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Abstract

Purpose: To report a case of a ruptured eye with a suprachoroidal hemorrhage (SCH) in
which tissue plasminogen activator (tPA)-assisted vitrectomy was successful in
reconstructing the globe and restoring good vision.

Case: A 32-year-old man was struck on the right eye by a surfboard. His eye was ruptured
and his visual acuity decreased to hand movements. Surgery was immediately performed to
successfully close the ruptured globe. Nine days later, a second surgery was performed, and
tPA (25 ug/0.1 ml monteplase) was used to liquefy and drain the SCH. This freed enough
vitreous space for a more comprehensive vitrectomy. Eighteen months after the injury, the
retina remained attached, and the decimal best-corrected visual acuity improved to 0.8.
Conclusion: tPA was helpful in lysing a massive SCH, thereby contributing to the excellent
visual outcome. tPA-assisted drainage should be considered in cases of massive SCH when
drainage is difficult due to an incomplete lysis of the clot.

Introduction

A suprachoroidal hemorrhage (SCH) in eyes with a ruptured globe is one of the
causes of poor visual prognosis especially when it is massive and involves the macula
{1, Z2]. The SCH is generally drained one to two weeks after the injury when the clot has
lysed. A freely moving blood clot in the suprachoroidal space in the dynamic B-mode
ultrasonographic images indicates that SCH drainage can be accomplished during
intraocular surgery {2]. However, the entire clot does not dissipate simultaneously, and
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residual solid clots result in incomplete drainage and may hamper further procedures,
such as pars plana vitrectomy, for repairing a retinal detachment (RD).

Recently, successful drainage of a subretinal hemorrhage in eyes with age-related
maculopathy (AMD) during vitrectomy with the injection of tissue plasminogen
activator (tPA) has been obtained {3]. We present a patient with a ruptured globe with

a massive SCH where a tPA-assisted vitrectomy was successful in removing the SCH,
which allowed the reconstruction of the posterior pole of the eye to attain good visual

outcome.

Case Report

A 32-year-old man was struck on the right eye by a surfboard which ruptured the globe, and his
visual acuity was reduced to hand movement vision. Surgery was immediately performed to close the
open globe. Intraoperatively, a Y-shaped laceration was found between the lateral and inferior rectus
muscles approximately 15 mm posterior to the limbus (fig. 1). The lateral rectus muscle was
temporally disinserted, and the wound was closed with several interrupted 8-0 nylon sutures. The
muscle was sutured back to the site of the original insertion.

Postoperatively, a dense hyphema hampered the view of the fundus. Computed tomography
showed a massive suprachoroidal hemorrhage that occupied about 3 /4 of the vitreous cavity in the
nasal and superior space (fig. 1).

Nine days after the injury, a second surgery was performed with a choroidal tap, lensectomy, pars
plana vitrectomy, and an encircling scleral band. After lens aspiration, a 25-gauge irrigation cannula
was placed in the anterior chamber to control the intraocular pressure, and a posterior sclerotomy for
drainage was created 12 mm posterior to the limbus in the superior nasal quadrant. Because the firm
SCH clot did not permit easy drainage, tPA (25 ug/0.1 ml monteplase) was injected into the
suprachoroidal space (online suppl. video 1; see www.karger.com/doi/10.1159/000342136 for all
online suppl. videos) from sclerotomy site using a 27-gauge blunt needle. Sixty minutes later, several
smaller clots were extracted from the sclerotomy drainage site (online suppl. video 2), and the
vitreous cavity was larger and relatively clear. This permitted standard 3-port vitrectomy to be
performed. First, the vitreous hemorrhage was removed, and the clear view of the retina allowed us to
detect a RD. The retina was reattached by drainage of the subretinal fluid, and an encircling with
silicone band. Then a small amount of silicone oil was injected because part of the vitreous cavity was
still occupied by the reduced SCH (fig. 2). The residual SCH was gradually absorbed and was not
detected 34 days after the injury.

