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Nonphotic Standing Potential Responses:
Hyperosmolarity, Bicarbonate, and Diamox

Responses

Kazuo Kawasaki
Jhoji Tanabe
Kenji Wakabayashi

The light peak/dark trough ratio (L/D) (Arden ratio")
is widely accepted as useful for evaluating retinal
pigment epithelium (RPE) activity since the light
peak and dark trough represent mainly the changes
of the RPE membrane potentials. It also depends on
the photoreceptor activity and RPE-receptor attach-
ment, because the photoreceptors and their attach-
ment with the RPE are essential for evoking the light
peak. The L/D is also changed by occlusion of the
central retinal artery, which nourishes the middle
and inner layers of the retina. Therefore, abnormal
L/D alone does not necessarily indicate RPE disor-
ders. So far as a photic stimulus to the photorecep-
tors is used, the response obtained is not solely spe-
cific to the RPE.

The ocular standing potential, which mainly
comes from the transepithelial potential (TEP) of the
RPE, can be changed by nonphotic stimuli. For ex-
ample, hyperosmolarity,® ® '® bicarbonate,'"” '* and
acetazolamide® (Diamox) decrease the TEP in vitro
and the ocular standing potential in vivo. We call
these responses the hyperosmolarity response, bi-
carbonate response, and Diamox response, respec-
tively. The standing potential is changed by breath-
ing a hypoxic mixture of oxygen and nitrogen.’
These responses are recordable by conventional elec-
tro-oculographic (EOG) technique in the dark.

Figure 21-1 shows these three responses in nor-
mal human subjects. The EOG amplitude is virtually
stabilized (V) usually about in 30 minutes in the
dark. Then, a hypertonic solution (e.g., 20% manni-
tol or Fructmanit, see legend for Fig 21-1), 7% so-
dium bicarbonate solution (Meylon), or Diamox is
given intravenously. These procedures decrease the
EOG amplitude in the dark down to the minimum
(Vinin) approximately 8 to 20 minutes after the onset
of administration. The amplitude of the response is
defined as the percent amplitude change of the
EOG:100 x (Vy —V..i,/Vy. The distribution of the
amplitudes of these responses in the normal subjects
is approximated by the normal distribution. Thus,
their normal range is the mean * 2 SD of the ampli-
tude in the normal subjects; 22.8% to 45.2% for the
hyperosmolarity response, 15.2% to 28.6% for the
bicarbonate response, and 32.1% to 52.9% for the
Diamox response (the dose of each stimulant is de-
scribed in the legend for Fig 22-1).

The amplitudes of the hyperosmolarity response
and bicarbonate response are frequently decreased
in retinitis pigmentosa,'® rhegmatogenous retinal
detachment even in a localized area,? diabetic retin-
opathy® (occasionally abnormal even in diabetics
without visible retinopathy), angioid streaks, Star-
gardt’s disease-fundus flavimaculatus,' ' vitelli-
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TABLE 21-1.

Characteristics of Responses Related to the Retinal Pigment Epithelium

Hyperosmolarity

Response Bicarbonate Response Diamox Response Light Rise C-Wave
Nonphotic Stimulus
Characteristic Hyperosmolarity HCO3; Diamox Photic Stimulus
Origin Mainly hyperpolarization of | Mainly depolarization of RPE apical membrane | Mainly depolarization of | Hyperpolarization of RPE
RPE basal membrane RPE basal membrane apical membrane
modified by slow PIlI
from Miiiler cell
By hyperosmolarity Suppressed to abolished | Enhanced
By Diamox Not suppressed
By ketamine hydrochloride Suppressed to abolished
Retinitis pigmentosa Suppressed to abolished Not suppressed S
Pigmented paravenous Suppressed uppressed
retinochoroidal atrophy
Fuans albipunctatus Suppressed Not suppressed Suppressed in some
Familial drusen Suppressed cases
Stargardt’s disease and
fundus flavimaculatus Suppressed in some cases
Angioid streaks ]
Vitelliform macular Suppressed Suppressed in some Suppressed
dystrophy cases
Carrier of vitelliform Suppressed in some Not suppressed Suppressed
macular dystrophy cases
Cone dystrophy Not suppressed Not suppressed |
Diabetic retinopathy Frequently suppressed
Rhegmatogenous retinal Suppressed Not suppressed Suppressed

detachment

Harada's disease

Occasionally suppressed

Occasionally suppressed

X-linked juvenile Not suppressed in cases Not suppressed in
retinoschisis without peripheral cases without
schisis peripheral schisis
After cataract extraction Temporarily suppressed
Occlusion of the central Suppressed Suppressed in some
retinal artery cases
Choroideremia Suppressed LNot suppressed Suppressed
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form macular dystrophy (Best's disease'®), Vogt-
Harada-Koyanagi disease,” and temporarily after
cataract extraction® (especially after intracapsular ex-
traction) (Table 21-1). The hyperosmolarity re-
sponse is more frequently abnormal than the L/D in
the aforementioned diseases. The Diamox response
remains within the normal range in most of the dis-
eases described above and predominantly depends
on the RPE in the posterior region of the ocular fun-
dus since this response is suppressed in patients
with severe macular atrophy (e.g., advanced stage
in Stargardt's disease).'*
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FIG 21-1.
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