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eyes with an ERM. This means that the distance between
each scan line should be set to less than 75 pm in the Cirrus
HD-OCT. For example, the consecutive OCT images of
case 5 were obtained with 5-line scans with a distance
between the scans of 20 pum (Fig 3A, bottom). Moreover,
because the fixation point is sometimes shifted upward in
cases of longstanding ERM, the OCT scan should be re-
peated until the true center of the fovea is scanned.

The cotton ball sign in the OCT images seemed to be
strongly correlated with the inward traction on the retina. In
eyes with VMT, local adhesions between the vitreous and
retinal surface causes strong and direct inward traction over
the entire depth of the foveal pit.!*'® However, an ERM
causes a tangential shrinkage of the retinal surface, and this
leads to an inward retinal displacement of the fovea, regard-
less of the existence of a postei‘ior vitreous detachment. This
continuous tension also affects the photoreceptor layer,
leading to mechanical damage of the photoreceptors and
deterioration of visual function.!>15 In this study, in eyes
with VMT in which direct vitreous traction was present at
the fovea, the cotton ball sign was always observed, al-
though there was no apparent inward displacement of the
fovea in cases 1 through 5 (Figs 1 and 3) and the CFT was
normal, except in cases 6 and 7 (Table 1, available at
http://aaojournal.org). In the eyes with an ERM, the mean
CFT of the cases with the cotton ball sign was significantly
thicker than that in eyes without the cotton ball sign (Table
2). These findings indicate that the continuous inward trac-
tion by the ERM was the cause of the cotton ball sign. In 8
of 16 cases that underwent vitrectomy, the cotton ball sign
disappeared within 6 months and the CFT was significantly
thinner than that in eyes where the cotton ball sign did not
disappear. This indicated that disappearance of the highly
reflective region was not the result of the removal of the
ERM, but was most likely the result of the release of inward
traction. It is notable that in cases where the cotton ball sign
disappeared after surgery, the foveal pit reappeared because

of release of inward traction (Fig 2B, cases 39, 43, and 44). -~

However, in cases where the cotton ball sign did not disap-
pear, the foveal area was still flat or even convex (Fig 2B,
cases 40, 41, and 42). These highly reflective regions were
observed only at the foveal center, even in cases where the
entire macular region was thickened because of the ERM.
There are 2 possible reasons for why the cotton ball sign is
observed only at the foveal center in the ERM eyes. First, in
cases in which the internal limiting membrane became flat
because of the tangential traction by the ERM, the inward
traction could be applied most strongly to the photorecep-
tors at the foveal center because of the presence of the
foveal pit. Second, the cone photoreceptors at the fovea
have an elongated shape and their diameter is much smaller
than those at the parafoveal region. This characteristic an-
atomic structure makes them more susceptible to the minute
structural changes that may lead to the increased reflectivity
in the OCT.

An ERM usually is associated with macular edema and
reduced 1'eﬂectivity resulting from fluid accumulation; how-
ever, an increase in the reflectivity is observed rarely. Then
the question arises on why the inward traction affected the
reflectivity of the foveal center in the OCT images? The
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highly reflective region was always located between the
IS/OS junction and COST lines. This region corresponds to
the outer segment of cone photoreceptors, whose reflectivity
is usually low. The photoreceptor outer segments (OSs)
contain stacks of membranous discs that are rich in visual
pigments, and the OSs are aligned parallel to the light
pathway. The authors suggest that the inward traction on’the
retina changes the alignment of the OSs, which then in-
creases their IBﬂCCtIVlty Directional reflectivity is known to
exist m ‘the retinal nerve fiber layer?'*? and Henle’s fiber
layer.” Recently, Lujan et al*® successfully distinguished
Henle’s fiber layer from the true outer nuclear layer by
varying the angular incidence of the OCT beam on the
retinal plane. The photoreceptor OSs are long cylindrical
structures whose reflectivity may depend on the angular
incidence of the OCT beam.

The second hypothesis for the highly reflective region is
that the continuous inward traction causes microstructural
damages to the cone OSs, leading to glial migration, glial
scar formation, and photoreceptor degeneration.?* However,
it is not likely that these changes could be 1e</elsible and,
particularly in case 5, would completely recover within 30
days after the release of mechanical traction (Fig 3, case 5).

The exact mechanism causing the highly reflective re-
gion was not determined, but there is very little possibility
that this highly reflectivity region is an optical artifact,
because it appeared when inward traction was forced to the
outer retina, regardless of the existence of an ERM, and
disappeared when the traction was released.

The cotton ball sign was present, despite good vision in
the patients; 4 of 7 eyes with VMT and 9 of 30 eyes with an
ERM with the cotton ball sign had best-corrected visual
acuity of 0.8 or better {Table 1, available at http:/aacjournal.
org). This means that the cotton ball sign does not neces-
sarily indicate a decrease in visual acuity, and it may be
used as a predictor of visual impairment that would arise
after longstanclinCy inward traction at the fovea. Continuous
foveal traction is known to cause microstructural damages
in the photoreceptor layer,'>1® and early detection of thxs
sign may help in the management of these patients in
preserving good vision.
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Selective Abnormality of Cone Outer
Segment Tip Line in Acule Zonal Occult
Ovter Retinopathy as Observed

by Spectral-Domain Optical

Coherence Tomogruphy

: ptical" coherence tomography (OCT) plays

~an important role in. the diagnosis of retinal
h ‘minimal ophthalmost opic

discases  wit
chanacs For example; in eyes with acute zonal occult
outer retinopathy (AZOOR),"* an abnormality of the
photoreceptor inner segment—outer segment (15/0S)
junction found by OCT was spatially mnclatcd with

the region of visual field defect: Recent hloh Lc%ohmon 8
have shown a thip line

spectr al-domain OCT images

between the 15/0S junction and the retinal pigment epi-
thelium. This line has been‘identified as the cone OS tip -

(COST) line.® However, the pathophysiological inter-
pretation of its appearance has not been established,
and the diagnostic value of the COST line has yet to be
determined.

We report 2 cases of AZOOR, both of which showed
acute central scotoma with an enlarged blind spot. The
ophthalmoscopic and angiographic chanocs were mini-
mal, but cle(.uolcunogmphy (ERG) mvcaled reduced
responses in the affected regions. In both cases, the
15/0S juncuon on the OCT image was normal, but the
COST line was not present or appeared indistinct in the
region of visual field defect. Our findings suggest that
the COST line may be an early indicator of cone photo-
receptor dysfunction m eyes with mmimal ophllﬂlmo—
scopic abnormalities.