On day 70 after the injury, the silicone oil was removed but two days later the retina re-detached.
Additional vitrectomy with SF6 tamponade and intraocular lens suturing were performed on day 77
after the injury. Sixteen months after the injury, the retina was still attached and the visual acuity had
improved to 0.8 with a correction of -3.50 diopter lens (fig. 2).

Discussion

Our results showed that a two-step surgical strategy can lead to good visual
outcomes for open-globe injuries accompanied by a large SCH involving the macula.
The initial surgery is performed immediately to close the open eye, and after about two
weeks when the SCH is moveable, the second surgery is performed to treat the
posterior pathology {1, 2]. The time of the combined SCH drainage through the
sclerotomy and pars plana vitrectomy for secondary RD is critical. Incomplete lysis of
the clot may lead to difficulty in clearing the vitreous cavity to perform surgery on the
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retina, e.g, repairing a RD. Failure to obtain a clear view of the retina can also lead to
relative poor visual outcomes especially when the SCH is massive {1, Z].

At present, tPA-assisted drainage or displacement of subretinal hemorrhages in eyes
with AMD or retinal macroaneurysms is commonly performed. Animal experiments
have shown the efficacy of tPA in treating experimental SCHs [4], but thus far, only a
single case has been reported where tPA was used to assist in the drainage of a SCH [5].
The results of our case showed that injection of tPA into the SCH led to a lysis of the clot
that led to a smooth drainage of the SCH. Thus, we recommend that tPA be used in eyes
with a large SCH when drainage is difficult due to incomplete lysis of the clot.
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Fig. 1. Computed tomography (CT), B mode ultrasonography (B-mode echo), and a scheme showing
intraoperative findings of the primary surgery for an open-globe injury. a, b Coronal (a) and
transverse (b) images showing distorted right eye globe and orbital fracture. ¢ A Y-shaped wound can
be seen between the lateral and inferior rectus muscles and approximately 15 mm behind the limbus.
The lateral rectus muscle was temporally removed and sutured back to the original insertion site after
the wound was closed with several interrupted sutures by 8-0 nylon. d, e Coronal (d} and transverse
(e) CT images taken on day 4 after the primary surgery. f, g Horizontal (f) and vertical (g) sectioned
B-mode echo images taken 3 days after the primary surgery. Massive suprachoroidal hemorrhage
occupied about 3/4 of the vitreous cavity at the nasal and superior space.
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fig. 2. Computed tomography (CT) and fundus photograph after the second surgery. a, b Transversely
(a) and coronally (b) sectioned CT images taken 3 days after the second surgery showing that a clot
(arrowhead) has been reduced. Arrows indicate encircling band and asterisk indicates silicone oil
(5.0.). c Fundus photograph of the right eye taken 15 days after the second surgery showing attached
retina under S.0. tamponade and subretinal hemorrhage. Best-corrected visual acuity (BCVA) was
0.07. d, e Fundus photograph of the right eye taken 7 months after the second surgery showing
attached retina without any vitreous substitute. BCVA was 0.8.
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Abstract

Purpose: Peripheral cone dystrophy is a subgroup of cone dystrophy, and only 4 cases have
been reported. We present a patient with unilateral peripheral cone dysfunction and report
the functional changes determined by electrophysiological tests and ultrastructural changes
determined by spectral domain optical coherence tomography (SD-OCT).

Case: A 34-year-old woman complained of blurred vision in both eyes. Our examination
showed that her visual acuity was 0.05 OD and 0.2 OS. A relative afferent pupillary defect
was present in her right eye. The results of slit-lamp examination, ophthalmoscopy, and
fluorescein angiography were normal except for pallor of the right optic disc. SD-OCT
showed a diffuse thinning of the retina in the posterior pole of the right eye. A severe
constriction of the visual fields was found in both eyes but more in the right eye. The
photopic full-field electroretinograms (ERGs) were reduced in the right eye but normal in the
left eye. The multifocal ERGs were severely reduced throughout the visual field except in the
central area of the right eye. The multifocal ERGs from the left eye were normal. The pattern
visual evoked responses were within the normal range in both eyes. She had a 5-year history
of sniffing paint thinner.

