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three times for 10 minutes each with PBS (pH 7.4), the sections were
blocked in 3% normal horse serum and 1% BSA in PBS for 1 hour to
reduce nonspecific labeling. Sections were incubated overnight at 4°C
in a 1:100 dilution of rabbit polyclonal antibody against human AT1-R
(Santa Cruz Biotechnology, Santa Cruz, CA) as the primary antibody in
PBS containing 0.5% Triton X-100, 5% normal horse serum and 1% BSA.
Control sections were prepared by omitting both the primary antibody
and the rabbit IgG (1:1000; Vector Laboratories Inc., Burlingame, CA)
and incubating only in PBS containing 0.5% Triton X-100, 5% normal
horse serum, and 1% BSA overnight at 4°C. After they were washed in
PBS for 50 minutes, sections were immersed in alkaline phosphatase
(AP; Vectastain ABC-AP Kit; Vector Laboratories Inc.) for 30 minutes at
room temperature, washed in PBS for 15 minutes, and processed using
the avidin-biotin complex reagent (ABC Kit PK-6101; Vector Laborato-
ries Inc.) for 1 hour at room temperature. Images were acquired using
40X objective lenses (DXM 1200; Nikon, Tokyo, Japan). Image editing
software (PhotoShop, version 5.0; Adobe, Mountain View, CA) was
used to adjust the brightness and contrast of the images.

ELISA for AT1-R

Eyes were immediately enucleated 6, 12, and 24 hours after 45 minutes
of ischemia, and the retina was carefully isolated. Retinas were put into
buffer (IBLysis-I; IBL, Takasaki, Japan) and homogenized. These sam-
ples were centrifuged at 10,000 rpm for 10 minutes; the supernatant
fluid was then removed and put into each well of a 96-well plate. After
10 pg/mL rabbit anti~-AT1-R antibody (Santa Cruz Biotechnology, Santa
Cruz, CA) was added to each well, the plates were covered and kept at
4°C overnight. On the next day, each well was washed with PBST (PBS
+ 0.05% Tween 20), followed by addition of horseradish peroxidase-
conjugated anti-rabbit antibody into each well and further incubation
at 4°C for 1 hour. Subsequently, the samples were washed with PBST
after which 100 pL substrate (TMBS; IBL) was added, followed by a
30-minute period for development at room temperature in the dark.
After the reaction was stopped with 100 pL 1 N H,S0y, the OD450 was
immediately measured.

Fluorescence Labeling of ROS

To investigate the production of ROS, we injected 5 mg/kg dihydro-
cthidium (DHE; Sigma-Aldrich) in 5% DMSO in PBS intraperitoneally 15
minutes before ischemia. A 0.3-mL aliquot of distilled water, 1 mg/kg
candesartan, or 10 mg/kg captopril was administered intraperitoneally
30 minutes before ischemia, Eyes were enucleated 15 minutes after
ischemia and then embedded in the OCT compound (Sakura Finetek,
Torrance, CA), after which cryosections (20 um) were prepared.
Sections were examined with a microscope (Radiance 2100/Rainbow;
Carl Zeiss, Miinchen, Germany) using a laser set (excitation laser 514
nm; emission laser >580 nm).

Detection of O, by Formazan Deposition

Detection of O, by formazan deposition was performed by reduction
assay (Nitro Blue Tetrazolium Chloride [NBT]; Wako Chemicals, To-
kyo, Japan) with slight modification of the methods of Imai et al.*”
Known amounts of KO, (Sigma-Aldrich) were dissolved and diluted
with 12 mM dicyclo-hexano-16-crown-6 (crown-6; Sigma-Aldrich)
DMSO solution. NBT was also dissolved in 12 mM crown-6 DMSO
solution to a final concentration of 0.4 mM (NBT solution). Known
amounts of KO, solution were added to 1 mL NBT solution, resulting
in the immediate formation of O, -reduced NBT and insoluble
formazan. The solution was analyzed by spectrophotometer (UM3300;
Hitachi, Tokyo, Japan) at a wavelength of 572 nm. After obtaining the
calibration curve, O, in the retina was determined by extraction of
the NBT solution. Rats were killed immediately after the experiment,
and the retinas were removed as soon as possible. Each retina was
immersed in 1 mL NBT solution for 5 minutes, and then the superna-
tant was analyzed by the spectrophotometer at 572 nm.
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FIGURe 1. Light micrographs of a cross-section through normal rat
retina (A) and 7 days after ischemia without captopril pretreatment (B)
or with 10 mg/kg of captopril pretreatment (C). Each microscopic
image of the retina was scanned within 0.5 to 1 mm superior of the
optic disc. Scale bar, 10 um.

Statistical Analysis

Image analysis was performed (Image-Pro Plus software, version 4.0;
Media Cybernetics) to assess the altered ROS reaction area. We used
the total red-stained area as the indicator of ROS production.

All data are presented as the mean = SD. Data were analyzed using
an independent Student’s #test or a Dunnett’s multiple comparison
test, as appropriate. P < 0.05 was considered statistically significant.

REsuLTs

Histologic Changes in the Retina after Ischemia
with Captopril

Figure 1A shows a normal retina with no ischemic procedures.
Light microscopic photographs were taken 7 days after isch-
emia in retinas pretreated with distilled water (Fig. 1B). Signif-
icant reduction in the thickness of the IPL -+ INL to 68.9% =+
18.5% (n = 6) after ischemia was observed. Figure 1C shows
the retina 7 days after ischemia in retinas pretreated with
captopril (10 mg/kg). In animals pretreated with 0.1, 1, or 10
mg/kg captopril, the thickness of the IPL + INL was 68.6% =
14.5% (n = 6), 71.6% = 7.2% (n = 5), and 96.7% = 23.2% (n =
6) of the control, respectively (Fig. 2). Administration of 10
mg/kg captopril significantly prevented reduction in the thick-
ness of the IPL + INL (P < 0.05). Administration of 10 mg/kg
captopril 30 minutes after ischemia also provided a neuropro-
tective effect (95.2% * 21.1%, P < 0.05, n = 4; Fig. 2).

Effect of Candesartan or PD123319 on the Retina
after Ischemia

Figure 3A shows a normal retina with no ischemic procedures.
Light microscopic photographs were taken 7 days after isch-
emia in retinas pretreated with 5% DMSO in PBS (Fig. 3B).
Significant reduction in the thickness of the IPL + INL was
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of the IPL + INL 7 days after ischemia
without captopril pretreatment or
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observed. Figure 3C shows the retina 7 days after ischemia in
retinas pretreated with candesartan (1 mg/kg). In animals pre-
treated with 0.1 or 1 mg/kg candesartan, the thickness of the
IPL + INL was 81.2% %+ 24.7% (n = 5) or 91.3% = 23.7% (n =
7) of control, respectively (Fig. 4A). Administration of 1 mg/kg
candesartan reduced ischemic damage to the retina (P < 0.05).
Administration of 1 mg/kg candesartan 30 minutes after isch-
emia also provided a neuroprotective effect (89.3% * 14.6%,
P < 0.05, n = 4; Fig. 4A).

A 5-mg/kg/day dose of PD123319 administered subcutane-
ously by osmotic minipump showed no protective effect
against retinal ischemic damage (Fig. 4B). The thickness of the
IPL + INL was 78.4% * 19.4% (P = 0.1; n = 5).
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FIGUure 3. Light micrographs of a cross-section through normal rat
retina (A) and 7 days after ischemia without candesartan pretreatment
(B) or with 1 mg/kg candesartan pretreatment (C). Each microscopic
image of the retina was scanned within 0.5 to 1 mm superior of the
optic disc. Scale bar, 10 wm.
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the mean = SD. *P < 0.05 versus ve-
hicle (Dunnett’s multiple comparison
test). TP < 0.05 versus vehicle (inde-
pendent Student’s £test).
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Effect of Bradykinin or Bradykinin B2 Receptor
Antagonist on the Retina after Ischemia

Pretreatment with 1 mg/kg bradykinin (## = 5) or 0.01 to 1
mg/kg icatibant (each dose; n = 5) showed no protective
effect against retinal ischemic damage (Fig. 5). However, coin-
jection of captopril (10 mg/kg) with icatibant (0.1 mg/ke) did
have a protective effect against retinal ischemic damage (P <
0.05; n = 3, Fig. 5). Even so, this coinjection of captopril (10
mg/kg) with icatibant (0.1 mg/kg) was not significantly differ-
ent from the injection of icatibant (0.1 mg/kg) by itself (P =
0.057; independent Student’s rtest). )

Effect of Captopril or Candesartan on
RGC Survival

Figure GA shows representative results of the RGC labeling in
the vehicle-, captopril,, and candesartan-treated rats. Compared
with the vehicle-treated rats, RGC death seemed to be mild in
the captopril- and candesartan-treated rats. RGC survival rates
in the central retinas of the eyes with ischemia were 53.2% +
11.3% in the vehicle-treated group (7 = 6), 72.9% *+ 13.2% in
the captopril-treated group (P = 0.02; n = 6), and 71.9% =+
9.9% in the candesartan-treated group (P = 0.03; n = 6; Fig.
6B). In the peripheral retina, RGC survival rates in the eyes
with ischemia were 54.2% * 7.5% in the vehicle-treated group,
73.5% % 10.9% in the captopril-treated group (P = 0.02), and
75.2% = 15.4% in the candesartan-treated group (P = 0.01;
Fig. 6B).

