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To investigate the potential of nanoparticles (NPs) composed of poly(y-glutamic acid) conjugated with L-
phenylalanine (y-PGA-Phe NPs) for the treatment of retinal diseases, y-PGA-Phe NPs (200 nm) were tested
with macrophages and microglia in vitro or by intravitreal administration into normal or pathological rat eyes.
The anti-inflammatory effects of the NPs containing dexamethasone (DEX-NPs) were examined using qRT-
PCR in vitro by counting activated microglia and Fluorogold-labeled retinal ganglion cells in the retinas under
excitotoxicity or by counting TUNEL (+) photoreceptors in the detached retinas. The NPs were taken up
efficiently by cultured macrophages or microglia. At day 7, 60-80% of the diffuse signal remained in the
cytoplasm of these cells. In normal rat eyes, the NPs did not accumulate in the retinas and no inflammatory
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Cytokines cells were recruited. Conversely, under pathological conditions, the NPs were localized in activated CD11b-
Monocyte recruitment positive cells in the retina. DEX-NPs suppressed the expression of TNFoa and MCP-1 in cultured macrophages
Microglia

or microglia, the activation of microglia, the loss of retinal ganglion cells (RGCs) in excitotoxic retinas, and the
number of TUNEL {+) photoreceptors in detached retinas. These data suggest that y-PGA-Phe NPs can be a

powerful tool for suppressing inflammatory cells in pathological conditions in the retina.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Various delivery systems have the potential to deliver drugs over
extended periods of time to specific cells without systemic complica-
tions [1-3]. Previously, drug-encapsulating polymeric microparticles
(1-1000 um) or nanoparticles (NPs: 10-1000 nm) were used for
clinical applications to achieve sustained drug delivery, where the rate
drug release depends on the rate of polymer degradation. Those polymers
include polylactide (PLA) [4], poly(lactide-co-glycolid) (PLGA) [5-7],
acrylic polymers, copolymers, hyaluronic acid derivatives, and alginates.
Among the available biodegradable polymers, PLA [4] and PLGA are the
most widely used, with degradation rates ranging from months to years
[5-7] depending on the composition and molecular weight of the
substance being released. However, major problems associated with PLA
and PLGA polymers include the low encapsulation efficiency of highly
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water-soluble proteins and the instability during formulation, storage,
and lyophilization of the NPs. Instability of the proteins also occurs during
polymer degradation due to the accumulation of acidic monomers and
the consequent generation of a low pH inside the biodegradable NPs.
Another important facet of drug delivery is the route of administra-
tion or carrier device. Prior studies have investigated eye drops or
systemic administration with very small NPs (less than 20 nm) [8],
subconjunctival administration [4], trans-scleral drug delivery with a
trans-scleral depot containing the drugs [9], scleral implants [10],
transcorneal or trans-scleral iontophoresis [11,12} and aerosol admin-
istration during surgery for vitrectomy [13]. These local application
techniques helped to minimize systemic complications and provided
higher concentrations of the drugs in the posterior portion of the eyes.
In this study, we used poly(vy-glutamic acid) (y-PGA) as the
backbone of a biodegradable hydrophilic polymer and 1-phenylalanine
(Phe) as the hydrophobic side chain. y-PGA is composed of naturally
occurring b- and L-glutamic acid, y-linked together through amide
bonds [14-16]. The y-PGA-graft-Phe copolymers can form NPs due to
their amphiphilic properties [5]. Their ability to form NPs is attributed
to the hydrophobic interactions between the Phe groups attached to
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the y-PGA backbone resulting in the increased stability of the
hydrophobic cores in the NPs. NPs consisting of y-PGA-graft-Phe (-y-
PGA-Phe NPs) have several important advantages as cytoplasmic
delivery carriers including resistance to proteases, such as cathepsin
[14], which accumulate in dendritic cells (DCs) and phagocytic cells
such as macrophages. Our group [17-20] and others [21] have
previously demonstrated that these antigen-loaded NPs represent a
possible vaccine candidate for immune therapy. Moreover, y-PGA-Phe
NPs have been tested in several clinical applications including T cell
tolerance of pollen antigen [21], vaccination for Japanese encephalitis
[17], cancer treatment [18], and human immunodeficiency virus type 1
gp120 [19,20]. Hence, y-PGA-Phe NPs have the potential for multiple
clinical applications in the near future. However, the dynamics of NPs
in the eye remains unclear.

In various pathological conditions, monocytes are recruited to the
retina through the increased expression of cytokines and chemokines in a
damaged area; in addition, resident microglia are also activated, then
proliferate and migrate [22,23]. Physiologically, one of the major roles of
phagocytic cells is to clean up the debris of dying cells [24]. In various
pathological conditions, we have found that macrophages/microglia have
a neurodestructive effect on damaged neurons via secreting cytokines or
initiating oxidative stress [22,25-27]. Thus, the suppression of macro-
phages/microglia could be an important strategy for providing neuropro-
tection in various retinal disorders. In this study, we used y-PGA-Phe
NPs containing Texas Red-labeled ovalbumin (TR-OVA) to explore the
dynamics of NPs in the eye. Next, we characterized the effects of y-PGA-
Phe NPs in cultured macrophages and microglia and then investigated the
potential for using 'y-PGA-Phe NPs containing dexamethasone (DEX-NPs)
for in vivo immunosuppressive treatment of macrophages and microglia
in various pathological conditions in the retinal.

2. Materials and methods
2.1. Animals

In total, 129 Sprague-Dawley (SD) rats (120 male and 9 female,
weighing 250-300 g; Japan SLC, Hamamatsu, Japan) were used. For in
vivo studies, we used 18 male rats (6 for each dosage of the NPs) to study
normal conditions, 24 male rats to study the dynamics of NPs under
pathological conditions (excitotoxicity and retinal detachment), 16 male
rats to study DEX-NP treatment in a retinal detachment model, and 32
male rats to count surviving RGCs after DEX-NP treatment in the
excitotoxic model. For in vitro experiments, 21 male rats were used for a
macrophage culture and 90 rat pups (postnatal day 1 delivered from 9
female SD rats) for primary culture of microglia; another 9 male rats were
used for a retina mixed culture. The surgical procedures were performed
under deep anesthesia with intramuscular administration of a mixture of
ketamine (100 mg/kg) and xylazine (9 mg/kg) or intraperitoneal
injections of sodium pentobarbital (45 mg/kg, Vortech Pharmaceuticals).
The rats were euthanatized with an intraperitoneal injection of a lethal
dose of pentobarbital (Fatal-Plus solution; 390 mg/ml).

All animals were maintained and handled in accordance with the
ARVO Statement for the use of animals in Ophthalmic and Vision
Research and the guidelines from the declaration of Helsinki and the
Guiding Principles in the Care and Use of Animals. All experimental
procedures described in the present study were approved by the Ethics
Committee for Animal Experiments at Tohoku University Graduate
School of Medicine. Animals were treated according to the National
Institutes of Health guidelines for the care and use of laboratory animals.

2.2. Materials

v-PGA (M, =3.8% 10°, p-Glu/i-Glu= 60/40) was kindly donated by
the Meiji Seika Co., Ltd. (Tokyo, Japan). i-phenylalanine ethyl ester (Phe)
and dexamethasone (DEX) were purchased from Sigma (St. Louis, MO). 1-
Ethyl-3-(3-dimethylaminopropyl) carbodiimide, dimethylsulfoxide

(DMSO) and sodium hydrogen carbonate (NaHCO3;) were purchased
from Wako Pure Chemical Industries (Osaka, Japan). 5-(Aminoacetamido)
fluorescein and Texas Red-labeled OVA (TR-OVA) were purchased from
Molecular Probes (Eugene, OR).

