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FIGURE 5 (A) Representative scotopic ERGs at baseline and at 7 days after ischemia when treated with control mAb or anti-HMGB1
mADb. (B) Amplitudes for a- and b-waves plotted as a function of flash intensity. Pretreatment with anti-HMGB1 mAb markedly reduced
the amplitudes. Results are expressed as the mean + SD. *: normal, =: IgG2a, » anti-HMGBI. *p<0.05 versus normal retina. **p <0.05

versus ischemic retina with IgG2a.

ROS ACTIVATION BY ISCHEMIA

We used DHE staining to test whether ROS were
enhanced by treatment with 200 pg anti-HMGB1 mAb.
DHE specifically reacts with intracellular O,”, a ROS,
and is converted to the red fluorescent compound
ethidium in nuclei. In the post-ischemic retina, DHE
fluorescence was clearly up-regulated in the retinal
neuronal cells, and this up-regulation was efficiently
enhanced by anti-HMGB1 mAb (Figure 10A-C).
Figure 9D shows the quantified specific retinal DHE
fluorescence. The mean ROS activation was signifi-
cantly increased by treatment with anti-HMGB1 mAb
(n=4, each group).

DISCUSSION

This study shows that, compared to the IgG2a
treatment, pretreatment with anti-HMGB1 mAb
significantly enhanced the ischemic injury of the retina.
The results also showed that there was expression of

HMGB1 mAb in the retina after ischemia-reperfusion
injury.

A recent study showed that HMGB1 inhibited glial
glutamate transport by GLAST in mouse gliosomes
and suggested that HMGBI can increase extracellular
glutamate levels in ischemic brain.® We previously
reported that anti-HMGB1 mAb suppressed ischemia-
reperfusion-induced brain injury in a transient middle
cerebral artery occlusion model in rats.”” Based
on these findings, we predicted that neutralizing
mAb could be used to inhibit HMGB1 activity, and
thus to significantly decrease the progression of the
retinal ischemia-reperfusion injury. However, use
of the neutralizing anti-HMGB1 mAb treatment in
the present study remarkably increased the retinal
damage following ischemia-reperfusion. This was
due to an increased production of ROS caused by the
anti-HMGB1 mAb treatment. Therefore, it might be
possible that elevated levels of HMGBI had neuro-
protective effects against retinal ischemia- reperfusion
injury. It has also been reported that treatment with
anti-HMGB1 mAb increased ischemia-reperfusion
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FIGURE 6 (A) Representative scotopic ERGs 7 days after treatment with anti-HMGB1. (B) Amplitudes for a- and b-waves plotted as a
function of flash intensity. Results are expressed as the mean = SD. *: normal, 4: anti-HMGB1.
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FIGURE 7 Immunohistochemical staining of HMGB1 expression in the retina. Retinal sections from normal animals (A) or 6h (B), 12h
(C), or 24h (D) after ischemia. Scale bar=20 pm.

injury in the rat heart.”? Therefore, it appears that the When the IOP is increased, glutamate is released
effect of anti-HMGB-1 mAb depends on the organ from the retina during and after the ischemia.*®? The
involved. major causes of the cell death that occur after activation
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FIGURE 8 The effect of anti-HMGB1 mAb on endogenous HMGB1 expression. Intraperitoneal injection of anti-HMGB1 mAb
was administered 30min before ischemia. Retinal sections from normal animals (A) or 6h (B), 12h (C), or 24h (D) after ischemia.

Scale bar=20 um.

FIGURE 9 The direct effect of anti-HMGB1 mAb on endogenous
HMGBT expression in the normal retina. Scale bar=20 pm.

of the N-methyl-D-aspartate (NMDA) subtype of gluta-
mate receptors are related to the influx of calcium into
the cells and the generation of free radicals.® Excessive
accumulation of intracellular free Ca** ([Ca®]) can have
a wide range of detrimental effects, including inhibition
of mitochondrial function, reduction of cellular ATP
levels, enhancement of ROS production, and activation
of cellular proteases and nitric oxide (NO) synthase.?
Since production of ROS was increased by anti-HMGB1
mADb treatment in the current study, anti-HMGB1 mAb
played a large deleterious role in the resultant ischemia-
reperfusion injury. In the present study, there was an
increase in the HMGBI level in the retina after the
ischemia-reperfusion injury. These results suggest that
endogenous HMGBI released from retinal cells may

modulate ischemia-reperfusion injury in the retina.
Therefore, the anti-HMGB1 mAb treatment increased
the delayed neuronal death.

We evaluated the functional retinal damage after
ischemia-reperfusion injury by measuring the ERG a-
and b-wave amplitudes. The b-wave of the ERG has
been identified as a particularly sensitive index of retinal
ischemia both in humans® and in experimental models
of retinal ischemia in vitro.” After the anti-HMGB1 mAb
treatment, there was a decrease in the thickness of ONL
following ischemia-reperfusion, with the a-wave of the
ERG also lower than that noted in the eyes treated with
IgG2a. There was a good correlation between the ERG
for both a- and b-waves and the histological results. It
has been reported that administration of pentobarbital
enhance the a- and b-wave of the ERG.%#% Under the
anesthesia, many factors indirectly affecting the retinal
activity could not be completely excluded.

It has been reported in previous studies that HMGB1
is expressed in GCL, INL, ONL, the inner and outer
segments of photoreceptors, and in the retinal pigment
epithelial cells in normal retina.*3 However, the current
immunohistochemical study showed that HMGB1 was
present in the ONL in normal retinas, which may be due
to the use of different antibodies in the various studies
(monoclonal antibody vs. polyclonal antibody).

HMGBI passively released from necrotic cells.®?
Cell death was frequently observed in both the GCL
and the INL after 3h of ischemia-reperfusion.® In the
present study, we demonstrated that immunostaining
for HMGBL in the post-ischemic retina was detected in
not only the ONL but also in the INL and GCL. HMGB1
may play a key role in the protection of retinal injury
after ischemia-reperfusion.

The current study showed, for the first time, that
treatment with anti-HMGB1 mAb increased
ischemia-reperfusion injury in the rat retina. Further
investigations are needed to clarify the mechanism
of anti-HMGB1 mAb in retinal ischemia-reperfusion
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FIGURE 10 Effect of anti-HMGB1 mAD pretreatment on the release of ROS. The use of DHE to detect ROS indicated up-regulation of
retinal neuronal cells in the retina after ischemia (IgG2a (B) as compared to normal retina (A)). Pretreatment with anti-HMGB1 mAb
enhanced the level of ROS (C). (D) Quantified specific retinal DHE fluorescence is expressed for sections in arbitrary units (AU) for each
group. Data express the mean * SD; *p <0.05 normal retina. **p <0.05 versus ischemic retina with IgG2a. Scale bar =20 pm.

injury. Additionally, anti-HMGB1 mAb function needs
be further explored, as this could potentially lead to the
development of neuroprotective therapeutic strategies
for acute retinal ischemic disorders.
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Abstract

Purpose To investigate the protective effects of p-allose,
a rare sugar, on pressure-induced ischemia during vitrec-
tomy in the rabbit eye.

