FIGURE 3. Case 7: an 84-year-old woman was treated with combined intravitreal triamcinolone acetonide with photodynamic
therapy (1VTA plus PDT) for stage 2 retinal angiomatous proliferation (RAP) with a pigment epithelial detachment (PED). At
baseline, the best-corrected visual acuity (BCVA) was 0.6 decimal VA in the right eye with stage 2 RAP. (Top left) Red-free
photograph showing small intraretinal and preretinal hemorrhages, a PED, and drusen. (Top right) Fluorescein angiogram showing
leakage and intraretinal edema. (Middle left) Early-phase indocyanine green angiogram (ICGA) showing retinal-retinal anastomosis
(arrows) and a RAP lesion (arrowhead). (Middle right) Late-phase ICGA showing a focal area of intense hyperfluorescence (hot
spot; arrowhead). (Bottom) Baseline horizontal optical coherence tomography image showing cystoid macular edema and a PED.
Photodynamic therapy was applied (laser spot size, 3700 pm) 1 week after IVTA.

or 2 days after IVB was injected. PDT with verteporfin was
administered according to the protocol of the Treatment of
Age-Related Macular Degeneration with Photodynamic
Therapy study.’® A 689-nm laser system (Carl Zeiss Meditec)
was used and 50 Jfem? energy was delivered with an 83-
second exposure time. The greatest linear dimension (GLD)
was measured based on FA findings. The laser spot size was
determined by FA (FA-guided PDT) in 20 eyes and by ICGA
(ICGA-guided PDT) in 5 eyes. FA-guided PDT was pet-
formed for the entire lesion seen on FA. ICGA -guided PDT
was chosen if the lesion comprised a larger subretinal hem-
orrhage at least 1 disc diameter in size.
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All patients were examined 3, 6, 9, and 12 months after
the initial PDT was administered. Statistical analysis was
performed using the Student ¢ test to compare the VA and
the central retinal thickness 3, 6, 9, and 12 months from
baseline.

RESULTS

TABLES 1 AND 2 SHOW THE CHARACTERISTICS AND CLINI-
cal data of the 22 patients (25 eyes) at baseline and afeer
treatment. All patients were Japanese and were observed
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FIGURE 4. Case 7: 12 months after combined intravitreal triamcinolone acetonide with photodynamic therapy (IVTA plus PDT).
Four treatments with combined therapy of IVTA plus PDT were administered over 12 months, The best-corrected visual acuity
(VA) declined from 0.6 to 0.08 decimal VA. (Top left and right) Fluorescein angiograms showing that a hemorrhage, a shallow
pigment epithelial detachment (PED), and leakage remain. (Middle left and right) Indocyanine green angiogram showing persistent
and new retinal-retinal anastomosis and hot spots (arrowheads). (Bottom) Horizontal optical coherence tomography image showing
persistent cystoid macular edema and a PED. A fifth treatment was administered.

for 12 months. There was no difference in the mean age
between the 2 groups. In the 12 eyes treated with [IVTA
plus PDT, 7 eyes had stage 2 RAP without a retinal
pigment epithelial detachment (PED) and 5 eyes had stage
2 RAP with a PED. In the 13 eyes treated with IVB plus
PDT, 5 eyes had stage 2 RAP without a PED, 6 eyes had
stage 2 RAP with a PED, and 2 eyes had stage 3 RAP. The
mean GLD of the entire lesion was 2670 wm. There was no
significant difference in the baseline patient characteristics
between the 2 treatment groups.