2.3. Preparation of y-PGA-Phe NPs

¥-PGA-graft-L-phenylalanine (y-PGA-Phe) was prepared by the
conjugation of the r-phenylalanine ethyl ester (Phe) as previously
described [14,15]. Briefly, y-PGA (4.7 unit mmol) was hydrophobi-
cally modified by Phe (4.7 mmol) in the presence of 1-Ethyl-3- (3-
dimethylaminopropyl) carbodiimide (4.7 mmol) in 50 mM NaHCO;
(100 ml). The purified y-PGA-Phe was characterized by "H NMR to
determine the degree of Phe grafting. In this study, y-PGA-Phe with
53% of Phe grafting was used. To analyze the intracellular distribution
of the NPs, fluorescein-labeled y-PGA-Phe (F-y-PGA-Phe) was also
synthesized using the same method in the presence of 5-
(aminoacetamido) fluorescein (23.5 pmol). The amount of incorpo-
rated fluorescein was measured by spectrofluorometry. NPs com-
posed of y-PGA-Phe were prepared by a precipitation method. y-PGA-
Phe or F-y-PGA-Phe (10 mg/ml) was dissolved in DMSO and this
solution was added to saline at the same volume to yield a translucent
solution. The resulting solution was then centrifuged at 14,000 x g for
15 min, rinsed repeatedly, and resuspended in phosphate-buffered
saline (PBS) at a concentration of 20 mg/ml.

2.4. Preparation of TR-OVA-encapsulated NPs (TR-OVA-NPs)

To prepare the TR-OVA-encapsulated NPs, y-PGA-Phe (10 mg/ml
in DMSO) was added to the same volume of 2 mg/ml TR-OVA to yield
a translucent solution. The resulting solution was centrifuged at
14,000x g for 15 min and repeatedly rinsed to remove the organic
solvent and free TR-OVA. Approximately 90% of the initial y-PGA-Phe
copolymer was recovered as NPs. The residual DMSO in the NP
solution (20 mg/ml) was removed to below 1 ppm by the purification
process. TR-OVA-encapsulated NPs (TR-OVA-NPs) were added to a
volume of 4% sodium dodecyl sulfate (SDS) to dissolve the NPs, and
the TR-OVA concentration in the TR-OVA-NP solution was measured
by the Lowry method, as previously described [28,29]. From the
estimated TR-OVA and NP concentrations in the sample solution, TR-
OVA-NPs with a TR-OVA loading of 100 ng per milligram NP was
prepared. The entrapment efficiency of TR-OVA into the NPs
was calculated using the following formula: (amount of encapsulated
TR-OVA / initial feeding amount of TR-OVA)x100. The TR-OVA
entrapment efficiency reached approximately 50%.

2.5. Preparation of dexamethasone-adsorbed NPs (DEX-NPs)

To prepare the DEX-NPs, y-PGA-Phe NPs or F-y-PGA-Phe NPs (F-
NPs) (5 mg/ml in PBS) were mixed with DEX (1 mg/ml in 20% DMSO)
at the same volume and the mixture was incubated at 4 °C for 24 h.
After the reaction, the NPs or F-NPs were isolated by centrifugation,
washed with PBS, and resuspended at 20 mg/ml in PBS. The amount of
DEX adsorbed into the NPs was evaluated by a DEX ELISA kit (Neogen,
Lexington, KY). The loading content and entrapment efficiency of DEX
into the NPs were evaluated in the same manner as was used for the
TR-OVA-NPs. DEX-NPs or DEX-F-NPs loaded at 50 pg per milligram
NPs were prepared. The entrapment efficiency of DEX into the NPs
was calculated using the following formula: (amount of adsorbed DEX
/initial feeding amount of DEX) x 100. The DEX entrapment efficiency
was approximately 25%.

2.6. Characterization of the NPs

The size of the y-PGA-Phe NPs in the aqueous solution was
measured by a dynamic light scattering (DLS) method using a



M. Ryut et al. / Journal of Controlled Release 151 (2011) 65-7. 67

Fig. 1. SEM image of y-PGA-Phe nanoparticles (NPs). Scale bar =200 nm.

Zetasizer Nano ZS (Malvern Instruments, UK). The surface charge of
the NPs was determined by zeta potential measurements using a
Zetasizer Nano ZS. The NP suspension, diluted with PBS (100 pg/ml),
was used without filtering to measure both particle size and zeta
potential. The mean diameters of NPs, TR-OVA-NPs and DEX-NPs were
175433, 220 £ 65 and 180+ 45 nm (mean 4 SD), respectively. The
zeta potential of the NPs was approximately — 25 mV.

(Further information regarding the materials and methods used in
this study is contained in “Supplementary data.”)

3. Results
3.1. y-PGA-Phe NPs are taken up by macrophages and microglia in vitro

Macrophages and microglia have been demonstrated to be involved
in several pathological conditions of the retina including excitotoxicity
[26], retinal detachment [22], and glaucoma [25]. Thus, we first
investigated whether NPs can be taken up by those phagocytic cells in
vitro. In cell culture, 200 nm NPs (Fig. 1) containing TR-OVA were
incubated for 2 h and NPs taken up by macrophages and microglia were
examined after washing out free TR-OVA-NPs, The signal for TR-OVA
(Fig. 2) was co-localized with the cellular markers for macrophages
(CD11b) and microglia (CD68) under a fluorescent microscope with 98%
of cultured macrophages or microglia containing TR-OVA-NPs (Fig. 2).
Analysis using confocal microscopy showed that the TR-OVA-NP signal
was detected in the cytoplasm as a high-intensity, granular signal and in
macrophages and microglia as a low-intensity, diffuse signal (Fig. 3).

According to flow cytometry analysis (Fig. 4), the TR-OVA-NPs are
taken up by macrophages/microglia in a dose-dependent manner,
according to the FL2-H histogram. The mean FL2-H indicates that
macrophages have a higher capacity for phagocytosis than microglial cells.

3.2. Persistence of NPs in vitro

In our previous study, y-PGA-Phe NPs were found to be degraded
by various enzymes, such as Pronase E and cathepsin B, with different

TR-OVA-NPs

CD11b/CDE8 | |

DAPI

overlay

l I Macrophage I

Microglia

CD11b

Fig. 2. Uptake of TR-OVA-NPs by cultured macrophages and microglia. The first lines indicate the signals from TR-OVA-NPs and the second lines indicate the immunoreactivity with

CD11b, the cellular marker for macrophages (upper panel), and CD68, the marker for activated microglia (lower panel), in the cultured macrophages or microglia. Scale bar =

20 pum.