Report of Cases. Patient 1 (a 24-year-old woman) and
patient 2 (a 28-year-old woman) both had sudden uni-

lateral visual disturbances following photopsia. The vi-
sual acuities were 0.02 OD and 1.5 OS in patient 1 and
0.15 0D and 1.5 OS mn patient 2. Goldmann kinetic pe-
rimetry revealed a blind spot enlargement and Lcmlal sco-
loma in 1]10 right cyc of both. paucmsf

moulcd h} pmllum eS¢ ence around lhe ma(ul ;
fected eye of both patients. The full-fielc
were nor mal bul there wer

11on the am Jhtudcs of the pholomc b-waves were Te-
duced in. both patients. The focal macular ERGs (ER80;
Kowa Co, Tokyo, Japan, and Mayo Co, Nagoya, Japan)
in the central 15° were almost flat in the affected eye in
both patients. Neither patient had systemic disorders such
as viral infections or autoimmune diseases.
Spectral-domain OCT (Carl Zeiss Meditec, Dubhn,
California) showed the 1S/0S junction clearly, even in
the region of the scotoma. However, the COST line was
not detected in patient 1 and appeared indistinct in pa-
tient 2 (Figure 1 andFigure 2). Moreover, the bulgelike
structure of the 18/0S junction at the fovm (with the fo-
veal bulge indicating a domelike appearance of the 15/0S
junction due to an elongated cone OS at the fovea)” could
not be observed in the affecied eyes. The visual distur-
bances of these pauents did not recover, and these ab-
normalities in the OCT 1mages were observed at all ex-
ammations for 50 months in pqncm 1 and 18 months in
patient 2 a[lcr the onset. :

Commem To our | knowlcd«rc this is the first report of
AZOORwhere the houndaly of the 15/0S junction in 1hc
OCT images was well preserved but the COST line was
absent or indistinct from the initial examination thlouuh
1he entire follow-up period. Earlier studies demon-
strated that a Joss or irregularity of the 15/0S junction
observed by OCT corresponded well with the visual field
defects even at the early stages of AZOOR,*” and the ab-
normality in the IS/OS}uncuon can'improve following
recovery of the scotoma. These findings have led to the
hypothesis that photoreceptor OS d) siuncuon is the pri-
mary lesion in AZOOR.

The COST line corresponds 10 lhc un(uon between
the photoreceptor tips and the apical pr ocesses of the reti-
nal pigment epithelium, where photoreceptor OS disc
membranes are continuously shed for renewal . Thus, the
appearance of the COST line may reflect the normal func-
tion of the photoreceptor OSs more closely than the 1S0S
junction. In fact, i all of the AZOOR cases we have re-
cently examined, the COST line was always absent in the
region of 15/0S abnormalities, suggesting that the ab-
normality of the COST line may precede that of the 15/0S
junction. In our 2 cases, the fundus appeared normal and
the 15/0S ]un( tion was clearly observed in the region of
the COST line abnormality for 50 and 18 momhs after
the onset. The focal macular ERGs, however, were mark-
edly reduced in the aflected areas. In the OCT images,
the cone photoreceptor dysfunction corresponding to the
region of scotoma could be detected only by the abnor-
mality of the COST line.

ARCH OPHTHAL MUI /VOL 129 (NO. 8), AUG 2011

1099

WWW ARCHOPHTHALMOL.COM

Downloaded from www.archophthalmol.com at NATIONAL HOSPITAL ORGANIZATION, on April 22, 2012
©2011 American Medical Association. All rights reserved.



[c]
Dark adipted 0016

Right

Dark adapted 30.0

_J 100

20ms

__I 100y

10ms

Right

Right

18108
' / junction

i

RPE

Light adsptad 2 7 Light adapted 30-Hz flicker
e AN
l 7
c \" /V \
. _ N\/ ~ o N
N S S \\ / v \—\/“'\
el
J 50p¢ __l 504V __! 2
10ms

Right

05 @ 7B £0

120

40 /s W %S

Fosal {15%)

0ms ~ 10ms

Left

Cleft

18/08 ¢
/ junction

*—(O0ST line
RPE

Figure 1. Findings m patient 1. A, Fundus photograph of the right eye showing a normal apbear‘ance. B, Goldmann kinetic perimetry showing a blind spot

enlargement and central scotoma in the right eye. G, Fuil-field and focal macular electroretinograms. The latencies ‘of the photopic 30-Hz flicker responses are
delayed in the right eye. Arrows indicate the phase difference in light-adapted 30-Hz flicker responses. The focal macular electroretinogram is alimost flat in the
central 15° of the nght eye. Optical coherence tomographic i images vertically profiled along the foveola (D) and magmfied oplical coherence tomographic images

in the region of visual field abnormality (E). In the left eye, the inner segment—outer segment ( 15/09) junction, foveal bulge, and cone 0S tip (COST) line-are clearly
observed. In the right eye, the 1S/0S junction is clearly observed bitt the COST hne is absent in the macula: The foveai bulge (asterisk) cannot be ohserved m the

night eye. RPE indicates retinal pigment epithelum.

Our findings suggest that the dysfunction of the cone
photoreceptor OS could be initially reflected by an ab-
sence or indistinctness of the COST line and the ab-
sence of the foveal bulge.’ These changes may be fol-

lowed by the development of abnormalities in the 1S/0S

junction in the more advanced stages. However, in our
cases, the 15/0S junction remained the same during the
entire follow-up period. This may suggest another pos-
sibility that our 2 cases constitute a subtype of AZOOR,

However, in another case of AZOOR with a blind spot
enlargement and relative central scotoma (a 21-year-
old woman, data not shown), both the 15/0S and COST
lines disappeared in the peripapillary region where vi-
sual field disturbance was severe, whereas only the COST
line disappeared and the 15/0S line remained normal in
the foveal region where the visual field disturbance was
milder. These findings support the idea that the visibil-
ity of the COST line is more easily affected than that of
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Figure 2. Findings i patient 2. A, Fundus photograph of the nght eye showing a nonmal appearance. B, Goldmann kinetic penmetry showing a blind spot enlargement
and central scoloma in the right eye Optical coherence tomographic images honzomtally profiled along the foveola (C), and magnified optical coherence iomographic
images in the region of the visual field abnormabty (D). In both eyes, the inner segment-outer segment (IS/0S) junction is clearly observed. In the right eye, the cone 0S
1ip (COST) Iine is partially observed but appeared more indistinct than in the left eye. The foveal bulge (astenisk) cannot be seen in the right eye.

the 15/0S line at an earlier stage by the pathological
changes in a typical case of AZOOR. We should note that
care should be taken in evaluation of the COST line be-
cause its visibility is dependent on the intensity and di-
rection of the laser light that reaches the photoreceptor
Jlayer.® However, in patients with AZOOR, the COST
line and the foveal bulge observed by OCT could help
as indicators of early cone photoreceptor dysfunction in
cases with mimmal ophthalmoscopic and angiographic
abnormalities.
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Adult Ovarian Retinoblastoma Genomic
Profile Distinct From Prior Childhood
Eye Tumor

e report the first case of a woman, previ-

ously cured of childhood intraocular retino-

blastoma, who developed tumor in the ovary
with histological and genomic characteristics suggest-
ing an independent retinoblastoma, not a metastasis.
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addition, the duration of treatment to induce retinal re-
attachment is currently unknown. However, patients with
1H have been treated for several months.

