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The limitation of this study was the small number of
subjects enrolled and the relatively short follow-up period (1
year). Increasing the number of subjects is required to make
a more robust conclusion about the association of the CD36
gene with the outcome of PDT. Since evaluating the associa-
tion of CD36 variants with the durability of the PDT effect is
important, further investigations with an extended follow-up
period are needed.

Since PDT is known to induce several gene expression
changes in the retina-choroidal complex [42], the detailed
mechanisms by which multiple genes interact with each other
to close the CNV are poorly understood. However, the present
study suggested some clinical possibilities for genetic asso-
ciation analysis, which can be further investigated to deter-
mine the specific molecules involved in the mechanism(s)
responsible for the actions of PDT, and may give genetic
information that can be applied for personalized therapies in
individual patients with PCV.
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Background: The purpose of this work was to compare the efficacy of photodynamic therapy
(PDT) with or without posterior subtenon injections of triamcinolone acetonide (STA) or
intravitreal injections of ranibizumab (IVR) for retinal angiomatous proliferation (RAP).
Methods: Thirty-seven eyes from 33 consecutive patients with RAP were treated by PDT
monotherapy (Group 1), PDT combined with STA (Group 2), or PDT combined with JVR
(Group 3). The best-corrected visual acuity, greatest linear dimension, central retinal thickness,
and number of treatments were compared among the three groups.

Results: The change in mean best-corrected visual acuity (logMAR) at month 3, 6, and 12
after the initial treatment was better in Group 2 (~0.13, —0.23, and —0.21, respectively) and
Group 3 (-0.018, 0.0028, and —0.0067, respectively) than in Group 1 (0.13, 0.19, and 0.23,
respectively); Group 1 versus Group 2 was statistically significant (P = 0.018). The mean cen-
tral retinal thickness was reduced from baseline in all groups, but the reduction amplitude was
significantly greater in Group 2 than in Group 1 and Group 3. The mean number of treatments
was significantly lower in Group 2 (1.1 £ 0.4) and Group 3 (1.5 £ 0.5) than in Group 1 (2.9+0.9)
in the 12 months after the initial treatment.

Conclusion: Treatment with STA + PDT may be an effective therapy for RAP lesions over
12 months of follow-up.

Keywords: retinal angiomatous proliferation, photodynamic therapy, triamcinolone acetonide,
ranibizumab, combined therapy

Introduction

Age-related macular degeneration (AMD) is a leading cause of central vision loss
in the elderly in industrialized countries.! The number of patients with AMD has
increased remarkably over the years, and a further increase in patients with severe
visual impairment due to AMD is anticipated.? Advanced AMD is clinically classified
into atrophic AMD and exudative AMD. Exudative AMD is further classified into
typical neovascular AMD, polypoidal choroidal vasculopathy, and retinal angiomatous
proliferation (RAP).! These phenotypes are known to have different characteristics
in their natural courses and their responses to interventions, such as photodynamic
therapy (PDT) and antivascular endothelial growth factor (VEGF) therapy, although
the reasons are unknown.> Several studies have reported a poor response to PDT
monotherapy in patients with RAP lesions.®” Hence, it is common to perform PDT
combined with intravitreal injections of triamcinolone acetonide (IVT) or anti-VEGF

SUDMIL YOUF MANUSCript © wwnw coveprens cam

Dovepross

feepsiax

Clinical Ophthalmology 2012:6 277-282 277
© 2012 Nakano et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.



Nakano et al

Dovepress

therapy for RAP®° Several studies were conducted to address
the comparative effectiveness between PDT monotherapy
and the combination of PDT with IVT or anti-VEGF therapy
against RAP lesions, but their conclusions were not consis-
tent.'®!! Rouvas et al reported that IVT + PDT was more
effective than intravitreal ranibizumab (IVR) + PDT for RAP
lesions.'® In contrast, Saito et al reported that intravitreal
bevacizumab + PDT was likely to be more effective than
IVT+PDTinal apanese RAP cohort.!! This discrepancy
might reflect the different anti-VEGF agents used in the two
studies, so more replication studies are needed.

A posterior subtenon injection of triamcinolone acetonide
(STA) is an alternative method to deliver triamcinolone
acetonide to the posterior retina. Although IVT may cause an
elevation in intraocular pressure and cataracts as complica-
tions,'>!* STA might have fewer side effects in terms of induc-
ing intraocular pressure elevation or cataracts than IVT because
STA should act on the retina transsclerally and thus affect the
lens and trabecular meshwork less than IVT.!4!5 However, to
our knowledge, only a few published studies have compared
the effectiveness of PDT combined with STA.' Therefore, in
this study, we performed a comparative assessment between
STA + PDT, IVR + PDT, and PDT alone in RAP patients,

Subjects and methods

This study was approved by the institutional review board of
the Kobe University Graduate School of Medicine, and was
conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all subjects. All
cases in this study were Japanese individuals recruited from
the Department of Ophthalmology at Kobe University Hospital
and Hyogo Prefectural Amagasaki Hospital in Japan.

* This was a retrospective study of 37 eyes from 33 con-
secutive patients with RAP treated and followed up for more
than 6 months. All patients received detailed ophthalmic
examinations, including best-corrected visual acuity (BCVA)
measurements, slit lamp biomicroscopy of their fundi, color
fundus photography, fluorescein angiography, indocyanine
green angiography, and optical coherence tomography. Visual
acuities were determined using a Landolt C chart, and were
converted to a logarithm of the minimum angle of resolution
(logMAR) values for calculation. The diagnosis and staging of
RAP was performed as previously described.'¢ Patients with
past histories of retinal vessel occlusion, uveitis, rhegmatog-
enous retinal detachment, or glaucoma were excluded.