TR-OVA-NPs DAPI

Phase 1 | overlay l

l I Macrophage }

Microglia

Fig. 3. Confocal images of the cultured macrophages and microglia with TR-OVA-NPs. TR-OVA-NP signaling was detected in the cytoplasm as a high-intensity granular signal and a

low-intensity diffuse signal in the cultured macrophages and microglia. Scale bar =5 wmn.
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Fig. 4. Relative quantification of phagocytosed TR-OVA-NPs in retinal mixed cells, macrophages, and microglial cells. The histograms demonstrate that the TR-OVA-NPs are taken up

by macrophages or microglial cells in a dose-dependent manner and that macrophages
showed an approximately 12-fold increase in the mean FL2-H value compared to the co

degradation patterns in vitro. The degradation and collapse of the NPs
was attributed mainly to the cleavage of amide bonds between the -
carboxylate side chains of y-PGA and Phe [14]. The degradation speed
depends on the hydrophobicity (the grafting rate of the hydrophobic
side chain) and the type of enzyme, suggesting that there are
differences in degradation speeds between cell types. To investigate
the degradation speeds and the persistence of TR-OVA-NPs in the cells
of interest, the TR-OVA signals were quantified in macrophages and
microglia at 2 and 7 days after the administration of NPs. Although the
granular signal decreased to 20% on day 7, the diffuse signal remained
around 80% in the cytosol of the cell (Fig. 5). According to this result,
we presume that TR-OVA-NPs aggregated in cells should release a
“granular signal” and the TR-OVA released from degraded NPs that
remained in the cytosol should release a “diffuse signal” through the
Cy3 filter in the fluorescein microscope. These data may suggest that
80% of the NPs in the macrophages/microglia get degraded on day 7
but that the contents released from the NPs persist in the cytosol.

3.3. NPs in normal and pathological conditions of the retina

To investigate drug dynamics in vive, we injected TR-OVA-NPs into
the vitreous cavity, harvested the eyes 2 days later, and prepared
cryosections to investigate the distribution of NPs. When 0.8 or 4 pg of
NPs were injected into normal, injury-free eyes, no NPs were taken up
by the cells (Fig. 6). In the NMDA-damaged retina, resident microglia
transformed from a dendritic shape to a spindle or amoeboid shape,
reflecting the activated status of the microglia. NPs were taken up by
these cells (Fig. 7). In the retinal detachment model, macrophages
were recruited into the sub-retinal space and the NPs were taken up
(Fig. 8).

3.4. DEX-NPs suppress inflammation both in vitro and in vivo

To be effective, drugs contained in the NPs should be released into
the cytoplasm [14].

Thus, an agonist for nuclear receptors or an inhibitor of a signal
transduction pathway would be a good target for treatment. Here, we

have a higher capacity to take up the NPs. TR-OVA-NP {13 ug/ml)-treated macrophages
ntrol {0 pg/ml TR-OVA-NPs).

chose DEX as a popular and potent corticosteroid for anti-inflamma-
tory conditions that is already used in the clinic. To test the potential
of DEX-NPs to suppress inflammation, we examined changes in the
expression of TNFa and MCP-1, major cytokines and chemokines

Microglia

Macrophage ||

H Day 2

Day 7

60000
50000
40000 40000
30000 30000

day2{day7{day2jday7

day2jday7{day2lday7|

diffuse
area

Granular
area

diffuse
area

Granular
area

Fig. 5. Time course for the alterations in the persistence of TR-OVA-NPs. The photographs
show the appearance of TR-OVA-NPs on day 2 (upper panels) and day 7 (lower panels) in
vitro. The bar charts show the quantitative data for the area of granular, high-intensity,
dot or diffuse cytoplasmic signaling in the cultured macrophages and microglia. Scale
bar= 10 um.
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DPBS 0.8 ug NPs

4 ug NPs

Vitreous cavity

Retina

ll

GCL
IPL
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100pm

Fig. 6. Absence of accumulation of TR-OVA-NPs in the healthy retina. There was no
accumulation of TR-OVA-NPs in the retina (lower panels). Some weak signals were
detected in the vitreous cavity but not in any cells. Scale bar = 100 un. GCL: ganglion
cell layer, IPL: inner plexiform layer, INL: inner nuclear layer, OPL: outer plexiform
layer, and ONL: outer nuclear layer.

released from cultured macrophages, with or without DEX-NPs (NPs
13 pg/ml, DEX 0.65 pg/ml). As a positive control, we used 0.65 and
6.5 ug/ml of DEX. At 3 and 24 h after application of the NPs, the
expression of TNFae and MCP-1 was significantly decreased, with DEX-
NPs and pure DEX having almost the same effect (Fig. 9). To
investigate whether the released DEX still possessed an anti-

DPBS I NMDA

|[NMDA+TR-OVA-NPs

Retina

Microglia

Fig. 7. Accumulation of TR-OVA-NPs in the active microglia in a model of NMDA-
induced excitotoxicity. Without treatment with NMDA, microglia had dendrites that
were observed to be in the resting phase (left-sided images). Treatment with NMDA
induced the activation of microglia (amoeboid shape) in the IPL (center images). The
activated microglia phagocytosed the TR-OVA-NPs in the damaged retina (right-sided
images). Arrows indicate the microglia in the [PL. Scale bar = 50 pm (upper panels) and

10 pun (lower panels). GCL: ganglion cell layer, IPL: inner plexiform layer, INL: inner

nuclear layer, OPL: outer plexiform layer, and ONL: outer nuclear layer.

inflammatory effect on cultured macrophages, we applied DEX
(0.65ug/ml) or DEX-NPs (13 pg/ml DEX-NPs, equivalent to DEX
0.65 pg/ml) for 2 h and then changed the culture medium to remove
the extra compound. We then immediately stimulated the cells with
TNFa (day 0) or further culture-treated the macrophages for 48 h
(day 2) and then stimulated them with TNFa. After 3 h of TNF«
stimulation, the TNFoe mRNA was significantly increased both on days
0 and 2. Pretreatment with DEX alone significantly suppressed the
TNFa-induced TNFa expression on day 0, but this effect disappeared
2 days after DEX treatment. In contrast, the accumulation of DEX-NPs
in macrophages suppressed the TNFa-induced TNFa expression on
both days O and 2 (Fig. 10). These data suggest that the anti-
inflammatory effects of DEX-NPs last longer than that of DEX alone in
cultured macrophages. According to our analysis of the degradation of
NPs in macrophages (Fig. 5), we believe that the DEX-NPs in
macrophages degraded from day 0 to day 7 and kept releasing DEX
to suppress the expression of TNFq, although the amount of DEX-NPs
in the macrophages and the amount of DEX released into the cytosol
of the macrophages was not clear. We next investigated the effects of
DEX-NPs when injected intravitreally in rat models of retinal diseases.
In the model of NMDA-induced damage, the activation of microglia
(ratio of amoeboid shape to resting shape, Fig. 11A) was significantly
suppressed by treatment with DEX-NPs (Fig. 11B). At the same time,
the DEX-NPs significantly reduced the loss of RGCs 7 days after NMDA
treatment (Fig. 12)|/In the RD model, DEX-NPs significantly de-
creased the number of TUNEL (+) photoreceptors in the outer nuclear
layer 3 days after injury compared with NPs alone (Fig. 13).

