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SUMMARY

Eight patients with cone-rod dystrophy were examined by means of vitreous fluoropho-

tometry. The data in three patients with an early stage of retinitis pigmentosa (rod-cone dystrophy)
served for comparison. In contrast with the abnormal findings on vitreous fluorophotometry in

patients with an early stage of retinitis pigmentosa the value of vitreous fluorophotometry in
cone-rod dystrophy was within the normal range in all patients except the two with advanced stages
of this disease. Our results suggest that, although both diseases are based on diffuse dystrophy of
photoreceptors, and the final stages of the two diseases may show several similar features, the
process of breakdown of the blood retinal barrier differs greatly in the two diseases.

Cone-rod dystrophy is a syndrome charaicterised by
progressive decrease ofvisual acuity, abnormal colour
vision, and, in the electroretinogram, markedly
decreased or absent cone components in the presence
of reduced rod components. This syndrome has been
described as cone dysfunction syndrome,' cone
degeneration ,2 progressive cone degeneration,X cone
dystrophy,' progressive cone dystrophy,56 cone-rod
degeneration,' progressive cone-rod degeneration,'
cone-rod dystrophy," and progressive cone-rod
dystrophy. "' "In its early stages cone components of
the electroretinogram are more involved than rod
components,' " which contrasts with retinitis pigmentosa as the representative of rod-cone dystrophy,
wherein the rod system is affected first and the cone
system later." '2 The visual functions and the fundus
appearance of cone-rod dystrophies and rod-cone
dystrophies may be similar in the advanced
stages.7" "'3 However, the impaired process of the
retinal cells or retinal layers may be different in the
two groups of dystrophies. Whereas many histological
studies on retinitis pigmentosa have been reported,
we found only one report of a patient with probable
cone-rod dystrophy.'- That histological study was
done when the disease was in an advanced stage, and
the findings were similar to those in advanced stages
of retinitis pigmentosa. The pathogenesis of cone-rod
dystrophies, particularly in the early stage, remains
obscure.
Corrcspondcncc to Yozo Miyaikc, MD.

Vitreous fluorophotometry is a sensitive and quantitative method for studying the blood-retinal barrier
at two levels-the endothelial membrane of the
retinal vessels (inner blood-retinal barrier) and the
retinal pigment epithelium (outer blood-retinal
barrier).'4 ' Owing to the breakdown of the outer
and inner blood-retinal barrier, patients with retinitis
pigmentosa (rod-cone dystrophy) show a markedly
abnormal value of vitreous fluorophotometry even in
the early stage." "' However, the function of the
blood-retinal barrier in cone-rod dystrophy has not
been studied.
We examined eight patients with various stages of
cone-rod dystrophy using vitreous fluorophotometry.
Results were compared with those obtained from
three patients with retinitis pigmentosa in its early
stage.
Materials and methods
After pupillary dilatation a 10% fluorescein sodium
solution was injected into the antecubital vein at 10
mg/kg of body weight, and fluorescein angiography
was performed. One hour later a Goldmann contact
lens was placed on the cornea and the vitreous
fluorescein concentration was measured by slit-lamp

fluorophotometry.
The apparatus and technique for fluorophotometry

measurements have been described. " "' A Carl Zeiss
(Jena) slit-lamp (Model 204) was modified by adding
appropriate filters, a photometric detection system,
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and device for electricial registration of the instrument's movement in the anterior-posterior axis. The
posterior, middle, and anterior vitreous are sequentially brought into focus for fluorescein measurement
by moving the joystick on the slit-lamp. The fibre
optic probe is connected to photomultiplier tube
(Hamamatsu R 928), sensitive tamplifier, and an
X-Y recorder (Watanabe Sokki WX 441). The slit
width was 7 mm, and the angle between the exciting
light and the viewing light was 100.
In the present study the vitreous overlying the
macula region wts selected for recording. Only
middle vitreous vailues, those measured in the areai 5
mm anterior to the retinal surface, aire considered
here. With our vitreous fluorophotometry apparatus
an upper limit of fluorescein dye concentration for
the middle vitreous over the macula is 1 ()0±09x 10 8
g/ml (±2 SD), with the upper limit of 2-Ox 10 8 g/ml
in 30 normal subjects less than 50 years old.
Our methods for recording of electroretinogram
and electro-oculogram have been described."' After
pupillary dilatation and 30 mmn of dark adaptation an
electroretinogram wits recorded with Burian-Allen
used to
contact lens. A G(anzfeld stimulus
separate the rod and cone components of the electroretinogram. The scotopic electroretinogram was
recorded with dim blue light in the dark, aInd the
photopic electroretinogratm was recorded with deep
red light under blue background illumination. The
blue light for the scotopic electroretinogram and the
red light for the photopic electroretinogram are
scotopically balanced. The photopic flicker electroretinogram are recorded with 30 Hz stimulus of
white light, and 16 responses were summated by
signal averager (Nihonkoden ATAC-250). The
normal range (±2 SD) of amplitude in each component is 132±26 pV (scotopic b). 45± 15 [tV (phoa
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Patietutlage