Effect of Captopril or Candesartan on
Retinal Function

Recoveries of a- and b-wave amplitudes are shown in Figure 7.
On the seventh postoperative day, a-wave amplitude percent-
ages were 41.6% * 6.0% in the vehicle-treated group (1 = 6),
47.2% * 8.0% in the captopril-treated group (# = 6), and 43.4%
* 6.5% in the candesartan-treated group (n = 6; Fig. 7A).
Percentages for b-wave amplitude were 28.3% * 4.3%, 38.2%
* 8.0%, and 39.0% * 6.4%, respectively (Fig. 7B). Recovery
rates of b-wave amplitude in the eyes treated with captopril or
candesartan were significantly higher than in the vehicle
group. There was no significant difference in the recovery rates
of the a-wave amplitude either between the captopril group
and the vehicle group or between the candesartan group and
the vehicle group. Both a- and b-wave amplitudes in the non-
ischemic eyes were stable and were essentially equal before
and after ischemia.
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AT1-R Tissue Localization in the Retina
after Ischemia

We examined the expression of AT1-R in the retina at 6, 12,
and 24 hours after 45 minutes of ischemia (Fig. 8). Figure 8A
shows the localization of AT1-R in the normal retina. Although
retinal vessels were positive for AT1-R, AT1-R expression was
not detected in any layer in the normal retina. However, in the
postischemic retina (Figs. 8B-D), immunostaining for AT1-R

vehicle

5 mg/kg/day

was detected primarily in the IPL and INL. AT1-R expression
increased gradually from the baseline and peaked between 6
and 12 hours after ischemia (Figs. 8C, 8D).

AT1-R Expression in the Retina after Ischemia

Protein levels of AT1-R in the retina were upregulated by
ischemia/reperfusion injury (Fig. 9). In the normal retina, the
AT1-R protein level was 0.034 * 0.005 ng/mL (n = 6). How-
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FIGURE 6.  Effect of captopril or candesartan on ischemia-induced retinal ganglion cell death. (A) Retrograde labeling of RGCs in nonischemic eyes
and 7 days after ischemic injury after administration of vehicle, captopril, or candesartan. Micrographs of the central and peripheral areas were
taken approximately 1 and 4 mm from the optic nerve head. Scale bar, 20 psm. (B) RGCs were counted in the central and peripheral areas at
approximately 1 and 4 mm from the optic nerve head. Graph depicts the mean =* SD of six animals treated with vehicle, six animals treated with
captopril, and six animals treated with candesartan. Data express the mean * SD of six independent experiments. *P < 0.05 versus vehicle

(Duanett’s multiple comparison test).

ever, AT1-R expression peaked between 6 (7 = 4) and 12 (1 =
4 hours after ischemia and then dramatically decreased by 24
hours after ischemia (n = 4).

ROS Activation by Ischemia

We tested whether ROS were suppressed by treatment with 10
mg/kg captopril or 1 mg/kg candesartan. For this purpose, we
used DHE staining because DHE specifically reacts with intra-
cellular O,7, a ROS, and is converted to the red fluorescent
compound ethidium in nuclei. In the postischemic retina, DHE
fluorescence was clearly upregulated in retinal neuronal cells,
and this up-regulation was efficiently suppressed by captopril
or candesartan (Fig. 10A). Figure 10B shows the quantification
of the color areas expressed as a percentage change (n = 4
each). Mean ROS activation was significantly suppressed by
treatment with captopril or candesartan.

Detection of O, in the Retina after Ischemia

Figure 11 shows the amount of O, produced after ischemia
with pretreatment of vehicle, 10 mg/kg captopril, or 1 mg/kg

candesartan. The amount of O,~ produced in the retina was
6.73 + 0.83 ug (control; #n = 4), 12.10 * 1.89 pg (vehicle; n =
4), 7.01 * 0.44 ug (captopril; n = 4), and 7.68 = 0.80 ug
(candesartan; # = 4). The mean detection of O," was signifi-
cantly suppressed by treatment with captopril or candesartan.

DiscussioN

We have demonstrated that ischemic injury to the rat retina
can be prevented by pretreatment with an ACE inhibitor or an
AT1-R antagonist. This result indicates that the local rennin-
angiotensin system (RAS) is one of the main pathways of retinal
ischemic injury. Furthermore, our results revealed tissue local-
ization of AT1-R upregulation after ischemia in the retina,
which further suggests an involvement of the local RAS in
ischemic injury and subsequent cell death.

Glutamate is released from the retina during and after isch-
emia by raising the IOP.*>*>3% Glutamate has been widely
known to induce selective damage in the inner layers of the
retina.***® The major causes of cell death after activation of the
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FIGURE 7. On postoperative day 7, (A) a-wave amplitude percentages
were 41.6% * 6.0% in the vehicle group, 47.2% * 8.0% in the captopril
group, and 43.4% = 6.5% in the candesartan group. (B) b-Wave am-
plitude percentages were 28.3% * 4.3%, 38.2% * 4.3%, and 39.0% =
6.4%, respectively. Data express the mean = SD. *P < 0.05 versus
vehicle (Dunnett’s multiple comparison test).

NMDA subtype of glutamate receptors are the influx of calcium
into cells and the generation of free radicals.*® Excessive accu-
mulation of intracellular free Ca® * ([Ca® *])) can have a wide
range of detrimental effects, including inhibition of mitochon-
drial function, reduction of cellular ATP levels, enhancement
of ROS production, and activation of cellular proteases and
nitric oxide (NO) synthase.‘“’ In combination, these effects can
result in neuronal death. In the present study, we showed that
suppression of ischemia-induced ROS production can block
the AT1-R, which leads to protection of the neurons from
delayed neuronal death. However, it is still unclear whether
blocking the AT1-R has any effects on the extracellular gluta-

FIGure 8. Immunohistochemical
staining of AT1-R expression in the
retina. Retinal sections from normal
animals (A) or at 6 hours (B), 12
hours (C), or 24 hours (D) after isch-
emia, Positive staining for AT1-R on
the inner retinal vessels. AT1-R was
present in the ganglion cell layer and
INL of the ischemic retina. Scale bar,
10 pm.
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FIGURE 9. AT1-R expression of normal rat retina and rat retina at 6,
12, and 24 hours after ischemia. Data express the mean * SD. *P <
0.05 versus vehicle (Dunnett’s multiple comparison test).
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mate levels or [Ca? *1,. Further studies are needed to address
why the effect on the RGC and ERG preservation was mild
despite the high ROS inhibition observed in this study.

ACE inhibitors inhibit the formation of Ang Il from Ang I,
which reduces the action of Ang II at both AT1-R and AT2-R.
ACE inhibitors also play another role in the KKS: they prevent
the inactivation of bradykinin. Therefore, though administra-
tion of an ACE inhibitor decreases Ang II, it also increases
bradykinin in the retina. Conversely, AT1-R antagonists act
more selectively by blocking the action of Ang II on the AT1-R.
The decreased AT1-R-mediated activities of Ang II are the
underlying mechanism of the antihypertensive effects of these
drugs.

Bradykinin is well known as a plasma kinin that induces
inflammation by way of the B2-R.*®* B2-R is distributed in rat
retinas in situ and in vitro, and bradykinin has a protective
effect against neurotoxicity induced by glutamate through B2-R
in cultured retinal neurons.***> However, bradykinin did not
have a neuroprotective effect in the present study, possibly
because of the different experimental methods used (in vivo
vs. in vitro). Several investigators have reported that the B2-R
antagonists provide a tissue-protective effect against ischemic
injury.*>## In the present study, however, the B2-R antagonist
icatibant did not exhibit any protective effect against retinal
ischemic damage. Although the major KKS components,
which include kininogen, kallikrein, kininase II (ACE), and
B2-R, have been shown to be present in the choroid and the
retina,*>*¢ KKS was not implicated in the ischemic insult to
the retina in the present study.

