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Purrose. To evaluate changes in macular functon in eves with polypoidal choroidal
vasculopathy (PCV) after intravitreal ranibizumab (IVR) treatment.

MrerHobps. Twenty-three eyes from 23 partients with treatment-naive subfoveal PCV received
three monthly injections of IVR, followed by as-needed injections. Visual acuity (VA); retinal
thickness (measured with optical coherence tomography): macular sensjtivity (measured
with microperimetrv); and focal macular electroretinograms (fmFRGs) were evaluated both
before the initiation of therapy and after 3 and 12 months.

Resvrrs. Before treatment. cystoid macular edema was observed in five eyes. serous retinal
detachments in 13 eyes, and serosanguinous pigment epithelial detachments in 18 eyes. [VR
treatment resulted in substantial morphological improvements and consequent marked
reductions in foveal thickness (P = 0.008). Although logarithm of the minimum angle of
resolution (logMAR) VA did not improve significantly over the 12-month study period (P =
0.623), the amplitude of the FMERG photopic negative response and macular sensitivity
within 4 had increased significantly at 3 months (P = 0.004, P = 0.0206, respectively). This
trend persisted until the end of the 12-month monitoring period. Among the eves with
preexisting serous retinal detachments. those in which the detachments had resolved
completely at 3 months also exhibited greater increases in fmERG a-wave amplitudes (P =
0.048).

Concrusions. IVR therapy resulted in morphological improvements and the partial recovery of
macular function in eyes with subfoveal PCV. This therapy may improve photoreceptor
function by resolving serous retinal detachments.

Keywords: polypoidal choroidal vasculopathy. electroretinography, age related macular

degeneration, microperimetry, ranibizumab

In eves with exudative AMD, intravitreal ranibizumab (IVR)
therapy often induces rapid regression of classic choroidal
neovascularization (CNV) and exudative changes, leading to
improved visual acuity (VA).!? However, there are reports that
IVR has limited effects on vascular lesions associated with
polypoidal choroidal vasculopathy (PCV).3® In a recent study
by Hikichi et al.. IVR therapyv achieved complete resolution of
any polypoidal lesions in only 40% of eves with PCV.>™ To date.
the ability of IVR therapy to improve visual function in eves
with PCV is still uncertain. Efficacy and Safety of Verteporfin
Added to Ranibizumab in the Treatment of Symptomatic
Macular Polypoidal Choroidal Vasculopathy (EVEREST;
NCT00674323) reports that eves with PCV gained an average
of 9.2 letters after 6 months of VR treatment.® Another recent
investigation by Matsumiya et al. reports no improvement in VA
in eyes with PCV after three monthly IVR injections.®

VA is typically measured prior to any treatment to gauge the
limits of treatment efficacy prospectively. However, standard VA
measurements reflect only foveal function. Notably, because
PCV can involve the larger macula, foveal function may not
accurately reflect macular function in PCV. Eyes with PCV often
have extensive branching vascular networks that terminate in

Copyright 2013 The Association for Research in Vision and Ophthalmology. Inc
www.iovs.org | ISSN: 1552-5783

polypoidal lesions and/or accompanying subfoveal abnormali-
ties. These can include large serosanguinous pigment epithelial
detachments (PED), extensive serous retinal detachments, and/
or subretinal hemorrhage in the macular area.” ' Unfortunately,
physicians sometimes encounter PCV patients who show no
visual improvement after IVR therapy. despite remarkable
morphological improvements. Additionally, although some
patients report visual improvements, these were not accompa-
nied by improved VA.