4. Discussion

In this study, we first investigated the dynamics of 'y-PGA-Phe NPs
both in vitro and in vivo. In primary cultures of macrophages and
microglia, TR-OVA-NPs were taken up by nearly all macrophages and
microglia within which NPs were observed as bright puncta within
the cytoplasm. These punctate signals gradually transformed into
diffuse signals within the cytoplasm. On day 7, the cytoplasmic levels
of TR-OVA were still visible in approximately 60 to 80% of the cells
that showed staining on day 2. In vivo, the normal, undamaged retina
showed no accumulation of NPs. Conversely, intravitreally adminis-
tered TR-OVA-NPs accumulated in CD11b-positive, recruited macro-
phages and activated resident microglia in various pathological
conditions including NMDA-induced retinal excitotoxicity and retinal
detachment. Then, using DEX-NPs, we investigated whether a drug
delivered by NPs worked effectively in the damage retina. DEX-NPs
significantly suppressed the expression of TNFax and MCP-1 in
cultured macrophages following TNFa stimulation. In vivo, intravi-
treal injections of DEX-NPs had a significant neuroprotective effect
against NMDA-induced RGCs and RD-induced photoreceptor degen-
eration. These data suggest that y-PGA-Phe NPs are a useful tool for
the regulation of inflammatory phagocytic cells in the retina,
especially under pathological conditions.

v-PGA-Phe NPs persisted for more than 7 days in cultured
macrophages. It has previously been reported that NPs become
fragmented in dendritic cells and macrophages [14,28,30]. One
purpose of using NPs as a delivery system was to provide more
sustained drug release than that achieved when the drug is
administered alone. We found that the TR-OVA-NPs were strongly
detected at day 2 and that most signals were still present at day 7 in
both the macrophages and microglia. Our results using cultured
macrophages showed that DEX-NPs, but not soluble DEX alone,
continued to suppress TNFa-induced upregulation of TNFo
expression 2 days after a 2-h incubation with DEX-NPs followed by
the removal of excess NPs from cultured macrophages. We previously
demonstrated that macrophages and microglia were major players in
the neurodestructive effects of RGCs and photoreceptors in various
pathological conditions {22,25]. These data suggest that y-PGA-NPs




70 M. Ryu et al. / Journal of Controlled Release 151 (2011) 65-73

TR-OVA-NPs | [ CD68

overlay DAPI

Retinaldetachment

I l l 20pm
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(O]

Fig. 8. Accumulation of NPs in the inflamed cells after retinal detachment. In the eye with retinal detachment, TR-OVA-NPs were detected in the recruited monocytes under the sub-
retinal space (upper panels) and detected in the recruited CD11b (+) cells in the vitreous cavity. Scale bar = 20 um. GCL: ganglion cell layer, IPL: inner plexiform layer, ONL: outer

nuclear layer, OS: outer segment, and SS: sub-retinal space.

are a potential vehicle for long-term drug delivery in the damaged
retina.

The size of the NPs used in this study was approximately 200 nm.
This size limits the internalization of NPs to phagocytic cells, as they
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are too large to diffuse through intact cell membranes. The process of
macrophage phagocytosis leads to fragmentation of y-PGA-Phe by
various enzymes (pronase E, protease, cathepsin B, and lipase). In this
way, the contents of the NPs are released into the cytosol of the
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Fig. 9. DEX-NPs suppress the expression of mRNA for TNFae and MCP-1 in the cultured macrophages. The bar charts demonstrate the expressional changes of TNFoe and MCP-1 at 3 h
(upper panels) and 24 h {lower panels) in vitro. Both DEX-NPs and DEX alone had a similar potential for suppressing the activated macrophages.
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Fig. 10. DEX-NPs had a longer anti-inflammatory effect in the cultured macrophages.
The bar charts show the expressional changes of TNFa at 2 h after TNFa stimulation.
After 2 h of incubation, DEX-NPs and DEX alone had a similar potential for suppressing
TNFa-induced macrophage activation.

phagocytic cells. Hence, various other molecules are potential
candidates to be used with this delivery platform, including ligands
for nuclear receptors or modulators of signal transduction, transcrip-
tion, or translation. In this study, in order to investigate whether
released drugs were effective, we chose DEX because it binds to a
nuclear receptor. Other possible uses of y-PGA-Phe NPs could be to
deliver small peptides, siRNA, antisense DNA, and various small
compounds. The use of PLA and PLGA, other common candidates for
drug delivery systems, is limited by the choice of molecules. Thus, -y-
PGA-Phe NPs enabled us to specifically target macrophages and
microglia using various approaches.

Clinically, steroids are potent drugs to suppress inflammation.
Subtenon or intravitreal administration of triamcinolone acetate
(IVTA), a type of steroid, has been effective in the treatment of
several retinal disorders, including uveitis, diabetic macular edema,
laser injury, and branch or central retinal vein occlusion [31,32].
However, 30 to 40% of patients with IVTA experienced complications
of steroid-induced glaucoma {33-35] and post-capsular cataract
formation [36], and 59% of patients with preexisting glaucoma
required additional glaucoma medications [33]. Furthermore, direct
administration of steroids is toxic for retinal neurons [37]. Our
results suggest that y-PGA-Phe NPs open a new avenue for
minimizing the complications of steroid treatment by specifically
targeting macrophages and microglia. These NPs have been applied
to several systemic diseases including T cell tolerance for pollen
antigen [21] and vaccination for Japanese encephalitis [17], cancer
[18], and human immunodeficiency virus type 1 gp120 [19,20].
Thus, further studies on the safety and efficacy of y-PGA-Phe NPs as a
potent candidate for drug delivery in retinal disorders seem
warranted.
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morphological changes in microglia from NMDA-induced retinal damage. The white
arrow indicates the resting microglia (ramified shapes) and the arrowheads indicate
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TUNEL (+) photoreceptors in the ONL and suggest that the DEX-NPs significantly
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Purpose: To report the preoperative best-corrected visual acuity (BCVA) and foveal thickness
(FT) values that lead to a postoperative decimal BCVA of =1.0 after surgical removal of an
idiopathic epiretinal membrane (ERM).

Methods: This is a retrospective case serics of 73 cyes that underwent surgery for removal of
an idiopathic ERM. All eyes had been treated by a single surgeon using a 25-gauge transcon-
junctival sutureless vitrectomy and indocyanine green-assisted internal limiting membrane peel.
The BCVA and FT were measured at baseline and 6 months postoperatively.

Results: A postoperative decimal BCVA = 1.0 was obtained in eyes with a preoperative decimal
BCVA = 0.3 but not in those with a preoperative decimal BCVA = 0.2. The incidence of obtain-
ing a postoperative decimal BCVA = 1.0 was significantly (P = 0.002) higher in eyes with a
preoperative decimal BCVA = 0.5 (50%) than in eyes with a preoperative decimal BCVA < 0.5
(11%). Additionally, a postoperative decimal BCVA of =1.0 was obtained in 51% of the eyes
that had a preoperative FT < 400 pm, compared with only 21% of eyes with a preoperative
FT =400 pm (P = 0.01). The incidence of obtaining a postoperative decimal BCVA = 1.0 was
significantly higher in eyes with preoperative decimal BCVA = 0.5 and FT < 400 pm (60%)
than in eyes with preoperative decimal BCVA = 0.5 and FT = 400 pm (20%; P = 0.03 ) or
preoperative BCVA < 0.5 and FT = 400 wm (7%; P < 0.001).

Conclusions: These findings indicate that eyes with both preoperative BCVA = 0.5 and
FT < 400 pm have a significantly better chance of obtaining a postoperative decimal
BCVA = 1.0 following idiopathic ERM removal.

