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(Tl RPM1) is specxf cally expressed in retinal ON bipolar cells and
; onchannels. In addition, this and ‘other groups have reported that
khuman TRPM mutatlons are associated WIth the complete form of congenital statxonary night blindness. The purpose of -
he current. study isto mvestlgate whether there are autoantlbodles against TRPM1'in the sera of PR patients exhibiting ON ‘

~Methadology/Prmc1pal F/ndlngs. We performed Western blot analySIS to identify an- autoantrbody agalnst TRPM1 in the
serum of :a patient with lung CAR. The electroretmograms of this patient. showed a severely reduced -ON response with
‘normal OFF response, mdlcatlng that the defect is in the signal transmission between photoreceptors and ON bipolar cells.
ra of 26 Ppatients with MAR:for autoantibodies against TRPM1 because MAR patients are known
to exhlblt retlnal ON brpolar cell dysfunctlon Two of the patlents were found to have autoantibodies against TRPM1 in their

» Conclus:an/Slgnlf“ cance. Our study reveals TRPM1 to be one of the autoantigens targeted by autoantxbodres in at least
- some pattents W|th CAR or. MAR assocnated wrth retmal ON bipolar cell dysfunction.
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Introduction

Paraneoplastic retinopathy (PR) is a progressive retinal disorder
caused by an autoimmune mechanism and is associated with the
presence of anti-retinal antdbodies in the serum generated against
neoplasms not associated with the eye [1-4]. The retinopathy can
develop either before or after the diagnosis of a neoplasm. Patients

.@ PLoS ONE | www.plosone.org

with PR can have night blindness, photopsia, ring scotoma,
attenuated retinal arteriole, and abnormal electroretinograms
(ERGs). The diagnosis of PR is usually made by the identification
of neoplasms and ant-retinal antoantibodies in the sera.

PR includes two subgroups: cancer-associated retinopathy (CAR)
[5,6] and melanoma-associated retinopathy (MAR) [7-10]. Although
CAR and MAR share similar clinical symptoms, the ERG findings
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are very different.. Both a- and bewaves are severely attenuated in .

CAR, mdlcaung extensive photoreceptor dysﬁamuon whereas only

the b-wave is severely reduced while the a-wave is normal in MAR,
suggesting bipolar cell dysfuncnon [8,9]. However, it was recently
reported that cancers other than melanoma can cause bipolar cell

dysfunction [11,12]. Several autoantibodies against retinal antigens

have been identified, but a specific antigen associated with bipolar

cells has not been idendfied in patents with CAR and MAR [1-10]: .-

In the current study, we identified autoanubodles against the .

transient receptor potential cation channel, subfamily M, imember 1
(TRPM]1) [13-15] in the serum of one patient with lung cancer. The

ERG findings in this patient indicated a selective ON blpolar cell ..

dysfuncuon We also investigated the sera of 26 MAR patientsiand. .. : .

found that two contained autoantibodies. against TRPMI. Our.

results suggest that TRPMI is one of the retinal autoantigens-in at . -

least some patients with CAR or MAR. and may cause retinal ON. = .

bipolar cell dysfunction.

Results

Case report of CAR assocaated wnth ON blpolar cell
dysfunction

A 69-year-old man visited the Nagoya University Hospital with :\V

complaints of blurred vision, photopsxa and night blindness in both:

eyes of three months duration. At this pomt he was not dlagnosed; :
as suffering from any eye disease or systemic disease, including : a. .
malignant tumor, and his family history rev sealed no other P,

members suffering from any eye diseases. On initial exammauon, L

his best-corrected visual acuity was 0.9 in the right eye and 0.6 in
the left eye. Humphrey static perimetry revealed a severe decrease
in sensitivity within the central 30 degrees of the visual field in both

eyes (Fig. 1A). Dark-adaptometry of this patient showed a: loss of .

the rod branch. The cone threshold was within normal rang

Ophthalmoscopy showed a nearly ‘normal  fundus ‘appearance
except for slight hypopigmentation at the macula of the left eye,
which may be due to age-related changes in the retinal pigment

epithelium (Fig. 1B), but fluorescein angiography demonstrated
periphlebitis of the retinal vessels (arrows, Fig. 1C). Speciral-

domain optical coherence tomography (SD—OCT) showed that the

morphology of the retina was normal in both eyes (Fig. 1D).

Electrophysiological examinations

Recordings of the full-field ERGs from this patient showed that the
rod responses were undetectable (Fig. 2). The rod- and cone-mixed
maximal response was a negative-type with an a-wave of normal
amplitude and a b-wave that was smaller than the a-wave. The a-
wave of the cone response had a wide trough, and the b-wave was:

reduced by 40%. The amplitude of the 30-Hz flicker ERG was™
reduced by 50%. The photopic long-flash ERG showed severely
reduced . ON response and normal. OFF response. These ERG -

findings indicated that there wasa defect in the signal transmission

from photoreceptors to ON bipolar cells both in both rod and cone

pathways.

Based on these ophthalmological and electrophysiological tests,
we suspected that this patient might have PR and referred him to an
internist. The general physical examination including positron
emission tomography and computed tomography revealed two
abnormal masses in the right lung. Biopsy of these masses confirmed
that the masses were small cell carcinomas of the lung.

Detection of autoantibodies against TRPM1 in the serum
of the CAR patient

Based on our ERG examination results, we hypothesized that
the serum of this CAR patient may contain autoantibodies against

@. PLoS ONE | www.plosone.org

o Figure 1. Ophthalmological findings from a patient with
‘ paraneoplastic retinopathy (PR) associated with lung cancer.

(A) Threshold of static visual field (Humphrey, 30-2 program) plotted on
a gray scale showing severely decreased sensitivities within the central -
30 degrees of the visual field. (B) Fundus photographs of the patient
showing a nearly normal fundus. (C) Fluorescein angiograms showing
periphlebitis of the retinal vessels (arrows). (D) Spectral-domain optical
coherence tomographic (SD-OCT) image of a 9 mm horizontal scan of
the retina of our patient. The retinal structure in each retinal layer is
normal.

doi:10.1371/journal.pone.0019911.g001

TRPMI. To test this hypothesis, we examined whether or not this -
CAR patient’s serum could recognize human TRPMI protein by -

* Western blot analysis. We transfected an expression plasmid -

containing human TRPMI ¢DNA with the C-terminal 3xFlag-tag -
(TRPM1- 3xFlag) into HEK293T cells, and carried out a Western
blot analysis using whole cell extracts harvested after 48 hrs cell |
growth. We first confirmed that TRPM1-3xFlag was expressed by
cell using Western blot analysis and an anti-Flag antibody. We
detected the ~200 kDa TRPM1-3xFlag band in the cell lysates
(Fig. 3A).

Next, we performed Western blot analysis on the same lysates..
using the serum from our GAR patient and a healthy control
person. We detected immunostaining of the same size protein,
which was confirmed with the anthlag antibody, and with CAR
serum. The control serum did not present a significant band
(Fig. 3B, C). This result showed the presence of autoantibodies.
against TRPMI1 in this CAR patient’s serum.