A considerable amount of ROS is produced in ischemia,
especially during perfusion. The amounts produced are related
to the oxygen supply and metabolism; when these are exacer-
bated, neuronal cell damage occurs.?***” Ang Il activates the
NADPH-dependent oxidase complex, which serves as a major
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source of superoxide in addition to upregulation in several
pathologic conditions associated with oxidative stress.}>!3
Given that oxidative stress induces apoptosis in neurons,*®
hydrostatic pressure-induced oxidative stress could very well
be the mechanism responsible for the similar pressure-induced
apoptosis seen in RGC-5 cells® and animal models.>%5! In
acute pancreatitis, administration of an ATI1-R antagonist in
conjunction with losartan can suppress the production of ROS
by NADPH oxidase.>? In addition, ACE inhibition or adminis-
tration of an AT1-R antagonist can reduce oxidative stress and
protect dopamine neurons in the 6-hydroxydopamine and
MPTP in vivo models of parkinsonism.*>> In the present
study, there was an increase in the AT1-R level in the inner
retina after the ischemia-reperfusion injury. Therefore, it is
conceivable that inhibition of AT1-R could contribute consid-
erably to the observed beneficial effects of captopril or cande-
sartan on the neurologic outcome of ischemia-reperfusion
injury. Kurihara et al.”® recently reported that the AT1-R signal
caused the production of Ang II in a positive feedback manner
in the retina and ultimately promoted inflammation.

We evaluated functional retinal damage after ischemia-
reperfusion injury by measuring the ERG a- and b-wave ampli-
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Ficure 11.  Effect of captopril or candesartan pretreatment on the
detection of O,”. Data express the mean * SD. *P < 0.05 versus
vehicle (Dunnett’s multiple comparison test).

- 4

(Dunnett’s multiple comparison test).]

tudes. Although it was impossible to determine the morpho-
logic change in the outer retina with a microscope, Biichi®”
showed that cell death in the ONL of rat after ischemia could
be observed by electron microscopy. This change in the ONL
may be responsible for reducing the a-wave amplitude. The
histologic change to the retina after pressure-induced ischemia
was curiously irregular in distribution, making it difficult to
correlate histologic and electrophysiologic recovery.”® Given
that selected regions of the retina (within 0.5-1 mm of the
optic disc) were examined histologically, we presume that
there is not a good correlation between the ERG b-wave and
the histologic results.

In conclusion, the present study demonstrated that local
AT1-R expression is markedly elevated after ischemia-reperfu-
sion injury. Our results provide convincing evidence to suggest
that blocking the ATI-R exerts therapeutic effects in cases of
retinal ischemic insult.
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RESEARCH LETTERS

Reduction in Dose of Intravitreous
Bevacizumab Before Vitrectomy
for Proliferative Diabetic Retinopathy

nant humanized monoclonal antibody directed

against vascular endothelial growth factor
(VEGF). It has been approved by the US Food and Drug
Administration for the treatment of metastatic colorec-
tal cancer.

Intravitreous (IV) injection of bevacizumab, 1.25
mg/0.05 mL, has been studied in patients with age-re-
lated macular degeneration, macular edema associated
with retinal vein occlusion, and diabetic macular
edema. Recently, bevacizumab administered prior to vi-
trectomy for proliferative diabetic retinopathy (PDR)
was reported to reduce intraoperative bleeding.!
Sawada et al* showed that 1V bevacizumab blocked all
free VEGF in the aqueous humor.

However, IV bevacizumab may cause systemic ad-
verse effects such as thromboembolic diseases or in-
creases in systolic blood pressure.> Moreover, the rapid
progression of traction retinal detachment after IV in-
jection of bevacizumab was reported. Therefore, we need
consider an appropriate dose of bevacizumab to be in-
jected intravitreally. The purpose of this study is to elu-
cidate whether a reduced dose (0.25 mg) of 1V bevaci-

B evacizumab (Avastin) is a full-length recombi-

zumab has an effect equally strong as the widely

LETTERS

administered dose (1.25 mg) when 1V bevacizumab is used
as a surgical adjunct to treat PDR.

Methods. Thirty-eight eyes of 36 diabetic patients with
PDR were studied. This study of the off-label use of be-
vacizumab and the collection of aqueous humor before
and after IV injection were approved by the institu-
tional review board of Kagawa University Faculty of
Medicine.

All patients had vitreous hemorrhage or traction fo-
veal detachment due to PDR. All patients underwent vi-
trectomy after IV injection of bevacizumab. Either 1.25
mg/0.05 mL or 0.25 mg/0.01 mL of bevacizumab was in-
Jected into the vitreous as a preoperative adjunct. Twenty-
four consecutive eyes were treated with 1V injection of
1.25 mg of bevacizumab between October 1, 2006, and
February 29, 2008, and 14 consecutive eyes were treated
with 1V injection of 0.25 mg of bevacizumab between
March 1, 2008, and September 30, 2009. Vitrectomy was
performed 1 to 5 days after the injection. An aqueous hu-
mor sample was obtained just before IV injection of be-
vacizumab and just before vitrectomy. The concentra-
tion of free VEGF in the aqueous humor was measured
with an enzyme-linked immunosorbent assay for hu-
man VEGF (Quankine VEGF enzyme-linked immuno-
sorbent assay kit; R&D Systems, Minneapolis, Minne-
sota). Results were analyzed using SPSS version 12.1
statistical software (SPSS Inc, Chicago, 1linois).

Results. No statistically significant differences were found
between the dose groups in baseline characteristics such
as patient age, duration of diabetes, and presence of vit-

Figure. Fluorescein angiograms before the intravitreous injection of 0.25 mg of bevacizumab (A) and 24 hours after the intravitreous injection of bevacizumab (B)

in a 56-year-old diabetic patient with traction foveal detachment. A, Fluorescein leakage from active neovascularization was seen. B, Fluorescein leakage

substantially decreased after the intravitreous injection of bevacizumab.
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reous hemorrhage or traction foveal detachment. There
were no statistically significant differences between both
groups in the frequency of intraoperative hemostasis (high
infusion pressure or diathermy) (1.25-mg group, 13%;
0.25-mg group, 7%) and the incidence of postoperative
vitreous hemorrhage (1.25-mg group, 13%; 0.25-mg

group, 14%). No local complications or systemic ad-
verse effects were observed in all eyes.

an (S ce VEGF concentration in the aque-
yus humor before 1V injection of bevacizumab was 349.0
(255.8) pg/mlLin the 0.25-mg dose group and 359.5 (231.7)
pg/mL in the 1.25-mg dose group. There were no signifi-
cant differences between the groups. The VEGF levels in
the aqueous humor 2 to 5 days after 1V injection of beva-
cizumab were less than the limit of detection (31.0 pg/
mL) in all eyes of both groups. Fluorescein angiography
was performed before and 24 hours after the 0.25-mg 1V
injection of bevacizumab in 3 cases. Twenty-four hours af-
ter IV injection of bevacizumab, fluorescein angiography
showed dramatic regression of retinal neovascularization
with marked resolution of the leakage from active neovas-
cularization seen before the injection (Figure).

Comment. The free VEGF concentration in the aque-
ous humor is different from that in the vitreous. How-
ever, the VEGF level in the aqueous humor has been re-
ported to be significantly correlated with the VEGF level
in the vitreous and is correlated with the severity of dia-
betic retinopathy and the activity of PDR.* Both 1.25-mg
and 0.25-mg 1V injections of bevacizumab blocked all free
VEGF in the aqueous humor. Nevertheless, 1.25 mg has
been widely administered as the standard dose of IV be-
vacizumab. This study suggests that a lower dose (0.25
mg) of IV bevacizumab may be effective as a preopera-
tive adjunct before vitrectomy in the treatment of PDR.
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Ultra-High-Resolution Opfical Coherence
Tomographic Findings in Commotio Retinae

ommotio retinae is a self-limited opacification

of the retina secondary to direct blunt ocular

trauma. Histologic studies of monkeys and hu-
mans relate this clinical observation to damaged photo-
receptor outer segments and receptor cell bodies.' Re-
ports using time-domain optical coherence tomography
(OCT) and spectral-domain OCT support the involve-
ment of the photoreceptor layer, but these techniques lack
the resolution necessary to confirm results of histologic
analysis.*® Prototype high-speed ultra~high-resolution
OCT (hs-UHR-OCT) images demonstrate these anatomi-
cal changes in a patient with acute commotio retinae.

Report of a Case. A 46-year-old man visited the emer-
gency department with pain and blurry vision in the right
eye after blunt ocular trauma. Uncorrected visual acu-
ities were 20/30 OD and 20/25 0S. External examina-
tion showed periorbital ecchymosis and laceration. Pu-
pil examination results were normal with relative afferent
pupillary defect. Intraocular pressures were 14 mm Hg
OD and 13 mm Hg OS. Slitlamp examination revealed a
subconjunctival hemorrhage in the right eye. Orbital com-
puted tomography demonstrated fracture of the right in-
ferior and medial orbital walls. Dilated examination of
the right eye showed a central, annular area of opacifi-
cation of the retina surrounding the fovea consistent with
commotio retinae (Figure 1). Retinal imaging was per-
formed using spectral-domain OCT (Cirrus HD-OCT,
software version 3.0; Carl Zeiss Meditec, Dublin, Cali-
fornia) and prototype hs-UHR-OCT.