Hemangiomas consist histologically of cavernous and
capillary vascular networks. The mechanism by which

oral propranolol aids in the resolution of exudative reti-

nal detachment in DCH associated with Sturge-Weber

syndrome is unknown. It is possible that, similar to TH,

there is vasoconstriction of the DCH due to decreased

release of nitric oxide, blocking of proangiogenic sig-

nals including vascular endothelial growth factor and ba-

sic fibroblast growth factor, and apoptosis in proliferat-

ing endothelial cells with vascular tumor regression.’

To our knowledge, the benefiis of propranolol therapy”

have not been reported in adult hemangioma or for DCH.
This is thc fir st repor Led case of propr: anolol treatment

associated
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Oguchi Disease With Unusual Findings
Associated WIﬂI a Helerozygous Mulahon
in the SAG Gene

guchi disease is a type of congenital statiopary.
night blindness with an autosomal recessive in-

heritance pattern. Two causative genes have
been reported for Oguchi disease: the SAG and GRKI

genes. Homozygous Oguchi disease is characterized by

a golden-yellow discoloration of the fundus that disap-
pears after prolonged dark adaptation, called the Mizuo-
Nakamura phenomenon. The Intern uon'ﬂ Society f
Clinical Electrophysiology of Jisiot ocol br
ﬂash c‘]ccu or eunoorams ( "RGs) :

“ings caused by a pumu "e ]l‘lt rozy

SAG gene.

Report ofa Case. A 40-year-old woman with visual acu-
Y 1"1d fundus abnormalities and

erozygons mutation of 1147del A at codon 309 N omu-
tation was found in GRK1.
Thc Intcrnational Society for Clinical ]Zlcctrophysi—

The scoloplc I*I\Gs after 30 min :
showed Qhuhtlj lcduced amplity

30 candelaq seconds/m?) had a positive configtiration,
although the b:a ratio was lower than normal (1 iguie,
C). The photo*pic and flicker ERGs performed after 10
minutes of light adaptation were normal (Figure, C). To
determine Lhe extent of the rod function recovery, bright- -
flash ERGs were recorded 4 times at 30-second inter-
vals after 30 minutes of dark adaptation. During the 4
stimuli, the waveform changed from the positive pat-
tern to a negative configuration with a severely reduced
b-wave and additional milder reduction of the a-wave,
which 1s characteristic of homozygous Oguchi disease
(Figure, D). To our knowledge, this phenomenon has
never been reported in normal eyes, in eyes with the typi-
cal type of Oguchi disease, or in other cases of Oguchi
disease with the same heterozygous SAG mutation (Figure,
D). The superimposed ERGs elicited by the 4 consecu--
tive flashes show the variation of red function recovery
(Figure, E).

Comment. To our knowledge, this is the first case of Ogu-
chi disease with a distinct fundus appearance and mild
electrophysiological abnormalities associated witha pu-
tative heterozygous SAG mutation. However, we cannot
exclude the possibility that another mutation exists in
the intron of another allele, which causes the mild phe-
notype in this patient.

The repetitive-flash ERG protocol was crucial for the
diagnosis. It has been reported that double- or triple-
fl l.ash stimulations after prolonged dark adaption induce .
ERG alterations in typical patients with Oguchi dis-
ease.’ However, the use of a 30-second interval allowed
us to follow the degree of rod function recovery.
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Arrestin and rhodopsin kinase act in sequence to de-
activate rhodopsin 1o stop the phototransduction cas-
cade.” Results of molecular biological studies have sug-
gested that residual arrestin activity correlates with the
severity of the clinical phenotype.” However, in our case
it was more difficult to determime the relationship be-
tween the putative heterozygous mutation of the SAG gene
and the mild electrophysiological abnormalities in lhcmd
function recovery. A modifying effect of deactivating rho-
dopsin should be considered.

The time required for the reappearance of the rod func-
tion demonstrated in the electrophysiological study and
the time required to demonstrate the Mizuo-Nakamura
phenomenon were nearly identical. We suggest that the

physiological basis for the Mizuo-N
‘enon may be closely related to the abnormal deactiva-
tion of rhodopsin.
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Abstract: Electrophysiological and morphé gl
zonal occult outer retinopathy (AZOOR) s
(VEPs) at the onset and significant functio -year-old
woman presented with acute onset of photo
duration. Her visual acuity was 20/20 m both ey

angiographic abnormalities. However, a rela

spot were found the right eye. The pattern

was stimulated. The amphtudes of both rod.z

sappca; ui n

{ ()C"l) lhc patient was f()llowed without txcdtmem ] S
3 months after the onsct At 5 months, reappearance of the IS/OS line was detected by OCT.
s récov eled to nomml values: At 1 year, the reduced full-field LRGs were
almost normal size and the multifocal ERGs in the area corresponding to the enlarged blind
spot were also 1mpm\:ed ERG findings are crucial for differentiating AZOOR from retrobulbay
The pattern VEPs, full-field ERGs,

multifocal ERGs, and OCT i images can be abnormal in the early phase of AZOOR, but thcy can

newitis, especially in patients with abnormal pattern VEPs.

alli improve ‘during the natural course. .
Keywords. AZOOR, pattern VEP, full-field IR(J multifocal ERG, ocT

introduction

B Acute zonal occult outer rel:in‘opa'thy;l(AZOOR_), first r(—:pc‘)rted‘ in 1993 by Gass) is

characterized by an acute onset of photopsia, scotoma, minimal funduscopic changes,
and electroretinographic (ERG) abnormalities affecting one or both eyes. The presence

~ of abnormal ERGs is important for the diagnosis of AZOOR, and the ERG ﬁndnws

suggest a dysfi unction of the photm eceptors.’ Recent optical co herence tomographic
(OCT) studies have shown morphological alterations of the photoreceptors.>® -
Although a viral or autoimmune ctiology has been suspected, no cause is readily

 identifiable in this group of generally healthy patients. Some patients with AZOOR

have been misdiagnosed with optic nerve disorders because they had an afferent pupil-
lary defect, a scotoma, and no obvious fundus abnormalities.!

It has been reported that the natural course of AZOOR is varied,'?* although there
is still no known treatment. There are few detailed reports about AZOOR patients who

- showed subjective and objective improvements in their visual function.
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We report a case of AZOOR, showing abnormal pattern
visual evoked potentials (VEEPs) at the onset and significant
functional recovery in the natural course.

Case report

A healthy 21-year-old woman reported that she had a sudden
onset of photopsia and a large scotoma in the right eye on
August 14, 2008. She visited her ophthalmologist on August
15, and the initial examination showed no abnormalities of
the fundus in both eyes but a large scotoma was detected by
static perimetry inthe right eye. She was referred to us for
further examination on August 29. She reported that she had
no systemic problems and was not taking any medications.
Her best-corrected visual acuity was 20/20 bilaterally, and
the refractive error was 9.5 diopters in the right eye and
—8.5 diopters in the left eye. However, she had a relatively
afferent pupillary defect in the right eye. The results of
ophthalmoscopy (Figure 1A), fluorescein angiography
(Figure 1B), blood screening, and brain magnetic resonance
imaging (MRI) were within normal limits. Static perimetry
with the Humphrey field analyzer showed an enlarged blind
spot in the right eye (Figure 1C). The pattern VEPs elicited

-1

by transient and steady-state stimuli to the right eye were
severely reduced (Figure 2). She was suspected of having
retrobulbar neuritis at this point of time. VEPs were recorded
by Nihon Kohden MEB-2200 Neuropack (Tokyo, Japan) with
the active electrode placed at Oz. The reference electrode was
located at the right carlobe and the ground electrode at the
left earlobe. The visual stimulus was a black and white check
board pattern generated on a television monitor. The check
size was 20 minutes of arc. The contrast was 80%, and the
mean luminance was kept at 30 cd/m?. The stimulus field of
the pattern was 7 X 11 degrees. The pattern was reversed at
three reversals per second for transient VEP, and 10 reversals
per second for steady-state VEP. The electrodes were con-
nected to a preamplifier with a bandpass of 1 10 100 Hz, and
for each measurement, 100 responses were averaged. The
patient fixed on a point m the center of the pattern monocu-
larly from an observing distance of 170 cm, with an undilated
pupil under full refractive correction.