May 2011 | Volume 6 | Issue. 5 | €19911



Normal CAR

Rod response

>

b~wave

Cone-rod mixed
maximum response

a

a-wave

Oscillatory potentials

b-wave

Cone response

30-Hz flicker
response

Photopic
long-flash ERG

Autoantibodies against TRPM1 in CAR and MAR

50 ms

were also elicited by long-duratlon ﬂas .
doi:10.1371/journal.pone.0019911 9002

To examine whether the serum ffém the CAR péﬁeht fééogﬁiieﬂ E

retinal bipolar cells, we carried out an immunohistochemical
analysis - .on. monkey . and - mouse - retinas. - We' first - performed
1mmunoh1stochemlstry on the retina of a 3-year-old rhesus monkey

(Magaca mulata) and on ‘the retina of a one-month-old C57/B6

mouse using the serum of the CAR patient, | however, we did not
obtain a sxgmhcant staining signal above background (data not
shown). We then concenwated the serum by IgG purification
followed by filter spin column centrifugation and performed

immunohistochemistry on the monkey retina using the concentrat-

ed serum (Fig. 3D-G). We observed a'significant immunolabeling
on the INL in'the monkey rétina (Fig. 3D, F) whereas the normal
serum did not give a significant labeling (Fig. 3E, G). The antibodies

nnmuolabe.led both the bipolar side and amaciine side of thé INL.

Since most of the cells residing on the outer side of the INL are ON
bipolar cells, at least sommie of the stained cells are ON bipolar cells. It
should be noted soine of the staining sxgnals showa spotted pattern
in the outer plexiform’ layer (Fig. 3F) as is observed in TRPM1 or
mGluR6 i nnmunostammg on the mouse retina [13], suggesung that

the CAR; patient serum recognizes the bipolar dendritic tips where

some of the TRPM1 protein localizes.

.@ PLoS ONE | www.plosone.org

p‘ass f Iter of 50-1000. Hz. The cone !esponse and a 30 Hz flicker response
vely, on a biue background of 30 cd/m ‘Photopic Iong~ﬁash ERG responses
cked array of white LEDs' of 200 cd/m ona whlte background of 30 cd/m

Western blot analysis of the sera from MAR patients
Since the functional defect in the retina of MAR patients is

“known to be due to abnormal ‘signal transmission between

photoreceptors and ON bipolar ¢ cells [8,9], we theén investigated
whether or not autoantibodies to TRPMI were also present in the
sera of MAR patients. We obtained:the sera of 26 MAR patients
from two hospitals in Japan (Chiba University Hospital and Iwate
Medical University Hospital) and Ocular Immunology Laboratory
in the USA (Casey Eye Institute). We found that the sera from
patients #8 and #23 exhibited a significant immunoreactive band
against TRPM1-transfected cell lysates by Western blot analysis
(Fig. 4A and B). The control serum showed no significant immune
response against the TRPMI1-transfected cell lysates (Fig. 3C).
These results suggest that the sera from some MAR patients
contain autoantibodies against TRPMI1. Due to the limited
volume of sera from the MAR patients, we could not try
immunostaining on the monkey or the mouse retina using the
serum from the patients #8 and #23.

MAR patient 78, was a 76-year-old man with a history of skin
melanoma. He had ring scotomas and abnormal ERGs indicating
that he had MAR. The other patient, MAR #23, was a 57-year-
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Figure 3. Immunostammg and Western blot analysls of human TRPM‘I usmg serum from the CAR patient. (A-C) Immunoblots. of the
transfected cell lysates using an antibody against Flag tag (A), serum from CAR patient (B), and control serum (C). Arrowheads indicate the. TRP M1-,
3xFlag protein bands, HEK293T cells were transfected with the’ pCAGGS or pCAGGSH -human TRPM1-3xFlag- plasmid, and cells were harvested after
48 hrs. B-actin (B-act) was used for a loading control. (D-G) Confocal images of a three-year—old thesus monkey retina lmmunostalned ‘with the

concentrated serum from the CAR patient (D, F) or the concentrated normal serum (E, G). Cell nuclei ‘are vnsuahzed wnh DAPI. CAR patlent semm ‘

presented signals.on INL cells:and:the inner part -of the' OPL: (D F). Scale bar- —50 um in (E) and. 20 um in(G).

doi:10.1371/journal.pone.0019911 9003

old man with poor mght vision, abnormal scotoplc ER(‘s and
abnormal color vision, He had a history of skin melanoma and
thyrmd cancer. There was no other clinical mfonn.mon available
on these two patients because these sera were obtained from other
institutes several years hefore without detailed (‘hmcal information.

Discussion

PR, including MAR and CAR , presents visual disorders associated
with systemic cancer. Antibodies against retinal cells and protems
have been detected in the sera of patients with PR suggesting an

autoimmune basis for the etiology of the PR, The autoantlbodles

@ PLoS ONE | www.plosone.org

1dent1ﬁed 50 far mclude rhodopsm retmal transducm alpha and bem .
recoverin, S-arrmtm, _orenolase; carbomc anh) drase II, and heat .
shock protem -60_ which Teside: abundantly in. photoreceptors -
10,16]. MAR and CAR can cause -bipolar: cell dysfunction [7-12].
The results of the ERG [8, 9] and immunohistochemistry. [7] studies .
suggested that the main target of MAR are retinal ON bipolar cells in -
both the rod: and . cone pathways However,. autoa; nbodxes :
spe(nﬁcally reacting thh a blpolar cell antigen. had not been identified.
in the sera of patients with PR, including those thh CAR and MAR ;
In the current study, we identified autoantibodies ag,amst TRPMI a.
component of the ON blpolar cell transducuon channel neoauvely
regulated by Goat in the mGluR6 sm;nalmg pathway [18-1 5], in the

May.2011 | Volyme 6 | Issue 5 | e19911:



MAR #23

Figure 4. Western blot analysis of human TRPM1 using sera
from the MAR patients. (A, B) Immunoblots of the transfected cell
lysates using sera from MAR patient #8 (A):and MAR patient #23 (B).
HEK293T: cells were transfected with pCAGGS or pCAGGS-human
TRPM1-3xFlag plasmld and cells were harvested after 48 hrs. Arrow-
heads indicate the TRPM1-3xFlag protein bands ﬁ actm {B-act) was
used for a loading control.

doi:10.1371/journal.pone.0019911.g004

sera of one CAR patient and two MAR patients. The CAR patient
exhibited a dysfunction of ON bipolar cells, and to our knowledge,
this is the first report on an autoantibody against a bipolar cell antigen
in the serum of PR patients affecting the ON bipolar cell function.
Previously, we isolated a mouse TRPMI-L cDNA corresponding
to the human long form of TRPM]I, and found that the TRPM1-L
protein is developmentally localized at the tips of the ON bipolar
dendrites co-localizing with mGluR 6, but not on OFF bipolar cells
[13;14]. The TRPAI null mutant mouse completely loses the- ON
bipolar: cell photoresponses to light, indicating: that TRPM1 plays
a critical role in the synaptic transmission from photoreceptors ‘to

ON-bipolar cells [13,15]: In addition, we demonstrated using a'

CHO cell reconstitution system that TRPM]1-L is'a nonselective
cation channel which is negatively regulated by Goo downstream
of the mGluR6 signaling cascade in ON. bipolar. cells. [13].