Results: Although the visual dysfunction was initially suspected to be due to psychological
problems from the results of subjective tests, objective tests indicated a peripheral cone
dysfunction in the right eye. The pathophysiological mechanism and the relationship with
thinner sniffing were not determined.

Conclusions: Our findings indicate that peripheral cone dysfunction can occur unilaterally.
Electrophysiology and SD-OCT are valuable tests to perform to determine the pathogenesis
of unusual ocular findings objectively.
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Introduction

An inherited central cone dysfunction was named occult macular dystrophy (OMD)
or Miyake’s disease {1-3}, and the gene responsible for OMD has been identified [4]. In
OMD, only the central cone function is abnormal. There are also cases where only the
peripheral cone functions are abnormal while the central cone function is normal.
However, these cases are rare and only four cases of peripheral cone dysfunction have
been reported. In these cases, the rod function is normal over the entire retina {5, 6].
Kondo et al. [5] first described peripheral cone dystrophy, and they carefully analyzed
focal areas of the central retina in 3 patients with peripheral cone dystrophy. They
showed that the dysfunction of the cones was predominantly in the periphery and the
central area was relatively well preserved. Okuno et al. {6] reported an elderly man
with bilateral peripheral cone dystrophy, and the patient’s signs and symptoms had not
changed for over 50 years. Therefore they concluded that such condition in their case
was not a manifestation of an early stage of the more common type of cone dystrophy.

We present a patient with peripheral cone dysfunction but the abnormalities were
found in only one eye. In addition to the unilateral dystrophy, the patient had several
features that were different from previous cases of peripheral cone dystrophy.

Case Report

A 34-year-old Japanese woman complained of a gradually decrease of her vision in both eyes. She
visited a neighborhood eye clinic on December 2008, and the examination showed that her best-
corrected decimal visual acuity (BCVA) was 0.3 OD and 0.5 OS. A diagnosis was not made, and she was
not treated. Three months later she was referred to our clinic. She reported that she had noticed that
her right visual field had been constricted for 10 years. She did not complain of photopsia,
photophobia, night blindness, or color vision disturbances. She had a history of paint thinner sniffing
of more than 5 years. Our examination showed that her BCVA was 0.05 OD and 0.2 OS. The results of
slit-lamp biomicroscopy, ophthalmoscopy, and fluorescein angiography were normal except for right
optic disc pallor (fig. 1). Goldman and Humphrey visual field tests showed a concentric constriction of
the visual fields in both eyes but more severe in the right eye (fig. 1). A relative afferent pupillary
defect was present in the right eye. Brain magnetic resonance imaging showed no abnormalities.

The amplitudes of the full-field scotopic b-waves of the ERGs were reduced in both eyes (fig, 2),
and that of the mixed rod:cone ERGs were also reduced. The oscillatory potentials (OPs) and the
photopic cone ERGs were unrecordable in the right eye, i.e., less than the noise level (5 uV for OPs and
20 pV for the photopic cone ERGs), and the flicker ERGs were highly attenuated by approximately
95% of that of the right eye. The responses from the left eye were essentially normal except that the
amplitude of the scotopic rod ERGs was at the lower limit of the normal range.

The multifocal ERGs (mfERGs; fig. 2, online suppl. table 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000339129) were well preserved in the central retina but severely
reduced in the periphery of the right eye. These findings were in good accordance with the results of
perimetry. The mfERGs were well preserved in all areas of the left eye. The mfERGs from each
concentric ring were summed and analyzed. This showed that only the central responses were
preserved in the right eye, and no significant difference of the implicit time was found in the central
area between the two eyes. Pattern visual evoked response was within normal limits in both eyes (fig.
2).