To climinate the possibility that the patient had
AZOOR, full-field ERGs and multifocal ERGs were
recorded. The amplitudes of the rod and cone responses
in the right eye were reduced to about 50% of those in

Figure 1 Fundus photograph. fluorescein angiographic image, Humphrey static perimetry, and Optical coherence tomography (OCT) of the right eye. (A) Fundus photograph
at the onset showing that the retina was normal. (B) Fluorescein angiography at the onset showing normal vascular pattern and.no Jeakage. (C) Humphrey static perimetry at the
onset showing enlarged blind spot (30-2 strategy MD ~21.97 dB). (D) Humphrey static perimetry 3 months after the onset showing marginally enfarged blind spot (30-2 s{rateg){
MD - 1.90.dB). (E) OCT image at the onset showing irregular inner segment/outer segment (IS/OS) line over the nasal fovea. (F) OCT image 5 months after the onset showing
reappearance of IS/OS line over the nasal fovea.

Abbreviation: MD, mean defect.
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Transient VEP (3 rev/sec) .. Steady-state VEP (10.rev/sec)
‘At the onset : - . : : o T E N
o P tlOms
0S8
L ; ; Py 130 ms.
- One month after the.onset - v L
oD
’ P1m110ms '
0S|

110ms

Fag 2 AT - 100
Six months after the onset

oD

P 110 ms

100

(ON]

P, Mean: 105 2

Figure 2 | t
pattern VEPs
Abbreviations:

“' daplauon and ‘backglound ].ummancc
ponses were amplified with a b‘andpass
1st ordc,r K;,mcl mulufocal FRGs were

EDI S'm Matco CA).A Burmn Allen
electrode was used. The visual stimuli
1103 hexagonal elements with an overall

{ g nse of approximately 60°. The luminance of each hexa-
dilation of the pupﬂs and 30 minutes of darl adaptation.  gon was independently modulated between black (3.5 cd/m?)
A contact lens electrode was used. The reference electrode. . and white (138.0 cd/m?) according to.a binary M-sequence
was placod at the forehead (md the ground electrode at at 75 Hz. The surround luminance was 70.8 ¢d/m?. ;
the earlobe. The flash stlenclh was 0. Ol cd s m?forrod . The patient-was followed without any treatment, andmore
response, 80.0 cd sm™ for combined lod'--COI]b responseand  comprehensive examinations were made in her follow-up .
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Figure 3 Full-field electroretinographics (ERGs). At the onset, the amplitudes of the rod and cone responses in the right eye are reduced to about 50% of those in the left
eye. At the | year follow-up examination, the reduced full-field ERGs are improved to be approximately the same amplitudes as those from the left eye.

Abbreviations: DA, dark adapted; LA, light adapted; OD, right eye: OS. left eye.

examinations. The enlarged blind spot in static perimetry
disappeared 3 months after our initial examination (Figure 1D).
Thc Pmu
of 130 milliseconds 1 month later. At 6 momhs,ihe P, recov-
ered to 110 milliseconds (}néﬂn: 105.2 + 6.4 milliseconds;
normal range: 9‘2‘47 US.O‘mk‘illisec()nds) (Figure 2). At
5 months, reappearance of the 1S/0S line was detected by

component of thepattern VEPs had a prolongedlatency

OCT over the na’sal fovea (Figure 1), Atthe 1 year 'f:‘()l.l()\y-up
exantination, her best-correcled visual acuity was 20/20 in
both eyes. The reduced fu]Hield ERGs were improved to be
approximately the same amplitudes as those from the left eye
(Figure 3). A mild improvement of the reduced multifocal
ERGs was also observed (Figure 4). The other findings had
not worsened.

Discussion

In 1993, Gass introduced AZOOR to describe a previously
unrecognized syndrome occurring predominantly in young
females. In his original series of 13 patients, affected indi-
viduals typically presented with acute onset of photopsia,
scotoma, minimal funduscopic changes, and ERG abnormali-
ties affecting one or both eyes.! The presence of abnormal

ERGs is essential for the diagnosis of AZOOR. Gass et al

reported that electroretinographic amplitudes were depressed
in all 90 affected eyes.? Jacobson et al reported 24 patients with
AZOOR showing abnormal ERGs. Interocular asymmetry
was a prominent 'feature,"‘ Francis et al reported that electro-
physiology demonstrated a consistent pattern of dysfunction
both at the photoreceptor/retinal pigment epithelial complex
but also at inner retinal levels in 28 patients with AZOOR *

Our case presented with a sudden onset of photopsia
and a large scotoma in the right eye at the onset. The normal
fundus, Jarge scotoma, and the afferent pupillary defect made
us suspect retrobulbar neuritis at first. But the absence of
retrobulbar pain at rest or on eye movement, which is a com-
mon symptom in retrobulbar neuritis,'® and the presence of
photopsia, which is a typical symptom of AZOOR,* made
us suspect AZOOR at the same time. Further examinations
were taken to make a-definite diagnosis.

Our patient had an extinguished P, component of the
pattern VEPs at the onset, although her visual acuity was
20/20. Fluorescein angiography showed normal vascular
pattern and no leakage, MRI showed no changes in the optic
nerve. Strikingly, m full-field ERGs, the amplitudes of both
rod and cone responses were reduced in the right eye. The
amplitudes of the multifocal ERGs were reduced in the arca

Climcal Ophthalmology 2011i:5
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Figire' 4 Mu!nfocal electron etinographics (ERGs). ‘At the cnset the multifocal ERGs are reduced i in the right eye. At the | year follow-up examination, the multifocal ERGs.
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acceptable responses to 103 hexagonal elements could not be obtained due to fatigue of the patlent durmg the recor ding,

Abbreviations: OD, right eye; OS; left eye.

of the enlarged blind spot.k She was dia £no S;ed‘with AZO‘OR IS/OS line of the p]idtdreceptbrs were observed by OCT.‘The ‘
because of ERG abnormalities. Serum anti-recoverin was  findings of OCT helped make the diagnosis.

negative, which was helpful to reduce the possxblhty that

It is known that a delayed latency of the pattern. VFPS is

she had cancer-associated retinopathy. Irregularities in the  nota specific sign of optic neuropathy because 1t is also found,

Clinical Ophthalmology 2011:5.
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in eyes with retinal diseases.”'* However, there were few
reports of AZOOR showing abnormal V) EPs. Gass reported
that 80% of AZOOR patients had normal VEPs, and only
one patient with poor visual acuity of 20/70 in the ﬁgh,t eye
and 20/300 in the left eye had abnormal VEPs.! Takai et al
reported five AZOOR patients who had no delay in the VEPs.”
Patients of AZOOR who had normal pattern VEPs with nor-
mal visual acuity have been reported.!™? Although significant
abnormalities of the VEPs have rarely been reported in eyes
with AZOOR, our case showed that AZOOR can be associ-
ated with significantly delayed VEPs. The mechanisms for the
altered pattern VEPs without a decrease in the visual acuity
was not determined in our case. The delayed VEP might be

explained by reduced macular sensitivities. However, the .

possibility of inner retina or optic nerve involvement cannot
be completely excluded.