Recently, four groups induding ours mdependently reported that
mutations of buman TRPMI are associated with the complete-type
of congenital stationary night blinidness (cCSNB), an inherited
human retinal disease [1 7—20] cCSNB isa non-progressive retinal
disease characterized by congenital night blindness with a
moderate decrease in visual acuity and myopia [21-24]. Previous
ERG studies have suggested that the defect in cCSNB patients lies
in the signal transmission from photoreceptors to ON bipolar cells
i both the rod and cone pathways [25-28]. We have identified
five different mutations in our three ¢CCSNB patients, and have
shown that these mutations lead to either abnormal TRPMI
protein production or mislocalization of the TRPM1 protein in
bipolar cell dendrites [17]. These results suggest that TRPMI
plays a critical role in mediating the photoresponses of ON bipolar
cells in humans as well. Based on these findings, we hypothesize
that the ectopic expression of TRPM1 in tumor cells of some CAR
and MAR patients may result in aberrant producton of
autoantibodies to TRPMI through B-lymphocytic responses

@ PLoS ONE | www.plosone.org
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[29-32]. These antibodies may react to the TRPMI1 protein in
retinal ON bipolar cells resulting in dysfunction of the TRPM!
transduction cation channel downstream of the mGluR6 signaling
cascade. However, we could not confirm whether TRPMI1 is
expressed in the tumor cells of the three PR patients examined in
this study [29] because tmor samples were not available.

Another question regarding the disease mechanisim underlying
PR is whether the binding of TRPMI autoantibody to bipolar cells
results in the cell death or dysfunction of bipolar cells. As far as we
examined the retinal structure of the CAR patient using a spectral
domain optical coherence tomography (SD-OCT) retinal imaging
device, the structure of the retinal bipolar cell layer appeared to be
well preserved even three months after the onset of symptoms
(Fig.1D). This suggests that the autoantibodies reacting to TRPM!1
cause dysfunction of the ON bipolar transduction pathway rather
than bipolar cell death. However, further studies are needed to
clarify the exact disease mechanism,

In the sera of MAR patients, several types of autoantibodies
against retinal proteins have been reported, including the 22 kDa
neuronal antigen GNBI, rhodopsin, S-arrestin, and aldolase-A and
-G [10,16,33,34]. We initially considered that TRPM1 might be a
major MAR target antigen, because TRPMI is exclusively
expressed in retinal ON bipolar cells. However, autoantibodies
against TRPMI1 were detected in only two out of 26 MAR.
patients’ sera (7.7%, Fig. 4A, B). We tested whether the sera of one
CAR patient and 26 MAR patients recognized human mGluR6,
which is specifically expressed in ON bipolar cells, however, none
of the sera exhibited a significant band in Western blot analysis
(data not shown). Thus, antigens other than TRPM1 or mGIluR6
may be involved in the pathogenesis of a large proportion of MAR.

Immunohistochemical analyses using the serum of the CAR
patient showed labeling in the inner nuclear layer and outer
plexiform layer of the adult rhesus monkey retina (Fig. 3D-G),
where the bipolar cell bodies and dendrites reside, respectively. This
immunostaining pattern is somewhat similar to our previous
immunostaining results on the mouse retina with specific antibody
against mouse TRPM1-L, which corresponds to the human TRPM1
long form [13]. Other labeling was also observed in the amacrine cells
and ganglion cells, The reason for the immunoreactivity with these
cells is uncertain, however, it may be due to the presence of other
autoantibodies against amacrine cell and ganglion cell antigens. Lu
et al. reported the presence of various different autoantibodies in the
serum of a single PR patient {10]. If this is the case, it may explain
why our CAR patient displayed severely reduced visual sensitivities in
the visual field tests (Fig. 1A) unlike cCSNB patients with TRPM1
mutations[17].

It should be noted that we did not confirm whether there are any
antoantibodies against TRPM1 in the sera of normal subjects by
using a large number of samples. However, this possibility is thought
to be low, because Shimazaki ¢ ol reported that the molecular
weights of the IgGs with observed anti-retinal reactivity in 92 normal
sera were smaller than 148 kDa, which is smaller than the TRPM1
molecular weight of ~200 kDa, although relatively high molecular
weight reactvity was not intensively investigated [35].

One limitation of the current study is that we could not obtain
detailed information on the two MAR patients, MAR #8 and #23,
associated with the TRPM1 autoantibody. We confirmed that these
two patients had skin melanomas accompanying the visual
disturbances, but could not obtain a more detailed clinical history-
or data on visual acuity, visual field, or ERGs because these sera were
sent from different hospitals several years ago. Thus, we do not know
whether these two MAR patients really had retinal ON bipolar cell
dysfunction. Further prospective studies of the TRPMI autoanti-
bodies in large numbers of MAR patients are needed.
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In conclusion, our study suggests that TRPM1 may be one of
the causative antigens responsible for PR associated with ON,

bipolar cell dysfunction.

Note added in proof

During the course of revision process of this: manuscript,.

Dhingra ¢ al. (J. Neurosci. 31, 3962-3967, 2011) independendy

reported the presence of autoantibodies against TRPM]1. in. two-

MAR patents. QOur. study reports. on autoantibodies against
TRPMI in CAR serum in addition to MAR sera.

Materials and Methods
Subjects

The Nagoya University Hospital Ethics Reuew Board ap-:

proved this study (approval ID 1131). Of the PR patients. that were
examined in the Nagoya University Hospital, one PR pauent with
lung cancer and ON bipolar cell dysfunction was studled in detail.
The examinations included routine ophthalmological and electro-

physiological tests. In addition, immunohistochemical and West?

ern blot analyses were performed using the seram of this palient,
The procedures used conformed to the tenets of the Declaration of
Helsinki of the World Medical Association. A’ written ‘informed
consent was obtained from the patient after he was _provided thh‘
sufficient information on the’ procedures to be used.

We also obtained sera of 26 patients with MAR from two
hospitals in Japan (Chiba University Hospital and Iwate Medical

University Hospital) and Ocular Immunology Laboratory in the

USA (Casey Eye Institute) for Western blot analysis.

Ophthalmologic examinations

The ophthalmologic examination included best-corrected visual

acuny biomicroscopy, ophthalmoscopy fundus photouraphy, fluo-
rescein angiography, static perimetry, and spectral-domam opucal
coherence tomography (SD-OCT). Static visual fields were obtained
with the Humphrey 30-2 program (Carl Zeiss, Dublin, USA), and the
results are shown in gray scale. SD-OCT was performed with 2 9-mm
horizontal scan through the midline with 50 averages (Spectralis
HRA+OCT; Heidelberg Engineering, Vista, CA).

Electroretmograms (ERG)

Full-fild ERGs were elicited with a Ganzfeld dome and
recorded with a Burian-Allen bipolar contact lens electrode. The
ground electrode was attached to the ipsilateral ear. .

After 30 minutes of dark—adaptanon a rod response was elicited
with a blue hght at an intensity of 5.2x107% cd-s/m?. A cone—rod
mixed maximum response was elicited by a white flash at an
intensity of 44.2 cd-s/m A cone response and a 30 Hz fhcker
response were elicited by a white stimulus of 4 cd-s/m” and

0.9 cd-s/m> S respecu\ ely, on a blue backoround of 30 cd/m>. :

Full-field cone ERGs were also elicited by lonq—durauon flashes of
100 ms using a densely packed array of white LEDs. The array

was positioned at the top of the Ganzfeld dome and covi rered by a
diffuser. The stimulus intensity and background illumination -

measured in the dome was 200 cd/m> and 30 cd/ m?, respecu\ ely.
Responses were amplified by 10K and the band pass was set to 0.3
to 1000 Hz. The data were digitized at 4. 3 kHz, and 5 to 20

References

1. Thirkill CE, FitzGerald P, Sergott RC, Roth AM, Tyler NK, et al. (1989) ‘

Cancer-associated retinopathy (CAR syndrome) with antibodies reacting with
retinal, optic-nerve, and cancer cells. N Engl | Med 321: 1589-1594.