Methods The rabbits underwent pars plana vitrectomy,
and continuous intraocular irrigation at a perfusion pres-
sure of 140 mmHg was performed for 45 min. Intraocular
pressure was regulated by adjusting the height of a bottle of
balanced saline solution containing p-allose. Morphometric
studies were performed to study the effects of p-allose on
the histological changes induced by ischemia in the rabbit
retina. Electroretinograms (ERGs) were taken before and 1
and 7 days after vitrectomy. Nitroblue tetrazolium was
used as an index of superoxide anion (O3 ) generation.
Data were analyzed by use of the unpaired Student’s ¢ test.
Results Seven days after ischemia, significant reductions
in both number of ganglion cells and the thickness of the
inner plexiform layer were observed. p-Allose significantly
inhibited ischemic injury of the inner retina (P < 0.05). On
postoperative day 7, amplitudes of ERG b-waves were
significantly lower in the control group than in the p-allose
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group (P < 0.05). p-Allose suppressed the production of
02_.

Conclusions Intraocular irrigation with p-allose during
vitrectomy may protect the retina against ischemia-induced
damage.

Keywords p-Allose - Neuroprotection - Retinal
ischemia - Superoxide anion - Vitrectomy

Introduction

Rare sugars are monosaccharides that exist in nature in
limited quantities only. Whereas naturally abundant
monosaccharides such as p-glucose and D-fructose are
few in number, more than 50 kinds of rare sugars have
been identified. p-Allose is a rare aldo-hexose sugar
produced from p-psicose by enzymes from microorgan-
isms [1]. Murata et al. [2] examined the scavenging
activity of p-allose using electron spin resonance. They
showed that p-allose inhibits the production of reactive
oxygen species (ROS) in a dose-dependent manner. Fur-
thermore, we recently reported that p-allose might protect
neurons against retinal ischemia-reperfusion injury by
reducing extracellular glutamate and attenuating oxida-
tive stress [3].

Improvements in the techniques of pars plana vitrec-
tomy (PPV) have resulted in better prognosis for vision-
threatening eye diseases such as macular hole, epiretinal
membrane, retinal detachment, and proliferative diabetic
retinopathy (PDR). However, optic nerve atrophy after
successful PPV for diabetic retinopathy is one of the most
serious complications and can lead to blindness [4].
Because the extent of autoregulation in the retina and optic
nerve head is limited, high infusion pressures during
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vitreous surgery may cause retinal ischemia and lead to
damage of the retina and optic nerve.

During or after ischemia, ROS such as hydrogen per-
oxide (H,0,), superoxide anion (O3 ) and hydroxyl radical
(OH™) can be produced in large quantities and act as
cytotoxic metabolites. ROS have been implicated in the
process of apoptosis, because treatment of cells with ROS
can result in this form of cell death, whereas application of
antioxidants can prevent it under some conditions [5, 6].
ROS scavengers have been shown to be neuroprotective
against ischemia in acute experimental models [7].

The purpose of this study was to investigate the pro-
tective effects of p-allose on pressure-induced ischemia
during vitrectomy in the rabbit eye.

Materials and methods
Animals

Female New Zealand White rabbits, weighing 2.0-2.4 kg,
were obtained from Kitayama Labs KK (Nagano, Japan).
The rabbits were anesthetized by intraperitoneal injection
of ketamine (50 mg/kg) and xylazine (10 mg/kg). Animal
care and experiments followed the standard guidelines for
animal experimentation of Kagawa University Faculty
of Medicine and adhered to the ARVO Statement for the
Use of Animals in Ophthalmic and Vision Research.
The animals were divided into two groups according to the
intraocular irrigating solutions they received: the vehicle
group, using a balanced saline solution (BSS) alone, and the
p-allose group, using BSS + p-allose (2%).

Vitrectomy and subsequent vitreous perfusion

A 250-ml bottle of intraocular irrigating solution (BSS;
Alcon Laboratories, Fort Worth, TX, USA) was sus-
pended approximately 100 cm above the eye level of
each rabbit, and connected to a 20-gauge infusion can-
nula through a 200-cm-long tube. The infusion cannula
was inserted through the sclerotomy in the inferonasal
quadrant 3 mm posterior to the limbus, and sutured in
place. A vitreous cutter (MVS XX; Alcon) was placed
through the sclerotomy in the supratemporal quadrant,
and vitrectomy was then performed for 10 min. The
vitreous cavity was irrigated during vitrectomy either
with BSS alone or with BSS + p-allose. Adequate illu-
mination was provided by a paraxial light operation
microscope without intraocular fiberoptic illumination. If
retinal tear or retinal detachment occurred during. vit-
rectomy, those animals were excluded from the experi-
ment. After completion of the vitrectomy, the cutter was

removed and the sclerotomy wound was tightly sutured
using a 7-0 vicryl. Intraocular pressure (IOP) was raised
to 140 mmHg for 45 m by elevating the solution bottle.
Retinal ischemia was confirmed by whitening of the
fundus. Rectal temperature was monitored throughout
the surgery. Because body temperature during vitrectomy
in acute ischemic eyes may affect ischemia-induced
retinal damage [8, 9], rectal and tympanic temperature
was maintained at approximately 37°C by use of a
feedback-controlled heating pad (BRC, Nagoya, Japan)
during the operation. After restoration of blood flow, the
temperature was continuously maintained at 37°C. Eyes
were treated topically with levofloxacin (Santen Phar-
maceutical, Osaka, Japan) after surgery to prevent post-
operative infection.

Electroretinograms (ERGs)

Before surgery, ERG responses were measured after
20 min of dark adaptation using a recording device (Mayo,
Aichi, Japan). The procedure was repeated on postopera-
tive days 1 and 7. ERGs were recorded by positioning the
rabbit in a box and placing a xenon lamp 15 cm in front of
the eye. A flash of maximum intensity 20 J provided
photostimulation. A contact lens electrode was placed on
the cornea, and a reference electrode subcutaneously at the
vertex. ERGs were taken of both eyes for each animal. The
a- and b-wave amplitudes of each operated eye were shown
as a percentage of those in the pre-operated eye.