In the 12 eyes treated with IVTA plus PDT, the mean
BCVA levels at baseline and 3, 6, 9, and 12 months after
trearment were 0.29, 0.25, 0.27, 0.22, and 0.13, respec-
tively (Figure 1), indicating a significant (P < .05, paired
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t test) decline in the mean BCVA from baseline at 12
months. The mean changes in the BCVA at 6 and 12
months from baseline were a decline of 0.19 and 3.28 lines,
respectively. One of the 12 eyes (8.3%) had an increase in
the BCVA of 3 lines or more, 10 eyes (83.4%) had stable
VA, and 1 eye (8.3%) had a decrease in the BCVA of 3
lines or more 6 months from baseline. At 12 months, 2
(16.7%) of 12 eyes had an increase in the BCVA of 3 lines
or more, 7 eyes (58.3%) had stable VA, and 3 eyes (25%)
had a decrease in the BCVA of 3 lines or more from
baseline (Figure 2). The central retinal thickness signifi-
cantly (P < .05, paired ¢ test) decreased from baseline from
406 * 125 pm (mean * standard deviation) to 287 * 124
wm at 3 months, 274 * 174 pm at 6 months, 261 * 208
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FIGURE 5. Case 22: an 83-year-old woman was treated with combined therapy of intravitreal bevacizumab and photodynamic
therapy (IVB plus PDT) for stage 2 retinal angiomatous proliferation (RAP) with a pigment epithelial detachment (PED). At
baseline, the best-corrected visual acuity (VA) was 0.3 decimal VA in the left eye with stage 2 RAP with a PED. (Top left) Red-free
photograph showing small intraretinal and preretinal hemorrhages, a PED, and drusen. (Top right) Fluorescein angiogram showing
leakage and intraretinal edema. (Middle left) Early-phase indocyanine green angiogram (ICGA) showing retinal-retinal anastomosis
(arrows) and a RAP lesion (arrowhead). (Middle right) Late-phase ICGA showing a focal area of intense hyperfluorescence (hot
spot; arrowhead). (Bottom) Baseline vertical optical coherence tomography image showing cystoid macular edema and a PED.

Photodynamic therapy was applied (laser spot size, 5600 pm) 2 days after IVB.

wm at 9 months, and 276 * 166 pm at 12 months. At
baseline, cystoid macular edema (CME) was observed in
11 of the 12 eyes; there was a serous retinal detachment
(SRD) in 7 of the 12 eyes, and a PED in 5 of the 12 eyes.
The CME resolved in 5 (45.5%) eyes a mean of 5.4 weeks
after baseline and decreased in 6 eyes. The SRD resolved
completely in 5 (71.4%) cyes a mean of 3.1 weeks after
baseline and decreased in 2 eyes. The PED resolved
completely in 2 (40%) eyes a mean of 6.5 weeks after
baseline and remained in 3 eyes. The mean GLD of the
entire lesion was 2885 pwm at baseline and 936 pm at 12
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months (P = .06 compared with baseline). Six eyes were
phakic and 6 eyes were pseudophakia. The mean intraoc-
ular pressure (1OP) was 13.7 mm Hg at baseline and 13.3
mm Hg at 12 months. Figures 3 and 4 show ocular images
obtained from a patient treated with IVTA plus PDT.

In the 13 eyes treated with IVB plus PDT, the mean
BCVA levels at baseline and 3, 6, 9, and 12 months after
treatment were 0.25, 0.35, 0.35, 0.34, and 0.37, respec-
tively (Figure 1). A significant improvement in the mean
BCVA from baseline was seen at 3, 6, and 12 months (P <
.01, P < .05, P < .05, respectively, paired ¢ test; Figure 1).

IVTA with PDT AND IVB witH PDT rOR RAP 477



FIGURE 6. Case 22: 12 months after combined therapy of intravitreal bevacizumab and photodynamic therapy (IVB plus PDT).
Three treatments were administered over 12 months. The best-corrected visual acuity (VA) improved from 0.3 to 0.6 decimal VA.
(Top left and right) Fluorescein angiogram showing no hemorrhages, pigment epithelial detachment (PED), or leakage. (Middle left
and right) Indocyanine green angiogram showing clear resolution of the retinal-retinal anastomosis and a hot spot. (Bottom) Vertical
optical coherence tomography image showing absorption of the cystoid macular edema and a PED.

