than in our patients.

If the hypothesis advanced above is correct, this
form of rod-cone interaction measures the integrity
of the outer plexiform layer and also provides an
index of the function of the rods which is independent
of whether visual transduction occurs normally. Thus
in retinitis pigmentosa we can show that in some

cases, although there is a moderate reduction in
sensitivity, the interaction is present. This would be
consistent with the idea that there was a reduced rod
dark current input to horizontal cells. In one case
change in cone sensitivity is dissociated (Fig. 8) from
the change in rod sensitivity, and hence on this
argument dissociated from the rod membrane
current. Therefore it is likely that in this patient the
plasma membrane processes may be normal, while
the intracellular mechanisms which control rod sensi-
tivity are affected by the condition. Detailed analysis
of selected patients is under way to determine
whether reduction in membrane current and reduc-
tion of rhodopsin concentration run in parallel. This
might answer the question whether rods in retinitis
pigmentosa are shortened or disorganized.
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