Microperimetry allows for functional evaluation of the larger
macular area beyvond the fovea.'"'? During the test. an auto-
tracking feature corrects for small shifts in the measurement
position caused by saccadic eye movements. Focal macular
ERG (fmERG) may also be useful because it allows for focal
measurements of objective macular function.!” fmERG can also
provide meaningful results in patients with poor fixation or low
VA. Fundus position can be monitored using an infrared
camera, and stimuli can be placed manually over the fovea.
Microperimetry is useful in patients with AMD."-22 and fmERG
has been beneficial in evaluating the extent of any macular
edema associated with diabetes and/or retinal vein occlusion.
Terasaki et al. demonstrated a correlation between fmERG-
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detected functional changes and foveal thickness in patients
with diabetic macular edema.?® More recently, we demonstrat-
ed the usefulness of fmERG in evaluating macular function in
cases of macular edema associated with retinal vein occlu-
sion.>*3

Although several investigators evaluated the efficacy of IVR
in the treatment of PCV, all relied solelv upon VA for the
evaluation of retinal function.® 2% However. some studies
reported the successful use of fmERG in the evaluation of AMD
patients, some of whom also had PCV.°732 In eves with PCV.
the efficacy of IVR therapy can only be determined by
evaluating the larger macula. rather than the fovea alone.
Here, we evaluated the efficacy of IVR therapy in eves with
subfoveal PCV through macular functional testing, including
VA, microperimetry and fmERG. The correlations between
visual function and PCV-associated morphological changes in
the macula were also examined.

METHODS

This prospective study was approved by the Institutional
Review Board at Kyvoto University Graduate School of Medicine
(E-1054) and adhered to the tenets of the Declaration of
Helsinki. Written informed consent was obtained from each
patient before any study procedures were performed. The
study included 23 eves from 23 patients with treatment-naive
subfoveal PCV. All subjects received injections of IVR at Kyoto
University Hospital between December 2010 and April 2012
Patients with symptomatic subfoveal PCV with exudative or
hemorrhagic features involving the macula were recruited for
the study. PCV was diagnosed on the basis of indocyanine
green angiography results showing polyvpoidal lesions and a
branching vascular network that terminated in polypoidal
swelling. Eyes with other macular abnormalities (e.g.. AMD.
pathologic myopia, idiopathic CNV, presumed ocular histo-
plasmosis, angioid streaks, and other secondary CNV) or a
history of prior treatment for PCV were excluded from this
study. Pseudophakic eves were included. but eyes with a
history of vitrectomy were excluded.

Prior to treatment at the initial study visit, each patient
underwent a complete ophthalmic examination, including
best-corrected VA (Landolt chart); slitlamp biomicroscopy:
indirect fundus ophthalmoscopy: optical coherence tomogra-
phy (OCT): fluorescein and indocyanine green angiography:
microperimetry: and fmERG. Patients meeting all inclusion and
exclusion criteria received three monthly injections of IVR,
followed by as-needed injections. After the initial 3 months of
treatment, additional injections were given when VA declined
more than 0.1 logarithm of the minimum angle of resolution
(logMAR) along with signs of exudation on OCT or angiogra-
phy. when retinal thickness increased >100 pm, and when
subretinal fluid, subretinal hemorrhage. or active CNV
persisted or developed.

Intravitreal injections were performed in a sterile manner.
and prophylactic topical antibiotics were used for 1 week after
each injection. Patients returned to our clinic for monthly
follow-up visits for 1 vear. VA, OCT, slit-lamp biomicroscopy.
and indirect ophthalmoscopy were performed at each visit.
Additional evaluations (microperimetry. fmERG) were carried
out 3 and 12 months after the first IVR injection.

Fluorescein and Indocvanine green angiography were
carried out using a confocal laser scanning system (HRA-2;
Heidelberg Engineering, Heidelberg, Germany). At each
scheduled visit. the entire macular area was examined with
OCT (Spectralis HRAHOCT: Heidelberg Engineering). Horizon-
tal and vertical images (averaged 100 times), centered on the
fovea, were obtained at each visit and were used to measure
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foveal thickness. A trained grader manually measured foveal
thickness at the foveal center, which was defined as the
distance between the inner surface of the neurosensory retina
and the subfoveal RPE. We adopted the mean foveal thickness
obtained from horizontal and vertical scans.