(ass et al reported that in the presence of normal fundi, the
most frequent misdiagnosis was retrobulbar neuritis, and there
was a median of 17 months delay in the diagnosis 6f AZOOR.?
In addition to the afferent pupillary defect, abnormal VEPs
could mislead the ophthalmologist to a diagnosis of optic nerve
disease. This case report serves to alert the ophthalmologist
to consider the diagnosis of AZOOR and consider recording
ERGs in individuals presenting with unexplained scotoma,
particularly where photopsia are a prominent feature.

Ithas been reported that the natural course of AZOOR is
varied.*? Gass et al reported that visual field loss stabilized
within 6 months in 37 patients (72%), progressed stepwise
in two patients (4%), and partly improved in 12 patients
(24%).* Degenerations of the photoreceptor outer segment
have been detected by OCT at the convalescent stage.®?

There are few detailed reports about the clinical course of

AZOOR patients who show some recovery. Yasuda et al
reported a case with mild improvement of the multifocal
ERGs, but morphological changes were not demonstrated
in the report.’s Spaide et al reported restoration of the IS/0S
lme in the areas of improved visual field, but electrophysi-
ological alterations of these patients were not demonstrated
in the report.’

Our case had a recovery of retinal function as assessed
by not only visual field tests, but also full-field ERGs and
multifocal ERGs. Morphological iniprovements were con-
firmed by OCT in parallel. Although itis difficult to compare
the order or degree of improvement of each parameter, our

case demonstrated that subjective and objective functional -

recovery could occur in the eyes with AZOOR. The irregular
18/0S line at the onset might have reflected incomplete loss

of photoreceptor. In this case, the incomplete impairment
of photoreceptor might have been associated with the visual
function recovery. Further studies are needed.

Conclusion

We reported a case of AZOOR showing profoundly abnor-
mal pattern VEPs at the onset, and significant functional
recovery in the natural course. ERG findings are crucial
for differentiating AZOOR from retrobulbar neuritis, espe-
cially in patients with abnormal pattern VEPs. The pattern
VEPs, full-field ERGs, multifocal ERGs, and OCT images
can be abnormal in the carly phase of AZOOR, but they
can all improve during the natural course. Further studies
and long-term follow-up are needed to better understand
this disorder, and these findings will hopefully reduce the
number of misdiagnoses and unnecessary treatments.

Disclosure
The authaors report no conflicts of mterest in this work.
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Photoreceptor and Post-Photoreceptoral Contributions
to Photopic ERG a-Wave in Rhodopsin P347L

Transgenic Rabblts

Rika Hirota,*?
and Hiroko Terasaki’

Purrose. The a-wave of the photopic electroretinogram (ERG)
of macaque monkeys is made up of the electrical activities of
cone photoreceptors and post-photoreceptoral neurons. How-
ever, it is not known whether the contributions of these two
components change in retinas with. inherited. photoreceptor
degeneration. The purpose of this study was to determine the
contributions of cones and post-photoreceptoral neurons to
the a-wave of the photopic: ERGs in: thodopsin Pro3471.cu
transgenic (Tg) rabbits.

Mrrons. Ten T'g and ‘l() wild-type (WT) New Zealand White
rabbits were studlcd at 4 and 12 months of age. The awaves of
the photopic ERGs were elicited by xenon flashes of different
stimulus strengths before and after the activities of post -pho-
toreceptoral neurons were blocked by intravitreal injections of
a combination of 0.2 to 0.4 mM of G-cyano-7-nitrouinoxaline-
2,3(1H,4H)-dione, disodium (CNQX) and 2 to 4 mM of (X)-2-
amino-4-phosphonobutyric acid.

Resurrs, The percentage contribution of the cone photorecep-
tors to the photopic ERG a-waves increased with increasing
stimulus strength, and the percentage ranged from 54% 1o 75%
in 4-month-old WT rabbits. In contrast, the percentage contri-
bution of the cone photoreceptors in 4-month-old Tg rabbits
ranged from 32% to 51% (P < 0.05). The mean percentage
contribution of cone photoreceptors became still smaller at
11% to 48% in 12-month-old Tg rabbits.

Concrusions. ‘These results suggest that the relative contribu-

tion of cone photoreceptors to the photopic ERG a-wave is -

smaller in retinas with inherited photoreceptor degeneration.
This indicates that the a-waves of the photopic ERGs in patients

with retinitis pigmentrosa must consider this lower contribu-

tion from the cone photoreceptors. (fnvest Opbibaliiol Vis
Sci. 2012;53°1467-147 ) DOL10.1167/i0vs.11-:9006

he c‘]cctro'rc:tinc)gmm (ERG) is a mass clectrical potential
change of the retina that is clicited by light stimulation and
is easily recorded noninvasively with a corneal electrode.” The
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ERG arises from the neural activity of the different types of
retinal cells, and it can be uséd to perform a Llycvl)y—!avcr study
of retinal function in patients and animals.?

The origins of the photopic or hobt-adaptcd awave of the
ERG in macaque monkcvs was studied by Siey ing (.t al.77" They
injected glutamate agonists and antagonists unmv:txcallv to
dissect the retinal circuits They found that Ihc a-wave of the
photopic ERG” received (.()Jlll’ll)ull()ns not only from the cone
photoreup&ols but also from post-photore “eptoral neurons
(c.g., OFF bipolar cells and hotizontal Ldlsf’ 4 pecause ¢is-2,3-
p]peudmc dicarboxylic acid (PDA) or kvnur(_ml_ aud reduced
the a-wave amplitude. A later study by Robson et dl showed
that the PDA-sensitive post-photoreceptoral a-wave compo-
nent started at much earlier times of approximately 5 ms in
macaques. Fricberg et al.” also estimated the time course of the
cone photoreceptor résponse in normal luman ERGS using the
paired-flash technique, in which an intense “probe”™ flash was
delivered at different times after a “test™ flash. Their results
showed that the photopic ‘ERG d-wave of the human ERG
contains an appreciable poatphomrtu:pmrdl u)mponcm sim-
ilar to that reported in monkeys.™