Microstructural images of the fovea were obtained by the SD-OCT (0OCT4000, Cirrus HD-OCT, Carl

Zeiss Medic Inc., Dublin, Calif., USA). The 3D datasets were obtained using the raster scan protocol of M&
128 horizontal B-scan images, each composed of 512 axial scans. This raster scan protocol covered an Gz
area of 6 mm (horizontal) x 6 mm (vertical) x 1.7 mm (axial) with a horizontal pixel spacing of 11 pm @iﬁi

(6 mm/512) and a vertical pixel spacing of 47 ym (6 mm/128).
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High-quality images of 9 mm horizontal and 6 mm vertical scans were obtained using the HD 5-
line raster scan protocol of 5 B-scan images, each composed of 1,024 axial scans. Each B-scan was
aquired with 4-times oversampling and subsequent pixel profiling to obtain noise-reduced images.
This raster scan protocol examines the cross section of B-scans through the fovea with a horizontal
pixel spacing of 9 um (9 mm/1,024) and a vertical pixel spacing of 6 pm (6 mm/1,024).

Based on the HD 5-line raster scans in the horizontal and vertical orientation of both the right and
left eye, the outer nuclear layer (ONL) could be identified and its thickness determined. The thickness
of the ONL was defined as the vertical distance between the highly reflective line corresponding to the
external limiting membrane (ELM) and the midpoint of the transition from the highly reflective outer
plexiform layer (OPL) to the less reflective ONL. Manual thickness measurements were made at many
points on the central horizontal and vertical B-scan cross sections (online suppl. fig. 1) using the built-
in caliper tool. In addition, the images were analyzed with the help of an external mathematical
program to automatically detect the ONL boundaries and determine the layer thickness. The thickness
values have been averaged over segments of 1 mm length, corresponding to the popular EDTRS grid.

In general, the configuration and microstructure in the macula were normal in both eyes; the ELM,
the photoreceptor inner and outer segment (IS/0S) lines, and the foveal bulge were distinct in the SD-
OCT images in both eyes (fig. 1). However, comparisons of each layer between the two eyes showed a
diffuse thinning of the retina especially the ONL in the extramacular area of the right eye. Online
supplementary table 2 summarizes the quantitative results obtained from the manual and automated
thickness analysis.

Discussion

Peripheral cone dystrophy is a very rare clinical entity, and its clinical characteristics
have been presented in only two publications {5, 6]. The possibility of having patients
with peripheral cone dystrophy or patients with similar characteristics has been
discussed [7-10]. However, these authors did not compare the central and peripheral
cone function and also did not demonstrate that the rod system was functioning
normally across the retina.

Recent developments of the clinical techniques of evaluating retinal function in
localized areas, e.g., focal ERGs, mfERGs, and rod and cone perimetry, have allowed
assessments of central {1-3] or peripheral cone dysfunction [5, 6]. The etiology of the
findings of our case is unknown. Inherited diseases, vascular disease, systemic disease,
infection, inflammation, and an exposure to toxins were considered in the differential
diagnosis. Our case had a history of paint thinner sniffing, and thus the results of
subjective testing should be carefully interpreted. However, the electrophysiological
findings including full-field ERGs, mfERGs, and visual evoked potentials clearly showed
diffuse cone dysfunction except in the central area of only the right eye. On the other
hand,rod in the right eye, both rod and cone in the left eye, and optic nerve functioned
well in both eyes. Moreover microstructural analysis on the retina supports these
objective functional results. However, the severely decreased visual acuity and highly
constricted visual field in both eyes do not agree with our diagnosis of peripheral cone
dystrophy. These contradictory findings might be because our patient had psychogenic
disorders induced by thinner sniffing and the possibility of unilaterally pronounced
toxic effects cannot be denied [11]. But thinner sniffing has been reported to lead to
mainly optic neuropathy {12, 13] but the normal visual evoked potentials of our patient
indicated that this was not likely.

Another differential diagnosis of our case is acute zonal occult outer retinopathy
(AZOOR) which is a uni- or bilateral disease characterized by an acute zonal loss of
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outer retinal function with minimal ophthalmoscopic changes {14]. Recently, local
retinal microstructure assessed by Fourier-domain and spectral-domain optical
coherence tomography showed that the major OCT findings in this disease were the
selective absence or discontinuity of the IS/0S line and the cone outer segment tip
(COST) line in the retinal areas corresponding to the functional decrease {15, 16].
Defect of the IS/0S line and thinning of the ONL has been reported in AZOOR [17, 18].
In our case, the onset was not acute according to the patient’s description, but
otherwise the clinical manifestations are compatible to AZOOR clinical entity. However,
we believe that our case was not AZOOR because the IS/0S line appeared normal in the
area with severely reduced mfERGs in the right eye, and a unilateral, diffuse, peripheral,
cone-selective dysfunction in AZOOR has not been reported.