Retinal sensitivity within the macular area was examined
with a fundus-monitored microperimeter (Micro Perimeter MP-
1; Nidek, Gamagori, Japan). A 4-2 staircase strategy with
Goldmann I size stimuli was used to examine 57 stimulus
locations within the central 10° region. Stimuli were placed
according to the measurement points of the Humphrey 10-2
visual field test. Additional points throughout the macula were
also examined. The illumination of the white background was
set at 1.27 cd/m?. The differential luminance. defined as the
difference between the stimulus and background luminance.
was 127 ¢d/m? at 0 dB stimulation. The maximum stimulus
attenuation was 20 dB. The stimulus duration was 200 ms, and
the fixation target varied in size (2° cross for central fixation, +°
or 6° cross for paracentral fixation) according to patient VA.
There were 17 and 37 measurement points within the ceniral
4" and 8 areas, respectively.

The fmERG recording procedure is described in detail
elsewhere.?" 25 Briefly, after maximal dilatation of both eyes. a
Burian-Allen bipolar contact lens electrode (Hansen Ophthal-
mic Laboratories, Iowa City, [A) was placed in the conjunctiva’
sac of each eye under topical anesthesia. A chloride silver
electrode was attached to the left earlobe to serve as the
ground electrode. The fmERGs were elicited by a 157 circular
stimulus carefully positioned over the macular area, using a
prototype system (ER-80: Kowa. Tokyo. Japan). The prototype
system (Kowa) consisted of an infrared camera and a
stimulation system (Mayo Co., Nagova, Japan). The luminance
values for the white sdmulus light and background were 181.5
cd/m? and 6.9 cd/m?. respectively.

The 15° circular stimulus was carefully and constantly
centered on the fovea, as observed through the infrared
camera. The fmERG was recorded using a 5-Hz rectangular
stimuli (100 ms light on, 100 ms light off). Eyves with PCV were
examined first, before the fellow eyes. All recordings (200
responses/session) were performed in triplicate to confirm
reproducibility: 600 responses were averaged by the signal
processor (Neuropack MEB-220+4; Nihon Kohden, Tokyo.
Japan). The fmERG response was digitized at 10 kHz with a
band-pass filter of 5 to 500 Hz for a-wave. b-wave. and photopic
negartive response (PhNR) recordings. The a-wave amplitude
was measured from haseline to the peak of the a-wave. and the
b-wave amplitude was measured from the trough of the a-wave
to the peak of the b-wave. Based on our previous reports,
PhNR amplitude was measured from the peak of the b-wave to
the trough of the PhNR (Fig. 1). Latency was defined as the
time from the beginning of stimulation to the peak of each
component.

Best-corrected VA was measured using a Landolt chart and
converted to the logarithm of the minimum angle of resolution
(logMAR) for all analyses. All parameters obtained prior to IVR
therapy and at 3 and 12 months after treatment initiation were
compared using repeated-measures’ analysis of variance and
post hoc tests with the Bonferroni correction. The parameters
of eyes in which serous retinal detachments had resolved
completely after treatment were compared with the others
using the unpaired #test with Bonferroni's correction to
counteract the effect of multiple comparisons. The reproduc-
ibility of the fmERG was evaluated by calculating the intraclass
correlation coefficient (ICC) from the 23 fellow (non-PCV)
untreated eyes. Measure reproducibility was evaluated with
baseline and 3-month data. The data are presented as mean *
standard deviation. All statistical analyses were performed
using statistical analysis software (PASW Statistics 17; SPSS,
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Fietre 1.

Inc., Chicago, IL). A P value of less than 0.05 was considered
statistically significant.

Rrsurts

Twenty-three eyes from 23 patients (18 men and 5 women)
with subfoveal PCV were included. The average age was 74.4
* 6.9 years (range, 63-88 vears). All patients were Japanese.
Table 1 summarizes the baseline VA, foveal thickness, mean
retinal sensitivities (as measured with the MP-1), and fmERG
parameters. Before the initiation of IVR therapy, all eyes had
exudative changes with a branching vascular network termi-
nating in polypoidal lesions. The greatest linear dimension was
2812 #* 1550 pum, and foveal thickness averaged 257 £ 165
um. Serosanguinous PED was seen in 18 eyes (78%); serous
retinal detachment, 13 eyes (57%); and cystoid macular edema,
in 5 eves (22%).