Keywords: 25-gauge vitrectomy, optical coherence tomography, epimacular membrane,
epiretinal membrane, visual acuity, foveal thickness

Introduction
The surgical indications for the removal of an epiretinal membrane (ERM) have
not been standardized. The removal of an ERM is helpful for many patients, but
the surgical complications, such as endophthalmitis and retinal detachment, can
negate the effectiveness of the removal.! Because eyes with an idiopathic ERM have
moderately good preoperative vision, the eyes to undergo surgery to remove an ERM
should be carefully selected. The selection depends on the patient’s symptoms and
visual requirements, and the vitreous surgeon’s technique. A postoperative decimal
best-corrected visual acuity (BCVA) = 1.0 (BCVA Snellen chart = 20/20) is a posi-
tive result of removing an idiopathic ERM.*+7

A 25-gauge transconjunctival sutureless vitrectomy (25G-TSV) and membranectomy
for the treatment of idiopathic ERM was first reported in 2002 by Fuji et al.3? This
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procedure has evolved and become more common over
the years. The main advantage of this technique is that the
intraoperative procedure is sutureless, meaning that the
wounds are selt-sealing. This reduces postoperative ocular
pain and discomfort and procedure time, as well as the com-
plications (cg, inflammation, astigmatism). In addition, using
a 25G-TSV for the treatment of an idiopathic ERM lcads to
carlier postoperative visual improvement, compared with
conventional 20-gauge vitrectomy.'®!! Because 25G-TSV
retains the vitreous, the possibility of endophthalmitis has
been discussed for many years, but a recent multicenter report
of over 40,000 cases indicated no difference.'?

Though there are many reports of postoperative favorable
visual outcomes and visual improvements that may not
be exactly defined as decimal BCVA = 1.0, we could not
find any reports on preoperative findings that ensure a
postoperative decimal BCVA = 1.0 in patients with ERMs.
The purpose of this study was to determine the preoperative
BCVA and foveal thickness (FT) in eyes with an idiopathic
ERM that would help predict a postoperative BCVA = 1.0
following 25G-TSV/membranectomy.

Patients and methods

Participants

This was a retrospective case series of 73 eyes of 73 patients
with idiopathic ERMs who underwent 25G-TSV (Alcon
Laboratories; Fort Worth, TX, USA)/membranectomy. The
inclusion criterion was a clinically detectable idiopathic ERM
diagnosed by fundus examination or optical coherence tomog-
raphy (OCT), causing a decrease of visual acuity or metamor-
phopsia as reported by the patient; a questionnaire; or Amsler
grid findings. The exclusion criteria included prior vitreous
surgery, prior intravitreal injection of triamcinolone acetonide
or antivascular endothelial growth factor, ocular inflammation,
prior scleral buckling, prior trauma, and eyes with complex
vitreoretinal disease such as proliferative vitreoretinopathy
or proliferative diabetic retinopathy. None of the patients was
excluded because of a decimal BCVA < 0.05. The preoperative
demographics of the patients are shown in Table 1.

All of the surgeries were performed at the Surgical Retina
Clinic of the Tohoku University Hospital, Sendai, Japan,
from July 2006 to November 2008. After the purpose and
procedures of the operation were explained, an informed
consent was obtained from all patients. The procedures used
conformed to the tencts of the Declaration of Helsinki and
were approved by the Review Board of the School of Medi-
cine, Tohoku University.

Dove
Table | Summary of clinical data
Characteristics Value P value
Eyes (no.) 73
Patients (no./%) 73
Male 24 (33)
Female 49 (67)
Age (yrs)
Mean + SD 672+ 104
Median 68
Range 28-87
Lens status (baseline; no./%)
Phakic 61 (84)
Pseudophakic 12 (16)
Surgical procedure (no./%)
25G-TSV 34 (47)
Triple surgery 39 (53)
Decimal BCVA (mean)
Baseline 0.59
Postoperative 6M 0.74
BCVA (logMAR; mean £ SD)
Baseline 0.23+£0.25
Postoperative 6M 0.13+027 <0.001*
Improvement 0.10+0.21
Foveal thickness (Ltm; mean (SD)
Baseline 371 £ 106
Postoperative 6M 300 = 67 <0.001*
Reduction 71+ 43

Notes: *Wilcoxon signed-rank test, Postoperative 6M versus baseline. Triple
surgery, phaceomulsification and aspiration, intraocularlens implant, and 25-gauge
transconjunctival sutureless vitrectomy.

Abbreviations: SD, standard deviation; 25G-TSV, 25-gauge transconjunctival
sutureless vitrectomy; BCVA, best-corrected visual acuity; logMAR, logarithm of
the minimum angle of resolution.

Surgical procedures

All surgeries were performed under retrobulbar anesthesia
by a single surgeon (HK). A conjunctival peritomy was not
made in all cases, and all surgeries were performed with
the 25G Accurus Vitrectomy System (Alcon Laboratories).
Patients with concomitant lenticular changes had a combined
suturcless 25G-TSV and phacoemulsification.

After resecting the vitreal core, about 4 mg of triamci-
nolone acetonide (TA; Kenacort-A, Bristol-Myers Squibb,
Tokyo, Japan) was injected into the vitreous cavity to
determine whether a posterior vitreous detachment (PVD)
was present. If a PVD was not present, we created a PVD
with a 25-gauge cutter. After creating a PVD and removing
residual gel, the epiretinal membrane was removed without
using any dye. In addition, the internal limiting membrane
(ILM) was removed using indocyanine green (ICG; Santen
Co., Osaka, Japan) to improve visibility. The ICG crystals
were reconstituted in 1.00 mL distilled water to produce a
concentration of 25 mg/mL. Further dilutions were made with
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19 mL balanced salt solution. Thus, the final concentration of
ICG was 1.25 mg/mL, and approximately 0.2 mL of it was
injected around the ERM.

Postoperatively, both antibiotics and corticosteroids
were injected subconjunctivally in all cases. We used topical
nonsteroidal anti-inflammatory drugs for all cascs for at least
3 months after the membranc peel.

Measurements of clinical findings

All of the patients had a complete ophthalmological examina-
tion, including BCVA and FT measurements preoperatively
and at 6 months postoperatively. The BCVA was determined
with a standard Japanese Landolt visual acuity chart. FT was
measured by OCT (Zeiss-Humphrey model OCT-3000,
Dublin, CA, USA) before and after the 25G-TSV. The retinal
thickness of the central fovea was defined as the distance
between the ILM and the retinal pigment epithelium and was
automatically calculated by the software of the OCT.

Statistical analyses

The data are presented as mean + standard deviation.
The significance of the differences between the pre- and
post-25G-TSV data was determined by Wilcoxon signed-rank
tests. To obtain a postoperative decimal BCVA = 1.0, the
distribution of preoperative decimal BCVA and preoperative
FT was assessed by Fisher’s exact probability test. The decimal
BCVA was converted to a logarithm of the minimal angle
resolution (logMAR) units for statistical analyses. Spearman’s
rank correlation coefficient was calculated to determine the
correlation between postoperative BCVA (logMAR) and
preoperative BCVA (logMAR), and between postoperative
BCVA (logMAR) and preoperative FT. A P value < 0.05
was considered to be statistically significant.

Results

A summary of'the clinical data is shown in Table 1. The patients
included 24 men and 49 women whose mean * standard
deviation age was 67.2 = 10.4 years. The mean postopera-
tive follow-up period was 9.8 + 3.5 months with a range
of 621 months. The mean preoperative BCVA was 0.59
(decimal) or 0.23 logMAR units. Phacoemulsification and
aspiration, intraocular lens implantation, and 25G-TSV
were performed on 39 eyes (53%), and 25G-TSV only was
performed on 34 cyes (47%). In the 22 phakic eyes that had
ERM surgery without cataract surgery, there was only one
patient whosc lens sclerosis progressed postoperatively, and
cataract surgery was performed after 5 months from the initial

ERM surgery. None of the patients required suturing of the
sclerotomy site at the end of the initial surgery.