Fourteen eyes from 12 consecutive patients recruited by
May 2006 were treated by PDT monotherapy (Group 1), 12 eyes
from 10 consecutive patients recruited from June 2006 to March

2009 were treated by PDT combined with STA (Group 2), and
11 eyes from 11 consecutive patients recruited thereafter were
treated by PDT combined with IVR (Group 3). No patients
in this study received previous therapy except for one patient
in Group 2 who underwent PDT monotherapy 4 months ear-
lier. For STA + PDT, a small incision was made in the lower
temporal conjunctiva, and 20 mg of triamcinolone acetonide
was injected retrobulbarly with a blunt needle 4-7 days before
PDT. For IVR + PDT, 0.3 mg of ranibizumab was injected
intravitreally with a 30-gauge needle 3-7 days before PDT.
Patients were examined 3, 6, 9, and 12 months after the initial
treatment, and were retreated if persistence or recurrence of
intraretinal, subretinal, or subretinal pigment epithelium fluid,
or any increase in retinal thickness was found by funduscopy
or optical coherence tomography. The retreatment was done
according to the same protocol as for the initial treatment.
For statistical analysis, we compared the gender, age,
BCVA, greatest linear dimension, and central retinal thickness
at baseline among the three groups. Changes in BCVA and
central retinal thickness were then compared every 3 months
until month 12 after the initial treatment. The number of treat-
ments performed during the first 12 months after the initial
treatment was compared among the groups. To evaluate the
influence of STA on intraocular pressure, intraocular pressure

-values before and 2 weeks after STA were measured for the

STA + PDT group. The Wilcoxon signed-rank test was per-
formed to compare any two time points within the group and an
analysis of variance was used to make a comparison between the
groups. P values of 0.05 or less were considered to be statisti-
cally significant. StatView-J software (v 5.0; Abacus Corpora-
tion, Baltimore, MD) was used for statistical analyses.

Results

A summary of the data for the RAP patients is shown in Table 1.
No differences were detected in baseline parameters between
the three groups. The transition of values in mean BCVA
(logMAR) and mean central retinal thickness are shown in
Table 2. The change in mean BCVA at months 3, 6, and 12
after initial treatment was better in Group 2 (—0.13, -0.23,
and —0.21) and Group 3 (-0.018, 0.0028, and —0.0067) than
in Group 1 (0.13, 0.19, and 0.23); Group 1 versus Group 2
was statistically significant (P = 0.018, Figure 1). The mean
BCVA was significantly better than baseline in Group 2 at 6
and 12 months after the initial treatment (P =0.012 and 0.025,
respectively). In contrast, the mean BCVA in Group 3 had
deteriorated by 12 months after the initial treatment, although
it was not significant (P = 0.12). The mean central retinal
thickness was reduced from baseline after initial treatment in
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Table | Baseline parameters of participants

Group | Group 2 Group 3 P value
(n 14 (n 12) (n 1)
Gender (male/female) /4 ) 6/4 47 0.022%
Age (mean * SD, years) 823 +4.1 782+57 803172 0.10*
RAP stage | | 3 3 0.611
Stage 2 6 4 5
Stage 3 7 5 3
GLD (mean % SD) 4737 £ 1704 3948 + (238 3291 £ 1418 0.10%
Baseline BCVA logMAR (mean + SD) 0.82 £0.47 0.78 £ 0.55 0.84 £ 0.37 0.84*

Notes: Group |, PDT monotherapy; Group 2, STA + PDT; Group 3, IVR + PDT; #Kruskal-Wallis test; TChi-square test.
Abbreviations: GLD, greatest linear dimension; BCVA, best-corrected visual acuity; PDT, photodynamic therapy; STA, subtenon injection of triamcinolone acetonide;

IVR, intravitreal injection of ranibizumab; SD, standard deviation.

all groups and the decrease was significant by 12 months in the
STA + PDT and IVR + PDT groups (Figure 2). The reduc-
tion amplitude was significantly greater in Group 2 than in
Group 1 and Group 3 (P =0.024 and P = 0.033, respectively,
for Group 1 versus Group 2 and Group 2 versus Group 3). In
the cases followed up for more than 12 months after initial
treatment, the mean number of treatments was significantly
lower in Group 2 (1.1 £ 0.4, n=12) and Group 3 (1.5 £ 0.5,
n=9) than in Group 1 (2.9 +0.9, n = 14) over 12 months after
initial treatment (P 0.0001, P = 0.0004, and P = 0.15 for
Group 1 versus Group 2, Group 1 versus Group 3 and Group 2
versus Group 3, respectively, Mann—Whitney test) (Figure 3).
In Group 2, the mean intraocular pressure before and after STA
was 13.8 + 3.4 mmHg and 16.8 + 6.1 mmHg, respectively,
(P=0.18, two-tailed paired #test). No ocular or systemic com-
plications were found or self-reported in the present cases.

Discussion
We compared the effects of PDT monotherapy, STA + PDT,
and IVR + PDT in patients with RAP lesions, and found that

Table 2 Transition in best-corrected visual acuity and central
retinal thickness of each group

Group | Group 2 Group 3

BCVA (logMAR)

Baseline 0.82 £ 047 0.78 £ 0.55 0.82+0.38

3 months 0.95£0.36 0.66 £0.37 0.80 £ 044

6 months 1.01 £0.31 0.56 +£0.37* 0.82 £0.40

12 months 1.05 £0.32 0.57 £0.35% 081 £ 042
CRT (um)

Baseline 315+93 358 + 88 314+£102

3 months 268 = 104 204 £ 72% 211 £51%

6 months 260 £ 93 202 £ 84* 223 £51%

12 months 263 + 84 241 £74% 202 + 46*

Notes: Group 1, PDT monotherapy; Group 2, STA + PDT; Group 3, IVR + PDT;
*P 0.05 versus baseline.

Abbreviations: CRT, central retinal thickness; BCVA, best corrected visual acuity;
PDT, photodynamic therapy; STA, subtenon injection of triamcinolone acetonide;
IVR, intravitreal injection of ranibizumab.

the visual outcome was significantly better in those patients
who underwent STA + PDT than in those treated with PDT
monotherapy, although STA + PDT and IVR + PDT showed
no significant difference in visual outcome. The mean num-
ber of treatments required per year was significantly lower
in the STA +PDT and IVR + PDT groups than for the PDT
monotherapy group. In addition, STA + PDT did not cause
a significant elevation of intraocular pressure.