After three monthly scheduled IVR doses, most eyes
showed a reduction in exudative abnormalities. Serosanguin-
ous PED remained in nine eyes (39%); serous retinal
detachment remained in four eyes (179%); and cystoid macular
edema remained in one eye (4%). Of the 13 eyes with
preexisting serous retinal detachment, 10 achieved complete
resolution. Subretinal fluid was observed at 3 months in one
eye without serous retinal detachment at baseline. The eve's
foveal thickness had decreased significantly to 164 = 78 um (P
=0.015), even though there was no significant improvement in

Before Treatment

Visual acuity, logMAR
Foveal thickness, pm

Mean retinal sensitivity examined with microperimetry, dB
Center
Within 4°
Within 8°
Amplitude of fmERG. puv
a-wave
h-wave
PhNR

Latency of fmERG. ms
a-wave
b-wave

* Repeated ANOVA.

0.31

257

[$¥]
—

W

2
»

0.81
1.46
1.31

A typical fmERG obtained from a healthy eve. The red arrowbead indicates the beginning of the stimulus.

VA (P =0.444). However, there were significant improvements
in retinal sensitivity within 4° (P =0.041, Fig. 2) and significant
increases in PhINR amplitude at 3 months (P = 0.003, Fig. 2).
The latency of the fmERG components (a-wave, b-wave, PhNR)
did not change significantly from baseline values (see
Supplementary Fig. §1).

The mean number of TVR injections over the 12-month
follow-up period averaged 6.1 *= 2.8 injections (range, 3-11
injections). Two patients withdrew from the study before the
end of the 12-month period because of systemic problems.
One individual suffered lymphoma at 10 months. and the other
required treatment for chronic heart failure at 11 months.
Although the VA did not change, the foveal thickness. retinal
sensitivity, and PhNR amplitude improvements seen at 3
months remained at 12 months (Table 1, Fig. 2; sce
Supplementary Fig. $2). Moreover, serosanguinous PED re-
mained in nine eyes (43%): serous retinal detachment
remained in 5 eyes (24%); and cystoid macular edema
remained in 3 eyes (14%).

Next, we examined how the exudative changes affected
macular function before and after the three initial IVR
injections. Table 2 shows the changes in VA, macular
sensitivity, and fmERG parameters associated with TVR therapy
that did (s = 10 eyes, Fig. 3) or did not (;7 = 13 eyes, Fig. 4)
exhibit complete resolution of preexisting serous retinal
detachments. The changes in VA were similar in both groups.
Macular sensitivity tended to increase more in eves with retinal
detachments that resolved completely, but this difference was

Tasie 1. VA, Foveal Thickness, Retinal Sensitivity, and fmERG of Eyes With Subfoveal PCV Before and After Treatment With Ranibizumab

3 Months 12 Months P value*

* 0.32 0.28 = 0.31 0.30 = 0.34 0.623
* 165 164 = 78 175 £ 70 0.008
£ 35 595 6.7 44 0.024
+ 4.0 T4 £ 45 76 %38 0.026
* 4.0 8.6 = 4.0 89 = 36 0.061
*+ 0.38 77 £ 042 0.86 £ 0.28 0.820
+ 0.71 1.73 = 0.82 1.73 = 0.61 0.185
+ 0.71 1.89 = 0.89 1.68 = 0.74 0.004
+ 29 247+ 25 24.1 £ 2.0 0.831
* 39 44329 ] i

3.4 0.077
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Figure 2. Visual acuity, foveal thickness. amplitude of the fmERG. PhNR. and mean retinal sensitivity after initiating treatment with IVR were examined within a ¢ ficld. The values shown represent
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Tasie 2. Changes in VA, Retinal Sensitivity, and fmERG Parameters Aft