Figure 1. Color fundus photograph of the right eye showing annular
opacification surrounding the macula of commotio retinae after blunt trauma.
Corresponding spectral-domain and ultra-high-resolution optical coherence
tomographic images are shown in Figure 2A and C.
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Plasma levels of vascular endothelial growth factor
and pigment epithelium-derived factor before and
after intravitreal injection of bevacizumab

K Matsuyama,' N Ogata,” M Matsuoka," M Wada," K Takahashi,? T Nishimura'

ABSTRACT

Aims To determine the level of vascular endothelial
growth factor (VEGF) and pigment epithelium-derived
factor (PEDF) in the plasma of patients with proliferative
diabetic retinopathy before and after an intravitreal
injection of bevacizumab.

Methods Eleven patients with type 2 diabetes and
control of 30 non-diabetic patients were studied. The 11
eyes of 11 patients received an injection of bevacizumab
{1.25 mg). Samples of blood were collected just before
the injection, and after 1 day, 7 days and 1 month. The
concentrations of VEGF and PEDF in the plasma were
measured by ELISA.

Results The VEGF concentration before the injection
was 114.0 pg/ml. It was significantly reduced to 8.7 pg/
ml after 1 day, to 11.7 pg/ml after 7 days and to

25.9 pg/ml even after 1 month (p<0.001, p<0.001,
p<0.001, respectively). The PEDF concentration before
the injection was 7.2 pg/ml. It was significantly reduced
to 5.8 pg/ml after 1 day, to 5.8 pg/ml after 7 days and
to 6.3 pg/ml after 1 month (p<0.001, p<0.001,
p>0.05, respectively).

Conclusions The decreased levels of blood VEGF after
an intravitreal injection of bevacizumab indicate that
bevacizumab enters the general circulation and may also
affect the PEDF levels. Thus, we should carefully examine
patients for systemic changes and the fellow eye after
an intravitreal injection of bevacizumab.

Vascular endothelial growth factor (VEGF) has been
implicated in the development of human eye
diseases characterised by neovascularisations, and
the level of VEGF in the vitreous is highly corre-
lated with the growth of new blood vessels in eyes
with diabetic retinopathy." ? Pigment epithelium-
derived factor (PEDF), on the other hand, is known
to be the most potent natural inhibitor of ocular
a.ngiogenesis.3 4

A blockage of VEGF has been associated with an
inhibition of iris neovascularisation and suppres-
sion of the formation of new retinal vessels in
primates.® These findings provided the rationale for
anti-VEGF therapy in retinal vascular diseases
associated with angiogenesis.

Bevacizumab (Avastin, Genentech, Inc., San
Francisco, California, USA) is a recombinant human
monoclonal IgGy antibody that inhibits human
VEGE It has been approved by the US Food and Drug
Administration for intravenous use for metastatic
colorectal cancer. Several case series have been
recently published on the off-label use of intravitreal
bevacizumab in VEGE-mediated diseases.5™®

Br J Ophthalmol 2010;94:1215—1218. doi:10.1136/bj0.2008.156810

With the expanding application of bevacizumab
worldwide, it seems prudent to determine the
VEGEF levels in different tissues after intravitreal
injections of bevacizumab to optimise the dosing
regimens. Intravitreal bevacizumab has been shown
to be associated with a substantial decrease in the
aqueous VEGF levels in patients with diabetic
retinopathy.” ' Chan et a/*! also reported on the
aqueous VEGF and PEDF levels after intravitreal
bevacizumab injection in patients with choroidal
neovascularisation. However, to the best of our
knowledge, data have not been published on the
blood levels of VEGF after an intravitreal bevaci-
zumab injection in a human case series.

Thus, the purpose of this study was to determine
the blood levels of VEGF after a single intravitreal
injection of bevacizumab and also to determine the
levels of PEDF in patients with diabetic retinopathy.

MATERIALS AND METHODS

Subjects

The procedures used in this study conformed to
tenets of the Declaration of Helsinki and were
performed after receiving approval from the insti-
tutional review committee of the Kansai Medical
Unijversity. An informed consent was obtained
from all patients. Patients with proliferative
diabetic retinopathy were included if they had
neovascular glaucoma, rubeosis of the iris and/or
angle structures including the trabecular mesh-
work, and had aggressive proliferative diabetic
retinopathy. Eyes that had undergone vitrectomy
were excluded.

Eleven patients with type 2 diabetes mellitus
(nine men and two women) and control of 30 non-
diabetic patients (15 men and 15 women) were
studied. All 11 eyes of the 11 patients received an
intravitreal injection of bevacizumab (1.25 mg).
The clinical characteristics of the patients are
shown in table 1. Eight eyes underwent vitrectomy
1 day after the injection of bevacizumab and three
eyes received panretinal photocoagulation after the
injection of bevacizumab.

Injection technique

The intravitreal injection of bevacizumab was
performed as described.” ' Briefly, under sterile
conditions in the operating room, 1.25 mg (0.05 ml)
of bevacizumab (Avastin 100 mg/4 ml) was
injected into the vitreous by a sharp 30-gauge
needle that was inserted into the eye 4.0 mm
posterior from the limbus. The needle was carefully
removed, and a sterile cotton applicator was used
to prevent reflux. The postoperative medications

1215



Table 1

Data of patients with diabetes mellitus

Age HbA1c Rubeosis Rubeosis Retinopathy
Case  Sex (years) (%) of angle of the iris  (comments)
1 M 12 7.8 + - PRP+
2 M 56 1.9 + — PRP+,VH
3 F 42 10.4 + + PRP+
4 M 57 12.8 + + PRP—
5 M 50 7.9 + + PRP+
6 M 75 6.6 + + PRP+
7 M 13 6.9 - - PRP+,VH
8 M 53 8.0 + - PRP+
9 M 70 6.8 + PRP+
10 F 55 6.6 + - PRP+
1 M 41 8.1 + - PRP+

F, female; HbA1lc, haemoglobin A;; M, male; PRP, panretinal photocoagulation; VH,
vitreous haemorrhage.

included topical antibiotics four times per day for at least 7 days,
and antiglaucoma medications as needed.

Collecting blood samples

Samples of blood were collected just before the injection, and at
1 day, 7 days and 1 month after the injection of bevacizumab.
The blood samples were collected in tubes containing EDTA and
were immediately placed on ice. Platelet-poor plasma was
prepared by centrifugation (3000 rpm, 20 min) and stored at
—80°C before use.

VEGF and PEDF assay

Before the assay, the samples were thawed on ice. The concen-
tration of VEGF in the plasma was measured with an ELISA Kit
(Quantkine VEGF ELISA Kit, R&D Systems Inc., Minneapolis,
Minnesota, USA) as previously reported® 1114 according to the
manufacturer’s instructions. This assay uses a quantitative
sandwich enzyme immunoassay technique. The PEDF level in
the plasma was measured with an ELISA Kit (Chemikine PEDE
Sandwich ELISA Kit, Chemicon International, Temecula, Cali-
fornia, USA). The samples were diluted in assay diluent, then
immediately applied to the assay plates and measured according
to the manufacturer’s instructions. The concentrations of VEGF
and PEDF were determined by measuring the absorbance at
450 nm with a microplate reader (Titertek, Multiscan, Flow
Laboratories Inc., Helsinki, Finland), and the values were
compared with those obtained with standard dilutions (VEGE:
range. 0—2000 pg/ml, PEDF: range 0—1.25 ng/ml). The back-
ground absorbance was subtracted from all values.

Statistical analyses

The results are expressed as means (SEM), and the significance of
any differences was determined by repeated-measures analysis
of variance by ranks with Tukey’s multiple comparison test.
A p value <0.05 was accepted as significant.

RESULTS

The mean VEGF concentration in the plasma of controls was
92.0 (13.5) (mean (SEM), range 0—172.8) pg/ml. The mean
VEGF concentration of diabetic patients in the plasma before
the intravitreal injection of bevacizumab was 114.0 (25.3) (range
41.4-351.1) pg/ml. It was significantly decreased after 1 day to
9.7 (3.7) (range 0—42.6) pg/ml (p<0.001) and after 7 days to 11.7
(2.4) (range 0.5—27.5) pg/ml (p<0.001). Even after 1 month, the
VEGF level was significantly decreased to 259 (7.9) (range
0—91.4) pg/ml (p<0.001) and was still lower than that of the
initial levels (figure 1, table 2).
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Figure 1 Plasma levels of VEGF before and after an intravitreal
injection of bevacizumab. The mean VEGF concentration in the plasma
before the intravitreal injection of bevacizumab was 114.0 pg/ml. It was
significantly decreased after 1 day to 9.7 pg/ml (p<0.001) and after

7 days to 11.7 pg/ml (p<0.001). Even after 1 month, the VEGF level was
significantly decreased to 25.9 pa/ml (p<0.001) and was still lower than
that of the initial level. *=p<0.001.