Currently, RAP is thought to be the most difficult subtype
of exudative AMD to treat.” Because previous studies have
demonstrated an insufficient effect of PDT monotherapy
for RAP lesions,®” most of the recent studies have focused
on the effectiveness of PDT combined with IVT or anti-
VEGF therapy.®"' However, few reports have evaluated
the effects of STA + PDT for RAP. Montero et al reported
that no better outcomes were observed in RAP patients
treated with STA + PDT than in those treated with PDT
monotherapy.”® They administered 40 mg of triamcinolone
acetonide immediately after PDT, which resulted in no
significant difference in outcomes as compared with PDT
monotherapy. However, we used 20 mg of triamcinolone
acetonide 4—7 days before PDT, and obtained significantly
better outcomes as compared with PDT monotherapy
in RAP patients. This difference might be due to the
insufficient time for transscleral diffusion of triamcinolone
acetonide when it was applied after PDT.**! Rouvas et al
reported favorable outcomes for IVT + PDT when IVT was
performed 7 £ 3 days before PDT.!® The mechanism by
which triamcinolone acetonide works to improve the outcome
of PDT is still a matter of speculation. An inflammatory
response and upregulation of VEGF have been reported after
application of PDT.!™® Because triamcinolone acetonide has
antiangiogenic, anti-inflammatory, and anti-VEGF effects,*?
the combination of PDT and triamcinolone acetonide may
reduce the inflammatory response and upregulation of VEGF
associated with choroidal neovascularization and PDT.
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Figure I Changes in the BCVA of RAP patients after PDT, STA + PDT, and IVR + PDT. The BCVA was determined using the Landolt C chart, and is presented as decimal
visual acuities. Triangles with dashed line: PDT (Group 1); squares with solid line: STA + PDT (Group 2); diamonds with dot line: IVR + PDT (Group 3).

Notes: Values represent mean = SEM; *P 0.05 compared to baseline; ¥*P

0.05 between Group | and Group 2.

Abbreviations: BCVA, best corrected visual acuity; [VR, intravitreal injections of ranibizumab; RAP, retinal angiomatous proliferation; PDT, photodynamic therapy, STA,

subtenon injections of triamcinolone acetonide.

The significantly greater central retinal thickness reduction
after STA + PDT than after IVR + PDT in the present study
might reflect a difference in anti-inflammatory and anti-
VEGF effects between STA and IVR, which was possibly
associated with the better outcome, although not significant,
in the post-treatment BCVA for the STA + PDT group than
for the IVR + PDT group. Although we performed IVR
3-7 days before PDT, the timing of [IVR might be too early
because Debefe et al reported that ranibizumab should be
administered within 24 hours after PDT in accordance with

their experimental results.?! A recent report showed favorable
visual outcomes after IVR +PDT when PDT was performed
1-2 days after IVR.? In addition, unlike previous reports,
we did not add two extra monthly IVR after PDT in Group 3
to save treatment costs, which might reduce the effect of
IVR + PDT. However, the change in logMAR BCVA in
Group 3 was almost equivalent to that of the previous report
(0.02 between baseline and at least 6 months after the first
therapy) performing three [IVR + one PDT as an initial
treatment.’® There is another possibility that the effects of

50 L .
T 100}
=
o 180 +F
200 ~4--Group 1
] —#—Group 2
~+-~Group 3
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6M 12M

Figure 2 Changes in the CRT of RAP patients after PDT, STA + PDT, and IVR + PDT. Triangles with dashed line: PDT (Group 1) squares with solid line: STA + PDT

(Group 2); diamonds with dot line: IVR + PDT (Group 3).
Notes: Values represent mean  SEM. *P  0.05. ¥*p

0.05 between Group | and Group 2, or between Group 2 and Group 3.

Abbreviations: CRT, central retinal thickness; IVR, intravitreal injections of ranibizumab; RAP, retinal angiomatous proliferation; PDT, photodynamic therapy, STA, subtenon

injections of triamcinolone acetonide.
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Retinal angiomatous proliferation

Number of treatmentfear

Group 1

Figure 3 Number of treatments performed in 12 months.
Note: Values represent mean + SEM.

STA remained for several months after PDT and inhibited
regrowth of neovascular tracts, reducing the number of
treatments required to suppress the RAP lesions, and thus
resulted in reduced cumulative retinal damage caused by
PDT. Because a single STA is thought to have antiangiogenic
and anti-inflammatory effects lasting up to 3 months? while a
single dose of IVR can work for a month, STA + PDT might
have an advantage to suppress the RAP lesion longer than
IVR + PDT. Conversely, IVR + PDT may necessitate some
additional IVR during follow-up period.

Our results showed that the best mean BCVA was obtained
at 6 months after the initial STA + PDT, but this was reduced
by 12 months, mainly due to reactivation of RAP lesions
in some cases. It is interesting that a reactivation of RAP
lesions at 6 months after treatment was previously reported
in cases treated with IVT + PDT.? A previous review article
mentioned that the best improvement in BCVA was achieved
at 6 months after initial PDT + IVT, and that the effects faded
by 12 months, with a high incidence of cataracts.® However,
in our study, no patient in the STA + PDT group showed
any progression of cataracts during the follow-up period. In
addition, the incidence of intraocular pressure elevation was
reported less often with STA than with [IVT.%

Currently, many treatment procedures are being tested
and compared to establish the best strategy for treating RAP
lesions. Among them, anti-VEGF therapy is the most investi-
gated modality which could be applied alone??’ or combined
with PDT.!%!12 However, IVR + PDT is likely to be a very
expensive therapy and intravitreal bevacizumab + PDT is
not possible without off-label use of bevacizumab under cur-
rent circumstances. If STA + PDT showed similar or better
outcomes to PDT+ anti-VEGF therapy or anti-VEGF mono-
therapy, there is a greater cost-effectiveness for patients.
In fact, the improvement in BCVA (-0.22 + 0.34 logMAR

Group 2 Group 3

units) with STA + PDT in this study was almost equivalent
to the average of previous reports (—0.17 £+ 0.12 logMAR
units) with anti-VEGF monotherapy.”*

The major limitations of the present study were its non-
randomized and retrospective nature and the small number
of subjects. Hence, it is important to evaluate the results of
a randomized controlled trial for STA + PDT with a larger
number of subjects to determine the efficacy of this therapy,
particularly against RAP. Therefore, further investigation will
be needed to determine the correct interventions for RAP.