Complete Resolution of

IOVS| May 2013 | Vol. 54 | No. 5 | 3775

er Three Monthly Treatments of Subfoveal PCV With Ranibizumab

Preexisting Serous Retinal Remaining
Detachment (N = 10) Eyes (n = 13) P value®

Change in visual acuity. logMAR —005 £ 0,13 =0.02 = 0.25 0.751
Change in retinal sensitivity. dB

Center point 142 =58 09 £ 54 0.528

Within 4° i5 33 0.6 £ 4.9 0.129

Within 8° 4.0 = 28 0.1 = 4.3 0.069
Change in amplitude of fmERG. pv

a-wave 0.19 = 0.44 =21 & 0,28 0.048

b-wave 0.62 = 0.52 0.01 = 0.65 0.072

PhNR 0.79 £ 0.80 0.42 = 0.73 0.792
Change in latency of fmERG. ms

a-wave 49 = 124 0.9 £ 6.7 0.422

h-wave 25.4 -6.9 * 18.3 0.13+4

10.7 = 2

“ Unpaired 7-test with Bonferroni correction.

not statistically significant (P = 0.069, Table 2). However, these
eves did show a significantly greater improvement in a-wave
amplitudes than did the other eyes (P = 0.048).

The fmERG measurements obtained from these patients
were reproducible.

We calculated the ICCs from fmERG recordings obtained
from the 23 untreated eyes before and after IVR treatment of
the fellow eye. Initial VA in these contralateral eyes was 0.12 =
0.43 (slightly less than 20/25). At the initial visit, the a-wave. b-

ave, and PhNR amplitudes were 1.24 = 0.68 pV, 2.58 = 1.21
uy, and 2.65 £ 1,14 pV, respectively. At 3 months, the a-wave.
b-wave, and PhNR amplitudes were 1.41 = 0.70 pv. 2.91 *
1.33 pV. and 2.88 £ 1.29 pV, respectively. The latencies of the
a-wave, b-wave, and PhNR were 23.2 = 1.3 ms, 42.9 = 2.3 ms,
and 70.5 x 7.7 ms, respectively, as measured at the initial visit.
At 3 months, the latencies of the a-wave, b-wave. and PhINR
were 237 = 1.6 ms, 44.1 £ 2.7 ms, and 74.8 *= 6.4 ms,
respectively. Table 3 shows the ICCs for a-wave. b-wave, and
PhNR amplitudes. While the ICC of PhNR latency was
relatively low (0.411), all other parameter ICCs were >0.7.

DiscuUssION

Despite substantial morphological improvements. VA did not
improve significantly after IVR therapy for the treatment of
PCV. Only a slight improvement in VA was observed, probably
because the baseline VA was relatively good (better than 0.5 on
a Landolt chart [Snellen equivalent better than 20/40]) in 14 of
the 23 patients. In addition. since VA only represents foveal
function, this measurement may not accurately reflect
improved function in other parts of the macula. Because PCV
is frequently accompanied by an extensive branching vascular
network, a large serosanguinous PED or an extensive serous
retinal detachment in the macular area, the physician must
examine all areas of the niacula (rather than just the central
fovea) when evaluating treatment efficacy. Macular sensitivity,
as measured in these patients using microperimetry and
fmERG, revealed significant functional recovery after IVR
therapy.

We report 2 main findings in this study. First. the
improvement in macular function occurred rapidly. after only
three monthly IVR injections. This improvement was main-
tained. with additional asmeeded IVR injections. for the entire
12-month study period. Although the efficacy of anti-VEGF
agents in improving VA was limited. the associated reduction in

exudative changes likely facilitated the recovery of macular
function. Recently, Tomita et al. reported the substantial
regression of polypoidal lesions, along with good visual
recovery. in PCV patients treated with photodvnamic therapy
in combination with IVR.** Because vascular component
regression was limited with VR monotherapy, further fong-
term studies with combination therapies are needed.