The mean PEDF concentration in the plasma of controls was
3.9 (0.3) (range 0.9—-7.6) pg/ml (p<0.001). The mean PEDF
concentration in the plasma of diabetic patients before the
intravitreal injection of bevacizumab was 7.2 (0.3) (range
4.9-9.3) pg/ml (p<0.001). It was significantly decreased to 5.8
(0.4) (range 4.0—8.4) pg/ml (p<0.001) after 1 day and to 5.8 (0.5)
(range 3.5—8.5) pg/ml (p<0.01) after 7 days. After 1 month, the
PEDF level was 6.3 (0.6) (range 3.2—9.4) pg/ml (p>0.05). It was
still lower than that of initial level, but the difference was not
significant (figure 2, table 3).

DISCUSSION

Bevacizumab is a human monoclonal antibody that binds to all
isoforms of VEGE Although experimental data on primates
suggested that the full-length antibody might not penetrate the
internal limiting membrane of the retina,’® recent studies have
shown that the full-length antibody did penetrate into the
rabbit’® and monkey retina'” within 24 h.

A significant improvement of the visual acuity and a resolu-
tion of neovascular vessels have been reported after an intra-
vitreal injection of bevacizumab in eyes with increased
intravitreal levels of VEGF—for example, neovascular glaucoma,
diabetic retinopathy, age-related macular degeneration, macular
oedema in associated with diabetic retinopathy and retinal vein
occlusion 5

With the increasing use of bevacizumab for VEGF-mediated
retinal diseases, it is important to know the VEGF levels in
various tissues and its clearance after an intravitreal injection.
After an intravitreal injection of bevacizumab, the VEGF levels
in the aqueous have been shown to decrease in patients with
diabetic retinopathy® ' and choroidal neovascularisation.!!

Table 2 Concentrations of immunoreactive VEGF in plasmas

25th 75th p
n Mean SEM Median Percentile Percentile Value*
Control 30 920 135 718 35.9 148.8
DM before 11 1140 253 953 70.9 125.3
After 1 day 1" 9.7 37 8.1 1.0 11.3 <0.001
After Tweek 11 117 24 9.8 6.5 16.9 <0.001
After Tmonth 11 258 79 174 8.4 343 <0.001

Concentrations of VEGF are in pictograms of immunoreactive VEGF per millilitre of sample.
*Two-sided exact repeated-measures analysis of variance by ranks with Tukey's multiple
comparison test. A p value was comparison of after versus before an injection in the group
of diabetes mellitus.

DM, group of diabetes mellitus.

Br J Ophthalmol 2010;94:1215—1218. doi:10.1136/bj0.2008.156810
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Figure 2 Plasma levels of PEDF before and after intravitreal injection of
bevacizumab. The mean PEDF concentration in the plasma before the
intravitreal injection of bevacizumab was 7.2 pg/ml. It was significantly
decreased after 1 day to 5.8 pg/ml {(p<0.001) and after 7 days to

5.8 pg/ml (p<0.001). After 1 month, the PEDF level was 6.3 pg/ml
(p>0.05). It was still lower than that of the initial level, but it was not
significantly different. *=p<0.001.

In humans, intravitreal bevacizumab (1.25 mg) is estimated to
have a half-life of 6.7 days in the vitreous, and vitreous levels of
free VEGF were negatively correlated with the bevacizumab
concentration.'® Krohne et a/*® reported that the aqueous half-
life of 1.5 mg intravitreally injected bevacizumab was 9.82 days.

Although the VEGF levels and clearance of bevacizumab after
an intravitreal injection have been reported for human
eyes,” 11 1820 5 the best of our knowledge, published data are
not available on the VEGF concentrations in blood before and
after intravitreal bevacizumab in a human case series. In this
study, we found a significant decrease of VEGF in the plasma
after the intravitreal injection of bevacizumab at 1 day, 7 days
and even at 1 month in patients with diabetic retinopathy.
These results strongly indicate that intravitreally injected
bevacizumab passes into the general blood circulation where it
acts to decrease the level of VEGE

Sawada et al*® reported that after an intravitreal injection of
bevacizumab in one eye, the VEGF concentrations in the
aqueous humour of the contralateral eye were not decreased.
Thus, they suggested that the effect would be minimal or none
on the contralateral eye. However, there is a report that the
elimination of bevacizumab from the aqueous humour and
serum were parallel with half-time values of 4.88 and 6.86 days
after the intravitreal injection of bevacizumab in rabbits.?! Bakri
et al?? reported that very small amounts of bevacizumab were
detected in the fellow uninjected eye. In addition, Avery et af®
reported that some patients with bilateral proliferative diabetic
retinopathy had regression of neovascularisation in both eyes
when bevacizumab was injected intravitreally in only one eye.
Their report also support our results that intravitreally injected
bevacizumab can pass into the general blood circulation and
result in a decrease in the levels of VEGF in the blood.

Table 3 Concentrations of immunoreactive PEDF in plasmas

25th 75th p
n  Mean SEM Median Percentile Percentile Value*
Control 30 39 03 39 31 4.7
DM before 11 72 03 73 6.8 7.6
After 1 day 11 5.8 0.4 5.7 5.3 6.4 <0.001
After Tweek 11 58 0.5 5.6 5.0 6.6 <0.001
After 1 month 11 6.3 0.6 5.8 4.4 8.2 >0.05

Concentrations of PEDF are in micrograms of immunoreactive PEDF per millilitre of sample.
*Two-sided exact repeated-measures analysis of variance by ranks with Tukey's multiple
comparison test. A p value was comparison of after versus before an injection in the group
of diabetes mellitus.

Br J Ophthalmol 2010;94:1215—1218. doi:10.1136/bj0.2008.156810

Heiduschka et a/*” and Julien et al?? reported that after an
intravitreal injection of bevacizumab in the primate eye, beva-
cizumab quickly penetrated into the retina, choroid, retinal
veins and optic nerve. Immunoreactivity for bevacizumab was
most prominent on day 1 after the injection?? In addition,
125 labelled bevacizumab was detected in the blood 1 day
after the intravitreal injection and remained relatively stable
until day 7. Bevacizumab penetrated quickly into the iris,
anterior chamber angle and ciliary body after an intravitreal
injection in the primate eye and accumulates particularly in
the blood vessel walls.)” 2 Our results showed that the blood
level of VEGF was markedly reduced as early as 1 day after the
intravitreal injection of bevacizumab.

Taken together, these findings indicate that intravitreally
injected bevacizumab does penetrate into the retina, choroid,
intraocular blood vessels and aqueous and quickly enters the
general blood circulation. Bevacizumab then lowers the level of
VEGF in the blood.

In addition to the VEGF levels, we measured the PEDF levels
in the plasma after the intravitreal injection of bevacizumab.
PEDF in plasma of controls (3.9 pg/ml) was lower than that of
diabetic patients before intravitreal injections of bevacizumab
(7.2 pg/ml). These data are coincident with previous reports that
presented the plasma PEDF level in diabetic patients was
significantly higher than that in controls, and the level was
especially high in patients with proliferative diabetic retinop-
athy®® ** We found that the PEDF levels were significantly
reduced at 1 day and 1 week after the injection of bevacizumab.
On the other hand, Chan et al*! reported that an intravitreal
injection of bevacizumab increased the PEDF levels in the
aqueous of patients with choroidal neovascularisation secondary
to age-related macular degeneration or pathologic myopia. Our
results on the PEDF levels disagree with their findings. The
difference may be because of differences in the patients and
samples. They measured samples of aqueous humour in patients
with choroidal neovascularisation, whereas we measured the
samples of blood in patients with diabetic retinopathy.

Administration of PEDF has been shown to effectively inhibit
retinal neovascularisation.* PEDF can' counteract the VEGE-
induced vascular permeability®® and suppress the VEGF-induced
leukostasis.” These findings indicated that PEDF acts as an
inhibitor of VEGF function. Ohno-Matsui et al?’ reported that
VEGEF up-regulates the PEDF expression by VEGFR-1 in human
retinal pigment epithelial cells. Zhang et a/*® reported that PEDF
inhibits the expression of VEGF at the transcriptional level, and
in contrast to the findings of Ohno-Matsui et a/,>’ VEGF
significantly downregulated PEDF expression in retinal capillary
endothelial cells, suggesting a VEGF receptor-mediated process.
The exact mechanism for the interaction between VEGF and
PEDF expression is still unknown. The mechanism of the
decrease in PEDF concentration in the blood after bevacizumab
injection is uncertain, but it would reflect the VEGF levels.