2. Chan JW (2003) Paraneoplastic rcum)pdllne-s and optic neuropathies.. Surv.
Ophthalmol 48: 12-38. .

@ PLoS ONE | www.plosone.org.

Autoantibodies against TRPM1 in CAR and MAR

responses were averaged (Neuropack Nihonkohden, Tokyo,
Japan).

Immunohnstochemlstry :

For nnmunoh]stochemxstry, patient and normal sera (300 1)
were purified using the Melon Gel IgG purification kit according
to the manufacturer’s protocol (Pierce Biotechnology; Rockford,
IL) to remove IgM, and purified sera were " concentrated ‘by
Amicon Ultra 100 (Millipore,: MA). The rhesus monkey eye cup
was fixed with 4% paraformaldehyde in PBS for. 30 min at 4°C.

. The samples were cryoprotected with-30% sucrose in PBS and

embedded in OCT compound (Sakura Fmetechmcal Tokyo,
japan) These tissues were sliced with a Microm' HM.560 ryostat
microtome (Microm: Laborgerate GmbH, Walldorf Germany)
into 14 pm. Sections were: washed twice in' PBS: for 5 min,
permeabilized with'0.1% Triton-X100/PBS; then ~wash i
PBS 3 times for 5 min, and incubated with PB% contammo 4%
donkey serum for 1 hr to block samples. For the i immunoreaction,
the samples were incubated with a purified normal or CAR serum
(1:300) diluted in blocking buffer at 4°C overnight. After PBS-
washing, these samples were  incubated with:a DyLight-488
conjugated donkey anti-human IgG (H+L) (1 4()0) as a secondary
antibody (Jackson Immunoresearch Laboratories) at room tem-
perature for 1 hr and washed with PBS.

Transfectlon and Westem blot analyses

HEK293T cells were cultured in D-MEM containing 10% fetal
bovine serum (FBS; Nissui, Tokyo, Japan). These cells were grown
under 5% carbon dioxide at 37°C. The calcium phosphate,
method was used to transfect. the cells.. Transfected cells: were
incubated at 37°C for 48 hrs, and then harvested for further
analysis. ‘The proteins extracted from the cells. were separated by-
SDS-PAGE on a 7.5% precast gel (ATTO;. Tokyo, Japan), and
then transferred to. a poly\anyhdene difluoride: membrane  using':
the Invitrogen iBlot system (Invitrogen, Carlsbad, CA, USA). The
membrane ‘was ‘incubated with primary antibodies, mouse anti-
Flag (1:1,000;: Sigma, St Louis, MQ), sera from patients. (1:100),
normal human serum (1:100), or mouse ant-B-actin (1:5,000;:
Sigma). The membrane was then incubated: with a. horseradish.
peroxidase-conjugated goat  anti-mouse - IgG (1:10,000; Zymed
Laboratories; San: Francisco, CA). or donkey: anti-human-: IgG
(1:10,000; Jackson Immuno Research Laboratories, West: Grove,
PA) as secondary. antibodies. The. bands- were developed :using
Chemi-Lumi One L (Nacalai Tesque, Kyoto, Japan)
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However with focal stimulation, the direction of the
incidence beam becomes more important.
Evidence has been obtained that the directional sensi-

Focal macular electroretinograms (FMERGs) have been
used to assess the physiological condition of different
retinal neuronal cells including the photoreceptors in the
macular area (DeLint, Berendschot, & van Norren, 1998;
Kondo, Miyake, Horiguchi, Suzuki, and Tanikawa, 1998).
In most experimental and clinical studies, FMERGs have

been recorded, and the effects of the Stiles—Crawford
effect (SCE), a decrease in the luminous efficiency of light
entering the edge of the pupil, were not examined.

doi: 10.1167/12.3.6
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tivity of the cones to light stimuli is responsible for the
SCE (Alpern, 1986; Alpern, Kitahara, & Fielder 1987;
Alpern & Kitahara, 1983; Stiles & Crawford, 1933). The
SCE is generally determined by psychophysical tests
{Alpern, 1986; Alpern et al., 1987; Alpern & Kitahara,
1983; DeLint, Vos, Berendoschot, & van Norren, 1997),
and the subjects are required to actively participate in the
examination. Thus, high level of concentration and good
visual acuity are required to perform the tests.
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The SCE has been examined objectively in humans by
only a few investigators. DeLint et al. analyzed the SCE

by measuring the visual pigment density with different

incidences of the bleaching and reflected light (DeLint
et al., 1998). Birch et al. stimulated focal macular arcas
with a steady-state flickering light through a two-channel
Maxwellian-view optical system to elicit focal ERGs

{Birch, Sandberg, & Berson, 1982). They showed that -

the SCE could be demonstrated at the foveain normal
subjects. However, they isolated the b-waves by using
band-pass filters, and a separation of a-wave and d-wave
components was not possible. The FMERGs in our study
enabled us to isolate the a-, b-, and d-waves, and we were
able to analyze each component to. determine whether
cach showed the SCE effect.

We have developed an F'MERG system that is inte-
grated into a slit Jamp. that allowed us to stimulate the
retina with a spot of light at any incidence (Choshi,
Mat,sumoto, & Nakatsuka, 2003, Yamada, Matsumoto, &
Nakatsuka, 2006). This FMERG stimulating and record-
ing system prompted us to assess the SCE objectively with
long-duration stimuli. This system allowed the ERG
recordings to be performed under direct fundus observa-
tion, and ecach component of the FMERGs could be
analyzed separately.

Thus, the purpose of this study was to determine

whether the SCE . was present in the foveal area of

macaque monkeys. To accomplish this, we elicited
FMERGs from three macaque monkeys by light of
different incidences on the retina. We shall show that all
components of the FMERGs were affected by the SCE
with the d-wave least affected.

Animals

Focal macular ERGs (FMERGs) were recorded. from
3 eyes of 3 adult (ages 6, 6, and 8§ years) male macaque
monkeys (Macaca fuscata). All experimental and animal
care procedures adhered to the ARVO Statement for the
Use of Animals in Ophthalmic and Vision Research and
were approved by the Institutional Animal Care Commit-
tee of Oita University.

FMERG recordings

The monkeys were initially anesthetized by an intra-
muscular injection of a mixture of ketamine (7 mg/kg),
xylazine (0.6 mg/kg), and butorphanol tartrate (0.04 mg/kg)
and maintained on an infusion of the same proportions
of ketamine, xylazine, and butorphanol tartrate per hour.
The depth of the anesthesia was maintained at a level

Matsumoto et al. o 2

sufficient to inhibit the corneal reflex and eye movements.
The pupils were dilated with topical tropicamide (0.5%)
and phenylephrine hydrochloride (5%), and the cornea
was anesthetized with topical oxybuprocaine hydrochlor-

ide (0.4%). The non-stimulated eye was covered with an
‘opaque patch.