We also observed that the fmERG a-wave amplitude showed
considerable patient-to-patient variation. On average, the mean
change from baseline was greater for the b-wave or PhNR as
compared with the a-wave amplitude (Table 1). However.
those eves in which preexisting serous retinal detachments
resolved completely exhibited greater a-wave recovery than
the eves with incomplete resolution (Table 2). Interestingly,
complete resolution was also associated with significantly
smaller a-waves at baseline (0.61 = 0.44 UV vs. 0.96 = 0.26 pV,
P = 0.025). This indicates that PCV-associated serous retinal
detachments directly affect the photoreceptors and that the
resolution of serous retinal detachments can facilitate the
recovery of a-wave amplitudes and. thus, photoreceptor
function. The cases shown in Figures 3 and 4 demonstratce
the fmERG improvement and show how this improvement was
dependent upon macular morphology.

In our previous study, the fmERG reproducibility of the a-
wave was insufficient, which led us to conclude that PhNR
amplitude was a more reproducible fmERG measure.??
However, in the current study, we decreased the stimulus
time (from 150 ms to 100 ms) and increased the stimulus
frequency (from 2 to 5 Hz) for fmERG recordings. With these
modifications, we achieved equivalent reproducibility for all
waves. We therefore believe that the a-wave, b-wave. and PhNR
measurements can be performed accurately and repeatedly.

Tasie 3. [ICC for Each Parameter of fmERG of Untreated Contralateral
Eves

Parameter ICC
A-wave amplitude 0.711
B-wave amplitude 0.760
PhNR amplitude 0.745
A-wave latency 0.716
B-wave latency 0.715

PhNR latency 0411
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Ficure 3. Complete resolution of

81-vear-old man with an 8-month history of decreased visual acuity (0.5 on the Landolt chart) in the right eye. The baseline fluorescein angiogram
(A). indocyanine green angiogram (B). and fundus photograph (C) are shown. The indocyanine green angiogram showed a branching vascular
network that terminated in polypoidal lesions (yellow arrow). Baseline, 3-month. and 12-month retinal sensitivity maps ([D, G. J]. respectively):
horizontal foveal OCT scans ([E, H. K], respectively); and fmERGs (|E, L L], respectively) are shown.
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Ficure 4. Resolution of a serosanguinous PED following intravitreal injections of ranibizumab. The patient was a 7 I-year-old man with a 6-month
history of decreased visual acuity (0.3 on the Landolt chart) in the right eye. The baseline fluorescein angiogram (A), indocyanine green angiogram
(B). and fundus photograph (C) are shown. The indocyanine green angiogram showed a branching vascular network that terminated in polypoidal
lesions (yellow arrow). Baseline, 3-month, and 12-month retinal sensitivity maps ([D, G. J]. respectively): horizontal foveal OCT scans ([E, H, K].
respectively); and fmERGs ([E I, L]. respectively) are shown.
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The main limitations of the current study are the small
sample size and lack of healthy control data. VA was measured
with methods that are less sensitive than those used previously
less (e.g.. Landolt chart versus Early Treatment Diabetic
Retinopathy Study [ETDRS] chart). which might have inter-
fered with the statistical significance of our results. The
noncomparative design of this study also rendered it impossi-
ble to determine whether IVR monotherapy can adequately
treat PCV. Despite these limitations, the treated eves did show
morphological improvements and increased macular function
after only three monthly injections. Macular function did not
worsen, even after 12 months. Because fmERG and micro-
perimetry reflect the function of the entire macular area, rather
than the fovea alone, they may be beneficial functional indices
for use in PCV patients with neovascular lesions and extensive
exudative changes. TFinally, our findings suggest thar IVR
therapy allows for the recovery of photoreceptor function,
This effect appears to he mediated by the reabsorption of
subretinal fluid in eyes with extensive serous retinal detach-
ment secondary to PCV.

Acknowledgments

Disclosure: K. Ogino, None; A, Tsujikawa. None; K. Yamashiro.
None; 8. Ooto, None; A. Oishi, None; 1. Nakata, None: M.
Mivake, None; N. Yoshimura, None

References

1. Brown DM. Kaiser PK, Michels M, et al. Ranibizumab versus
verteporfin for neovascular age-related macular degeneration.
N Engl J Med. 20060:355: 1432~ 1444.