Histological examination

For histological examination, the rabbits were anesthetized
by intraperitoneal injection of ketamine and xylazine
1 week after ischemia and perfused intracardially with
phosphate-buffered saline (PBS), followed by perfusion
with 4% paraformaldehyde in PBS. Eyes were removed
and embedded in paraffin, and thin sections (5-um thick-
ness) were cut using a microtome. Each eye was mounted
on a silane-coated glass slide and then stained with
hematoxylin and eosin (HE).

Morphometric analysis was performed to quantify
ischemic injury. The sections for analysis were selected
randomly for each eye. A microscopic image of each
section within 0.5-1 mm of the optic disc was scanned. In
each computer image, the thickness of the inner plexiform
layer (IPL) and inner nuclear layer (INL) at the tire frame
were measured. Finally, in each eye, the thicknesses of the
IPL and INL were obtained as the mean values of five
measurements. For each animal, these values for the right
eye were normalized to those for the intact left eye and
shown as a percentage.
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Retrograde labeling of retinal ganglion cells (RGCs)

Seven days before the rabbits were killed, the optic nerves
were exposed by lateral orbitotomy. Using a Hamilton
syringe, 10 ul of a 0.1% fluorescent dye (Fast Blue;
Polysciences, Warrington, PA, USA) was injected into the
optic nerve 2 mm behind the eyeball. Care was taken not to
injure any blood vessels, especially the ophthalmic artery
that enters the sclera from the ventral margin of the optic
nerve. After the surgery the eyes were treated topically
with levofloxacin.

Assessment of RGC survival

Animals were killed by an overdose of ketamine and
xylazine 1 week after the fast blue application. Whole, flat-
mounted retinas were then assayed for the retinal ganglion
cell density. The rabbit eyes were enucleated and fixed in
4% paraformaldehyde for 10 h at room temperature. After
removal of the anterior segments, the resulting posterior
eyecups were left in place. Subsequently, 4 radial cuts were
made in the periphery of each eyecup, with the retina then
carefully separated from the retinal pigment epithelium. To
prepare the flat mounts, the retina was dissociated from the
underlying structures, flattened by making 4 radial cuts,
and then spread on a gelatin-coated glass slide. Labeled
RGCs were visualized under a fluorescence microscope
(Olympus BX-51/DP70; Olympus, Tokyo, Japan) by using
a filter set (excitation filter 330-385 nm; barrier filter
420 nm; WU; Olympus). Fluorescence-labeled RGCs were
counted in 12 microscopic fields of retinal tissue from 2
regions in each quadrant at 2 different eccentricities, cen-
tral and peripheral. We counted the RGCs in each eye by
using Image-Pro Plus software (Version 4.0; Media
Cybernetics, The Imaging Expert, Bethesda, MD, USA).
Cell counts were conducted by the same person in a

masked fashion, with the identity of the original retinas
unknown to the investigator until all cell counts from all the
different groups were completed. Changes in the densities of
the RGCs were expressed as the RGC survival percentage,
which was based on comparison of the surgical and contra-
lateral control eyes. The specimens that were compared came
from different retinal regions of the same animal.

O, analysis

O, generation was determined by measuring the reduction
of nitroblue tetrazolium (NBT) to a diformazan precipitate
as previously described [10]. NBT (50 mg/ml; Research
Organics, Cleveland, OH, USA) was dissolved in dimeth-
ylformamide (DMF) and distilled BSS. The final DMF
concentration was 10%. Reduction was detected by intra-
vitreal injection of 5-ul NBT solution in the period after
vitrectomy before ischemia. For observation of the difor-
mazan precipitate, a microscope (S5; Carl Zeiss, Miinchen,
Germany) was used with a 3CCD digital camera (MKC-
507; Ikegami Tsushinki, Tokyo, Japan) and recorded using
a DVD recorder.

Statistical analysis

Image analysis was performed with Image-Pro Plus soft-
ware (The Imaging Expert) to assess O,  generation area
density. We determined the total blue-stained area indi-
cated O, generation area. Evaluation by Image-Pro Plus
analysis of photographs was performed blind by two
researchers not directly involved in this study and the
generation area was automatically produced by the soft-
ware. All statistical values are presented as mean = stan-
dard deviation (SD). Data were analyzed by use of the
unpaired Student’s 7 test. Values of p < 0.05 were con-
sidered statistically significant.

Fig. 1 Light micrographs of a cross-section of a hematoxylin and
eosin histology through normal rabbit retina and b 7 days after
ischemia with balanced salt solution (BSS) alone, or ¢ BSS +

@ Springer

p-allose. Cell loss in the ganglion cell layer (GCL) and reduced inner
nuclear layer (INL) thickness were ameliorated in the p-allose group.
Bar 10 pm
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Fig. 2 Percentage changes relative to control values in the thick-
nesses of the IPL and INL 7 days after ischemia with BSS alone and
BSS + p-allose. Black bar p-allose group, white bar vehicle group.
Administration of 2% p-allose significantly prevented the reduction in
the number of cells in the GCL and the thickness of the INL. Results
are expressed as mean = standard deviation (SD). *P < 0.05

Fig. 3 Effects of p-allose on a control

ischemia-induced retinal
ganglion cell (RGC) death.

a Retrograde labeling of RGCs
in nonischemic eyes, and

b 7 days after ischemic injury
treated with vehicle or p-allose.

®
Bar 100 pm. RGCs were =]

. pins
counted in the central and @
peripheral arcas. Gray bar ©
p-allose group, black bar
vehicle group. Graph depicts the
mean = SD for three rabbits
treated with vehicle and three
rabbits treated with p-allose.