Microstructural analyses showed a selective thinning of the ONL with the outer
plexiform layer and IS/OS line intact. These findings are in good agreement with the
severe attenuation of the a-wave in photopic ERG and mfERG. This supports the idea of
a selective cone dysfunction.

Only five cases of unilateral cone dysfunction have been reported [19-22]. Two
cases from Sieving [19] had normal rod ERGs in both eyes but reduced cone ERGs in
only one eye. He reported abnormally prolonged b-wave when long-duration photopic
flashes were used, and these abnormalities were ascribed to the hyperpolarizing
bipolar and/or horizontal cells. In contrast, our subject had no measurable full-field
photopic ERGs. The other three cases, a 19-year-old woman reported by Zervas and
Smith {20}, a 53-year-old woman by Brigell and Celesia [21], and a 20-year-old woman
by Nomura et al. {22}, had unilateral severe cone dysfunction while the rod function
was intact in both eyes, which is similar with our case. But all three cases had an acute
onset and the 20-year-old woman demonstrated bull’s eye maculopathy three months
later. The two cases from Zervas and Smith, and Brigell and Celesia had good visual
acuity and ophthalmoscopically normal macula in the affected eye. Although
information about focal macular ERGs was not reported in these cases, the abnormal
full-field ERGs and preserved macular function appear similar to our case, except that
our case had severely reduced visual acuity.

Considering all of our findings, we conclude that our case had unilateral peripheral
cone dysfunction, and the findings are different from those of the more common cone
dystrophy as well as of the reported cases with peripheral cone dystrophy.
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Fig, 1. Fundus photographs, fluorescein angiograms, visual fields, and optical coherence tomographic
(OCT) images from our patient with unilateral peripheral cone dystrophy. a-d Fundus photographs
and fluorescein angiograms showing no abnormal findings. e-h OCT images from a 9-mm horizontal
scan of the right (e) and left (f) eyes and vertical scan in the right (g) and left (h) eyes. Note that the
outer nuclear layer is thinner in the right eye than that in the left eye in large areas of the retinal
except the fovea (inset). i-m Goldmann visual fields showing bilateral constriction of the visual fields
in both eyes but more severe in the right eye.
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Fig. 2. Full-field and multifocal electroretinograms (ERGs) recorded from our patient with unilateral
peripheral cone dystrophy. Full-field ERG showed that rod responses are symmetrical in both eyes,
but the responses of cone system are flat in the right eye while normal in the left eye. The multifocal

ERGs are severely attenuated in the peripheral retinal area while that from the central area is normal
in the right eye. The response density in the left eye was normal.
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Novel A Mutatxons in Enhanced SAcone S‘yndrome |

Dear Editor; ' : : : : o '
Enhanced S-cone syndrome ( ESCS) is a rare and unique. munai dys{rophy with apauem of auwsomal—recesxwe mhcnmnm 3 Pauems wnh ESCS
show night blindness and high sensitivity to shen*wavekngth light, because of the 2-fold increased number of shm»\x.avwicngth—ﬁcnsm\c cones
{8 cones) with absence of rods in the retina. Since the first discovery of mutations in the NR2E3 gene on chmmosome 15923 in patients with
ESCS.? >40 mutations have been rcpomd as causes of ESCS and allied diseases (Fig 1, avaﬂable online at http://aaojournal, (arfr}

In this Tetter, we report novel mutations in the NRZE3 gene that were discovered in 2 cases thh BESCS.