The mean postoperative BCVA at 6 months was
0.13 + 0.27 logMAR units, which was significantly better
than the preoperative BCVA of 0.23 £ 0.25 logMAR units
(P < 0.001, Wilcoxon signed-rank test). The mean postop-
crative FT was 300 £ 67 wm. which was significantly thinncr
than the preoperative FT of 371 £ 106 um (P < 0.001,
Wilcoxon signed-rank test).

A summary of the correlations between the BCVA
and FT is shown in Table 2. The preoperative BCVA (in
logMAR units) was significantly correlated to the preopera-
tive FT (r = 0.43, P < 0.001, Spearman’s rank correlation
coefficient). The postoperative BCVA was significantly
correlated with the postoperative FT (r = 0.26, P = 0.03,
Spearman’s rank correlation coefficient). The preoperative
BCVA was significantly correlated with the postoperative
BCVA (r = 0.44, P < 0.001, Spearman’s rank correla-
tion coefficient, Figure 1). The preoperative FT was also
significantly correlated with the postoperative BCVA
(r=0.24, P=0.04, Spearman’s rank correlation coefficient,
Figure 2). The mean of the visual improvement (preoperative
BCVA — postoperative BCVA in logMAR units) was 0.10
logMAR units, and this improvement was correlated with
the preoperative BCVA (r = 0.55, P < 0.001, Spearman’s
rank correlation coefficient). Thus, the postoperative
visual improvement was greater in eyes with initially
poorer preoperative vision. However, the postoperative
visual improvement was not significantly correlated with
the preoperative FT (r = 0.21, P = 0.07, Spearman’s rank
correlation coefficient). The reduction of FT (preoperative
FT — postoperative FT) was strongly correlated with the
preoperative FT (r = 0.80, P < 0.001, Spearman’s rank
correlation coefficient). The reduction of FT was greater in

Table 2 Correlation between visual acuity and foveal thickness

r value P value
Reduction of FT Preoperative FT 0.80 <0.001*
Visual improvement Preoperative BCVA 0.55 <0.001*
Postoperative BCVA Preoperative BCVA 0.44 <0.001*
Preoperative BCVA Preoperative FT 0.43 <0.001*
Reduction of FT Preoperative BCVA 031 0.008*
Postoperative BCVA Postoperative FT 0.26 0.03*
Visual improvement Reduction of FT 0.24 0.04*
Postoperative BCVA Preoperative FT 0.24 0.04*

Notes: *Spearman’s correlation coefficient by rank. Reduction of FT, preoperative
FT - postoperative FT; Visual improvement, preoperative BCVA ~ postoperative
BCVA in logMAR units.

Abbreviations: FT, foveal thickness (im); BCVA, best-corrected visual acuity in
logarithm of the minimum angle of resolution (logMAR).
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Figure | Coefficients of correlation between postoperative and preoperative
BCVA. The postoperative BCVA at 6 months is significantly correlated with the
preoperative BCVA (r = 0.44, P < 0.001, Spearman’s rank correlation coefficient).
Abbreviations: BCVA, best-corrected visual acuity; logMAR, logarithm of the
minimum angle of resolution.

eyes with thicker preoperative FT. The reduction of FT was
also significantly correlated with the preoperative BCVA
and postoperative visual improvement (r=0.31, P = 0.008,
and r = 0.24, P = 0.04, respectively, Spearman’s rank cor-
relation coefficient).

The associations between a preoperative decimal
BCVA and a postoperative decimal BCVA = 1.0 are
shown in Table 3. A postoperative decimal BCVA = 1.0
was obtained in 29 eyes with a preoperative decimal
BCVA = 0.3, but none of the eyes with a preoperative
decimal BCVA = 0.2 showed a postoperative decimal
BCVA = 1.0. The likelihood of obtaining a postoperative
decimal BCVA = 1.0 was 57% (12/21 eyes) in eyes with a
preoperative decimal BCVA = 0.9, 47% (7/15 eyes) in eyes
with preoperative decimal BCVA of 0.7-0.8, 44% (8/18
cyes) in eyes with preoperative decimal BCVA of 0.5-0.6,
and 13% (2/15 eyes) in eyes with preoperative decimal
BCVA of 0.3-0.4. The likelihood of obtaining a postopera-
tive decimal BCVA = 1.0 was significantly higher in eyes
with a preoperative decimal BCVA = 0.9 than preoperative
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Figure 2 Coefficients of correlation between postoperative BCVA and preoperative
foveal thickness. The postoperative BCVA at 6 months was significantly correlated
with the preoperative foveal thickness (r = 0.24, P = 0.04, Spearman’s rank correlation
coefficient).

Abbreviations: BCVA, best-corrected visual acuity; logMAR, logarithm of the
minimum angle of resolution.

Table 3 Association between preoperative decimal best-
corrected visual acuity and postoperative decimal best-corrected
visual acuity =1.0

Preoperative Eyes, no. Postoperative 6M decimal
decimal BCVA BCVA = 1.0, no (%)

=09 21 12 (57)

0.7-0.8 15 7 (47)

0.5-0.6 18 8 (44)

0.3-04 15 2 (13)

0.1-0.2 2 0(0)

=0.09 2 0 (0)

Total 73 29 (40)

Notes: P = 0.002, Fisher's exact probability test, =0.5 versus <0.5; P = 0.008,
Fisher's exact probability test, =0.9 versus 0.3-0.4: P = 0.05 Fisher's exact
probability test, 0.7-0.8 versus 0.3-0.4; P = 0.06, Fisher's exact probability test,
0.5-0.6 versus 0.3-0.4; P = 0.21, Fisher's exact probability test, 0.9 versus 0.5-0.6;
P =0.39, Fisher’s exact probability test, =0.9 versus 0.7-0.8; P = 0.46, Fisher's exact
probability test, 0.7-0.8 versus 0.5-0.6.

Abbreviation: BCVA, best-corrected visual acuity.

decimal BCVA of 0.3-0.4 (P = 0.008 Fisher’s exact
probability test). The likelihood of obtaining a postoperative
decimal BCVA = 1.0 was significantly higher in eyes with a
preoperative decimal BCVA = 0.5 than preoperative decimal
BCVA < 0.5 (P = 0.002, Fisher’s exact probability test). In
addition, there was no significant difference in the likelihood
of obtaining a postoperative decimal BCVA = 1.0 between
preoperative decimal BCVA = 0.9 and decimal BCVA of
0.7-0.8 and decimal BCVA of 0.5-0.6 (Table 3).