*P < 0.05
>
[
=t
=g
)
o
b 10
100 - *
S 80
2
z
(“3 60 ¢
o
7
38 4

[ Qe

Ceniral

Results

Histological change in the retina after ischemia
with and without p-allose

Figure la shows a normal retina. Light-microscopic pho-
tographs were taken 7 days after ischemia (Fig. 1b, c). The
retina of the untreated eye in the animals, was used as
control. In the vehicle group, significant reductions in the
thickness of the INL were observed. The thickness of the
IPL was 61.6 & 13.0% that of the control and the thickness
of the INL was reduced to 61.8 4 12.2% that of the control
(n = 6; Fig. 2). In the p-allose group, the thickness of the
IPL was 94.2 4 11.1% that of the control and the thickness
of the INL was 82.9 + 19.4% that of the control (n = 5;
Fig. 2). Reduced INL thickness was ameliorated in the
p-allose group.
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Fig. 4 a On postoperative day 7, the a-wave amplitude was
78.4 & 12.3% in the p-allose group and 82.3 & 19.6% in the vehicle
group. Gray bar p-allose group, black bar vehicle group. b The
b-wave amplitudes were 94.1 & 19.8 and 64.3 & 7.9%, respectively.
On postoperative days 1 and 7, the mean amplitude of the b-wave for
eyes treated with p-allose was significantly higher than for those
treated with vehicle. Gray bar p-allose group, black bar vehicle
group. Results are expressed as mean & SD. *P < 0.05

Before ischemia 0 min 15 min

Fig. 5 Effects of D—allbse on the release of superoxide anion (Oz).
Blue color indicates release of O, ™. Ischemia was induced for 45 min.
Color photographs were taken before ischemia induction, then 0, 15,
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Survival of RGCs

Figure 3a shows representative results of RGC labeling for
both vehicle and p-allose-treated rabbits. RGC survival in
the central retinas of the eyes with ischemia was
42.8 + 8.8% in the vehicle-treated group (n = 4) and
81.2 + 12.7% in the p-allose-treated group (n = 4,
P = 0.01; Fig. 3b). In the peripheral retina, RGC survival
in eyes with ischemia was 68.0 + 13.8% in the vehicle-
treated group and 74.7 + 18.3% in the p-allose-treated
group (P = 0.64; Fig. 3b).

ERGs

The mean amplitudes of both the a-wave and b-wave are
shown in Fig. 4. On postoperative day 7, the a-wave
amplitude was 78.4 + 12.3% in the p-allose group (n = 5)
and 82.3 4 19.6% in the vehicle group (n = 5; Fig. 4a).
The b-wave amplitudes were 94.1 & 19.8 and
64.3 + 7.9%, respectively (Fig. 4b). The mean amplitude
of the b-wave in eyes treated with p-allose was signifi-
cantly higher than in those treated with vehicle. Likewise,
no significant differences in the mean amplitude of a-waves
were identified between the p-allose and vehicle groups.
Both a-wave and b-wave amplitudes in the non-operated
eyes were stable and essentially equal both before and after
surgery.

Effects of p-allose on released O;~

Light-microscopic photographs were taken after treatment
without p-allose, i.e., BSS alone (Fig. 5a), and with
p-allose (Fig. 5b). Without p-allose treatment, the blue color
was observed after ischemia and became stronger over time.
However, in the presence of p-allose, the blue color

30 min 45 min After reperfusion

30 and 45 min after starting ischemia, then immediately after
reperfusion. a Vehicle group and b p-allose group
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Fig. 6 Measured area O,” expression (%). Filled squares p-Allose
group, filled circles vehicle group. Comparison of mean values of O,
expression between the vehicle group and the p-allose group at each
time point. Mean O, expression was significantly different 15, 30,
and 45 min after ischemia. Data are mean = SD. *P < 0.05

decreased compared with that without p-allose. Compared
with the peripheral area, the blue color intensity was
stronger in the central area. Figure 6 shows results from
quantification of the color levels expressed as a percentage
change. Mean O, expression was significantly different
between the vehicle group and the p-allose group 15, 30,
and 45 min after ischemia.

Discussion

These findings show that intraocular irrigation with
p-allose during vitrectomy protects the morphology and
function of the retina against ischemia injury.

Because p-allose may inhibit hexose transport [11], co-
injection of 200 mg/kg glucose with 200 mg/kg p-allose has
been shown to have no protective effect against retinal
ischemia reperfusion injury [3]. BSS contains 5.11 mM glu-
cose; i.e., approximately 0.1% glucose. Because 2% p-allose
in BSS was used in this study, the glucose in BSS was not
sufficient to abolish the protective effects of p-allose.

Both clinically and under experimental conditions, the
functional status of the retina can be monitored continu-
ously by recording ERGs. The b-wave of the ERG has been
identified as a particularly sensitive index of retinal
ischemia both in humans [12] and in experimental models
of retinal ischemia in vitro [13]. Glutamate acts as a
mediator of neuronal injury under ischemic conditions [14]
and extracellular glutamate has been found to increase in
ischemic eyes [3, 15, 16]. Reperfusion injury is thought to
be mediated in part by relative hyperglycemia and
high oxygen levels, leading to oxygen radical formation.
p-Allose may be a down-regulation agent of hexose transport
[11]. p-Allose could reduce the production of ROS by
modulating the glycolytic response. Because p-allose can

suppress glutamate release and the production of ROS after
ischemia [3], p-allose protects both the morphology and
function of the retina. Because there were no morpholog-
ical changes in the outer retina in this study (data not
shown), recovery of the a-wave amplitudes in the vehicle
group was not suppressed. Therefore, we could not confirm
any differences in the recovery of a-wave amplitudes
between the vehicle and p-allose groups.

We recently reported that p-allose suppresses the pro-
duction of H,O, as determined by diaminobenzidine
solution without hydrogen peroxide [3]. NBT is an electron
acceptor that can be reduced by accepting electrons from
various reductants, including superoxide [17] and other
reductants, for example those generated from dehydroge-
nase systems [18, 19]. Studies have previously shown that
NBT staining in normal rat retina is affected by inhibition
of free radical-related enzyme systems, suggesting that
NBT might be useful in the study of free radicals. During
and after ischemic episodes, univalent reduction of oxygen
in the mitochondrial respiratory chain is thought to be a
major source of O, [20]. O, can be reduced to H,O,, a
reaction catalyzed by superoxide dismutase (SOD) [7].
H,0; has been identified as a potent inducer of apoptosis
[21]. p-Allose may exert neuroprotective effects by
reducing the production of not only H,O,, but also O,.

Ocular perfusion pressure would be especially important in
eyes with diabetes if, as has been suggested, autoregulation in
the retina and optic nerve head is impaired [22, 23]. Because
high infusion pressure during PPV is useful in preventing
bleeding, we must also consider protecting the retina against
damage caused by pressure-induced ischemia in cases of
diabetic retinopathy [24]. Levels of glutamate potentially
toxic to retinal ganglion cells have been found in the vitreous
of patients with PDR [25]. This glutamate could then initiate a
forward cascade of further neuronal ischemia.