In conclusion, STA + PDT may be an effective therapy
for RAP lesions during the first 12 months after treatment,
although the effects need to be further evaluated.
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Montage Images of Spectral-Domain Optical
Coherence Tomography in Eyes with
Idiopathic Macular Holes

Keisuke Mori, MD, PhD,! Junji Kanno, OP,! Peter L. Gehlbach, MD, PhD,? Shin Yoneya, MD, PhD'

Purpose: To describe the morphologic and anatomic relationships at the vitreoretinal interface, from the
macula into the periphery, in patients with idiopathic macular hole. Montaged images of posterior and peripheral
spectral-domain (SD) optical coherence tomography (OCT) studies were used to describe the anatomic vitreo-
retinal relationships.

Design: Prospective, consecutive, observational case series.

Participants: Forty-six eyes of thirty-six consecutive patients with idiopathic macular hole and their fellow
eyes.

Methods: Montage images of 4 radial OCT scans (horizontal, vertical, and 2 oblique scans) through the
fovea were obtained in each case.

Main Outcome Measures: Montage SD OCT images.

Results: In fellow eyes, potential precursor changes to macular hole revealed shallow perifoveal vitreous
separation that extends peripherally toward the equator. Two distinct configurations were noted at the posterior
vitreous face; eyes without holes had a smooth curvature, whereas eyes with holes were more likely to have
wavy, folded, or scalloped vitreous surfaces. At the onset of separation, most posterior vitreous cortex had a
smooth curvature, but posterior vitreous folds increased with progressive separation. Also notable were zones
of double-layered retinoschisis in regions of adherent posterior vitreous. Resulting granular hyperreflection in the
peripheral vitreous was detectable in 50% to 60% of stage 1 or 2 holes but in only 33% of stage 3 or 4 holes.

Conclusions: The SD OCT montages taken at serial stages of idiopathic macular holes document distinct
configurations of the posterior vitreous face, granular hyperreflection in the peripheral vitreous, and areas of
peripheral retinoschisis. Montaging SD OCT images provides novel cross-sectional images of the vitreoretinal
interface that may have broader application.

Financial Disclosure(s): The author{s) have no proprietary or commercial interest in any materials discussed

in this article. Ophthalmology 2012;119:2600-2608 © 2012 by the American Academy of Ophthalmology.

Current concepts as to the pathophysiologic features of
idiopathic macular hole have evolved with greater under-
standing of the vitreoretinal interface. Central to this under-
standing is that vitreomacular traction is integral to the
development and progression of a full-thickness macular
hole. Gass!? proposed a hypothesis of macular hole forma-
tion based primarily on biomicroscopic observations that
suggested contraction of perifoveal cortical vitreous with
resulting tangential traction. Based largely on these obser-
vations, removal of posterior vitreous cortex in patients with
impending and full-thickness macular holes has resulted in
favorable therapeutic outcomes.>™

Optical coherence tomography (OCT) is capable of pro-
viding high-resolution tomographic images of the posterior
vitreous, retina, and choroid.® Hee et al’ demonstrated that
OCT is able to detect small separations of the posterior
vitreous from the retina in unaffected fellow eyes of patients
with macular holes. In prior work, the authors’ group dem-
onstrated dome-shaped perifoveal vitreous detachment
around the macular hole in its early stages.’* Gaudric et al'®
also demonstrated convex perifoveal detachment of poste-
rior hyaloid in fellow eyes of patients with macular holes.
These OCT findings suggest a modified theory of macular
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hole formation that more strongly implicates anteroposterior
traction resulting from age-related perifoveal vitreous de-
tachment, as opposed to tangential traction secondary to
contraction of cortical vitreous. However, these OCT ob-
servations previously were limited to the macular region.
The present study examined the vitreoretinal interface in the
periphery and provided further insights into the basic patho-
physiologic features of macular hole development and pro-
gression. Recent developments in spectral-domain (SD)
OCT imaging have increased the axial resolution, signal-to-
noise ratio, scan rate, and scan length resulting in dramatic
improvements in the visualization of the vitreoretinal inter-
face and posterior vitreous cortex. Human peripheral retinal
images were obtained successfully with SD OCT, and nor-
mative data are presented describing regional differences
and aging changes in the macula and more peripheral retina
(Omata H, et al. Normative values for foveolar, macular and
peripheral retinal thickness by spectral-domain optical to-
mography. Paper presented at: ARVO Annual Meeting,
May 3, 2010; Fort Lauderdale, FL). In the present study,
montages of SD OCT images were created that delineate the
posterior vitreous cortex and the vitreoretinal interface from
the macula to approximately the equator. The montaged

ISSN 0161-6420/12/$-see front matter
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images clearly demonstrated 2 distinct configurations of the
posterior vitreous cortex that correlated with stage of mac-
ular hole development. The patterns are suggestive of po-
tential tractional force development at the vitreoretinal in-
terface in the evolving macular hole.