These studies, which were designed 1o determine the ori-
gins of the photopic ERG a-wave, have been performed pri-
marily on normal macaque monkeys and human eyes.>™ 1t is
not known whether the contributions of photoreceptors and
post-photoreceptoral neurons are altered in retinas with inher-

Jited photoreceptor degeneration (e.g., retinitis pigmentosa

[RP]) because the most commonly used RP animals are mice
and rats, whose amplitude of photopic ERG a-wave is very
small. This makes it difficult to quantify the changes in the
a-wave amplitude bcfor( and after intravitreal injection of phar-
macologic agents.®~'2

We have recently succeeded in generating a rabbit model
of retinal “degéneration.’® ‘This animal has the rhodopsin
Pro347Leun mutation, which is one of the major mumuous in
autosomal dominant retinitis pigmentosa in humans.'” These
animals have a slowly progressive photoreceptor degeneration,
as do human RP patients with this mutation,>*>'¥ though it
is still unclear whether the retinal durcnu‘mon is duc'to a
point mutation of the rhodopsin gene or to an overexpression
of rhodopsin in these animals. We believed that this rthodopsin
transgenic (Tg) rabbit can be an excellent animal model i
which:to study the retinal origins of the photopic ERG a-wave
in RP because rabbits have a large photopic a-wave. In addi
tion, the large size of the rabbit’s eye enabled us to perform
reliable intravitreal injections of phm macologic agents *> 1618

Thus, the purpose of this study was to compare the contri-
butions of cone photoreceptors and post-photoreceptoral new-
rons with the a-wave of the photopic ERGs between wild-type
(WT) and Tg rabbits. To accomplish this we examined the
postphotoreceptoral neural activity before and after they were
blocked by pharmacologic agents.
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MATERIALS AND METHODS

Animals

The experiments were performed on 10Tg
Zealand ‘White rabbits Our te(hmques for generating Tg rabbits have
been described in detail.’® This study was conducted in accordance
with the ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research. All protocols were approved by the Animal Research

Review Board of Nagoya University: Graduate School of Medicine (no.

23003).

ERG Recordings

Each animal was 'mesthctued _with an_intramuscular injection of 25
me/kg ketamine and 2 mg./kg xyl‘xzme ‘ERGs were recorded wﬂh a
bipolar contact lens clearode (G()ldl,em Domn Instruments, Litdeton,

MA). Animals were placed in a (ufmz[eld bowl and stmmlated wﬂhk
stroboscoplc snmuh (model 5(7 zooz, LKC Teclmoloones ‘Gaithers-.
burﬂ, MD). The full strength .sumulua was ‘mcnnat'd wnth nemral .

dcmm filters in 6 5 loo umt steps I’hompxc H{Gs we: i‘ecorded afcer

10 minutes of J1ght 1d‘1pr‘mon and the snmulus mcnbth ranged fromk
021022 ]00 cd-s/m? (photopic unit), and they were presented on a’
rod- suppre.ssmo white backgmund of 33 log scot td Signals were

amplified, band pawlmcred between 0. 3 to 10()0 Hz and averaged

using a computer-assisted signal amlvsxs system (MLB 9100, Neuro-‘

- pack, Nihon Imhden T()Lvo Japan)

Drug Injections

Drugs and tetilmiql s for the intravitreal injections have been. de-

scribed in detail.’>'%'® The drugs were dissolved in sterile PBS, and the

PH was titrated to 7 4 with hydrochloric acid or sodium hydrate. The

drugs were injected into the vitreous with.a 30-gange needle inserted

through the pars plana approximately 1 mm posterior to the limbus.
Two types of glutamate analogs—()-2 amino-4-phosphonobutytic

acid (APB; Sigma-aldrich Japan, Tokyo, ]‘\pan) and 6-cyano-7-nitrogui-

noxaline-2,3(1H,4H)-dione (CNQX, Sigma- -Aldrich ]Apan)—wexc used:.
APB is an agonist of the type 6 metabotropic glutamate receptor, and
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it blocks signal transmission between the photoreceptors and depolar
(izing or ON-bipolar cells. e LCNQX is an antagonist of the a-amino-3-
: isoxazolepropionic acid/kainic acid (AMPA/KA)
« class of ionotropic glitamate receptors and is known to block the light
‘responses of the hiyperpolatizing or OFF- bxpo]ar cells, horizontal cells,
and all third-order retinal neugons.'“ Thus, the combination of APB and
CNQX is expected to isolate the pliotoreceptor responses. We could
not use PDA,?" another type of antagonist of the AMPA/KA class of
ionotropic glutamate receptors, because PDA was not commercially,
‘available Intravitreal concentrations were 2 to 4 mM for APB and 0 2
to 0.4 mM for CNQX, assuming that the vitreous volume of the NZW
rabbit is 1.5 mL.? The drugs were dissolved in 0.05 mL saline
Recordings were begun approximately 60 to 90 minutes after the
drug injections, and studies were completed within 3 hours Although
the drug effects were reversible, we only used the rabbits that had not
been used fm any: prewom experiments.

Measurement of a-Waves

To. determine the photoreceptor and post-photoreceptoral contribu-

tions to the a-wave of the photopic ERGs quantitatively, we measured

the amplitude of the a-wave before and after drug administration. -
Before drug administration, the a-wave amplitude was measured from,
the baseline to the first negative trough; after it, the a-wave ampli-
wde 'was measured from the baseline to the potential at the time of
the a-wave pe'ik bei(m: the drug gs (Fig. 1A). Then the percentage cone

photoreceptor conmbl_mon was calculated by the expression (awave
amplitude after APB and C| NQX)/(a -wave amplitude before drugs) X 100 k
This method has been used to determine the degree of cone photorecep-

tor contribution to the awave.?

Statistical Analysis

Because the data were normally distributed, unpaired Student’s £tests
were used to determine whether the amplitude of the a-wave of WT
rabbits was significantly different from that of Tg rabbits. Differences
were considered to be significant when P < 0 05. '

807 ewram .
CWT 12M
501 xTgam
+Tg 12M
407 Freure 1. Photopic ERGs of WT
30 4 and rhodopsin P347L Tg rabbits. (A)
Method of measuring a-wave ampli-
20 tunde. The a-wave amplitude before
" drug administration was measured
10 1 from the baseline to the first negative
trough. (B) The a-wave amplitnde af
0= " J T " ter drug administration was mea-
02 07 12 17 22 i, N i
Stimulus strength (log cd-s/m?) spred from the b"l?e]mf: 0 the nega-
g : tive value at the time of the aswave
: D : - peak . before drug administration.