Although there was no significant difference in the mean
BCVA at baseline between the 2 treatment groups (P =
.74), there was a significant difference in the mean BCVA
at 12 months (P < .05, nonpaired ¢ test; Figure 1). The
mean changes in BCVA at 6 and 12 months from baseline
were improvements of 1.46 and 1.73 lines, respectively.
The mean changes in BCVA at 3, 6, and 12 months were
significantly better in the IVB plus PDT group than in the
IVTA plus PDT group (P < .05, P < .05, P < .01,
respectively, using the nonpaired ¢ test). Four (30.8%) of
the 13 eyes had an increase in the BCVA of 3 lines or more,
and 9 eyes (69.2%) had stable VA at 6 months. At 12
months, 6 (46%) of 13 eyes had an increase in the BCVA of
3 lines or more, and 7 eyes (54%) had stable VA from
baseline (Figure 2). No patient had decreased BCVA of
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3 lines or more after treatment during any 12 months.
The central retinal thickness decreased significantly
from 456 = 171 wm at baseline to 229 = 213 pm at 3
months (P < .01 X 1073), 233 * 162 pm at 6 months
(P < .01 X 107°), 164 = 120 m at 9 months (P < .01 X
1073%), and 135 *+ 94 wm at 12 months (P < .01 X 107%). At
baseline, all 13 eyes had CME, 8 of the 13 eyes had an SRD,
and 8 of the 13 eyes had a PED. The CME resolved in 11
(84.6%) eyes a mean of 2.4 weeks after baseline and decreased
in 2 eyes. The SRD resolved in 7 (87.5%) eyes 3.9 weeks
after baseline and decreased in 1 eye. The PED resolved in
4 (50%) eyes a mean of 4.4 weeks after baseline and
decreased in 3 eyes. The mean GLD of the entire lesion
was 3108 pm at baseline and 0 pm at 12 months
(P < .01 X 1072, compared with baseline). Eight eyes
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were phakic and 5 eyes were pseudophakia. The mean [OP
was 14.1 mm Hg at baseline and 12.1 mm Hg act 12
months. Figures 5 and 6 show ocular images obtained from
a patient treated with [VB plus PDT. The mean numbers
of treatments at 12 months in the IVTA plus PDT and
IVB plus PDT groups were 2.7 and 1.6, respectively, a
difference that reached significance (P < .05, nonpaired ¢
test). At the 12-month follow-up, FA showed resolution of
leakage in all eyes treated with IVB plus PDT and
resolution of leakage in 8 of the 12 eyes treated with IVTA
plus PDT; the remaining 4 eyes underwent retreatments
for persistent leakage.

At baseline, early-phase ICGA identified retinal-retinal
anastomosis in 11 of 12 eyes treated with IVTA plus PDT
and in 10 of 13 eyes treated with IVB plus PDT. Three
months after treatment, complete occlusion of the retinal-
retinal anastomosis was achieved in 1 (9.1%) of the 11
eyes treated with IVTA plus PDT and in 6 (60%) of the
10 eyes treated with IVB plus PDT. Among the remaining
eyes (10 eyes treated with IVTA plus PDT and 4 eyes
treated with IVB plus PDT) without occlusion of the
retinal-retinal anastomosis, early-phase ICGA showed
that the retinal-retinal anastomosis had narrowed in 1 of
the 10 eyes treated with [VTA plus PDT and in all 4 eyes
treated with [VB plus PDT. Moreover, 12 months after the
initial treatment, complete occlusion of the retinal-retinal
anastomosis was achieved in 2 (18.2%) of the 11 eyes
treated with IVTA plus PDT and in 8 (80%) of the 10 eyes
treated with IVB plus PDT.

Late-phase ICGA at baseline showed a hot spot in 11
of 12 eyes treated with IVTA plus PDT and in 12 of 13
eyes treated with IVB plus PDT. In 3 (27.2%) of the 11
eyes treated with IVTA plus PDT and in 100% of the
13 eyes treated with IVB plus PDT, the hot spot resolved
3 months after treatment. Moreover, 12 months after the
initial treatment, the hot spot resolved in 2 (18.2%) of the
11 eyes treated with IVTA plus PDT and in 100% of
the 13 eyes treated with IVB plus PDT. No complications,
such as inflammation, increases in IOP to more than 21
mm Hg, severe vision loss, endophthalmitis, progression of
cataract, or systemic events, developed.