Our findings suggest that intraocular irrigation with
p-allose during vitrectomy may protect both the morphology
and function of the retina against ischemia-induced damage.
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Surgical Technique

Edited by George A. Williams

Morphologic and Functional Advantages of
Macular Hole Surgery with Brilliant Blue
G-Assisted Internal Limiting Membrane Peeling

Removal of the internal limiting membrane (ILM)
is an effective additional treatment in macular
hole (MH) surgery.' The transparency of the ILM
requires high skill to peel the membrane. In 2000,
a technique using indocyanine green (ICG) to stain
and peel the ILM was reported.*” However, some
investigators®’ have reported retinal toxicity of the
residual ICG. Other investigators have shown the
toxicity of ICG to the retinal pigment epithelium in
vitro®'? and in vivo.""™"* These reports indicate that
surgeons have to be very careful not to allow ICG to
remain subretinally at the end of MH surgery because
it can cause postoperative complications such as
retinal pigment epithelial changes'® and subsequent
visual field loss.'>!®

In 2006, Enaida et al'’ initially reported that
brilliant blue G (BBG) stains the ILM while having
low retinal toxicity in their morphologic study using
electron microscopy. In rapid succession, they also
reported the clinical possibility of using BBG for
ILM staining and peeling in MH and epiretinal
membrane cases with no adverse events.'® Compared
with ICG, the toxicity of BBG to cultured retinal
ganglion cells was significantly lower based on
evaluation of retinal ganglion cell apoptosis.’® Ueno
et al*® injected ICG and BBG in clinical concen-
trations into the subretinal space of rats. They found
that ICG caused retinal degeneration and retinal
pigment epithelium cell atrophy, while BBG had
no detectable toxic effects. After confirmation of
the safety of BBG, Cervera et al*"** reported their
experience with ILM peeling using BBG and con-
cluded that dyeing with BBG appeared to be an
interesting alternative to ICG.

From the *Department of Ophthalmology, Kagawa University
Faculty of Medicine, Kagawa, Japan; {Department of Ophthal-
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1750-1 Ikenobe, Miki-cho, Kagawa 761-0793, Japan; e-mail:
snipeman@med.kagawa-u.ac.jp

Much improvement in the resolution of optical
coherence tomography has enabled us to observe
microstructure of the macula in MHs before and after
surgery. Recent studies have revealed the correlation
between visual recovery and the presence of the
inner and outer segments of the photoreceptor (IS/0S)
junction after MH surgery.”*** The IS/OS junction
can be observed in the normal eye as the continuous
line located in the outer retina. Another investigator
has reported the importance of the external limiting
membrane (ELM) compared with the IS/OS in visual
recovery after MH surgery.” Thus, continuity of the
IS/OS junction and the ELM has been well known
as an important factor for postoperative recovery
of visual acuity. In the present study, the results,
including macular microstructure and visual acuity, of
MH surgery using BBG and ICG were compared.

Materials and Methods

This was a nonrandomized, retrospective, interven-
tional case series. Between September 2007 and April
2009, 53 eyes of 53 consecutive patients with
idiopathic full-thickness MH underwent MH surgery
with ILM peeling using ICG (n = 22) (between
September 2007 and August 2008) or BBG (n = 31)
(between September 2008 and April 2009) at Kagawa
University Hospital. In all patients, the surgery was
performed as soon as possible after an initial visit to
our hospital. Best-corrected visual acuity (BCVA),
optical coherence tomography examination using
spectral-domain optical coherence tomography (Carl
Zeiss Meditec, Inc, Dublin, CA), and slit-lamp fundus
examinations using a 78-diopter lens were performed
before and 1, 3, and 6 months after surgery. Optical
coherence tomography reading was performed by one
of the authors (F.S.) in a masked fashion without
knowledge of the staining dye used in ILM peeling or
the surgical outcomes. The optical coherence tomog-
raphy reader evaluated the ELM or IS/OS junction as
reconstructed or restored when continuity of the ELM
or the IS/OS line was observed at the fovea after
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surgery. The presence or absence of continuity of the
ELM or IS/OS line could be clearly determined
(Figures 1 and 2).

All cases underwent 25-gauge, transconjunctival,
sutureless vitrectomy. Cataract surgery was performed
simultaneously in patients aged 50 years. After post-
erior vitreous detachment creation in eyes with Stage 2
or 3 holes and removal of the posterior hyaloid,
0.125% ICG or 0.25 mg/mL of BBG was sprayed onto
the posterior retina around the MHs. The ICG solution
(Ophthagreen, Santen Pharmaceutical Co Ltd, Osaka,
Japan) was prepared at a concentration of 0.125%
using dilution in BSS plus (Alcon Lab, Fort Worth,
TX). The BBG solution (Coomassie BBG 250;
Sigma—Aldrich, St. Louis, MO) was prepared at
a concentration of 0.25 mg/mL using dilution in
BSS plus. Three surgeons (K.F, ES., and H.Y)
performed the MH surgeries using ICG (between
September 2007 and August 2008) or BBG (between
September 2008 and April 2009).

Immediately after the injection of both dyes, the dye
solution in the vitreous cavity was aspirated using
a vitreous cutter. The ILM was incised using a 25-
gauge microvitreoretinal blade and carefully peeled
from the underlying retina in a circumferential manner
within about a 1.5-disk diameter radius around an MH,
using a microforceps. If stain solution remaining
within MHs was observed, it was aspirated with a soft-
tipped needle. An air—fluid exchange was performed,
and 20% sulfur hexafluoride was infused. Strict face-
down positioning was maintained for 3 days after
surgery. This study was approved by the Institutional
Review Board of Kagawa University Faculty of
Medicine.

T

Fig. 1. The reconstructed ELM line (a large arrow) and the restored IS/
OS junction line (a small arrow) are clearly observed at the fovea 1
month after surgery.

/
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Fig. 2. The lack of continuity of the IS/OS junction line (an arrow) is
observed. The IS/0OS junction is not restored in this case.

Results

Baseline Characteristics

Baseline characteristics for all patients are shown in
Table 1. The BBG group included 31 eyes of 31
patients (14 men and 17 women). Median age at the
time of surgery was 67 years (range, 56-80 years).
Stage 2, 3, and 4 MHs were present in 14, 13, and
4 eyes, respectively. Preoperative mean BCVA *+ SD
was 0.61 = 0.29 logarithm of the minimal angle of
resolution (logMAR). The ICG group included 22 eyes
of 22 patients (12 men and 10 women). Median age at
time of surgery was 68 years (range, 54—79 years).
Stage 2, 3, and 4 MHs were present in 10, 8, and
4 eyes, respectively. Preoperative mean BCVA = SD
was 0.59 * 0.27 logMAR. No significant differences
were noted between the groups in age (P = 0.59,
Mann—-Whitney U test), sex (P = 0.18, Fisher exact
probability test), disease duration (P = 0.98, Mann-
Whitney U test), stage of MHs (P = 0.84, chi-square
test), and preoperative mean logMAR visual acuity
(P = 0.77, unpaired z-test).