Representative . photopic  ERGs + re-
corded from WT and Tg rabbits at 4
and 12 months of age. ERG waveforms
to five different stimulus strengths of

% 0.2 to 2 2 log cds/m?® are shown (C)
Plots of the a-wave amplitude to five
0 different stimulus strengths. Results of’
W1 and Tg rabbits at 4 and 12 months
of age are shown. Bars indicate the
s 1 -owram SE of the means of five animals. (D)

:XV'TSM Plots ‘of the a-wave implicit times to
g Gy o - atd St e
+Tg12M five different stimulus strengths. - Re:

01— . . . . sults of WT and Tg rabbits at 4 and 12
02 07 12 17 22 months of age are shown. Bars indicate
Stimulus strength (log cd-s/m?) the SE of the means of five animals.
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ResuLrs

Photopic ERGs of WT and Tg Rabbits

chrescnmtivc photopic ERGs recorded from W and T'g rab-
bits at 4 and 12 months of .wc are shown in Figure 1B. The ERG
deu“m ms elicited bv five differen srlmulus strengths from:0.2

to 2.2 log cds/m? are shown. We found th it all the ERG
compunenls of Tg r: sively with in-

months of ;igc and even smaller at 12 months of ‘lge (hgs.‘ 1B;
1C). The implicit times of the photopic ERG a-wave were not
significantly different between the Tg and WT rabbits when

they were 4'months of age, but the T ¢ rabbits had severely
dd.lycd m)phut times whe ﬂlcv were 12 months of age
(Fig. 1D).

Effect of APB or CNQX Alone on Photopic
ERG a-Wave

To confim that the a-waves of the photopic ERG in 1abbits
originated: from’ the same neurons ‘as macaque moikeys, we
examined the effect of APBlor CNQX alone on-the a‘wave of
the photopic ERGs in WT and Tg rabbits when they were 4
months-of age (Fig. 2). We found that intravitreal injection of
APB did not alter the leading edgerof the photopic a-wave, and
the maximal a-wave amplitudes were nearly the same before
and after the APB injection for both W and Tg rabbits (Fig. 2,
upper trace). In- contrast, an ‘intravitreal injection  of CNQX
significantly changed the leading ‘edge of the a-wave, and the
maximal a-wave amplitude was significantly reduced in both
types of rabbits (Fig. 2, lower l’l‘ACC) These results were com-:
parable to the results i m primates® % and support the belief that
the photopic ERG a-wave ‘receives significant contributions
from - post-photoreceptoral neurons, - including - OFF-bipolar
cells and horizontal'cells in both ' WT and Tg rabbits:

Photopic ERG a-Wave in Transgenic Rabbits 1469
Amplitude Changes of Photopic ERG a-Wave after
Pharmacologic Drug Administration

We next examined the contribution of the cone photorecep-
tors to the photopic ERG a-wave at the time of the a-wave peak.
The black lines in Figure 3 show the photopic ERG a-waves
before drugs, and the color lines (bluc WT; red, " T'g) show the

ERG waveforms after intravitreal 1_n;u.non of a solution of
combined APB and CNQX (.c¢., the cone photoreceptor re-

sponse). The vertical dotted lines show the timing of the
awave pmks before drug administration. As reported in pni~
mates, > % the a-wave amplitude is greatly reduced after block-
ing all post-photoreceptoral neurons by ghutamate analogs.

Mean amplitudes of the a-wave before-and after drug ad-
ministration at the time of the awaw_ peak. (Fig. 1A), are
plotted in Figure 4. The a-wave amplitude decreased after
injection of both APB and CNQX ior all stxmulus strengths in
both WT and Tg rabbits.

Relative Contributions of Cone Photoreceptors to
Photopica-Wave ~

We next compared the relative contributions of the cone
photoreceptors with the photopic ERG a-wave for the two
types of rabbits. For this, we calculated the percentage contri-
bution of the cone photoreceptors; that s, we divided the
a-wave amplitude after APB+CNQX by-the a-wave amplitude
before drug administration (Fig. 5). We found that the percent-
age contribution of the cone photoreceptors became ‘greater
with increasing stimulus strengths in both WT and T'g rabbits,

whmh is consistent with the findings in normal macaque mon-
kcvs The percentage. contribution of the cone photorecep-
tors ranged from 32% to 51% in Tg rabbits, which was signif
icantly. smaller than that in W' rabbits at 54% to 75%, at 4
months of age (2 < 0.01; Fig. 5, left).

We also calculated these values when the animals were 12
months of age The percentage contribution of the cone pho-
toreceptors ranged from 11% to 48% in T'g rabbits, which was
also significantly smaller than that in WTrabbits at41% to 70%
(P < 0.05; Fig. 5, right). The percentage contribution of cone

WT Tg
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s
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FiGure 2 Representative  wave- O
forms of photopic ERG a-wave be- a 30+ 30 1 430 A 30
fore and after APB or CNQX alone in &)
W1 and Tg rabbits of 4 months of }
age. ERG waveforms to five different ’50’0 o » -50 ” > 50 50 . )
stimulus strengths of 0.2 to 2 2 log ‘ 10 2 0 10 20 o 10 20
cd-s/m? are superimposed. Time (ms) Time (ms) Time (ms) Time (ms)
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12 months ..

4 months

Stimulus. strength (LV)

' \AﬁerApB+cNdx et e e, D8

FrGure 3. Representative waveforms of photopic ERG a-wave before

(black) and after (blue-and red) intravitreal injection of combination of
APB and CNQX in WT and T ‘g rabbits at 4 and. 12 months. of age.’

Vertical dotted lines.

timing of the awave peaks before drug
administration. o .

photoreceptors  to. the photopic a-wave: in 12-month-old. Tg
rabbits was <<50% for all stimulus strengths.

Comparison of POStreceptoral Components

The smaller contributions of cone photoreceptors to 'the pho-
topic a-waves in Tg rabbits ‘can be explained- simply by a
decrease in cone photoreceptor responses caused by the phio-
toreceptor degenerations, which can be clearly seen in Figure
4. However, it can also be caused by ‘an incréase in’ neural
activities of the post-photoreceptoral neurons. To investigate
whether the latter explanation ‘was the cause, we calculated

WT (4 mohths) Te (4 months)
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TiGure 4. Plots of the a-wave amplitude before (black) and after
(b/l.'e and red) intravitreal injection of combmauon of APB and CNQX

in WT (Jejt) and Tg (11 'ghf) rabbits at 4 and 12 months of age. Bars
indicate the SE of the means of five animals.
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the amplitudes of . post-photoreceptoral components at the
time of the a-wave peak by subiracting the post-APB+CNQX
waveform from the predrug waveform. Results are plotted in
Figure 6. :

Althounh the mfmmal 1mphmdca of thc posl photorccc- D-
toral components were not significantly. different in WT and Tg
rabbits, the intensity amplitude function for the two types of
rabbits were different when they were 4 months of age (Fig. 6,
left). The amplitude of the post-photoreceptoral component .
was nearly saturated at lower stimulus strengths: of 0.7 to 1.2
log cd-s/m” in Tg rabbits. In contrast, this value. increased
gradually and reached maxims am amplitude at the highest stim-
ulus strength of 2.2 log cd-s/m” in WT rabbits. The amplitudes .
of the post-photoreceptoral components in Tg rabbits. were
significantly larger than those in \\7’1‘ rabbits at lower stimulus
strengths of 0.2 and 0.7 log ¢d- s/m> (P < 0. 05).