Patients and Methods

Patients and Study Design

This was a prospective, consecutive, observational case series.
Forty-six consecutive eyes of 36 patients with a clinical diagnosis
of idiopathic macular hole, but without other ocular complications
were enrolled into this study. All investigations adhered to the
tenets of the Declaration of Helsinki. This study was approved by
the institutional review board of the Saitama Medical University.
The composition of the patient population was 20 females and 16
males, ranging in age from 46 to 79 years (meanzstandard devi-
ation, 65.1%7.4 years). All patients gave informed consent to
participate in this study. All patients were examined by indirect
ophthalmoscopy, contact lens slit-lamp biomicroscopic examina-
tion, fundus photography, visual acuity testing, and the Watzke-
Allen test. Data included identification of the study eye, date of
onset of symptoms, refraction, best-corrected visual acuity, fellow
eye diagnosis, classification of the macular hole, description of any
vitreous (traction), and the montaged SD OCT images.

The diagnosis and classification of macular holes was based on
slit-lamp biomicroscopic examination using the criteria described
by Gass,' and these were supported by OCT findings. The sam-
ples consist of 4 eyes with a stage 1A hole, 2 eyes with a stage 1B
hole, 10 eyes with a stage 2 hole, 12 eyes with a stage 3 hole, and
12 eyes with a stage 4 hole (Table 1). In addition, with respect to
the clinically normal fellow eyes, 6 fellow eyes with perifoveal
posterior vitreous detachment with still normal foveal structure
were examined in this study. Fellow eyes of patients with existing
macular holes previously were noted to have precursor findings
(so-called stage 0 holes'*1?) and do have a higher rate of macular
hole formation than eyes of patients without macular holes.

Montage Images of Spectral-Domain Optical
Coherence Tomography

The OCT images were obtained through a dilated pupil by a
trained examiner (J.K.) without prior knowledge of clinical retinal
findings. All OCT examinations were performed using SD OCT
(Spectralis; Heidelberg Engineering, Vista, CA). Standardized hor-
izontal, vertical, and 2 oblique (supertemporal to inferonasal and

supranasal to inferotemporal) vitreoretinal sections through the
macular hole were collected for each patient. To examine the
morphologic features of the entire posterior vitreous cortex and
the vitreoretinal interface, wide-angle montage images of OCT
from the macula to the periphery (approximately the equator) were
obtained. Montage images were composed using picture editing
software (Photoshop version 5.5; Adobe, San Jose, CA).

Results

The appearance and configuration of the posterior vitreous in
fellow eyes and macular hole eyes grouped by Gass stages are
described herein. A series of images is presented and, in most
examples, there are | of 2 typical patterns, termed smooth (Figs
1 and 2) and wavy or scalloped (Figs 3, 4, and 5).

Fellow Eyes with Shallow Perifoveal Vitreous
Separation (Stage O Macular Holes)

In an attempt to examine precursor findings to a stage 1 hole, 6
fellow eyes with perifoveal posterior vitreous detachment were
examined. There were no obvious alterations in foveal or macular
structure. Perifoveal retina is the thickest region of the retina. Both
retinal and choroidal thickness decreases toward the periphery.

In all 6 eyes, posterior vitreous was delineated clearly in
montage images of SD OCT. Even in the fellow eye, shallow
perifoveal vitreous separation was not limited to the macular
region, but extended toward the equator. In 5 of 6 eyes (83%),
posterior vitreous cortex had a smooth curvature and was adherent
to the disc, fovea, and peripheral retina. The remaining eye (17%)
had a wavy posterior vitreous that was different than that of the
other 5 eyes and was consistent with release of vitreoretinal
adhesion. Also noted was a granular hyperreflective zone in the
peripheral vitreous in 4 of 6 eyes (67%) (Fig 1).

Stage 1 Macular Holes

The 4 eyes with a stage 1A macular hole demonstrated foveal
splitting in the outer nuclear layer that was associated with antero-
posterior vitreous traction (Fig 2). In 2 eyes with a stage 1B

macular hole, there was an intraretinal foveal splitting extending to

the outer retina (Fig 3). In 3 of 6 eyes (50%) with a stage | hole
(50% of stage 1A holes and 50% of stage 1B holes), a shallow
perifoveal vitreous separation with a smooth contour similar to that
shown in stage 0 holes was present. The remaining eyes had a
posterior vitreous cortex with a wavy or scalloped contour. There

Table 1. Macular Hole Stages and Incidences of Optical Coherence Tomography Findings

Granular Hyperreflection in Peripheral Wavy Posterior

Stages No. the Peripheral Vitreous Retinoschisis Vitreous Fold
Fellow Eye 6 4/6 (67) 1/6 (17) 1/6 {17)
1 6 3/6 (50) 3/6 (50) 3/6 (50)

1A 4 2/4 (50) 1/4 (25) 2/4 (50)

1B 2 1/2 (50) 2/2 (100) 1/2 (50)
2 10 6/10 (60) 0/10 (0) 8/10 (80)
3 12 4/12 (33) 0/12 (0) 12/12 (100)
4 12 1/3 (33)* 0/3 (0)* 3/3 (100)*
Total 46 18/37 (49) 4/37 (11) 27/37(73)

Data are expressed as the number of subject/group (% of entire group).
*Nine cases were excluded because the posterior vitreous shifted anteriorly outside of the range of observations.
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Figure 1. Montage images of (A an mfrared fundus photograph and (B) horlzontal and (C) vertlcal

Temporal

Superior :

—choroxd cross-sections in a fellow

eye with perifoveal posterior vitreous detachment. A long transverse arrow in (A) corresponds to the scannmg ine for the vertlcal cross-section in (B).
There is no obvious alteration in the retinal structure. A shallow perifoveal vitreous separation expands toward the equator over the vascular arcade.
Posterior vitreous draws a smooth curvature adherent to the disc, fovea, and peripheral retina. Note the granular hyperreﬂectxon in the peripheral vitreous

(arrowheads).

was also double-layered retinoschisis (intraretinal splitting) versus
intraretinal fluid collection of the peripheral retina to which there
was adherent to posterior vitreous cortex (Figs 2F and 3E). These
zones of double-layered retinoschisis were detectable in 1 of 6
fellow eyes (17%) with a stage 0 hole and in 3 of 6 eyes (50%)
with a stage 1 hole (25% of stage 1A holes and 100% of stage 1B
holes), but not in eyes with stage 2 through 4 holes. Each periph-
eral retinoschisis was located in the superior, supranasal, or super-
temporal quadrants, or a combination thereof. There were zones
containing granular hyperreflective points in the peripheral vitre-
ous in 3 of 6 eyes (50%). These hyperreflective granules were not
evident in the macular regions.