It has recently been reported that bevacizumab is not toxic to
retinal ganglion cells after repeated intravitreal injections.?’
Therefore, repeated intravitreal injections of bevacizumab might
be safe for the retina. We do not know how much of the
intravitreally injected bevacizumab passes through the eye to
the general circulation. However, only a small amount of beva-
cizumab—for example, 1.25 mg/0.05 ml of a single injection,
was enough to significantly reduce the VEGF levels in the blood
and its effects lasted for at least 1 month. Thus, we suppose that
with repeated injections of bevacizumab, its effect may last
longer and the revascularisation will be delayed after cardiac
infarct and arteriosclerosis obliterans as a result. Further studies
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with larger samples and longer follow-up will be necessary to
determine the general effects.

In conclusion, although general complications have been
reported to be rare after an intravitreal injection of bevacizumab,
we should carefully examine patients for systemic changes
especially those with multiple injections of bevacizumab.
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Two-Year Visual Results for Older Asian Women
Treated With Photodynamic Therapy or Bevacizumab
for Myopic Choroidal Neovascularization

YASUSHI IKUNO, YOSHIMI NAGAI, SATOSHI MATSUDA, AKIKO ARISAWA, KENICHIRO SHO,
TAKASHI OSHITA, KANJI TAKAHASHI, YASUTAKA UCHIHORI, AND FUMI GOMI

® PURPOSE: To compare the long-term visual and ana-
tomic outcome of treatment with photodynamic therapy
(PDT) or intravitreal bevacizumab (IVB; Avastin; Ge-
nentech Inc, South San Francisco, California, USA) for
choroidal neovascularization attributable to pathologic
myopia (mCNV).

® DESIGN: An open-label, interventional case series.

® METHODS: SETTING: Multi-institutional. PATIENTS:
Thirty-one eyes of Japanese women who received either
PDT or IVB for mCNV. Inclusion criteria were age 50
years or older, greatest linear dimension (GLD) 1200 to
3000 pm, and baseline best-corrected visual acuity
(BCVA) 20/200 to 20/40. INTERVENTION PROCEDURES:
Patients received either PDT or IVB (1 mg/40 pL)
throughout the study, with re-treatment when necessary.
MAIN OUTCOME MEASURES: BCVA and visual gainfloss at
3, 6, 12, 18, and 24 months after the initial treatment.
® RESULTS: Age, BCVA, location of CNV, refractive
error, and symptom duration at baseline did not differ
significantly between groups. BCVA was significantly
improved at 3 to 12 months (P < .05); however, the
significance was lost at 18 and 24 months in the IVB
group. The PDT group showed no significant improve-
ment within the first year, and vision slowly worsened
after 12 months, becoming significantly worse at 18 and
24 months compared to baseline (P< .01). BCVA was
significantly higher in the IVB group at 6 months (P<
.05), and 12 months or further (P < .01). Visual gain
was significantly greater in the IVB group at 6, 12, 18,
and 24 months (P < .05 for 6, 18, and 24 months and
P < .01 for 12 months).

® CONCLUSIONS: These findings indicate that the effects
of PDT and IVB have a different time course, and that IVB
provides a significantly better BCVA than PDT for mCNV
over the long-term. (Am ] Ophthalmol 2010;149:
140-146. © 2010 by Elsevier Inc. All rights reserved.)
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tive error (RE) of —6 diopters (D) or greater, is

very common in Europe, in Asia, and in some
ethnic groups in the United States.!* Myopia is a major
cause of visual impairment in many countries.” 8 Choroi-
dal neovascularization (CNV) is a major myopia-related
vision-threatening disease attributable to progressive and
irreversible central chorioretinal atrophy. A recent pro-
spective study revealed that more than 90% of patients
with myopia-related CNV (mCNV) have vision worse
than 20/200 5 to 10 years after disease onset,” indicating
the importance of developing effective treatment options
for mCNV.

Photocoagulation with thermal burn was first introduced as
a treatment for mCNV, especially for extrafoveal cases.!® The
coagulated scar usually expands over time, and the resulting
progressive central scotoma is a major concern.!! There-
after, photodynamic therapy (PDT) using verteporfin was
introduced. A prospective, randomized clinical trial, the
VIP Study, reported that the visual outcome following
PDT treatment was significantly better than that of pla-
cebo group at both 3 months and 1 year.!? The significant
benefit was lost after 2 years, suggesting that PDT has only
a short-term benefit."?

Vascular endothelial growth factor (VEGF) has a criti-
cal role in CNV development, because VEGF transgenic
mice expressing photoreceptors that are driven by a rho-
dopsin promoter develop CNV.!* This finding led us to
hypothesize that anti-VEGF treatment would be useful to
shrink CNV and subsequently improve vision. Bevaci-
zumab (Avastin; Genentech Inc, South San Francisco,
California, USA) is a monoclonal mouse antibody for
human VEGF that is currently used for various retinal
diseases, such as diabetic retinopathy, idiopathic CNV,
age-related macular degeneration, and retinal vaso-occlu-
sive diseases.”>® Intravitreal bevacizumab (IVB), first
introduced in 2007, for mCNV,'*?° has become a major
treatment option for the disease. There are several reports
of the 1-year results of treatment with IVB.22* All of
these reports, however, are case series studies that lack
controls, making it difficult to evaluate the potential
therapeutic effect of IVB as a treatment for mCNV.

Here, we report the long-term (2-year) results of a
retrospective interventional multicenter study evaluating

l ' IGH MYOPIA, GENERALLY DEFINED AS A REFRAC-
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the treatment outcomes between patients who received

IVB or PDT.

PATIENTS AND METHODS

© PATIENT SELECTION: Thirty-one eyes of 31 consecu-
tive female patients who received PDT or IVB for newly
developed mCNV in the Department of Ophthalmology of
Osaka University Hospital (Suita, Japan), Kansai Medical
University (Hirakata Japan), Osaka Dental University
(Osaka, Japan), or Osaka General Medical Center (Osaka,
Japan) were included in the study. Patient records were
retrospectively reviewed for information such as age, gender,
symptom duration, refractive error, axial length, treatment
choice, history, pre- and posttreatment best-corrected visual
acuity (BCVA), and results of color fundus photography,
fluorescein angiography (FA), and all other necessary
information. Patient eligibility criteria were as follows: 1)
active subfoveal or juxtafoveal CNV associated with
pathologic myopia, defined as a RE of —6 D or greater and
an axial length of 26.5 mm or longer, and treated with
either PDT or IVB; 2) no history of previous treatment for
mCNV, such as photocoagulation, PDT, or IVB; 3) no
triamcinolone acetonide sub-Tenon treatment®* within
the previous 6 months; 4) baseline BCVA between 20/200
and 20/40; 5) baseline greatest linear dimension (GLD)
between 1200 and 3000 wm; and 6) women at least 50
years of age. Exclusion criteria included: 1) history of
vitrectomy or intraocular surgery other than cataract
surgery; 2) presence of macular hole, retinal detachment,
foveoschisis; 3) severe cataract obscuring the fundus; 4)
symptom duration of more than 24 months; and 5)
significant glaucoma detected by visual field loss.

® TREATMENT CHOICE: Treatment was selected follow-
ing discussion with the patients. All relevant explanations
regarding the benefits, risks, and complications were de-
scribed, and agreement of patients and doctors, as well as
informed consent, was obtained at this time. Retinal
specialists performed all the diagnostic and interventional
procedures. Because IVB is off-label, the approval of the
Institutional Review Board was obtained from each of the
hospitals. In Japan, PDT became available in May 2004
and IVB became available in October 2005. The initial
treatment period was between May 2004 and October
2006 for the PDT group, and between October 2005 and
October 2006 for the IVB group in the present study.
Therefore, only PDT was available from May 2004 to
September 2005, and both PDT and IVB were available
after October 2005.

® TREATMENT PROCEDURES: Standard PDT was ap-
plied according to the VIP Study with a verteporfin
(Visudyne; Novartis AG, Basel, Switzerland) infusion.?
Spot size was set at +1000 wm greater than the GLD.
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IVB was performed as previously described.?! For the
IVB injection, 1 mg of bevacizumab (Avastin) was
injected via the pars plana using aseptic techniques.
Antibiotic eye drops were applied for 1 week after the
bevacizumab injection.

¢ TREATMENT SCHEDULE, FOLLOW-UP, AND RETREAT-
MENT: Photodynamic Therapy. After the initial PDT, pa-
tients were examined every month for the first 3 months,
and thereafter FA was performed to confirm the CNV
regression. When the CNV persisted, the PDT was re-
peated, but the interval between each treatment was at
least 3 months. Once the CNV was no longer active,
patients were examined every 1 to 3 months. BCVA was
measured and OCT examination was performed at every
visit. FA was performed if recurrent mCNV was suspected
based on the appearance of subretinal or intraretinal fluid,
new hemorrhage, or significant visual loss (2 lines or
more). If persistent or recurrent dye leakage was observed
in FA, patients were re-created.