Results

For the three patients with retinitis pigmentosa the
hereditary pattern was autosomal dominant. Visual
functions and the value of vitreous fluorophotometry
are shown in Table 1. The patients were relatively
young and their visual functions fairly well preserved.
The vitreous lesions were minimal in cases 1 and 2,
and posterior vitreous detachment and liquefaction
of the central vitreous were observed in case 3. The
abnormal in
value of vitreous fluorophotometry
all patients.
Table 2 shows age, sex, hereditary pattern, visual
functions, and value of vitreous fluorophotometry for
the eight patients with cone-rod dystrophy. In the
electroretinogram all patients showed nearly absent
cone components (photopic b, flicker) in the presence
of reduced rod components (scotopic b). Two patients
(cases 7 and 8) were in the far advanced stage of this
disease. We have followed up these two patients for
10 to 15 years and found that the rod components
initially present in the electroretinogram eventually
disappeared. When the vitreous fluorophotometry
was performed, not only the cone components but
also the rod components were unrecordable in the
electroretinogram. The value of vitreous fluorophowithin the normal range in six patients
tometry
(cases 1, 2, 3, 4, 5, 6) and was abnormal in two
patients (cases 7 and 8).
was

was

Vitreous fluorophotonietry, and visual functions in patients with retinitis pigmentosa
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topic b), and 18±5 tV (photopic flicker response).
The electro-oculogram recordings were made in total
darkness at 1 min intervals for 15 min, followed by
recordings under progressive light adaptation (1000
lux) for 15 min. The normal range of the ratio of light
peak to dark trough (LP/DT ratio) in our laboratory
is 1 71 to 2-94.
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Fundus and fluorescein angiography revealed no
pathological change in one patient (case 6). Seven
patients-showed a bull's eye type of macular lesions
with sharply defined zones of involved and uninvolved
pigment epithelium. In addition to the bull's eye
lesion some patients showed extensive and diffuse
defects of pigment epithelium in the posterior pole
(cases I and 3). In the two patients with advanced
stages of the disease the fundus closely simulated the
fundus of patients with retinitis pigmentosa associated
with macular bull's eye lesion (cases 7 and 8).
Figs. 1-4 represent the spectrum of fluorescein
angiographic changes seen in the eight patients. The
pathological changes of the vitreous were unremarkable in cases 1, 4, 5, and 6. Partial detachment of the
posterior vitreous was observed in cases 2 and 3. In
cases 7 and 8 extensive liquefaction of the posterior
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and central vitreous was observed, as were
tobacco flecks in the gel and liquefied vitreous.

some

Discussion
As previously reported by others,

we

found that

patients with retinitis pigmentosa (rod-cone dystrophy) in its early stage showed breakdown of the
blood-retinal barrier measured by vitreous fluorophotometry. "'7 The breakdown of the outer blood-

retinal barrier (retinal pigment epithelium)

is con-

sistent with the histological findings of retinitis

pigmentosa'' -3; that is, in retinitis pigmentosa the
changes in the neuroepithelium and the pigmentary
epithelium are directly related to each other.
However, in contrast to retinitis pigmentosa the
value of vitreous fluorophotometry in cone-rod

Table 2 Vitreousfluorophotometry, and visualfunctions in patients with cone-rod dystrophy
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Fig. I Left fundus in case 6. Fluorescein angiogram in late
arteriovenous phase. No abnormality was found.

Fig. 3 Leftfundus in case3. Fluorescein angiogram in
arteriovenous phase. In addition to a bull's eye region
extensive and diffuse defect ofpigment epithelium was noted
in the posterior pole.

dystrophy was within the normal range in all patients
except the two with advanced stages of the disease.
Because of the paucity of histological study the basic retinal pigment epithelium is not defective early in the
defect in cone-rod dystrophy remains obscure. How- course of the disease in patients with cone-rod
ever, the difference in fluorophotometry findings dystrophy, but in a manner that does not compromise
suggests a different underlying pathogenetic mech- the blood-retinal barrier. In most of our patients with
anism between these two disorders, particularly in
the early stages. Unlike retinitis pigmentosa, the
extensive involvement of the retinal pigment epithelium may occur only in the late stage of cone-rod
dystrophy. However, it remains to be refuted that the

I

n

I

Fig. 2 Leftfundus in caseS. Fluorescein angiogram in late
arteriovenous phase. A bull's eye configuration of
hyperfluorescence was noted.

Fig. 4 Rightfundus in case8. Fluorescein angiogram in late
arteriovenous phase. In addition to a bull's eye region the
pigment epithelium defect was noted all over the fundus. The
retinal arterioles were attenuated.
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cone-rod dystrophy fluorescein angiography revealed
a ring-shaped window defect in the macula and/or
some diffuse hyperfluorescence in the posterior pole.
The normal values of vitreous fluorophotometry in
these patients suggest that intercellular retinal pigment epithelial barriers, as well as intercellular and
membrane transport systems also responsible for the
outer blood-retinal barrier, can remain functional, as
reported in fundus flavimaculatus.24
Although both cone-rod dystrophy and retinitis
pigmentosa (rod-cone dystrophy) are diffuse photoreceptor diseases, and the final stage of these two
different diseases may show several similar aspects,
our results suggest that the process of breakdown of
the blood-retinal barrier differs greatly in the two
diseases.
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