. Rosenfeld PJ, Brown DM, Heier JS. ¢t al. Ranibizumab for
neovascular age-related macular degeneration. N Engl J Med.
2000:355:1419-1431.

3. Cho HJ, Kim JW, Lee DW. Cho SW, Kim CG. Intravitreal
bevacizumab and ranibizumab injections for patients with
polypoidal choroidal vasculopathy. Eye (Lond). 2011:24:483-
490.

4. Cho M, Barbazetto IA. Freund KB. Refractory neovascular age-
related macular degeneration secondary to polypoidal choroi-
dal vasculopathy. Anz J Ophbibaliol. 2009;148:70-78,

5. Hikichi T, Ohtsuka H, Higuchi M, et al. Improvement of
angiographic findings of polypoidal choroidal vasculopathy
after intravitreal injection of ranibizumab monthly for 3
months. Am ] Opbthalinol. 2010:150:674-682.

6. Matsumiva W, Honda S, Bessho H, ¢t al. Early responses to
intravitreal ranibizumab in typical neovascular age-related
macular degeneration and polypoidal choroidal vasculopathy.
J Ophbitbalinol. 2011:2011:742020.

. Hikichi T. Higuchi M. Matsushita T, et al. One-year results of
three monthly ranibizumab injections and as-needed reinjec-
tions for polypoidal choroidal vasculopathy in Japanese
patients. Am J Opbibalmol. 2012;154:117-124.

8. Koh A, Lee WK, Chen LJ, et al. EVEREST study: efficacy and
safety of verteporfin photodynamic therapy in combination
with ranibizumab or alone versus ranibizumab monotherapy
in patients with sympromatic macular polypoidal choroidal
vasculopathy. Refina. 2012:32:1453-1404.

|88

9, Sa HS, Cho HY, Kang SW. Optical coherence tomography of
idiopathic polypoidal choroidal vasculopathy. Korean [
Ophitbalimol. 2005:19:275-280.

10. Tsujikawa A, sasahara M. Otani A, et al. Pigment epithelial
detachment in polypoidal choroidal vasculopathy. Am J
Opbtbalmol. 2007:143:102-111.

11. Rohrschneider K. Springer C, Biiltmann S, Vélcker HE.
Microperimetry-comparison between the micro perimeter 1

16.

20.

I
Jt

20.

29.

. Bolz M,

IOVS| May 2013 | Vol. 54 | No. 5 | 3778

and scanning laser ophthalmoscope-fundus perimetry. Am J
Opbibalmol. 2005;139:125-134.

. Springer C, Billtmann S. Vélcker HE. Rohrschneider K. Fundus

perimetry with the Micro Perimeter 1 in normal individuals:
comparison with conventional threshold perimetry. Ophibal-
mology. 2005:112:848-854.

. Mivake Y. Focal macular electroretinography. Nagoya J iMed

Sci. 1998:61:79-84.

. Ozdemir H. Karacorlu M. Senturk E Karacorlu SA, Uysal O.

Microperimetric changes after intravitreal bevacizumab injec-
tion for exudative age-related macular degeneration. Acta
Ophibalmol. 2010:90:71-75.

Simader C, Ritter M. et al. Morphological and
functional analysis of the loading regimen with intravitreal
ranibizumab in neovascular age-related macular degeneration.
Br J Opbithbalmol. 2010:94:185-189.

Midena E. Vujosevic S, Convento E, et al. Microperimetry and
fundus autofluorescence in patients with early age-related
macular degeneration. Br J Ophithalmol. 2007:91:1499-1503.

. Dinc UA. Yenerel M, Gorgun E. Oncel M. Assessment of

macular function by microperimetry in intermediate age-

related macular degeneration. Eur | Opbthalinol. 2008:18:
595-600.