Cases are 2 Japanese patients who were reported previously.® Case | was a3 1-year-old man whose parents were cons‘mgumeous« His
vision was 0.7 in the right eye and 0.3 in the left eye. Funduscopy !‘GV(fdk:d retinal degeneration smmundmg the vascular arcade with cystic
changes in both macuhe (Fig 2, available online at hup Ilaaojournal org). Perimetry showed nng—shapcd scotoma and electrophysiology
showed unigue responses wrrcspondmg to ESCS (Figs 3~6, available online at hup: /[aaojournal.org). Durmn 23-year clinical f{)ﬂQqum
clumped pigmentation has appeared in the retinal degencration and lhb cystic chzmves in the fm vﬂ region have become dmbxguous (Fig
2). His latest vision was 0.5'in the nght eye and 0.3 in the left eye at age 53.

_ Genetic andlysxs revealed a novel nucleotide substitution (¢.151G>A) in exon 2 homozygously, 1esukmg ina nmcl missense mutation
(a glycine-to-arginine substitution) at amino acid position 51 (p.G51R; Fig 7; available online at hup:/aacjournal.org).

Case 2 was a 78-year-old woman.? Funduscopv showed diffuse mild retinal degeneration with no’ pigmentation in both e},es (Fig 8,
available online at hitp://aacjournal org). Optical coherence mmoamplw showed a subtle foveal schisis in the left eye, although the structure
of the retina including the outer nuclear layer in the mac,uhr area was relatively well maintained (Fig 8). After cataract surgery, her vision
improved to 0.3 in the right eye and 0.2 in the left.

Genetic analysis revealed compcmnd hemmzyoous mutations of ¢.142C>T {emn 2) and ¢31 1(3,;-,& (exon 3) rcsulsmvr inan
arginine-to-cysteine substitution at amino aud posmon 48 (p.R48C) and an drgmuw-w-qummme substitution at amino acid pcmuon 104
{p.R1040Q; Fig 7).

A daughter of case 2 who was asymptomatic and had normal fundus appuamnce showed oniv Lhe p.R48C mutatxcm heterozygously, that
indicaled she was an unaffected carrier relative (Fig 7). :

NR2E3 protein, a photoreceptot- ‘:pwzixc orphan nuclear 1wepmr phvs an importani tole in the development and differentiation of rods
and all ¢one classes. NR2E3 has 2 functionally important domains, namely, the DNA- bmdmg domain (DBD) and the ligand-binding
domain (Fig 1), Mutations within these ‘domains result in serious dysfunction of NR2E3 protein imdmg to abnormal pmu:ss of
development and differentiation of multipotent progenitor cells to rods and cones.

Genetic analysis revealed a homozygous mutation (p.G5IR) in case | and compound heterozyegous mutations of (p.R48C) and
{(p:R104Q) in case 2. Among these mutations, (p.G51R) and (p.R48C) are novel as causative mutations of ESCS.

The mutation (p.GS1R) found in case 1 vesides in the first zine finger of the DBD. and the compound heterozyeous mutations (pR48C
and p.R104Q). which were found in case 2 reside in the first and second zine fingers of the DBD. Because the zing fingers are necessary
for maintenance the structure of NR2E3 protein, these mutations in the zine fingers of NR2E3 result in phenotypes as ESCS (Fig 1)

Clinically, case 1 with a homozygous missense mutation (p.G5IR) showed typical features as ESCS, whereas case 2 with compound
heterozygous mutations (p.R48C and p.R104Q) showed mild retinal degencration and has kept some level of vision and construction of
the macula despite advanced age. In the past, the mutation (p.R104Q) has never been reported except in | case, which demonstrated the
normal structure and function of the macula with recordable rod electrophysiology.® These facts indicaie the mutation (p.R104Q) may be
correlated with the relatively mild ¢linical findings as ESCS

We identified 2 novel missense mutations (p.G51R and p R48C) as causm of BESCS. To our knowlu}% the finding of case 1 is the
longest-observed clinical case ever reported, and case 2 is the oldest case among all the pauems with ESCS so far reported.

Kazuxkr Kunivostr, MD,' Takaaki HA\'ASH! MD,” Hiroyuki Sakur amot0, MD,! Akira Nakao, MD,!