DISCUSSION

THE CURRENT STUDY SHOWED THAT COMBINED TREAT-
ment of IVB plus PDT significantly improved the VA and
reduced the number of treatments in patients with RAP
compared with combined treatment of IVTA plus PDT
during a 12-month follow-up.

The natural course of RAP has been reported to have
poor visual outcomes compared with that of typical
AMD.*"7 The general consensus is that the disease is
associated with a poor functional prognosis and resultant
disciform scarring."®7 Conventional laser photocoagula-
tion,®® transpupillary thermotherapy,®® surgical abla-
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tion,'%11% and PDT alone'®!? have been used to treat
patients with RAP. However, poor visual outcomes usually
result from these monotherapies.®®~'?

We reported the efficacy of IVB plus PDT for treating
RAP with 6 months of follow-up.?’ In the current study,
we found a significant (P < .05, paired ¢ test) improvement
in the mean BCVA from baseline at 12 months. The
BCVA in 6 (46%) of 13 eyes increased by 3 lines or more,
and 7 eyes (54%) had stable VA.

An inflammatory response and upregulation of VEGF
have been reported after application of PDT.*"** TA has
antiangiogenic, antiinflammatory, and anti-VEGF ef-
fects.!"'® Combination therapy of PDT and TA reduced
the inflammatory response and upregulation of VEGF
associated with CNV and PDT. Freund and associates
reported that combination therapy of IVTA plus PDT
reduced or eliminated edema, achieved rapid regression of
neovascularization, and stabilized or improved VA in
white patients with RAP.'” Those authors speculated that
verteporfin may leak into the retinal cystic spaces, and to
avoid predisposing the retinal layers to photochemical
damage, they applied PDT 1 week after IVTA (referred to
as pharmacology-pause-PDT). Because this method was
well conceived, we administered IVTA plus PDT accord-
ingly. Nevertheless, a significant (P < .05, paired ¢ test)
decline in the mean BCVA from baseline was observed at
12 months. The reason why pharmacology-pause-PDT was
ineffective for treating Japanese patients in the current
study is unknown.

Intraretinal neovascularization, subretinal neovascular-
ization, and retinal-retinal anastomosis are evidence of
RAP lesions." Surgical lysis of the feeding arterioles and
draining venules was effective because it eliminated high-
flow blood supply to the RAP lesions.”> Achieving com-
plete occlusion of the retinal-retinal anastomosis is
important for reducing RAP lesions. In patients with RAP,
several injections of IVB monotherapy were needed but
did not achieve complete occlusion of the feeder ves-
sels.”**> We reported the efficacy of IVB plus PDT for
RAP for achieving complete occlusion of retinal-retinal
anastomosis during a 6-month follow-up.? In the current
study, complete occlusion of the retinal-retinal anastomo-
sis was achieved in 2 (18.2%) of the 11 eyes treated with
IVTA plus PDT and in 8 (80%) of the 10 eyes treated with
IVB plus PDT 12 months after treatment. IVB plus PDT
can reduce the high-flow blood supply to RAP lesions over
a long period.

Rouvas and associates compared ranibizumab, ranibi-
zumab combined with PDT, and IVTA plus PDT with a
minimum 6-month follow-up.?® In that report, the mean
VA at baseline to the end of the follow-up decreased from
0.83 to 0.85 logMAR in eyes treated with ranibizumab,
decreased from 0.61 to 0.63 logMAR in eyes treated with
ranibizumab plus PDT, and improved from 0.92 to 0.61
logMAR (P = .183) in eyes treated with IVTA plus PDT.
The authors concluded that all therapies resulted in
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stabilized disease, whereas IVTA plus PDT achieved better
functional and anatomic results compared with the other
treatments. In the current study, the mean BCVA im-
proved significantly from 0.25 at baseline to 0.37 at 12
months in eyes treated with IVB plus PDT (P < .05). The
investigators suggested that bevacizumab has a longer
half-life than ranibizumab, so they did not observe any
differences in ranibizumab and ranibizumab in combina-
tion with PDT as when using bevacizumab.