Intravitreal Bevacizumab. The IVB regimen was de-
scribed previously?! and was similar to the PDT regimen.
After the initial IVB, the patients were examined every
month for the first 3 months. If persistent subretinal fluid
was observed in OCT images, IVB was repeated until it
resolved. Thereafter, FA was performed to confirm the
CNV regression 3 months after the initial [VB. When the
CNV persisted, the IVB treatment was repeated. Once
the CNV was no longer active, patients were examined
every 1 to 3 months. BCVA was measured and OCT
examination was performed at every visit. FA was per-
formed if recurrent mCNV was suspected based on the
appearance of subretinal or intraretinal fluid, new hemor-
rhage, or significant visual loss (2 lines or more). If
persistent or recurrent dye leakage was observed, patients
were retreated with IVB. None of the patients switched
treatment modalities during the study.

® EXAMINATIONS: BCVA and intraocular pressure was
measured, and optical coherence tomography (OCT;
Stratus OCT or Cirrus HD-OCT; Carl Zeiss Meditec, La
Jolla, California, USA) was performed at every visit by
a technician masked to the patient’s treatment. The
presence/absence of subretinal or intraretinal fluid was
evaluated by horizontal B scan. GLD was measured with
Imagenet System software (Topcon, Tokyo, Japan) from
the digitized baseline FA images. Changes in the FA dye
pattern of leakage from the CNV were graded as 1 of 3
types: vanished, diminished, and unchanged/increased.
FA was graded by 3 of the authors (Y.I., Y.N., and S.M.).
Myopic chorioretinal atrophy was graded as previously
described by Avila and associates®® and evaluated by 3
of the authors (Y.I., Y.N,, and S.M.), similar to FA.
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® ENDPOINTS: The efficacy of IVB and PDT was evalu-
ated based on BCVA at 1, 3, 6, 12, 18, and 24 months after
the initial treatment, as well as BCVA gain at each time
point as the primary outcome. The treatment number,
changes in FA findings after treatment, and rate of serious
adverse events were also compared as secondary outcome
measures.

® STATISTICAL ANALYSIS: BCVA was converted to the
logarithm of minimal angle of resolution (logMAR) scale.
Statistical evaluation was performed using JMP software
version 7.0 (SAS Inc, Cary, North Carolina, USA). A
stepwise regression analysis was performed to investigate
the factors predictive of BCVA as well as visual improve-
ment after [VB at 24 months. Visual outcome is affected by
baseline visual acuity (VA). Therefore, the difference in
visual outcome between the 2 groups was also compared
using an analysis of covariance (ANCOVA) after adjust-
ing for the baseline BCVA. A P value of less than .05 was
considered significant.

RESULTS

® PATIENT CHARACTERISTICS: Thirty-one eyes (18 right
eyes, 13 left eyes) of 31 female patients were eligible for the
study. Twenty eyes were treated with PDT (PDT group), and
11 were treated with IVB (IVB group). Mean =+ standard
deviation (SD) age was 67.0 = 7.0 years, ranging from 53
to 79 years. Mean symptom duration was 5.7 *= 4.8
months, ranging from 1 to 20 months. Twenty were
phakic, 11 were pseudophakic, and there were no aphakic
eyes. The mean == SD spherical equivalent RE was —9.8 +
5.0 D, ranging from —1.5 to —17.5 D, including pseu-
dophakic eyes. Mean = SD GLD was 2054 * 456 pm,
ranging from 1327 to 2984 pwm. The degree of myopic
atrophy according to Avila’s classification was as follows:
M1 in 4 eyes, M2 in 13 eyes, M3 in 4 eyes, M4 in 8 eyes,
and M5 in 2 eyes.

® BASELINE COMPARISON: Baseline characteristics of pa-
tients in both groups are shown in Table 1. There were no
significant differences in age, symptom duration, RE, lens
status, CNV size, myopic chorioretinal atrophy grading, CNV
location, or pretreatment BCVA between the 2 groups.

® VISUAL OUTCOME: Baseline Comparison. The mean
logMAR values of both groups at each time point are
shown in Table 2. BCVA was significantly better (P < .05)
in the IVB group than in the PDT group after 6 to 24
months. In the IVB group, BCVA was significantly better
than baseline at 1, 3, 6, and 12 months after treatment
(P < .05 by paired ¢ test), but not at 18 months (P = .29)
or 24 months (P = .38). In the PDT group, there was no
visual improvement at 1 and 3 months (P = .65 and P =
.61, respectively). Thereafter, the BCVA began to slowly
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decrease. The mean logMAR value was not different from
baseline at 6 and 12 months (P = 41 and P = .09,
respectively). BCVA continued to decrease throughout
the second year, and at 18 and 24 months was significantly
worse than at baseline (P < .01 for both).

Comparison Between Groups. The logMAR change from
baseline in both groups is shown in Figure 1. Mean
logMAR improved by 0.13 at 1 month after IVB treat-
ment, and this improvement was maintained until the final
follow-up at 24 months. BCVA tended to improve for 3
months after PDT treatment, but then began to decrease
after 3 months, and this trend continued until the end of
the follow-up period. The mean logMAR gain/loss was
similar between groups at 1 (P = .08) and 3 (P = .29)
months after treatment; the gain was significantly greater
in the IVB group at 6 (P < .05), 12 (P < .01), 18 (P <
.05), and 24 months (P < .05).

After 24 months, in the IVB group 4 eyes (36%)
significantly improved (=3 lines) from the baseline, 2
(18%) worsened (=3 lines), and 5 (45%) were unchanged.
In the PDT group, 4 eyes (20%) worsened and 16 (80%)
were unchanged.

Parallel Plot Analysis. Figure 2 is a parallel plot that
shows the trend in visual changes over the follow-up
period for all the patients. BCVA in the PDT group
seemned to cluster around 0, whereas BCVA in the IVB
group seemed to vary more over time.

Stepwise Analysis. To identify the factors that most
critically affected the final visual outcome, we per-
formed a stepwise linear regression analysis. The factors
with the greatest influence on VA at 24 months were
treatment choice (P < .01), followed by myopic chori-
oretinal atrophy (P = .07). For the final visual improve-
ment at 24 months, pretreatment GLD had the greatest
effect (P < .01), then treatment choice (P < .05) and
myopic atrophy grading (P = .05). Thus, treatment
choice was a critical factor for both final BCVA and
final visual changes, together with myopic chorioretinal
atrophy.

® ANALYSIS OF COVARIANCE: ANCOVA revealed that
the 24-month mean logMAR of the IVB group was
significantly better than that of the PDT group (P < .01)
by 0.35 logMAR units when adjusted for pretreatment
logMAR level.

® ANGIOGRAPHIC RESULTS AND RETREATMENTS: Post-
treatment FA revealed that in the PDT group the fluores-
cein leakage from the CNV vanished in 13 eyes (65%),
diminished in 6 (30%), and increased in 1 (5%). In the
IVB group, fluorescein leakage vanished in 3 eyes (27%),
diminished in 8 (73%), and was unchanged/increased in 0
eyes. This finding was of borderline significance (P = .05)
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Factors IVB Group (n = 11) PDT group (n = 20) P value

Age (years), mean = SD 67.8 + 6.2 66.6 = 7.5 .63°
Symptom duration (months), mean * SD 5543 58952 .812
Refractive error (D), mean = SD ~-78+45 -10.9 = 5.0 107
Lens status (n)

Phakic 6 14

Pseudophakic 5 6 .32°¢
CNV size (GLD, um), mean + SD 1875 + 446 21563 * 442 108
Myopic atrophy score (0 to 5), mean = SD 29 +1.1 23+1.1 107
CNV location (sub/juxta/extra)

Subfoveal 8 18

Juxtafoveal 3 2 .32°
Pretreatment logMAR value, mean + SD 0.68 +0.29 0.74 = 0.20 322

Mean logMAR Value

Time Point VB Group (n = 11) PDT Group (N = 20) P value
Baseline 0.68 = 0.29 0.74 = 0.20 .49
1 month 0.56 + 0.31 0.76 + 0.25 .054
3 months 0.54 +0.34 0.70 + 0.34 .19
6 months 0.50 = 0.34 0.79 = 0.31 027
12 months 0.49 = 0.29 0.0 + 0.36 <.01?
18 months 0.56 = 0.35 0.89 = 0.24 <.012
24 months 0.56 = 0.34 0.92 =0.24 <.01%

by x” test. The mean * SD number of PDT treatments was
2.3 £ 1.2 times and that of IVB was 2.9 = 2.4 times
throughout the follow-up. Although the number of re-
quired IVB treatments tended to be larger, the difference
was not significant (P = .31).