Stage 2 Macular Holes

In stage 2 macular holes, 8 of 10 eyes (80%) had wavy or scalloped
posterior vitreous folds along the curvature of vitreous detachment.

2602

Typically vitreous separation extended farther in the superior and
temporal quadrants than in inferior and nasal quadrants. Although
posterior vitreous of the smooth curvature configuration (without
scalloping) formed a shallow acute angle with the peripheral
retina, a wavy line-shaped posterior vitreous (with scalloping) was
attached to the peripheral retina at a greater angle of insertion. This
was most notable in the superior and temporal quadrants. Posterior
vitreous cortex had a wavy or scalloped configuration in these
quadrants. Granular hyperreflection in the peripheral vitreous was
evident in 6 of 10 eyes (60%). The peripheral retinoschisis was not
detectable in any of the examined eyes with stage 2 holes.

Stage 3 or 4 Macular Holes

In 9 of 12 eyes with a stage 4 macular hole, the posterior vitreous
face was separated anteriorly and was too peripheral to image. In
all 15 eyes with stage 3 or 4 macular holes with observable
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Figure 2. Montage images of (A) horizontal, (B) vertical, (C) oblique (inferonasal to supertemporal), and (D) oblique (supranasal to inferotemporal)
vitreous—retina—choroid cross-sections in an eye with an early stage 1A macular hole. A highly magnified image of an inset in (A) is shown in (E) and
that of an inset in (B) is shown in (F). (E) There is mild foveal splitting in the superficial outer nuclear layer. A shallow perifoveal vitreous separation
expands toward the equator. There is a smooth curvature of the vitreous face adherent to the disc, fovea, and peripheral retina similar to that of the fellow
eye (Fig 1). (F) Note the double-layered retinoschisis (intraretinal splitting) in the inner and outer plexiform layers of the peripheral retina adherent to
posterior vitreous. These zones of retinoschisis were evident in the superior, supertemporal, and supranasal quadrants (arrows in B, C, D).

posterior vitreous, 100% had wavy posterior vitreous folds. Wavy
folds were visible throughout the entire separated posterior vitre-
ous cortex. The folds were thicker and wider morphologically than
those in the earlier stage macular holes (Fig 5). The incidence of
a wavy as opposed to smooth posterior vitreous increased with
progression of the stage of macular hole (Table 1). The granular
hyperreflection in the peripheral vitreous was evident in 5§ of 15
eyes (33%) with stage 3 and 4 holes (33% with a stage 3 hole and
33% with a stage 4 hole). Peripheral retinoschisis was not detect-
able in any eyes with a stage 3 or 4 hole.

Discussion

This study assembled montaged OCT images of the poste-
rior vitreous, retina, and choroid that extended from the
macula to the periphery and examined the morphologic
relationships between these structures during development
and progression of idiopathic macular holes. The posterior
vitreous cortex was delineated clearly in all eyes except
those with very anterior vitreous detachment. This finding
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Figure 3. Montage images of (A) horizontal, (B) vertical, (C) oblique (inferotemporal to supranasal), and (D) oblique (supertemporal to inferonasal)
vitreous—retina—choroid cross-sectional images in an eye with a stage 1B macular hole. A highly magnified image of an inset in (D) is shown in (E). There
is intraretinal foveal splitting extending to the outer retina. Vitreous separation extends toward the equator. The vitreous face has a wavy surface with
a more scalloped configuration than the smooth curvature seen in Figures 1 and 2. Although posterior vitreous of the smooth curvature configuration forms
a shallow, acute angle with the peripheral retina, the wavy line configuration shown here shows a steep insertion angle at the point of peripheral adhesion.

Typically, vitreous separation extends more peripherally in the superior and temporal quadrants than in the inferior and nasal quadrants. (E) Note the
double-layered retinoschisis in the inner and outer plexiform layers in a supertemporal quadrant.
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Figure 4. Montage images of (A) horizontal, (B) vertical, (C) oblique (inferonasal to supertemporal), and (D) oblique (supranasal to inferotemporal)
vitreous-retina—choroid cross-sectional images in an eye with a stage 2 macular hole. (A) The posterior vitreous face remains attached to the roof of the
hole. The posterior vitreous is not drawn taught into a straight line, especially in the periphery of the superior and temporal quadrants.

was noted only in eyes with stage 4 holes. Eyes predisposed
to macular hole formation were examined by examining
fellow eyes in patients with a macular hole, and shallow
perifoveal vitreous separation was identified that was not
limited to the macular region, but rather extended toward
the equator beyond the vascular arcades. There were 2
distinct patterns observed in images of the separated poste-
rior vitreous face. At the time of initiation of posterior
vitreous detachment, most posterior vitreous cortex had a

smooth curvature to the vitreous face with attachment to the
disc, fovea, and peripheral retina. The development of the
second hyaloid face configuration, wavy or scalloped pos-
terior vitreous folds, increased in association with macular
hole progression. In advanced staged holes (stage 3 or 4),
these folds were visible throughout the posterior vitreous
face and were thicker and wider than those observed in early
stage macular holes. The notable finding of wavy posterior
vitreous folds at the vitreous face may support a hypothesis
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Figure 5. Montage images of (A) horizontal and (B) vertical vitreous—retina—choroid cross-sections in an eye with a stage 3 macular hole and (C) an
oblique scan with a stage 4 hole. (B) The posterior vitreous face is not visible in the superior quadrant in this stage 3 hole because vitreous separation
extends anteriorly beyond the field of image acquisition for the optical coherence tomography image. Wavy posterior vitreous folds are visible throughout
posterior vitreous. (C) In a stage 4 hole, posterior vitreous is not at all or only partially visible.

that the posterior vitreous becomes loose rather than taught
during the course of progression of macular holes. This
finding also supports the hypothesis that the anteroposterior
tractional forces at the fovea are generated mainly by fluid
currents, rather than by cellular shrinkage of the cortical
vitreous, especially in later stage holes.