Photopic stimuli

An optical system was built to deliver focal stimuli to
the macula under direct fundus observation. The system
was designed so that the stimulus light passed through the
center of the pupil, i.e., on the visual axis, or through
different parts of the pupil from the temporal to nasal edge
in 0.5-mm steps. The light sources were from hyper-bright
light-emitting diodes (LEDs; NSPWS500BS, NICHIA,

Tokushima, Japan), and the stimuli .positioning unit was

a motorized helicoid stage (Sigma Koki, Saitama, Japan)
with a telescopic optical system mounted on the stage.
The stage moved the telescope so that the stimulating
beam entered the pupil from the temporal to nasal sides
across the visual axis in 0.5-mm steps. The movement of
the stage had an accuracy of 0.05 mm.

The fundus observation system was composed of a
near-infrared CCD camera (Hitachi, Japan) integrated on a
customized slit lamp microscope (Carl-Zeiss, Germany).
The position of the light spot on the macular area was
monitored during all of the recordings. The stimulus spot
was 5° in diameter. To examine the effects of the
wavelength of the stimulus on the SCE, red (Apax =
644 nm, half-amplitude bandwidth -of 634 to 655 nm,
TLRHI80P, TOSHIBA, Tokyo, Japan), amber (Apax =
590 nm, half-amplitude bandwidth of 585 to 596 nm,
TLYE260A, TOSHIBA, Tokyo, Japan), green (Jpax =
523 nm, half- amplitude bandwidth of 512 to 545 nm,
SLASSOECAT, ROHM, Kyoto, Japan), and blue (A =
470 nm, half-amplitude bandwidth of 460 to 482 nm,
NSPB500S, NICHIA, Tokushima, Jdpan) LEDs were used
to elicit the FMERGs.

The white light stimulus intensity was set to 38 cd/m”.
The spectral characteristics (bandwidth and A ,.) of the
LEDs used in this study were measured ‘with a spectral
colorimeter PR-650 "SpectraScan and -analyzed with
SpectraView software (Photorescarch, CA; USA).

To determine whether the ERGs were “focal, the
5° stimulus spot-was projected onto the optic nerve head,
and FMERGs were ¢licited by decreasing stimulus inten-
sitics. The FMERGSs recorded by the stimulus projected on
the optic nerve head hccanm non-recordable when the
intensity was <38 cd/m? indicating that this . stimulus
intensity would provide a focal response from the macula
with negligible effect of stray light (Choshi et al., 2003;
Yamada et al,, 2006). The intensity of each colox.cd light
stimulus was matched by neutral density filters to elicit
approximately the criteria amplitude of b-wave (1 V) as
clicited by the white stimulus whose luminance was
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Figure 1. Relationship between the angle of incidence of the light beam oni‘the focusing plane of the inverted retinal image. IF = :
distance, i.e., the axial length minus the ‘corneal thickness and anterior chamber depth ‘and K dxstance of the shmulus beam from the‘ .

vnsual axis in the ms plane in mllhmeters )

<38 cd/m The FMER(r waveforms were compuscd of

on-and off waves. The adjusted intensity elicited no ERGs'
when the stimulus spot was' p]O]ccted onto the optlc nerve

head.
A gold-foil blp()]dl contact lens (Mayo Nagoyd Tapan)
coupled with a mini-pan fundus lens was placed on the

cornea of the examined eye (Figure 1). This provided an-

inverted real image’ of the ocular fundus projected

approximately 3.5 mm in front of the contact lens unit.

The relationship between the angle of incidence of the
light beam on the focusing plane of the inverted retinal
image and that on'the retinal surface was calculated ‘as
shown ‘in Figure ‘1. When the light ‘beam fell ' on the

temporal side of the real image at an angle of 0, then the’

light beam will be projected from the nasal side onto
the .retinal surface ‘at an angle of 0,. The relationship
bctween @, and: Gb was calculated by

[tand), = C(tan()a)L . (1)

with 6, being: the angle of incidence on the retina, 0,

being the angle of incidence on the focusing plane of the

inverted retinal image, and-C being the lens magnification
constant. Thus; 0, was determined by the telescope angle
and C by the lens magnification constant (0.39).

The distance between the center of the pupil. and the

stimulus beam was measured as shown in Figure 1. The

J_ub—-fovcd dlstancc, 1F, was calculated by

IF = K/(raneb) | o | (2)

with K cqua] to the distance of the hght beam from the
visual axis in the iris plane, and IF equal to the distance of
the axial length with the subtraction of corneal thickness

and the anterior chamber depth. A correction for light-

transmission throuoh the ‘cornea and the lens was' not
done. The axial length, corneal thickness, and the anterior
chamber depth were measured By A-mode ultrasound
echography (Compuscan LT, Stortz, St Loms MO '
USA). ‘
The stimulus duration was 100 ms dnd thc stimulus
interval was 150 ms, and thus, the frequency of stim-
ulation was 4 Hz. This stimulus pattern of 100 ms on ‘and "
150 ms off was used fou cach wavdength stimulus. A
white light of 35 cd/m® for 15 min was used for light
adaptation before recording with each wavelength. We
believe that the off duration was long enough because the:
depolarization of the cone is much faster than 150 ms.

FMERG recordings and analyses

A bipolar contact lens electrode (Mayo, Nagoya, Japan).
was used to pick up the FMERGs. The ground electrode
was attached to the right ear lobe. After centering and
focusing the stimulus spot on the macula, the eye was
light adapted ‘with 35 cd/m?® for 15 min. Then, ' the
FMERGs were elicited by different stimulus  intensitics
and wavelengths. The responses were ‘amplified with a-
NeuropdckX bm’xmphﬁm (MEB—SSOO Nihon Kohden,
Tokyo), A/D converted at 16 bits (PCI:16/16UD, Contec,
Japan), and averaged by a customized signal processing
program (MTS, Japan). More than forty responses were
averaged, and the sampling rate was 10 kHz (every
0.1 ms). The responses were filtered from 0.5 to 200 Hz
with a hardwired band-pass filter. With this system, the
noise level with the electrode placed on the c01md and no
stimulus was less than 0.1 yV. ‘

The amplitude of the a-wave was measured from the
baseline to the trough of the a-wave, and the amplitude of
the b-wave was measured from the trough of the a-wave



Joumal of Vision (2012) 12(3):6, 1-7

a
[Angle]

Nasal
11.7°

Matsumoto et al. i T |

7.8°

3.9°

Visual axis 0°

3.9°

7.8°

1.7°

Temporal

on o

1pv/div -

4901 b i

Relative amplitude (0.25/DIV)

100 ms

 d-wave
100

104.9 1058
x = 1019

823

35 23 12 0 12 23 35[K]

Figure 2. (a) Representative FMERGs elicited by white stimuli entering the pupil at different distances (ordinate) from the visual axis (0) for
up to 11.7 degrees. The amplitudes of the a- and b-waves of the FMERGs decrease with increasing distance from the visual axis. (b) The
amplitudes of the a-, b-, and d-waves were measured from ERGs such as those from the three monkeys, and the relative amplitudes are
plotted on the right. One division of the graph is equal to 25%. K represents the distance of the entrance beam to the visual axis in the iris
plane in ' millimeters; AD represents the mean angle of incidence in degrees of stimulus spot from the axis. The blue LED has a peak at
470 nmwith a half-amplitude bandwidth between 442 and 520 nm. The green LED has a peak at 523 nm with a half-amplitude bandwidth
petween 480 and 620 nm. The yellow-orange LED has a peak at 580 nm with a half-amplitude bandwidth between 470 and 620 nm. The
red LED has a peak at 644 nm with a half-amplitude bandwidth between 580 and 675 nm.

to the following positive peak (Figure 2). The amplitude
of the d-wave was measured from the trough just
pmcedmv the d-wave. to the positive ptak aftu the
stimulus offset.