We performed PDT 1 or 2 days after administering [VB.
Overexpression of VEGF in the retina (photoreceptors) is
sufficient to cause intraretinal and subretinal neovascular-
ization in animal models,>® which is similar to the neovas-
cular process of RAP. Using injections of intravitreal
anti-VEGF agents combined with PDT is reasonable for
inhibiting VEGF-induced PDT and the neovascularization
of RAP. Rouvas and associates administered PDT 7 = 2
days after ranibizumab was injected intravitreously.”® The
ideal interval between intravitreal injection of anti-VEGF
agents and PDT is unknown and remains controversial.
Freund and associates reported that 1 intravitreal ranibi-
zumab injection to treat RAP resulted in rapid resolution
of the intraretinal edema, hemorrhage, and neovascular
lesions.” In typical AMD eyes, the central retinal thickness
measurements decreased immediately after injection of

ranibizumab.’”*® The clinical eficacy may depend on the
suppression of CNV using anti-VEGF agents. Verteporfin
may accumulate minimally in the suppressed neovascular
complex after injection of intravitreal anti-VEGF agents.
For this reason, we applied PDT as soon as possible after
IVB. Applying PDT simultaneously with intravitreal anti-
VEGF agents also may be effective.

Development of complications after PDT, such as severe
vision loss of approximately 4.5% in the first year’ or the
enlargement of the hypofluorescence on ICGA, has been
reported.’® The complications after IVTA include ele-
vated 1OP, progression of cataracts in phakic patients, and
development of endophthalmitis.*>*! In the current study,
no patients had severe vision loss, IOP of more than 21
mm Hg, or cataract progression during the 12 months of
follow-up.

In conclusion, the results of the current study indicate that
combined therapy of IVB plus PDT was significantly more
effective for maintaining or improving VA and reducing the
number of treatments in patients with RAP compared with
combined therapy of IVTA and PDT. Because this was a pilot
study, larger and long-term prospective randomized studies
are needed to determine the efficacy and safety profiles of
combined bevacizumab or of an anti-VEGF agent and PDT.
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One-Year Results of Reduced-Fluence Photodynamic
Therapy for Polypoidal Cho

AYANA YAMASHITA, FUMIO SHIRAGA, CHIEKO SHIRAGAMI, AOI ONO, AND KAORI TENKUMO

® PURPOSE: To report l-year results of reduced-fluence
photodynamic therapy (PDT) for polypoidal choroidal
vasculopathy (PCV) in Japanese patients.

® DESIGN: Prospective interventional case series.

® METHODS: In the present study, 28 treatment-naive
eyes of 28 consecutive patients underwent PDT with a
reduced laser fluence of 25 J/cm?. Patients were followed
up at baseline and 1 week and 3, 6, 9, and 12 months
after PDT. Choroidal perfusion changes were evaluated
by indocyanine green angiography (ICGA) and leakage
from PCV lesions and exudative changes by fluorescein
angiography and optical coherence tomography. Treat-
ment safety was assessed according to visual acuity (VA)
and adverse events. The best-corrected VA (BCVA)
obtained by Landolt ring tests was converted into the
logarithm of the minimal angle of resolution (logMAR).
® RESULTS: At baseline, the mean logMAR BCVA was
0.45 {geometric mean: 7/20). At 12 months, the mean
logMAR BCVA significantly improved to 0.29 (geomet-
ric mean: 10/20) (P = 0.0001). The logMAR BCVA
was stable or improved by =0.2 in 26 eyes (93%) at
1-year follow-up. In 10 eyes with VA better than 20/40
at baseline, the mean logMAR BCVA was significantly
improved compared with baseline at 12 months. Al-
though 16 of 28 eyes (57%) showed mild to moderate
nonperfusion of choriocapillaris in early ICGA at 1
week, 27 eyes (96%) showed recovery to pretreatment
levels at 3 months. Mean number of treatment sessions
during the 12 months was 1.3. No severe side effects
related to treatment were encountered.