The importance of vitreous traction as a mechanism in
macular hole formation remains controversial because there
is not yet direct proof for this proposed mechanism. Guyer
and Green'? suggested that the tangential traction may occur
by 3 possible mechanisms: fluid movements, cellular re-
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modeling of cortical vitreous, and contraction of a cellular
membrane on the inner surface of the cortical vitreous.
Because fibrocellular membrane fragments were found in
only 10% of the surgical specimens obtained from impend-
ing macular holes,'* they hypothesized that fluid currents
seemed to be a primary mechanism.!> A histopathologic
report with numerous surgically obtained specimens indi-
rectly supports this hypothesis because fibrocellular and
cellular membrane fragments were found in only a minority
of the examined specimens.!> A wavy line-shaped posterior
vitreous face with folds that is attached to the peripheral
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retina and inserts into the retina with a greater angle may
suggest loosening rather than tightening of the posterior
vitreous cortex and is consistent with such a hypothesis.
However, because OCT is a static imaging method rather
than a dynamic study like echography, the motion of the
posterior vitreous face cannot be seen. It is possible to
speculate that the wavy configuration of the posterior cor-
tical vitreous is composed of relatively fixed folds and that
there is a stiff vitreous face perhaps secondary to focal
cellular proliferation and contracture analogous to prolifer-
ative vitreoretinopathy. At the time of this writing, the
authors are examining cases at different points in time to
determine if the wavy configuration is fixed or mobile (data
not shown). Further longitudinal studies tracking vitreous
face movements over brief periods are indicated.

A. granular hyperreflective zone was evident in 50% to
60% of eyes with stage 1 or 2 holes. These were located in
the peripheral vitreous where vitreoretinal separation was
progressing. The incidence decreased to 33% in eyes with
stage 3 or 4 holes. The granular hyperreflection may indi-
cate structural changes of the cortical vitreous, including
cellular remodeling and cellular proliferation in the cortical
vitreous, as has been suggested by Guyer and Green.!* The
lower incidence of the granular hyperreflection in stage 3 to
4 holes and peripheral localization may be a consequence of
the smaller chance of demonstrating fibrocellular and cel-
lular membrane fragments in surgically excised speci-
mens'>1> compared with those in vitreomacular traction
syndrome.'¢~1® Although the role of a smooth curvature to
the vitreous face remains unclear in the pathogenesis of
macular hole development, structural changes in the periph-
eral vitreous may or may not induce contracture and trac-
tional forces. '

Another remarkable finding is the double-layered reti-l

noschisis in the peripheral retina adherent to posterior vit-
reous cortex. The peripheral retina was split in the inner and
outer plexiform nuclear layers. Interestingly, all zones of
peripheral retinoschisis were evident only in the superior,
supranasal, or supertemporal quadrants, or a combination
thereof, in this small sample. Rhegmatogenous retinal de-
tachment attributable to peripheral breaks with a concomi-
tant noncausal macular hole occurs in approximately 1% to
3% of cases of retinal detachment.?%=2? Although the fol-
low-up results have not been evaluated, the peripheral reti-
noschisis observed in 50% of stage 1 macular holes may be
a potential explanation for a higher incidence of rhegmatog-
enous retinal detachments in the presence of noncausal
macular holes. In addition, using the OCT montaging tech-
nique, a series of normal eyes at the different stages of
posterior vitreous detachment was observed recently. Dur-
ing the process of posterior vitreous separation in normal
eyes, there was no obvious peripheral retinoschisis observed
(data not shown). These facts and the current study results
suggest that the pathologic vitreoretinal adhesion in the eye
with a macular hole is not limited in the macular region but
also is in the peripheral retina.

In conclusion, montaged images of SD OCT in pa-
tients with macular hole demonstrated 2 different pat-
terns of posterior vitreous configuration, as well as gran-
ular hyperreflection in the peripheral vitreous and areas

of peripheral retinoschisis. The wavy posterior vitreous
folds may provide further insight into the pathophysiol-
ogy, development, and progression of idiopathic macular
holes. These findings may provide a hypothesis implicat-
ing fluid currents, rather than by cellular remodeling,
shrinkage of cellular membrane of the cortical posterior
vitreous, or both as the source of anterior-to-posterior
traction. Finally, the novel approach of montaging SD
OCT images to examine relationships between the vitre-
ous, retina, and associated structures adjacent to and
outside of the macula may have a number of relevant
applications in the study of vitreoretinal interface, para-
macular, and macular pathologic features.
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Purpose: To describe the treatment outcome of photodynamic therapy (PDT) in Japanese
patients with age-related macular degeneration (AMD) followed for 5 years.

Patients and methods: We retrospectively reviewed clinical charts of 51 patients with AMD.
Thirty-one eyes of typical AMD (tAMD) and 20 eyes of polypoidal choroidal vasculopathy
(PCV) were evaluated.

Results: The mean logarithm of the minimum angle of resolution (logMAR) vision of all AMD
patients was 0.807 at the baseline examination and 0.937 at the 5 year examination. Mean visual
acuity letter score loss is similar between patients with tAMD (=7.25) and with PCV (-5.36)
at the month 60 examination. The patients with lesions of classic choroidal neovascularization
(CNV) had 10.0 letters loss, but the patients with lesions of occult CNV had only 1.43 letters
loss. The number of retreatments peaked in year 1 and declined immediately for patients with
tAMD, but patients with PCV had significantly more frequent retreatments in the years 3 and
4 than patients with tAMD (P = 1.48 x 1072, 5.96 x 1073, respectively).