Takasut Sato, MD,' Tomouiro Ursomi,? Hirosti Tsuneoka, MD,? YOsHIKAZU SHIMOMURA, MD!

"Deparmment of Ophilialmology, Iimiu University, Faculy of Medicine, Osaka, Japan; Deparment of Ophthalimology, The Jz‘kz’:i‘l_fniversily School
of Medicine, Tokyo. Japan : ;
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Figure 1. NR2E3 protcin struciure and mutations in cases presented in this lewter and reporied in past papers. Bold characters with no marks indicate
murations reported a5 7 cause of enhanced S-cone syndrome {ESCS). Red characters and arrow indicare homozysous missense mutation discovered in Case
T {p.G351R): Blue characrers and arrows indicate compound heterozygous missense mutations discovered i case 2 (p.R48C and pR104Q). p.GS1IR and
pPRASC are novel murations as cavses of ESCS. adRP = autosomal-dominant tetinitis pigmentosa; arRP = aurosomal-recessive retinitis pigmentoss;
CPRI = clumped pigmentary retinal degeneration; DBD = DNA-binding domain; del = deletion muration; fs = frame shift of amino acids; LBD =
ligand-binding domain. :
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Figure 3. Resulis of Guddmann perimetry {GP) and flash electroretinography (ERG). In case 1, retinal sensitiviey decreased and amplitude of ERG was

attenuated doring the 2-decade follow-up. I case 2, the visual ficld and the ERG findings were ainuained refavively well in spire of her great age. This
Figure was made with modification of Figures 2, 3, and 8 in Saro eral® with permission.

Figure 2. Resulis of fundus phorography, fluoreseein fundus angiography (FA) and opiical coherence womography (OCT) in case 1 At the initial visit
(April 1989), cystic changes were observed in the foven that became ambizuous 2 decades Tavers vision, however, did notimprove. This figure was made
with modification of Figures 1 and 8 in Saro ot al with permission: i : :
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Figure 4. [aternavional bc)mu;y for Clinical Electrophysiclogy nf Vision (iSCF\’) standard clectroretinography (ERGs) mw,zt:s Th:, 2 cases showed
nontecordable rod responses and significantly prolonged flash ERGs. Flicker ERGs derived from the middle- and long-wavelength-sensitive (M- and L)
cone systems were attenuated in these cases. These ﬁndmm were consistent with enhanced S-cone syndrome. This figure was made with mmhﬁcatmn of
Figure 4 in Sato et al® with permission.
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qurs: 5. (mlmr elee tmnumcmp hy (ERGs) images, The ERCJ\ were xccmrded wsing 3-colored LED- t\mh»m eicctmjc (Kuniyoshi et W Doc Opbﬁmlmal
2003:106:31 1-8). The ERGs were elicited by 3 kinds of stimulus, namely, blue, green, and red light under the yellow lmtkﬁmun light. iummanec of the
yellow bac vrmmd fight was 670 ed/m? and duration of the stimulus was 2 milliseconds: The ERG waveforny elicited by blue simnlus in the normal subject
showed doublepeaked, mmcis rapid bewave, which was derived from the L- and M-cone systems (L, M) followed by slow b-wave derived from the S-cone
system (8. In cases 1 and 2, large brwave with slow peak rime was recorded with Hm photostinularion; whereas no response was recorded sith groen

- andd red photo stimulic The intensity of the color stimulus was decided 1o chcn the rapid bow: ave (L, M) with a}masx lhc same ﬂmphmdu asin the pormal
subjecr. This Figire was madc with modification of Fxgme 5 in Sato cral® with permission.
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Figure 6. Results of Goldmann-Weekers dark adaprometry. Lower ling indicates averaged value and its standard deviation resulted from normal controls.
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Figure 7. Resuls of [ sequencing of the NR2E3 sene in cases fmd 2 ( cft) thL Piﬁiﬂric of case 2, aﬂd fundus ;zhemvmpha of the aw’htcr of case
2 {right). Mutavion analys ihed 4 novel ho 5 S in the f\»hmdmg domain fDBD} in NR2E3
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