® ADVERSE EVENTS: A transient visual disturbance was
reported in 1 eye in the PDT group, but recovered within
a week. None of the patients developed serious adverse
events, such as infectious endophthalmitis, subretinal
hemorrhage under the fovea, retinal detachment, cardio-
vascular accident, or death. One eye (5%) developed a
subretinal hemorrhage that spared the fovea 2 weeks after
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FIGURE 1. Mean logarithm of minimal angle resolution (log-
MAR) change from baseline at 1, 3, 6, 12, 18, and 24 months
after initial treatment for myopic choroidal neovascularization
(mCNV) with either intravitreal bevacizumab (IVB; circle) or
photodynamic therapy (PDT; triangle). Single asterisk (P <
.05), and double asterisks (P < .01) indicate significant
differences between the 2 groups by Student ¢ test.

PDT. There was no significant difference between groups
in terms of adverse events.

DISCUSSION

INTRAVITREAL BEVACIZUMAB HAS BECOME A MAJOR
treatment option for mCNV. A PubMed search using the

143

— 53 —



PDT group

IVB group

+1.0 +1.0
0— 0 - : :
~—
1.0 1.0 '

FIGURE 2. Parallel plot analysis representing the time course of the logarithm of minimal angle resolution (log-MAR) gain/loss at
6, 12, 18, and 24 months after initial intravitreal bevacizumab (IVB) or photodynamic therapy (PDT) for myopic choroidal
neovascularization (mCNV). Note that the PDT group scores tended to cluster around O after treatment, whereas the IVB group

Scores were more varied.

terms “myopia” and “bevacizumab” produced 20 hits, most
of which were case reports or case series lacking control
groups, and there has been no strong evidence of a visual
benefit from IVB for mCNV. This is the first report
comparing [VB and PDT after a 2-year follow-up, and the
findings indicate that IVB was superior to PDT.

The efficacy of PDT for mCNYV remains controversial,
especially over the long-term. The VIP Study, a prospec-
tive randomized clinical trial of PDT for mCNYV, reported
a significant beneficial effect of PDT on mCNV within 1
year. The benefit was no longer significant after 2 years,
suggesting that patients must be followed up for at least 2
years to confirm the long-term benefit. In the VIP Study,
77 eyes received PDT, and final visual improvement of at
least 3 lines was observed in 12% and significant worsening
was observed in 26% after 2 years. Similarly, other reports
documented significant visual improvement in 19% and
27% of eyes, and visual worsening in 25% and 36%
approximately 2 years after PDT.?®?” Qur data for the PDT
group differed from these studies, showing significant
improvement in none of the eyes and worsening in 20%,
which may be attributable to differences in the inclusion
criteria, as discussed in the next paragraph.

The natural course of mCNV is highly dependent on age -

at onset.”® Final VA is also dependent on age at initial
PDT treatment.?’ ! For example, Axer-Siegel®° reported
a significant final visual improvement in 33% of younger
patients (<60 years) and in only 6% of older subjects (=60
years); similarly, significant visual worsening was recog-
nized in 8% of younger subjects and in 50% of older
subjects. Also, Montero and associates®® divided subjects
that received PDT for mCNV into 2 groups, a younger
group (<55 years) and an older group (=55 years), and
reported a significantly different visual outcome between
the 2 groups. These reports suggest that age is a critical
factor for prognosis in mCNV, and the critical age seems to
be around 50 to 60 years. We excluded patients younger
than 50 years and those with a CNV smaller than 1200 pm
of GLD, because younger patients generally have a good
prognosis and small CNV tend to recover naturally.

Our patient inclusion criteria are somewhat different
from those in the other reports. In the VIP studies, the
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inclusion criteria did not have a minimum CNV size or age
limitation. As a result, in the VIP Study the median GLD
was 1900 pm, ranging from 480 to 4120 pm, whereas in
the present study mean GLD was 2067 pm, ranging from
1327 to 2984 pm. In the VIP Study, 45% of the patients
were younger than 50 years of age. Mean age of our
patients was 64.8 years, whereas the median age of those in
the VIP Study was 51 years. Frgun and associates’®
reported the 2-year results of PDT for mCNV in patients
with a mean age of 59.7 years. Thus, the other reports
tended to include younger subjects, and this may be one
reason why our treatment group has slightly worse results
compared to other studies with a 2-year follow-up.

The mean number of PDT treatments in the present
study was 2.0 times for a 2-year follow-up. This is very
similar to Lam and associates?” (1.7 times for 2 years), who
treated a similar Asian population of patients. The VIP
Study performed 5.1 treatments and Ergun 3.2 treatments
throughout the 2-year follow-up period.'**¢ Several other
reports followed patients for only 1 year. As has been
suggested, however, the required number of treatments
may vary between the first and second year. Also, the effect
of PDT may differ according to race because of pigmenta-
tion differences. Therefore, the results are not totally
comparable.

Because there are no published studies regarding the
2-year results of IVB, it is difficult to compare our results
with previous reports. Three reports of 1-year results,
including ours, were recently published.?'™** We reported
the visual outcome of 63 eyes in patients with a mean age
of 58 years, and visual improvement of at least 3 lines was
obtained in 40% of the patients 1 year after treatment with
a mean logMAR gain of 0.23. In the present study, mean
logMAR gain at 12 months was 0.19 logMAR units, which
is similar to our previous report.”! The inclusion/exclusion
criteria, however, were not identical because in our previ-
ous reports we did not limit CNV size or age, and therefore
care must be taken in interpreting and comparing the data.
Others**?? reported 20 eyes and 22 eyes with a mean age
of 53 and 49 years, respectively. Visual improvement was
obtained in 60% (3 lines or better) and 70% (2 lines or
better), respectively, 1 year after treatment. The fact that
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these studies included younger subjects, however, must be
taken into account.

Interestingly, the vision effects in the IVB group and
PDT group had different time courses. VA increased
immediately after IVB, and this level was essentially
maintained until the end of the follow-up period. BCVA
was slightly decreased at 18 and 24 months compared to 12
months, and it was no longer significantly different from
the baseline. The decrease after the 1-year time point was
not as prominent, however, in this group. In contrast, VA
began to decrease after the 6-month follow-up in the PDT
group, and this decrease continued until the end of the
follow-up period. Actually, the final BCVA was signifi-
cantly worse than that at baseline in the PDT group.
Consequently, the difference in BCVA of both groups was
not significant until the 12-month time point, but the
difference increased with time.

The mean logMAR value was significantly better in the
IVB group at 12, 18, and 24 months with a value of 0.36
logMAR units at the final examination, and the logMAR
gain was significantly greater at 6, 12, 18, and 24 months.
This trend is similar to the time course of the vision effects
in the VIP Study. In the VIP Study, PDT improved vision
significantly compared to the placebo control, but the
effect was lost at 24 months.'®'® The profile of the time
course of the vision effects also differed somewhat between
groups. Visual changes tended to cluster around O in the

PDT group, but tended to be more varied in the IVB group.
We therefore regard PDT treatment as more of a stabilizing
treatment than IVB in that there was less variance in
posttreatment BCVA. The reason for this different profile,
however, requires further investigation.

The reason for the worsening vision in the PDT group at
a later time point was not identified in the present study.
In myopic eyes, secondary expanding atrophy is a major
concern for the long-term visual outcome following any
treatment, which may be one reason for the late visual loss
in the PDT group. In other words, secondary atrophic
changes may overwhelm the effect of the treatment. This
hypothesis is supported by the finding by Krebs and
associates’” that an increase in reading acuity at 12 months
after PDT for mCNV is partially lost within 36 months.

Intravitreal bevacizumab provided a significantly better
visual outcome than PDT for mCNV. This finding, how-
ever, suggests that IVB has beneficial effects compared to
PDT, but does not necessarily improve the natural course
of the disease, because the control was the PDT-treated
group. Thus, the efficacy of IVB remains unknown and this
is a limitation of this study. Another limitation of this
study is that it was not an equally randomized, prospective
study. Therefore, there might be some selection bias that
affects the potential difference between visual outcome in
both groups. The data must be interpreted carefully when
comparing the treatment effects.

THE AUTHORS INDICATE NO FINANCIAL SUPPORT OR FINANCIAL CONELICT OF INTEREST. INVOLVED IN DESIGN AND
conduct of study (Y.I., Y.N.); collection of data (SM., T.O., A.A., K.S.); management (Y.U., K.T., FE.G.), analysis (Y.1.), and interpretation of data (Y.L,
Y.N., SM, F.G.); and preparation (Y.L), review (Y.1, T.N., SM.), or approval of manuscript (Y.1.). Because photodynamic therapy is not approved in
Japan, approval from the Institutional Review Board of each institute (Osaka University Medical School, Kansai Medical University Hospital, and Osaka
General Medical Center) was obtained for this research. The data collection conformed to Japanese law. The study was conducted in accordance with

the provisions of the Declaration of Helsinki.
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