Conclusion: Visual outcomes in patients with Japanese patients with AMD treated with PDT
after 5-year follow up were worse than that in short-term follow up reported previously. In
addition, the difference in visual prognosis between tAMD and PCV was not demonstrated
after long-term follow-up.

Keywords: photodynamic therapy, age-related macular degeneration, polypoidal choroidal
vasculopathy, visual outcomes

Introduction
Age-related macular degeneration (AMD) is the leading cause of severe visual loss in
people over 50 years of age.! Photodynamic therapy (PDT) with verteporfin (Visudyne,
Novartis Pharmaceutical Corporation, East Hanover, NJ, USA) is approved in more
than 75 countries and commonly used to treat patients with subfoveal choroidal
neovascularization (CNV) associated with AMD.? Several clinical trials in the United
States and European countries have reported the benefits of PDT.>** Guidelines
for verteporfin therapy were based on the results of these trials in predominantly
Caucasian populations. Although Treatment of Age-related Macular Degeneration
with Photodynamic Therapy® (TAP) investigation reported a benefit at 24 months with
respect to reducing the risk of three or more lines of visual acuity (VA) loss compared
with placebo controls, the Japanese Age-Related Macular Degeneration Trial (JAT)
study group® reported that PDT for CNV in. Sixty-four Japanese patients appeared to
have better angiographic and visual outcomes than those of the Western trials.2*5~
Polypoidal choroidal vasculopathy (PCV) is a distinct form of AMD, which
meets the late age-related maculopathy (ARM) criteria of the International ARM
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Epidemiological Study Group,!® but the phenotypic
characteristics differ from typical neovascular AMD (tAMD).
Over the past decade, the spectrum of neovascular AMD
has been expanded to include PCV.!'" Patients with AMD
in Japan have been reported to have PCV lesions more
frequently than Caucasian patients’>'® and PDT provides
favorable results in the treatment of PCV.!*?* Considering
these outcomes of PDT treatments for PCV better outcomes
are presumed for Japanese patients than Caucasian patients.
Therefore, it is possible there may be a different response
to PDT among different populations. Although TAP study
provided the outcomes after PDT with AMD in the 5-year
follow-up, JAT study* and JAT extension® have described up
to 2 years follow-up information.

The purpose of this study is to provide the long-term
follow-up information (5 years) after PDT in Japanese
patients, and to compare the results with those of Western
studies. We also explored whether the effect of PDT is
different between patients with PCV lesion and those
without.

Materials and methods

Subjects, examination and diagnosis
This retrospective study was conducted at Saitama Medical
University, Saitama, Japan. All study subjects were unrelated
Japanese Asian. All participants underwent a comprehensive
ocular examination, including slitlamp biomicroscopy,
funduscopy, contact lens biomicroscopic examinations of
the retina, fluorescein and indocyanine green angiography,
and optical coherence tomography (OCT) observation
(Cirrus and Stratus, Carl Zeiss Meditec AG, Jena, Germany)
at baseline and every 3-month visit. Every patient had
fluorescein angiography at baseline. Regarding indocyanine
green angiography, there were five exceptions, with a history
of allergy for iodide, a positive result on pre-injection test or
a known systemic problem such as liver disease, ischemic
heart disease, cardiac arrhythmia or cardiac pacemakers. The
differential diagnosis of tAMD and PCV was conducted so
that if the polypoidal structure of the choroidal vessels with
or without abnormal vascular networks was observed on
indocyanine green angiography at the corresponding lesion
on fluorescein angiography, the eyes were diagnosed as
having PCV. We referred to the five cases without indocyanine
green angiography, funduscopic appearance of typical
orange-like polypoidal structure and OCT findings to make
an accurate diagnosis.

Fifty-one consecutive patients who underwent initially PDT
with the diagnosis of AMD between July 2004 and June 2005,

with the completion of the month 60 examination, were
recruited for this study. Inclusion criteria were as follows; (1)
age of 50 years or older, (2) diagnosis of AMD in one or both
eyes, (3) no association with other retinochoroidal diseases such
as angioid streaks, high myopia (greater than 6D of myopic
refractive error), central serous chorioretinopathy, presumed
ocular histoplasmosis or retinal angiomatous proliferation
(type 3 choroidal neovascularization). Excluded were the
patients who had the treatments before and during the 5-year
follow-ups with other methodologies; antivascular endothelial
growth factor therapies, thermal laser photocoagulation,
transpupillary thermotherapy, and/or vitreous surgery.

The main outcome of this study was best corrected visual
acuity (BCVA) alteration during 5-year follow-up. We also
analyzed the number of PDT retreatments. Recurrence of
AMD was determined by a significant increase (20% or
more compared with the lowest measurement at any previous
scheduled visit) of the retinal thickness due to retinal edema
and retinal detachment delineated by OCT measurement,
increased or persistent fluorescein leakage from CNV or
appearance of new retinal hemorrhage of one disc diameter
or greater after 3 months or more. Additional retreatments
were given if the CNV recurrence was observed as often as
every 3 months during the 5-year follow-up.

Treatment procedures

The treatment protocol followed that used in the JAT study.*
Treatment involved a 10 minute intravenous infusion of
verteporfin, 6 mg/m?* body surface area, followed by light
exposure 15 minutes after the start of the infusion. Light
exposure was given with a diode laser beam (639 + 3 nm),
delivered at 600 mW/cm? for 83 seconds to produce
50 J/em?.

Statistical analysis

The BCVA was determined using the Landolt C chart,
and was calculated and presented as the logarithm of the
minimum angle of resolution (logMAR) for statistical
analyses and for conversion to letter scores. The following
calculations were used:

o logMAR value = log10 (1/VA using Landolt C chart).

e Each 0.10 unit of logMAR difference =5 letters.

The measured mean value of each group was compared
using paired or unpaired #-test, chi-square test, and Bonferroni
multiple comparison correction. P < 0.05 was considered to
be statistically significant. All analysis was performed with
commercially available software (SSRI version. 1.20, SSRI,
Tokyo, Japan).
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