All of the results are U(puss(,d as means T standard
deviations (V,SDs). The polynomial fit of the data was made
with the Excel program, ver. 12.0. The polynomial fit was
at order 2 for all data.

Thc dmp!nudcs of the a- and b-waves of the FMERGs
were largest when the stimulus beam entered the eye on
the msual axis (K =0 mm, retinal angular incidence =
() degree), and they decreased progressively as the stimulus
beam entered more eccentrically up to the edge of the pupil.
For cxamplc with white light, the average (n = 3) relative
amplitude of the a-wave at 11.7° was approximately one-half

of that at 0°. In the same way, the average (1 = 3).of the
relative amplitude of the b-wave at 11.7° was approximately
one-half of that at 0°. Similar changes were found for the
d-wave d]thouuh the degree of change (mduccd by 17.7 to
18.6%) was smaller (Flgme 2 and Supplementary Table 1).
With other wavelengths, the changes depended on. the
stimulus angle, but the relative amplitude of the d-wave
was not evident,

The relative amplitudes of the FMERGs eclicited by
different wavelengths with peak transmission at 470 nm,
524 nm, 590 nm, “and 644 nm are shown in. Figure 3. As
with the white stimuli, the amplitudes of the a- and b-waves
were largest when the light beam entered the pupil on
the visual axis and decreased with greater eccentricities.
However, the degree of the SCE was not significantly
affected by the wavckn gth of the stimuli (Figure 3).

When the relative amplitude difference was compared
between the b-wave and d-wave, significant differences
were found for each wavelength used. The relative
amplitude differences was calculated as the relative
amplitude by the stimulus at OK—that by the stimuluos at
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degrees of stlmulus spot from the axis.

3.5K (Supplementary Table 1). The relative amplitude
difference between maximal incidence stimuli and minimal
incidence' stimuli was significantly larger for the b-wave
than for the d-wave for all wavelengths (Supplementary
Table 1). Thus, the d-wave amplitude - at ‘the ‘maximal

stimulusincidence did not decrease as much as that of

the ‘b-wave ‘suggesting ‘that the SCE waq 1a1 gel for the
b-waves than for the d-waves.

Our results showed that the amplitudes of the a-wave
and b-waves of ‘the FMERGs were largest when the
stimulus beam entered the eye through the center of the
pupil and struck ‘the retina perpendicularly. The ampli-
tudes decreased progressively with increasing eccentric-
ities of the stimulus beam. This is comparable to the SCE
obtained psychophysically, and our results demonstrated
that the SCE can be measured objectively us,mg the
FMERGS to assess the response of the retina.

The SCE is based on the dbjllty of the photoreceptors to
absorb photons pdssmg through the outer segments, and
the chances of a photon striking a photopigment increase
when the beam passes perpendicularly through the entire
extent of the outer segments. This explains why the
FMERGS are largest when the stimulating becun entcled‘
the eye along the visual axis.

More than 25 years earlier, Birch et al. (1982) showed
that the SCE can be demonstrated in the focal ERGs
elicited by flickering stimuli obtained from a two-channel
Maxwellian-view optical system. Our results confirmed
1hul fmdmgb and also. p1;0v1ded new. information on ihe,
: ferent components of 5
the influence of the wavelengl‘h of snmu]atmg light.

Our data showed a drop-off in amplitude of the
FMERGs when elicited by stimuli entering the edge of
the pupil was approximately 50% whereas it was reported
that the' decrease of sensitivity was 1 log" unit psycho:
physically (Alpern & Kitahara, 1983) or by OCT (Gao,
Cense, Zhang, Jonnal, & Donald, 2008). The dlscrepancy '
between perimetry or OCT and the FMERGs is most’
likely due to methodological differences, i.e., the
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IFMERGs were elicited by suprathreshold stimulus inten-
sities from focal areas, whereas perimetry employs near
threshold stimuli. ‘
activated cells in the retina, whereas the psychophysical
threshold is determined by the activity of the most
sensitive cells. An- alternative explanation might be that
the differences were due to the differences in the species
studied.

The degree of the SCE was s similar for the a- and b-waves
but lower for the d-wave. The origin of each wave is
thought to be different. The a- and b-waves receive input
from postreceptoral cells including off bipolar cells
(Bush & Sieving, 1994) and from on blpoldl cell (Sieving,
Murayama, & Naarendorp, 1994), respectively. The d-wave
arises from the activity of both the photoreceptors and
inner retinal neurons (Sieving et al., 1994). -

The difference may be due to the distribution of the
different types of cones in the macular area (Yamamoto,
Gouras, & Lopez, 1995). Another and more likely
explanation is that the difference arises from the complex-
ity of the ERG responses with several ERG components
interacting. The d-waves of the full-field ERGs result from
an interaction of the cone photoreceptor recovery and on
bipolar offset and off bipolar cell depolarization. For focal
stimuli, the response might be complicated by the

- photopic negative response (PhNR), because the d-wave
is abolished by TTX treatment (Kurimoto et al., 2009;
Yamada et al., 2006). Further investigations must be done
to determine the reason for the different properties of the
d-waves.

Stiles (1937) showed that the SCE depended on the
wavelength of the light stimuli, and Alpern and Kitahara
(1983) demonstrated that the directional sensitivity
parameter (P) is dependent on the wavelength, namely,
P was high at short (400 nm) and long (700 nm)
wavelengths and lower at middle (550 nm) wavelengths.
Our methods were not sensitive enough to detect these
differences for the different wavelengths of the stimuli,
probably because the bandwidths of the stimuli were
relatively broad in our study. This was a limitation of the
FMERGs. We used 4 LEDs with different wavelength and
white light, while Alpern and Kitahara used 30 different
monochromatic stimuli. Although each LED provides
irradiance with relative steep peak, the relative broad
bandwidth in our study might reduce the sensitivity to
determine the difference depending on the stimulus

‘"avelemth Using shorter, e.g., 400 nm, and longer,
. 700 nm, wavelength stimuli might have increased
t,hc scnsmvny,

In conclusion, our results showed that the SCE can be
determined objectively by the FMERGs. They also
indicate that the SCE must be considered in interpreting
the results of clectrophysiological studies, particularly
when focal stimuli are used to assess the macular area.
Because the SCE is dependent on the passage of light
through the outer segments of the photoreceptors, the

The FMERGs sum the activity of all of

Matsumolo et al. : R

FMERGs can be used to examine the ‘alignment and
integrity of the photmeucptom of the f()\/(,d in different
types of macular dlscases
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Abstract The purpose of this study was to evaluate
the macular function by measuring the focal macular

electroretinograms (ERGs) recorded before and after

reduced fluence photodynamic therapy (RFPDT) in
patients with polypoidal - choroidal vasculopathy
(PCV). Eleven eyes of 11 patients with PCV were
studied. Their ages ranged from 62 to 85 years'with a
mean of 74.7 + 6.9 years. The exposure time for the

RFPDT was reduced to'42 s, so that the total energy of

the laser was -approximately one-half that of the

standard PDT. We measured the visual acuity, foveal
thickness, and focal macular ERGs before ‘and after

the RFPDT. The follow-up period ranged from 13 to
34 months with  a- mean-of 26 months after the
_ treatment. A significant recovery of vision was seen
even at 1 week after the RFPDT (P < 0.005), and

the visual acuities improved. gradually thereafter.