. Ritter M, Bolz M. Sacu S, ¢t al. Effect of intravitreal ranibizumab

in avascular pigment epithelial detachment. Eye (Lond). 2010
24:962-968.

. Calabrese A, Bernard JB, Hoffart L, et al. Wet versus dry age-

related macular degencration in patients with central field
foss: different effects on maximum reading speed. Tnvesi
Opbibalmol Vis Sci. 2011:52:2417-2424.

Landa G, Su E, Garcia PM. Seiple WH, Rosen RB. Inner
segment-outer segment junctional layer integrity and corre-
sponding rernal sensitivity in dry and wet forms of age-related
macular degeneration. Refina. 2011;31:364-370.

21. Parisi V. Perillo L. Tedeschi M. et al. Macular function in eyes

with early age-related maculur degeneration with or without
contralateral late agerelated macular degeneration. Refina.
2007:27:879-890.

. Midena E, Radin PR Pilotto E. ¢t al. Fixation pattern and

macular sensitivity in eyes with subfoveal choroidal neovas-
cularization secondary to age-related macular degeneration. A
microperimetry study. Semin Opbtbalimol. 2004;19:55-01.

. Terasaki H, Mivake Y, Nomura R, et al. Focal macular ERGs in

eves after removal of macular [IM during macular hole
surgery. fneest Opbihalmiol Vis Sci. 2001:42:229-234.,

. Ogino K. Tsujikawa A, Murakami T, et al. Evaluation of macular

function using focal macular electroretinography in eves with
macular edema associated with branch retinal vein occlusion.
Tntvest Opbibalmol Vis Sci. 2011:52:8047-8055.

. Ogino K, Tsujikawa A, Nakamura H, et al. Focal macular

clectroretinogram in macular edema secondary to central
retinal vein occlusion. Invest Ophtbalmol Vis Sci. 2011:52:
3514-3520.

Cho HJ. Kim JW. Lee DW, Cho SW. Kim CG. Intravitreal
bevacizumab and ranibizumab injections for patients with
polypoidal choroidal vasculopathy. Eye (Lond). 2012;:26:426-
433.

. Cho HJ, Baek Js, Lee DW, Kim CG. Kim JW. Shortterm

effectiveness of intravitreal bevacizumab vs. ranibizumab
injections for patients with polypoidal choroidal vasculopathy.
Rorean J Opbibalmol. 2012:26:157-1062.

. Kokame GT, Yeung L. Lai JC. Continuous anti-VEGF treatment

with ranibizumab for polypoidal choroidal vasculopathy: 6-
month results. Br ] Opbthalinol. 2010:94:297-301.

Koizumi H. Yamagishi T. Yamazaki T. Kinoshita S. Predictive
factors of resolved retinal fluid after intravitreal ranibizumab
for polypoidal choroidal vasculopathy. BrJ Opbthealinol. 2011:
95:1555-1539.



Investigative Ophthalmology & Visuai Science

Functional Recovery by Ranibizumab Therapy in PCV

30. Ishikawa K, Kondo M, Tio Y. et al. Correlation berween focal

macular electroretinograms and angiographic findings after
photodynamic therapy. lnvest Opbibalmol Vis Sci. 2007:48:
2254-2259.

. Nishihara H, Kondo M, Ishikawa K., et al. Focal macular

electroretinograms in eves with wet-type age-related macular
degeneration. Invest Opbithalinol Vis Sci. 2008:49:3121-3125.

Y

(S8

[

IOVS| May 2013 | Vol. 54 | No. 5 | 3779

Iwata E, Ueno S, Ishikawa K. et al. Focal macular electroret-
inograms after intravitreal injections of bevacizumab for age-
related macular degeneration. fivest Opbthalmol Vis Sci.
2012;53:4185-4190.

. Tomita K, Tsujikawa A, Yamashiro K, et al. Treatment of

polypoidal choroidal vasculopathy with photodynamic thera-
py combined with intravitreal injections of ranibizumab. Am J
Opbthalmol. 2012;153:68-80.