Best-Corrected Visual Acuity Results and Macular
Hole Closure Rates

Best-corrected visual acuity results and MH closure at
6 months after surgery are shown in Tables 2 and 3. In
both BBG and ICG groups, the MH was successfully
closed in all cases at 6 months postoperatively. Table 3
shows the visual results after surgery. In the BBG group,
the mean BCVA = SD improved significantly from 0.61
+ 0.29 logMAR preoperatively to 0.10 = 0.20 logMAR
at 6 months postoperatively (P << 0.001, paired t-test).
Best-corrected visual acuity improved by =0.3 logMAR
in 27 eyes (87%) and stabilized in 4 eyes (13%) at 6
months after surgery. Best-corrected visual acuity was
20720 or better at 6 months after surgery in 20 of 31 eyes
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Table 1. Baseline Characteristics

BBG Group (n = 31) ICG Group (n = 22) P
Patient age (years)
Median 67 68 0.59, Mann-Whitney U test
Range 56-80 54-79
Disease duration (months)
Median 3 3 0.98, Mann-Whitney U test
Range 1-8 1-8
Stage (n)
2 14 10 0.84, chi-square test
3 13 8
4 4 4
BCVA at baseline, logMAR 0.61 = 0.29 0.59 = 0.27 0.77, paired t-test

(65%). In the ICG group, the mean BCVA * SD
improved significantly from 0.59 * 0.27 logMAR
preoperatively to 0.14 = 0.17 logMAR at 6 months
postoperatively (P < 0.001, paired r-test). Best-
corrected visual acuity improved by =0.3 logMAR in
18 eyes (82%) and stabilized in 4 eyes (18%) at
6 months after surgery. Best-corrected visual acuity was
20/20 or better at 6 months after surgery in 7 of 22 eyes
(32%). No significant differences between the 2 groups
were seen in mean BCVA (P = 0.39, unpaired 7-test) and
change in BCVA by =03 logMAR (P = 0.71, chi-
square test) at 6 months after surgery. However, for
a BCVA of 20/20 or better, the BBG group showed
a significantly higher rate than the ICG group (P = 0.03,
Fisher exact probability test). Figure 3 shows the
changes in logMAR visual acuity of both groups.

Microstructural Results After Macular Hole Surgery

The ELM reconstruction rates at 1, 3, and 6 months
after surgery were 65%, 90%, and 94%, respectively,
in the BBG group and 68%, 91%, and 100%,
respectively, in the ICG group (Table 2, Figure 4).
The rates of IS/OS junction restoration at I, 3, and
6 months after surgery were 32%, 61%, and 87%,
respectively, in the BBG group, compared with 5%,
50%, and 91%, respectively, in the ICG group (Table 2,

Figure 5). A significant difference in the rate of IS/OS
junction restoration at 1 month after surgery was found
between the 2 groups (P = 0.02, Fisher exact
probability test; Table 2, Figure 5).

Proportion of Simultaneous Cataract Surgery and
Adverse Effects

In the BBG group, 24 eyes (excluding 4 eyes that
were pseudophakic before surgery) underwent com-
bined phacoemulsification and posterior chamber
intraocular lens implantation, because progression of
nuclear sclerotic cataracts is not preventable in patients
>50 years of age. In the 3 eyes without combined
cataract surgery, cataract surgery was not performed
after vitrectomy, and 28 eyes (90%) were pseudo-
phakic at 6 months after surgery. For the 22 eyes in
the ICG group, because 2 eyes were pseudophakic
preoperatively and cataract surgery was combined in
18 eyes, 20 eyes (90%) were pseudophakic at 6 months
after surgery. No significant difference in the pro-
portion of pseudophakic eyes at 6 months after surgery
between the 2 groups was identified.

No significant adverse effects related to either dye
were observed in the present study. In both groups,
neither retinal detachment nor MH reopening was
observed.

Table 2. Best-Corrected Visual Acuity Results and MH Closure at 6 Months After Surgery

BBG Group (n = 31) ICG Group (n = 22) P
Anatomical results

MH closure, n (%) 31 (100) 22 (100) -

Recovery of ELM line, n (%)
At 1 month 20 (65) 15 (68) 1.00, Fisher exact probability test
At 3 months 28 (90) 20 (91) 1.00, Fisher exact probability test
At 6 months 29 (94) 22 (100) 0.51, Fisher exact probability test

Recovery of IS/OS line, n (%)
At 1 month 10 (32) 1(5) 0.02, Fisher exact probability test
At 3 months 19 (61) 11 (50) 0.57, Fisher exact probability test
At 6 months 27 (87) 20 (91) 1.00, Fisher exact probability test
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Table 3. Visual Results After Surgery

BBG Group (n = 31) ICG Group (n = 22) P

Visual results :

Mean BCVA at 6 months, logMAR 0.10 = 0.20 0.14 = 0.17 0.39, paired t-test
Changes in BCVA =0.3 logMAR, n (%)

Improved 27 (87) 18 (82) 0.71, chi-square test

Stable 4 (13) 4 (18)

Worsened 0(0) 0 (0)

Eyes with BCVA of 20/20 or better 20/31 (65) 7/22 (32) 0.03, Fisher exact probability test

Discussion

Indocyanine green is the first adjuvant clinically
used to stain the ILM.* This procedure of staining the
ILM has spread quickly and is still now performed by
vitreoretinal surgeons around the world. However,
several reports®'® have noted the retinal toxicity of
ICG. Alternative stains have been tried to stain the
ILM, such as infracyanine green, trypan blue, Patent
blue, Bromophenol blue, and BBG."*?° Of these
stains, BBG shows a high ability to stain the ILM and,
more importantly, a low possibility of cytotoxicity.”