(P < 0.0005). The foveal thickness was significantly
reduced at 1 week after the treatment (P < 0.005) and

then continued to become significantly thinner with -
time (P < 0.0001). A slight recovery of the a- and -

b-wave amplitudes was seen postoperatively without a
transient reduction in the amplitudes. The b-wave

- amplitude was significantly larger at 3 months after . -
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the treatment than at baseline (P < 0.05). Choroidal
hypoperfusion did not develop 3 months postopera-
tively in the indocyanine green angiograms. Exudat‘ive‘k
changes recurred in 4 (27%) eyes after 1 year and in 9
(82%) eyes during the follow-up period. RFPDT
provided short-term benefits in selected patients with
PCV with small lesions. The macular function was
retained after RFPDT without a transient decrease in
visual function. Further study is needed to determine
the long-term efficacy of RFPDT for eyes with PCV.

Keywords Photodynamic therapy - Reduced
fluence - Electroretinogram (ERG) - Focal ERG -
Polypoidal choroidal vasculopathy (PCV)

Introduction

Polypoidal choroidal vasculopathy (PCV) is charac-

terized by an abnormal choroidal vascular network
with polypoidal dilatations of the choroidal vessels [1,

© 2]. PCV is the most prevalent subtype of age-related

macular degeneration (AMD) in Japan and other Asian
countries [3-5].

Photodynamic: therapy (PDT) has been shown to
have therapeutic benefit in patients with PCV espe-
cially in Japan [6, 7]. PDT is highly recommended in
cases with smaller lesions, and good visual outcomes
have been obtained after PDT [8]. ;

One of the unfavorable side effects of PDT
is a dysfunction of the macula associated with
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hypoperfusion of the choroids [9]: Ishikawa et al. [10]

evaluated the macular function by the focal macular
electroretinograms (ERGs) after PDT in patients with
AMD including those with PCV. The focal macular

ERGs were decreased at 1 week and 1 month after .
PDT. However, the focal responses recovered to the
baseline level after 3 months. They showed a signif-
icant correlation between the decrease in the focal

macular ERGs and choroidal hypoperfusron that
developed after PDT. Lai et al. also demonstrated a
transient reduction in the amplitudes of the multifocal
ERGs after PDT [11].

Michells et al. reported on the use of reduced fluence
PDT (RFPDT) in which the irradiation energy or
exposure time was reduced to one-half of the standard

energy for PDT [12]. They reported that RFPDT closed . . -

choroidal neovascularization (CNV) in patients with
age-related macular degeneration (AMD) without

appearing to disturb the choroidal circulation. Yamash-

itaetal. [13] treated patrents with PCV by. RFPDT and

reported good anatomlcal and visual outcomes after

1 year with an average of 1.3 treatments/year

_ The purpose of this study was to evaluate the mzicular ;
functlon followmg RFPDT in Japanese patients w1th :

PCV by measuring the foeJ macular ERGs. |

Methods

Subjects

Eleven eyes of' 11 patients (9 merr ande worrren) :wiyth;

PCV were studied. The patients were treated in the

Doc 0phthalmol:(2012) 124:91-98

~ Retinal Unit of the Iwate Medlcal Umversuy Hosp1ta1 ‘

and their ages ranged from 62 to 85 years with a
mean of 74.7 £+ 6.9 years. The clinical characteristics
of all patients are shown in Table 1. All patients

~received comprehenswe _ophthalmological exam-
"1nat10ns 1nc1ud1ng measurement of the Snellen
 visual acuity, indirect ophthalmoscopy, and slit-lamp

examination at every visit. In addition, color fundus;:
photographs fluorescein angiography (FAG), mdocy-
anine green angiography (ICGA), and optical coher-
ence tomography (OCT) were recorded The foveali"
membrane (ILM) to outer border of the RPE. When'
a retinal pigment epithelial detachment was present,
we measured from the ILM to Bruch’s membrane

instead of ‘the RPE. The follow-up. periods ranged:

from 13 to 34 months with a mean of 26 + 6.7
months.

. The diagnosis of PCV was made based on the
diagnostic criterion proposed by the Japanese research:
group of PCV. [14]. Patients with subretinal elevated
orange lesions or polypoidal structures in.the ICGA
images were defined as having PCV. The greatest
linear dimension (GLD) of the polypoidalstructures

nd vascular network was measured in all eyes. We
included patients with unilateral PCV whose GLD of
the vascular lesions was less than 4,000, um but moze:
than 2,000 pum. So most of the treated area overlapped
the retinal area from which the focal macular ERGs
were elicited (Fig. 1d): The GLD ranged from 2,340 to
3,975 pm with a mean of 2,886 -+ 528 ym.

.This research was conducted in accordance with
the Institutional Guldehnes of the Iwate Medical

Table 1 Characteristics of

- BCVA (IogMAR)

-Foveal thickness (um) Follow-up-

- Age  Gender - GLD
patients ————— - ' (months)
‘ Basel\irie‘ ~ 3 months Baselme 3 months ‘
62 M 3,113 - 0.60 0.60 . - 413 301 34:
265 oM 2744000 0700 0 030 0 360 - 185 30
70 M . 3975 100 . 080 2667 191 25
74 “Foo 3,479 090 -030 ¢ © 454 256 0 26
75 M ©2,340 - 030 016 287 178 20
76 M 102,653 0.80 0.70 443 287 30
e e 76 F 2,459 - 0.60 0.40 454 252 29
GLD greatest linear , - 1 : ; , ; .
dimension, BCVA best- ) ‘78; M ;‘2’588 0.16 0.20 447 347: M | 13:;
corrected visual acuity, - 79 M 3,375 090 0.90 - 575 : 307 - 30
MAR minimum angle of - 82 M 2,396 0.16 0.10 283 239 .18
resolution, M male, - M 2,620 0.60 0.30 400 290 34

F female
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Fig. 1 Representative case of polypoidal choroidal vasculop-
athy. Early-phase fluorescein angiogram is shown in a and late
phase in b. Indocyanine green angiograms at the early phase are
shown in ¢ and late phase in d. The pink circle has a diameter of

University, and the procedures conformed to the tenets
of the Declaration of Helsinki. An informed consent
was obtained from all subjects after a full explanation
of the nature of the experiments.

Reduced fluence photodynamic therapy (RFPDT)

We performed a single RFPDT with veteporfin
(Visdyne®) on all patients using standard parameters
except for the exposure time. Briefly, the patients were
given 6 mg of Visdyne®/meter” of body surface area
in 5% glucose dilution intravenously over a period of
10 min. Fifteen minutes after the start of the infusion,
the fundus was irradiated with a 689-nm diode laser at
an intensity of 600 mW. The exposure time was

the greatest linear dimension of the lesion (d). The blue circle
represents the area treated by reduced fluence photodynamic
therapy. The white circle represents the retinal area from which
the focal macular electroretinograms were elicited

reduced to 42 s, so that the total energy of the laser was
approximately 25 J/em® [12]. After the treatment, the
patients were instructed to avoid sunlight and to wear
sunglasses for 5 days.