The associations between the preoperative FT and
postoperative decimal BCVA = 1.0 are shown in Table 4.
The likelihood of obtaining a postoperative decimal
BCVA = 1.0 was 21% (6/28 eyes) in eyes with a preopera-
tive FT of =400 um, 56% (14/25 eyes) with a preoperative
FT of 300 to 399 um, 47% (9/19 eyes) with a preopera-
tive FT of 200-299 um, and 0% (0/1 eyes) in eyes with a
preoperative FT of 100-199 um (Table 4). The difference
in the likelihood of obtaining a postoperative BCVA = 1.0
for preoperative FT of 300-399 pm and 200-299 pm was

Table 4 Association between preoperative foveal thickness and
postoperative decimal best-corrected visual acuity =1.0

Preoperative foveal Eyes, no. Postoperative 6M decimal
thickness (pm) BCVA = .0, no (%)

=400 28 6 (21)

300-399 25 14 (56)

200-299 19 9 (47)

100-199 | 0(0)

Tortal 73 29 (40)

Notes: P = 0.01, Fisher’s exact probability test, 2400 [im versus <400 pim; P = 0.01,
Fisher's exact probability test, =400 pm versus 300~399 um; P = 0.06, Fisher's exact
probability test, =400 um versus 200~299 um; P = 0.40, Fisher's exact probability
test, 300-399 pm versus 200299 um.

Abbreviation: BCVA, best-corrected visual acuity.

submit your manuscript

150

Dove;

Clinical Ophthalmology 201 1:5



Dovepres

Good visual acuity after 25-gauge vitrectomy for ERM

not significant (P = 0.40, Fisher’s exact probability test). In
addition, the likelihood of obtaining a postoperative decimal
BCVA = 1.0 in eyes with a preoperative FT of = 400 pm
was significantly lower in eyes with a preoperative FT
of 300-399 um (P = 0.01, Fisher’s exact probability
test). However, this rclationship was not significant for
preoperative FT of 200-299 um (P = 0.06, Fisher’s exact
probability test). A postoperative decimal BCVA = 1.0 was
obtained in 51% (23/45 ecyes) of eyes with a preoperative FT
< 400 pm, and the rate of obtaining a postoperative decimal
BCVA = 1.0 in eyes with a preoperative FT < 400 um was
significantly higher than that in eyes with an FT = 400 um
(P =0.01, Fisher’s exact probability test).

Association between preoperative findings and postopera-
tive decimal BCVA =1.0 are shown in Table 5. The incidence
of obtaining a postoperative decimal BCVA = 1.0 was signifi-
cantly higher in eyes with preoperative decimal BCVA = 0.5
and FT <400 um (60%) than in eyes with preoperative deci-
mal BCVA = 0.5 and FT = 400 um (20%; P = 0.03, Fisher’s
exact probability test) or preoperative BCVA < 0.5 and FT =
400 pum (7%; P < 0.001, Fisher’s exact probability test).

A summary of the clinical data of the eyes that had a post-
operative decimal BCVA = 1.0 or < 1.0 is shown in Table 6.
Statistical analyses on the eyes with a postoperative decimal
BCVA = 1.0 or decimal BCVA < 1.0 showed that the gender,
age, lens status, and surgical procedures were not significantly
different in the two groups. The mean preoperative BCVA and
visual improvement were 0.13£0.15and 0.18 £0.15 logMAR
units in the postoperative decimal BCVA = 1.0 group, whereas
they were 0.30 £ 0.29 and 0.05 £ 0.23 logMAR units in the
postoperative decimal BCVA < 1.0 group (P = 0.004 and
P =0.01, Mann—Whitney U test). The mean preoperative FT
was thinner in the postoperative decimal BCVA = 1.0 group

(P=0.07, Mann—Whitney U test), but the difference was not
significant, and the mean reduction of FT was significantly
lower in the postoperative decimal BCVA = 1.0 group than
in the postoperative decimal BCVA < 1.0 group (P < 0.001,
Mann-Whitney U test). The mean preoperative FT was
344+ 73 umin the postoperative decimal BCVA = 1.0 group,
which was not significantly thinner than the 389 £ 121 um
in the postoperative decimal BCVA < 1.0 group (£ = 0.07,
Mann—Whitney U test). However, the FT was reduced by
6135 pm in the postoperative decimal BCVA = 1.0 group,
which was significantly less than the 77 £ 48 um in the
postoperative decimal BCVA < 1.0 group (P < 0.001,
Mann—Whitney U test).

Discussion

Our results showed that 25G-TSV and membranectomy
used for the treatment of idiopathic ERMs were effec-
tive in significantly improving the BCVA and reducing
the FT in patients with visual disturbances including
decreased BCVA or metamorphopsia. In addition, we
tound that the postoperative BCVA was correlated with
the preoperative BCVA, preoperative FT, and postopera-
tive FT. Approximately more than 50% of the eyes with a
preoperative BCVA = 0.5 and a preoperative FT < 400 um
attained a postoperative decimal BCVA = 1.0. Our results
also demonstrated that the preoperative BCVA was signifi-
cantly correlated not only with the postoperative BCVA
but also with the improvement in the BCVA. Because
the mean preoperative BCVA was significantly better in
the postoperative decimal BCVA = 1.0 group than in the
postoperative decimal BCVA < 1.0 group, a good pre-
operative BCVA was necessary to obtain a postoperative
decimal BCVA = 1.0, ie, a preoperative decimal BCVA

Table 5 Association between preoperative findings and postoperative decimal best-corrected visual acuity =1.0

Group Preoperative findings Eyes, no. Postoperative 6M decimal
BCVA = 1.0, no (%)
! Decimal BCVA = 0.5 and FT < 400 40 24 (60)
2 Decimal BCVA = 0.5 and FT =400 10 2(20)
3 Decimal BCVA < 0.5 and FT < 400 8 2 (25)
4 Decimal BCVA < 0.5 and FT 22400 15 '@
Total 73 29 (40)

P =0.03, Fisher’s exact probability test, Group | versus Group 2.
P =0.08, Fisher’s exact probability test, Group | versus Group 3.
P <2 0.001, Fisher’s exact probability test, Group | versus Group 4.
P =0.62, Fisher's exact probability test, Group 2 versus Group 3.
P =0.35, Fisher's exact probability test, Group 2 versus Group 4.

P =0.27, Fisher's exact probability test, Group 3 versus Group 4.
Abbreviations: BCVA = best-corrected visual acuity; FT = foveal thickness (Lm).
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Table 6 Summary of clinical data by postoperative decimal best-corrected visual acuity =1.0 or <1.0
Postoperative Postoperative P value
decimal BCVA = 1.0 decimal BCVA < |.0
No. eyes 29 44
No. patients 29 44
Gender (no./%) 0.08*
Male 13 (45) 11 (25)
Female 16 (55) 33 (75)
Age (yrs)
Mean + SD 659+ 128 68.1 £ 85 0.57%
Median 68 67
Range 27-87 50-82
Lens status (baseline; no./%) 0.69*
Phakic 24 (83) 37 (84)
Pseudophakic 5(17) 7(16)
Surgical procedure (no./%) 0.35%
25G-TSV 14 (48) 18 (36)
Triple surgery 15 (52) 26 (64)
Decimal BCVA (mean)
Baseline 0.74 0.50
Postoperative 6M 1.10 0.56
BCVA (logMAR; mean * SD)
Baseline 0.13+0.15 0.30£0.29 0.004%
Postoperative 6M —~0.04 + 0.07 0.25+0.29 <0.001#
Improvement 0.18+0.15 0.05+023 0.01#
Foveal thickness (um; mean + SD)
Baseline 344173 389+ 121 0.07%
Postoperative 6M 283 + 39 312+78 0.1 1#
Reduction 61 £35 77 + 48 <0.0017

Notes: *Fisher’s exact probability test; *Mann~Whitney test. Triple surgery, phacoemulsification and aspiration, intraocular lens implant, and 25-gauge transconjunctival

sutureless vitrectomy.