Internal limiting membrane peeling procedures with
any stains have achieved almost 100% postoperative
MH closure rates. In a previous report,” the ELM
reconstruction rate was 80% at 3 months postopera-
tively. In the present study, almost 90% of ELMs were
reconstructed at 3 months in both groups, and almost
100% of ELMs were reconstructed at 6 months
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Fig. 3. Preoperative and postoperative BCVA within 6 months after

MH surgery in both groups. There are no significant differences in mean
logMAR BCVA between the two groups at any visit.

postoperatively. There were no significant differences
between the BBG and ICG groups in the ELM
reconstruction rates. The rate of IS/OS junction
restoration has been reported as 4% at 1 month after
surgery.* The dye they used in their operation for ILM
peeling was 0.25% ICG, and their result was very
close to the results of the present study’s ICG group.
As with ELM reconstruction, the rates of IS/OS
junction restoration increased to almost 90% with
time. At 1 month postoperatively, the IS/OS junction
had restored in 32% of the BBG group and 5% of the
ICG group; the difference was significant (P = 0.02;
Fisher exact probability test). Because of the features
of MHs, direct exposure of the bare retinal pigment
epithelium and retina inside MHs to dyes is unavoid-
able. Because ICG injected into the subretinal space
induces retinal cell degeneration,” this lag in rest-
oration might be reasonable. The postoperative micro-
structural change of the IS/OS junction in the present
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Fig. 4. External limiting membrane reconstruction rates at 1, 3, and 6
months after surgery. There are no significant differences in the rates
between the two groups at any visit.
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Fig. 5. The rates of IS/OS junction restoration at 1, 3, and 6 months
after surgery. There are no significant differences in the rates between
the 2 groups at 3 and 6 months postoperatively. The rate at 1 month after
surgery is significantly higher in the BBG group than in the ICG group
(P = 0.02; Fisher exact probability test).

study seems to indicate that BBG is more useful than
ICG, though the mechanism of the restoration of the
IS/OS junction is not well known.

Overall changes in BCVA in both groups were
similar to those in previous reports about MH surgery.
There were no significant differences between the two
groups at any time points postoperatively. Although
the lag in visual acuity improvement as expected by
the morphologic restoration lag observed in the ICG
group was not found in the current study, the rate of
visual acuity of 20/20 or better at the final visit was
significantly higher in the BBG group than that in the
ICG group. This fact indicates that a restored IS/OS
line, which indicates the presence of photoreceptors,
may not work well at an early stage of restoration,
so that the visual results at the 1-month visit did not
show any significant difference between the 2 groups.
Because the BBG group showed a significantly higher
rate than the ICG group for a BCVA of 20/20 or better
at the final visit, early restoration of the IS/OS junction
can be important for the long-term visual outcome.

In contrast with earlier reports'®*® confirming the
safety of BBG, Yuen et al*! reported the toxicity of BBG
in an in vitro study. They evaluated the toxicity of
several dyes including BBG and ICG using a human
retinal pigment epithelial cell line (ARPE-19) and
a murine retinal ganglion/Muller glial cell primary cell

culture. A viability assay of ARPE-19 cells after
30 minutes of exposure to 4 different concentrations
(10, 2.5, 0.25, and 0.125 mg/mL) of BBG was used.
Every concentration of BBG resulted in a significantly
lower viability than control, though every concentration
(1, 0.5, 0.25, and 0.125 mg/ml) of ICG showed
absolutely no toxicity in exactly the same study. As
they noted in their report, 30-minute exposure is unlikely
to occur in regular MH surgery, but it could occur in
cases of MH with retinal detachment. In contrast, the
mfluence of 0.25 mg/ml. of BBG on cultured retinal
ganglion cells was negligibly small after 30 minutes of
exposure, and this result agrees with a similar previous
report,’ though the predetermined exposure time was
shorter. Yuen et al®' also studied a short exposure time of
3 minutes, and both dyes showed no toxicity in the
concentrations used in the current study. All the cases in
which we performed MH surgery with 0.25 mg/mL of
BBG in the current study did not develop any adverse
effects, such as retinal pigment epithelium atrophy
inside MHs or retinal degeneration around MHs.
Because a high dye concentration facilitates apoptosis
of cultured retinal pigment epithelium within 72 hours,
we infer that the 6-month observation period of the
current study is long enough to conclude that
0.25 mg/mL of BBG has no toxicity.

In conclusion, BBG is useful as an adjuvant for easy
ILM peeling in MH surgery. No apparent retinal
toxicity was observed in both the ICG and BBG
groups. The early restoration of the IS/OS junction
observed in the BBG group seems important for
a better long-term visual outcome. Further clinical
investigations focused on the early restoration of the
IS/OS junction observed in the BBG group are needed.
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Abstract

Purpose: The aim of this study was to evaluate the efficacy and safety of bimatoprost in Japanese patients with
normal-tension glaucoma (NTG) who showed insufficient response to latanoprost.

Methods: A prospective, nonrandomized study was conducted in patients with NTG, with <20% intraocular
pressure (IOP) decrease from pretreatment baseline with latanoprost monotherapy who had been switched to
bimatoprost. The 1OP was measured at 4, 8, and 12 weeks after the switch to bimatoprost. In 12 weeks after the
switch to bimatoprost, efficacy and safety were evaluated.

Results: Postswitch to bimatoprost, IOP was significantly reduced at every visit. Bimatoprost produced sig-
nificantly greater mean% IOP reduction rate from pretreatment than that of latanoprost at week 12 (P<0.01).
There was a significant correlation between% IOP reduction of bimatoprost and that of latanoprost (Pearson
r*=0.374; P=0.007). No significant difference was observed in the mean scores of conjunctival hyperemia and
corneal epithelial disorder between bimatoprost-treated eyes and latanoprost-treated eyes.

Conclusions: Significant additional IOP lowering was achieved by switching to bimatoprost in Japanese patients

with NTG with insufficient response to latanoprost. Bimatoprost treatment was safe and well tolerated.

Introduction

PROSTACLANDIN ANALOGS have gained widespread clinical
use for treatment of glancoma because of their efficacy at
lowering intraocular pressure (IOP)." Latanoprost is a pro-
drug of the naturally occurring prostaglandin (PG) Fy, and is
endowed with a strong IOP-reducing effect.”™ Bimatoprost is
an analog of PGF,,-1-ethanolamide (prostamide Fa,). Prosta-
mides are derived from an endocannabinoid anandamide by
COX-2, and have ph'lrmacologlcai and biochemical properties
distinct from PG Fo,”* Similar t0 PGF,, analogs, the IOP
lowering mechanism of bimatoprost is likely to be attributed to
the increase in uveoscleral outflow,” which is associated with
extracellular matrix remodeling.'” In addition, in subjects with
ocular hypertension (OH) and glaucoma, the increase of both
the pressure-sensitive (trabecular) outflow and the pressure-
insensitive (uveoscleral) outflow by bimatoprost could be as-
cribed to the changes in the trabecular meshwork or in the
sclera, or both.>!!-"? Although the pharmacological mecha-
nisms of actions of latanoprost and bimatoprost have been

thought to be similar, there is a possibility that with patients for
whom 1 agent is neither fully effective nor tolerable, another
agent may be useful.'