Focal macular ERGs

Before the ERG recordings, the pupils were confirmed
to be maximally dilated to approximately 8 mm
diameter following a topical application of a mixture
of 0.5% tropicamide and 0.5% phenylephrine HCL.
The stimulus and observation system was integrated
into an infrared fundus camera (Mayo Co., Nagoya,
Japan). This system for recording focal macular ERGs
under direct observation was developed by Miyake

@ Springer
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Baseline '
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After RFPDT
0.12
1 week -
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Fig. 2 Opncal coherence tomographlc (OCT) 1mages and foc
macular electroretmograms (ERGs) of a representative ca

with polypoidal choroidal vasculopathy before the treatment

(baseline) and after reduced fluence photodynarmc therapy

et al. [15]. The stimulus spot was 15 degrees in
diameter and was placed on the macular area. During
the ERG recordings, the stimulus spot was monitored
so that it remained on the macular area. The white
stimulus and background lights were generated by
light-emitting diodes (LEDs) that had maximal spec-

tral emissions at 440460 nm and 550-580 nm. The
intensity of the stimulus was 165 cd/m? and that of the

background light was 6.9 cd/m?. The stimulus dura-
tion was 10 ms.

After the cornea was anesthetized with 4%
lidocaine HCL and 0.4% oxybuprocaine HCL, a
Burian-Allen bipolar contact lens electrode (Hansen
Ophthalmic Laboratories, lowa City, 1A) was inserted

into the conjunctival sac. A chlorided silver electrode

was placed on the left ear lobe as the ground electrode.
The responses were digitally band pass filtered from 5
to 500 Hz (Neuropack pu, MEB 9102, Nihonkoden,

@ Springer
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(RFPDT) The: OCT Jmages were obtained by horizontal scans
through- the macula: Note that there was no reduction in the
amplitudes of the focal macular ERGs after REPDT

Tokyo, Japan). Two to three hundred responses were
averaged at a stimulation rate of 5 Hz.

The a-wave amplitudes were measured from the
baseline to the trough of the first negative wave, and
the b-wave amplitudes from the first trough to the peak
of the following positive wave. The amplitudes and
implicit times were measured for each wave (Fig. 2).

Statistic analysis

The significance of the differences was determined by
the Student’s two-tailed ¢ tests for paired data.
Repeated measures ANOVA was used to determine
the statistical significance of the functional and
anatomical changes with time after RFPDT. In
addition, Tukey’s multiple comparison tests were
performed after the repeated measures ANOVA as
post hoc tests. Statistical significance was set at
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Fig. 3 Indocyanine green angiograms of a representative case
with polypoidal choroidal vasculopathy 3 months after reduced
fluence photodynamic therapy (RFPDT) are shown. Choroidal

P < 0.05. All of these analyses were performed with
the Prism 5.1 (GraphPad Software Inc., San Diego,
CA, USA).

Results
Representative case
The FAG findings in a representative case of PCV with

a window defect and dye leakage are shown in Fig. 1a
and b. The early phase of ICGA shows the polypoidal

structures (Fig. 1c, arrows), and the dye leakage and

staining at the late stage (Fig. 1d) suggesting the
existence of an abnormal vascular network. The GLD
of the polypoidal structures and staining area was
2,750 pm. RFPDT was applied with a spot size of
3,750 pm diameter which is marked by the blue line in
Fig. 1d. 3

At the baseline, a pigment epithelial detachment
(PED) with serous retinal detachment (SRD) involv-

ing the fovea was seen in the OCT image (Fig. 2). kk

Although there was no difference in the size and height
of the PED and SRD 1 week after the RFPDR, these
lesions gradually decreased with time accompanied by
a recovery of the visual acuity. Representative focal
macular ERGs recorded from the affected eye and
normal fellow eye are shown in the right column of
Fig. 2. At the baseline, the amplitudes of the a- and
b-waves were smaller with longer implicit times in the

hypoperfusion did not develop at either the early (a) or late
phase (b) after RFPDT

affected eye than that of the normal fellow eye. There
was no reduction in the amplitudes of these waves at
any time points after the treatment. The ERG
responses appeared to be larger at 3 months postop-
eratively than at the baseline.

A hypofluorescent area representing choroidal
hypoperfusion was not seen in the early and late
phases of ICGA recorded 3 months after the treatment
(Fig. 3a, b).

Changes in visual acuity and foveal thickness
after RFPDT

The best-corrected visual acuities in logarithm of the
minimum angle of resolution (logMAR) units
obtained from each patient at the baseline, 1 week,
and 1, 2 and 3 months following RFPDT are plotted in
Fig. 4a. A significant recovery of the visual acuities
was seen as early as 1 week after REFPDT (¢ test:
P < 0.005), and the visual acuities improved gradu-
ally with increasing postoperative time (repeated
measures ANOVA: P < 0.005). Significant differ-
ences were found after RFPDT at all time points from
the baseline visual acuity (Tukey’s multiple compar-
ison test, P < 0.05). The foveal thickness is plotted
for each patient at the baseline, 1 week, and 1 and
3 months following RFPDT in Fig. 4b. The foveal
thickness was significantly reduced at 1 week after
the RFPDT (z test: P < 0.005), and the fovea contin-
ued to become thinner with time (repeated measures

@ Springer
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, S s be
fluence hotodynanuc therapy (RFPDT) @).

foveal thickness measured by optic .coherence tomography

ANOVA: P < 0.0001). Multiple comparison demon-
strated that there were significant differences (P <

0.05) between each time point except between 1 and

3 months after RFPDT
Chénge's in focal macular ERGS after \RFPDT' ‘

The amplitudes of the a- and b-waves were signifi-
cantly reduced, and the implicit times were prolonged
at the baselme compared to the unaffected normal
fellow eyes (Figs. 5 and 6). The a- and b-wave
amplitudes did not change significantly after the
treatment. A slight recovery of the a-wave amplitudes
was seen postoperatively although the increase was
not significant (Fig. 5a). The b-waves also had a slight
recovery in the amplitude but the change was not

a-wave alﬁplitud,e (nvy »

After RFPDT

Fig. 5 Averaged amplitudes of the focal macular electroretin-
ograms (ERG) a- (a) and b-waves (b). Circles represent the eyes
affected by polypoidal choroidal vasculopathy before and after
reduced fluence photodynamic therapy (REPDT). Filled squares.

@) Springer
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repeated measure ANOVA

significant; however, at 3 months aftér the treatment,
the b-wave amplitude was significantly larger than that
at the baseline (Fig 5b, ttest: P < 0. 05) ,

The 1mphclt times of the a- and b-waves were
significantly prolonged in the diseased eyes compared
to the unaffected normal fellow eyes (Fig. 6a, b). No
recovery of the implicit times was seen for the a- and
b-waves postoperatively. A significant reduction in the
amplitude and increase in the implicit time were not
seen at any time point after the treatment.

Complications and recurrences of exudative
changes

A closure of the polypoidal structures was obsorVed by
ICGA in 8 eyes (73%) at 3 months after the REPDT.
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represent unaffected eyes of the patients. Error bars: mean % k
standard deviation. Asterisk tepresents significant difference
compared to the baseline (¢ test, P < 0.05) !