Abbreviations: SD, standard deviation; 25G-TSV, 25-gauge transconjunctival sutureless vitrectomy; BCVA, best-corrected visual acuity; logMAR, logarithm of the minimum

angle of resolution.

of = 0.5. Our findings indicated that the reduction of the
FT was significantly lower in the postoperative decimal
BCVA = 1.0 group, which was also reasonable because
the reduction of FT was significantly correlated with pre-
operative BCVA (logMAR). On the other hand, although
eyes with good preoperative BCVA showed a decreased
likelihood of visual improvements, the improvement of
the BCVA was significantly higher in the postoperative
decimal BCVA = 1.0 group than in the postoperative
decimal BCVA < 1.0 group. The reason for this is unclear.
However, the status of the photoreceptor inner and outer
segment (IS/OS) or external limiting membrane (ELM)
might be one of the explanations for this. The use of a
spectral domain OCT would have helped in evaluating the
photoreceptor integrity in more detail.

A postoperative decimal BCVA = 1.0 also correlated with
a preoperative FT of <400 um. We suggest that because the
preoperative FT was significantly correlated with the preop-
erative BCVA and the postoperative BCVA, the postoperative
BCVA was worse in eyes with thicker preoperative FT. If the

preoperative FT was = 400 um, the preoperative decimal
BCVA might be too low to attain a postoperative decimal
BCVA = 1.0, even if the visual improvement was high. Thus,
if the effects of the ERM had progressed to cause a lower deci-
mal BCVA and thicker FT, the postoperative visual recovery
of decimal BCVA = 1.0 would not be expected, in spite of a
larger FT reduction and improvement in BCVA. We conclude
that the eyes with both preoperative FT < 400 (im and preop-
erative decimal BCVA = 0.5 were the best candidates to obtain
a postoperative decimal BCVA of =1.0 postoperatively.

The improvement of the BCVA and reduction of the FT
following surgery have been reported in the literature.™?!¢
Several studies have reported that the preoperative FT was
significantly correlated with the preoperative BCVA, but the
postoperative FT was not significantly correlated with the
postoperative BCVA.51718 However, a study by Suh ct al
reported that the postoperative FT was significantly correlated
with the postoperative BCVA after ERM surgery, which is
similar to our study.” Discrepancies in the association of the
postoperative BCVA and FT in earlier studies are probably
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due to different surgical procedures and low uniformity of
various interventions, including ITLM removal, dye used, and
vitrectomy instruments (20 gauge or 25 gauge). If the ILM
was completely removed as in the study by Shimada et al and
this study, the residual ILM might not influence the postop-
crative macular surface to worsen the FT and BCVA .2

The removal of the LM is still controversial becausc
clectrophysiological studies have shown some retinal dys-
function following ILM removal and because the use of dye
had some retinal toxicity.?"?* However, studies have shown
a decrease in the recurrences of ERM after ILM peeling
and improvement of the BCVA and FT.2**5 Our results
showed a 1.4% (1/73 eyes) recurrence rate after more than
a mean postoperative period of 9 months.

Because the IS/OS were not evaluated in the study pre-
sented, there have been two recent reports that discussed
the association between the preoperative OCT images of
the IS/OS junction of the photoreceptors and the visual out-
comes after ERM surgery.!”"” We did not study the IS/OS
junction as a prognostic factor because we were not able
to precisely detect it because of the low resolution of the
OCT we used. In addition, the IS/OS junction is difficult
to detect when the FT is thick. Although it is more diffi-
cult to detect the ELM by low-resolution OCT, we believe
that the BCVA in eyes with ERM would be correlated also
with the status of ELM if it could be detected.?**” However,
because our results showed that eyes with postoperative
decimal BCVA = 1.0 had good preoperative BCVA, and
because the nonoperated ERM eyes with photoreceptor
defects have significantly lower visual acuity,”® all of our
cases that had a postoperative BCVA = 1.0 probably had
a distinct IS/OS junction and ELM in the fovea. Thus,
we believe that the preoperative BCVA and FT could be
prognostic parameters for all ophthalmologists without
knowing precisely the status of the IS/OS junction and
even an ELM.

The duration of symptoms was not studied as a prognostic
factor®®* because the exact onset of the ERM, especially if
the patients had good BCVA, is uncertain.

There are limitations of our study, including its retro-
spective nature, short follow-up period, small number of
patients, and use of time-domain OCT. In addition, although
a final decimal BCVA of 1.0 is only one aspect of the visual
benefit in ERM surgery, and the degree of visual improve-
ment and reduction of metamorphopsia are also important
benefits of this surgery, the aim of this study was to identify
factors that led to a postoperative decimal BCVA = 1.0.
Nevertheless, our findings indicate that surgery with

25G-TSV/membranectomy for idiopathic ERM is a useful
method to obtain good decimal BCVA = 1.0 postopera-
tively. Based on our study results, a postoperative decimal
BCVA of = 1.0 can be achieved in patients whose preop-
erative decimal BCVA has not deteriorated beyond 0.5 and
whosc central macular thickness has not exceeded 400 um.
However, many patients in this range of vision and FT are
asymptomatic, and we should remember that all surgery
carries inherent risks.

In conclusion, our findings indicate that eyes with both
preoperative BCVA = 0.5 and FT < 400 um have a sig-
nificantly better chance of obtaining a postoperative decimal
BCVA = 1.0 following removal of the idiopathic ERM.
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Abstract

Purpose: To determine the incidence of difficulty in insert-
ing a 25- and 23-gauge trocar cannula (DITC) during 25- or
23-gauge micro-incision vitrectomy surgery (MIVS). Meth-
ods: Retrospective, consecutive, interventional case series
performed by a single surgeon at a single centre. We defined
a DITC as the condition where at least 1 trocar cannula could
not be inserted into the vitreous at the beginning of MIVS.
The incidence of DITC was calculated from 1,525 eyes, and
the pre-operative demographics of the DITC cases were
compared to those of the non-DITC cases. Results: The inci-
dence of DITC for all cases was 0.6% (9 of 1,525 eyes). Overall,
there were 242 eyes with a retinal detachment (RD),
and 8 of the 9 eyes with DITC had an RD with an incidence
of 3.3% (8 of 242 RD eyes). Seven of these 8 eyes had a total
RD, 4 also had a choroidal detachment, 4 eyes were also
myopic (>-8.0 dpt, high myopia), and 6 of the 8 eyes were
hypotonic (<8 mm Hg). The DITC cases had larger RDs
(p < 0.0001), a higher incidence of choroidal detachment

{p < 0.0001), higher myopia (p = 0.0204) and hypotony (p =
0.0003) than the non-DITC eyes with an RD. Conclusions: A
large RD, a choroidal detachment, high myopia and hypoto-
ny are significant risk factors for DITC. We recommend that
MIVS should be performed cautiously for eyes with these
risk factors. Copyright © 2011 S. Karger AG, Basel

Introduction

Twenty-five- and 23-gauge micro-incision vitrectomy
surgery (MIVS) were first reported in 2002 and 2005, re-
spectively. These techniques have become commonly
used throughout the world [1-5]. The indications for
MIVS for different kinds of vitreoretinal diseases includ-
ing primary rhegmatogenous retinal detachment (RD)
have increased [1, 6, 7].
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