The Tajimi study, which is one of the largest glaucoma
epidemiology studies in Japan, showed that the glaucoma
prevalence rate in Japanese older than 40 years of age is 5.0%,
and the rate of open-angle glaucoma is 3.9%.'™'® The study
also reported that almost 90% of the open-angle glaucoma
consisted of normal-tension glaucoma (NTG). The NTG is a
clinical entity characterized by glaucomatous optic nerve
damage and visual field defects with an IOP in the statisti-
cally normal range. The TOP is, however, a part of the
pathogenic process in NTG, and IOP lowering is effective in
reducing the progression of glaucomatous damage.'” Al-
though latanoprost is commonly used as first-line therapy in
the treatment of NTG, there are some cases that show in-
sufficient response to latanoprost.'®

The purpose of this study was to evaluate the efficacy and
safety of bimatoprost in eyes with insufficient response to
latanoprost in Japanese patients with NTG.

'Departmcnt of Ophthalmology, Kagawa University Faculty of Medicine, Miki, Kagawa, Japan.
Dcpartment of Ophthalmology, Social Insurance Ritsurin H ospital, Takamatsu, Kagawa, Japan.

*Ueda Eye Clinic, Ayauta, Kagawa, Japan.
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Methods

This clinical trial was conducted at the following 3 in-
vestigational sites. December 2009 to December 2010: De-
partment of Ophthalmology, Kagawa University Faculty of
Medicine, Social Insurance Ritsurin Hospital, and Ueda Eye
Clinic (Kagawa, Japan). All the aspects of the study were in
compliance with the Declaration  of Helsinki, and all the
patients gave their consent on being sufficiently informed by
an investigator.

Examinations of visual acuity, refraction, both central and
peripheral fields, slit-lamp examination, and  gonioscopy
were performed on all the patients. The eligibility criteria
were age =20 years; bilateral or unilateral NTG: glaucoma-
tous optic disc abnormalities and corresponding g cﬂaucoma—
tous visual field defects, normal open angle, and 0or
(measured using Goldmann applanation tonometer) of
21 mmHg or lower without medication; <20% IOP decrease
from pretreatment baseline at least 12 weeks of treatment
with latanoprost 0.005% (Xalatan®™; Pfizer, New York, NY)
monotherapy. Exclusion criteria were the subjects being with
active ocular diseases in either eye except glaucoma; with
retinal disease that has a potential risk of progression;
with experience of ocular surgery or lazer treatment; with
regimen for systemic or local administration of steroid dur-
ing this study; with corneal disease in either eye that poses a
problem for veracious IOP measurement.

A total of 18 patients who fit the study criteria were en-

rolled in this study. The study consisted of 4 scheduled visits -

over 12 weeks (day 0 and weeks 4, 8, and 12). At day 0
(preswitch), eligible patients who had. used ]atmopms{
0.005% were qwmhed to bimatoprost 0.03% (Lumigan®;
Allergan, Inc., Irvine, CA) treatment. The administration
time of bimatoprost had been sel to just around the same
time before administration of latanoprost.

Measurements of TOP, best-correlated visual acuity, and
biomicroscopic examinations were conducted at each visit.
The TOP was measured at the same time period during the
administration of latanoprost with Goldmann applanation
tonometer by using the same procedure at all centers. The
outcome due to primary efficacy was the main change in TOP
at week 12 from preswitch.

Biomicroscopy was performed by using a slit-lamp ex-
amination without pupil dilation. The examination included
an assessment of the lid/lashes, conjunctiva, antérior cham-
ber, cornea, iris, and lens. Conjunctival hyperemia was as-
sessed by a single observer by using a 5-point hyperemia
grading scale using 5 different photographs for hyperemia
matching: O0=none, 0.5=trace, 1=mild, 2=moderate, and
3=severe. Corneal epithelial disorders were recorded by
using an A (area) D (density) grading scale by a slit-lamp
examination.'”

The study outcome for efficacy was based on the condi-
tions of the patients’ eyes with the higher TOP at the eligi-
bility visit. If IOP was same in both eyes, we analyzed the
right eye. Descriptive statistics for mean TOP, mean IOP
change, and% IOP change from pretreatment were calcu-
lated. Statistical significance was assessed by -using paired
t test. The degrees of conjunctival hyperemia and ‘corneal ep-
ithelial disorder were analyzed by using an averaged score of
both eyes’ values. Evaluation of the degrees of conjunctival
hyperemia and corneal epithelial disorder was analyzed by
using a Wilcoxon signed-rank test. The correlation mean%
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FIG. 1.  Reduction in mean IOP after a switch to bimato-
prost. Data express the mean +SD. *P <{.05 versus pretreat-

ment (paired f test). *P<0.05 versus preswitch (paired t test).
TOP, intraocular pressure; SD, standard deviation.

IOP change from pretreatment between eyes treated with

: la’ranoprost and eyes treated with bimatoprost was analyzed

by using a Pearson’s correlation coefficient test. All the sta-
tistical analyses were performed by using SPSS for Windows,
Version. 11.5 (SPSS, Ine., Chicago, IL). A P value of 0.05 or
less was considered statistically significant. Data are pre-
sented as mean +standard deviation.

Results

There were 4 men and 14 women (mean age, 68.2£15.3
years), who had the mean refractive error of ~2.3+4.9 di-

‘opters. All subjects completed. the study. No- significant

changes in visual acuity were detected throughout follow-up
(data not shown).

The IOP data were as follows: pretreatmentzl?.a‘ir
1.6mm Hg; preswitch=16.0£1.3mm Hg; 12 weeks=14.14
1.7mm Hg. At week 12, TOP was significantly lower than
both the pretreatment IOP (P<0.01) and the preswitch 10P
(P<0.01) (Fig. 1). Although the mean% IOP reduction from
pretreatment to preswitch (latanoprost) was ~7.5%+5.6%,
the mean% TOP reduction from pretreatment to 12 weeks
(bimatoprost) was —18.7%%8.9% (Fig. 2). At week 12, 7
patients showed 220% TOP decrease, and 2 patients showed
230% TOP decrease from pretreatment (Fig. 3). There was a
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FIG. 2. Mean% IOP reduction from pretreatment to pre-
switch (Latanoprost) and at week 4, 8, and 12 (Bimatoprost).
The mean% IOP reduction rate of bimatoprost was signifi-
cantly greater than that of latanoprost (*P<0.01, paired
I test). Data express the mean+SD.