A similar tendency of the stimulus ‘;tlulgth-’lmphtudc lunc—
tions of WT and Tg rabbits was also scen when they were 12
months of age, but the overall amplitudes of post—phot orecep-
toral components of Tg rabbits were greatly reduced, probably
because of advanced retinal degeneration. These results indi-
cated that the smaller contribution of cone photoreceptors to
the photopic a-wave in young Tg rabbits occurred partially
because of the enhanced post-photoreceptoral responses at
lower stimulus strengths.
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Discussion

It is unknown whether the contributions of photoreceptors
and post-photoreceptoral neurons are altered in retinas with
progressive photoreceptor degeneration. Our present results
clearly demonstrated that the percentage contribution of the
cone photoreceptors to the photopic a-wave was significantly
lower in rhodopsin P347L Tg rabbits than in W rabbits over a
2 log unit range of stimulus strengths at both 4 and 12 months
01’ age. We found that especially in the retina of 12-month-old

I'g I‘Abbllb the percentage contribution of cone photoreceptor
to the photopic ERG a-wave was less than half, irrespective of
the stimulas strength (Fig. 5, right).

Our results showed that the effects of stimulus strength on
the cone photoreceptors and post-photoreceptoral contribu-
tions to the photopic a-wave of normal retinas were similar to
those in primates reported by Bush and Sieving.® They mea-
sured the degree of cone photoreceptor and: post-photorecep-
toral contribution to the-photopic a-wave at the time of the
a-wave peak in normal macaque monkeys before and after APB
and PDA. They did not report the exact percentage values, but
they showed® that it was relatively low at 55% at the lowest
stimulus strengths ‘and that it gradually mueased 1O a4 maxi-
mum of 92% at the highest stimulus strength. They interpreted
these findings that the post phot()rcuptomj contribution to
the photopic a-wave was primarily responsible for the initial
1to 1.5 log units of strength, whereas cone photoreceptor
contribution progressively dominated the photopic awave at
higher stimulus strengths. We also observed a similar pattern in
our W rabbits (Fig. 5), but the percentage contribution of
cone photorece ptor at the highest stimulus strength was
higher in macaque (92%) than in our WT rabbits (75%). This
difference might have been due to the difference in the type of
stimulus (200-ms long-flash stimuli in their study vs. xenon
brieflash stimuli in our study) or difference in species.

We found that the percentage contribution of cone photo-
receptors to the photopic a-wave in Tg rabbits was significantly
lower than in WT rabbits (Fig. 5). These results are reasonable
because the cone photoreceptor is gradually attenuated whereas
the middle and inner retinas are still well preserved in Tg rab-
bits.”*'? Additional analyses demonstrated that the smaller per-
centage contribution of cone photoreceptors in young Tg
rabbits can be explained, in part, by the enhancement of the
amplitudes of the post-photoreceptoral component, especially
at lower stimulus strengths (Fig 6, left). Such enhanced ampli-
rudes of the post-photoreceptoral component in ‘I'g rabbits
were no longer present at 12 months in Tg rabbits, probably
because of advanced retinal degeneration

We do not know the exact mechanism for the enhanced
amplitudes of the post-photoreceptoral components elicited
by weaker stimulus intensities in young ‘T'g rabbits This en-
hanced post-photoreceptoral response may be due to second-
ary functional changes in the OFE-bipolar/horizontal cells or
their synapses after progressive photoreceptor degenerations

Using computational molecular phenotyping, we have re-
cently shown that during the course of rod photoreceptor
degeneration, rod ON-bipolar cells switch their phenotype by
expressing ionotropic glatamate receptors (iGluRs).'” We also
found that the rod bipolar cells effectively lose rod contacts
and make ectopic cone contacts and express iGluRs.'” This
secondary retinal remodeling may comributc to the enhanced
post-photoreceptoral responses in our Tg rabbits. Similarly,
detailed ERG studies in rhodopsin ])34/1. Ig pigs and rabbits
have demonstrated that the electrical activities of the cone
ON-pathway were also enhanced at a relatively carly stage of
retinal degeneration.*®?® 1n addition, an increase in the ERG
responses from the inner retina (e.g, scotopic threshold re-
sponse) was also reported in the retina of the aged Royal
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‘ollq,c ol Surgeons rat, a rodent model of retinal degenera-
tum 2

~ Taken together, inherited retinal diseases associated with
progressive photoreceptor degeneration may lead to different
types of functional changes in the post-photoreceptoral retinal
circuits, including the ON- and OFF pathways, during a rela-
tively early stage of retinal degeneration.

We believe our results have important clinical implications.
The a-wave of the photopic ERG is believed to-be shaped
primarily. by clectrical activities of cone photoreceptors in
patients. However, the results of this: study suggest that the
cone photoreceptor function may be overestimated when the
amplitude of the cone ERG a-wave is used as an indicator of
residual cone photoreceptor functions in patients with pro-
gressive photoreceéptor degeneration ‘such as RP. Thus, whcn
the standard stimulus strength (3.0 cd- s/m = (.48 log c¢d- s/m? )
recommended by lhc ]mu:mhonal Society of € Jlinical Electro-
physi slogy of \qsu)n was used, u)mu]muom of the cone
photoreceptors to the phmopn, awave was only 34% at the
time of the a-wave peak, and the othu 66% originated from
post pholomccptmal neurons (Fig. 5, left). Our results suggest
that the lower contribution of the cones to the a-waves of the
photopic ERGs must be considered in patients with RP.

There are limitations to this study. One was. that we as-
sessed the contribution of photoreceptors and post-photore-
ceptoral components ‘only ‘at the time of the a-wave peak
before the drugs: However, the peak time of the a-wave de-
pends on not only the stimulus strength but also on the pres-
ence of retinal dcgcnetdﬁon (Fig. 1D). In addition, the a-wave
can be truncated by the b-wave, To overcome this, we mea-
sured the a-wave amplitude at specific lunu before lhc b-wave
mtrusum (10.5 ms for 0.2 log cd s/m 9.5 ms for 0.7 k)n
cd-s/m>, 8.5 ms for 1.2 log cd- s/m 5 ms for 1.7 log cd-s/m?,
and 6.5 ms for 2.2 log cd-s/m™), A\’ld mkul‘ucd the percentage
cone photoreceptor contribution when the animals were 4
months of age. We found that the cone photoreceptor contribu-
tion still tended to be smaller in Tg rabbits than in WT rabbits, and
the differences were significant at the two fower stimulus strengths
(P < 0.01, Supplementary Fig. S1A, http//www iovs org/
lookup/suppl/doi:10.1167/i0vs.11-9006/-/DCSupplemental). We
also measured the a-wave amplitude at a single constant time of 7
ms and calculated the percentage cone photoreceptor contribu-
tion. Again, the cone photoreceptor contribution tended to be
smaller in Tg rabbits than in WT rabbits, but the difference v
significant only at the highest stimulus strength (Supplementary
Fig. S1B, http://www.iovs.org/lookup/suppl/doi: 10.1 167/iovs.11-
9006/+/DCSupplemental).

In summary, our results indicate that the relative contribu-
tion of cone photoreceptors to the photopic ERG a-wave is
smaller in retinas with inherited photoreceptor degeneration.
These results suggest that care must be taken in interpreting
the a-wave amplitudes of photopic ERGs in patients with pro-
gressive photoreceptor degeneration.
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