® CONCLUSIONS: Reduced-fluence PDT is an effective
treatment for PCV and could improve vision even in eyes
with VA better than 20/40.  (Am ] Ophthalmol 2010;149:
465-471. © 2010 by Elsevier Inc. All rights reserved.)

loss in patients with subfoveal choroidal neovascu-
larization (CNV) in age-related macular degenera-
tion (AMD)."™* The Japanese Age-Related Macular
Degeneration Trial (JAT)® showed superior efficacy of pho-
todynamic therapy (PDT) for Japanese patients compared
with the Treatment of Age-Related Macular Degeneration
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with Photodynamic Therapy (TAP) study,'~* which mainly
investigated Caucasians. Guidelines for the use of verteporfin
in Japan® demonstrated that verteporfin was effective in
maintaining visual acuity (VA) for 12 months for all lesion
types, as demonstrated previously in the JAT, and a signifi-
cant improvement in VA was observed for eyes with polypoi-
dal choroidal vasculopathy (PCV) (P < 00D).° the
prevalence of which is postulated to be higher in Asian
populations than in Caucasians.”™ However, a decline in VA
was observed for eyes with VA better than 20/40.°

On the other hand, several studies have shown that PDT
damages the physiological choriocapillary layer beyond the
irradiated area, and repeated PDT leads to persistent chorio-
capillary nonperfusion in most eyes.!>!! Choroidal ischemia
consecutively induces a secondary angiogenic response with
increased expression of vascular endothelial growth factor
(VEGE).'? The influence of verteporfin therapy on the
physiological choroid may be the reason for further vision loss
and the need for repeated treatment. The Visudyne in
Minimally Classic Choroidal Neovascularization (VIM)
Study Group'? showed there was no difference in the pro-
portion of patients having acute severe vision decrease in the
reduced-fluence group as compared with the standard-fluence
group. Michels and associates'* reported that reduced-fluence
treatment Jeads to much less damage of the choriocapillaris
when compared to standard-fluence. Thus, since the efficacy
of PDT was reported in eyes with PCV,"*"17 we aimed to
study the effect and safety of reduced-fluence PDT for PCV in
Japanese patients.

METHODS

TWENTY-EIGHT EYES OF 28 CONSECUTIVE PATIENTS (24
men, 4 women) who had been diagnosed with PCV and
had no previous treatment of any type for PCV were
enrolled in this prospective study between July 1, 2007 and
March 31, 2008. All 28 patients were Japanese and the
median patient age was 73.5 years (range, 47-85 years).
The prospective interventional case-control study was
approved by the Institutional Review Board of Kagawa
University Faculty of Medicine.

Patients received verteporfin (Visudyne; Novartis
Pharma, Tokyo, Japan) injection at 6 mg/m* body surface
area over 10 minutes and then underwent PDT with a light
fluence of 25 J/cm? using a Visulus PDT system 690S (Carl
Zeiss Meditec AG, Jena, Germany) 5 minutes after the
completion of infusion. The laser spot size was chosen to
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TABLE. Indocyanine Green Angiographic Findings Before and After Reduced-Fluence Photodynamic Therapy in 28 Eyes With
Polypoidal Choroidal Vasculopathy

VA ICGA Findings at Month 3

Choriocapillary Nonperfusion After PDT?

No. of
Case No. Age At Baseline 12 Months Branching Vascular Network Polypoidal Vascular Lesions Week 1 Month 3 Treatments
1 61 20/250 20/120 persistent disappeared no no 1
2 77 20/30 20/20 disappeared disappeared not significant  no 1
3 82 20/60 20/25 persistent disappeared moderate no 1
4 47 20/20 20/10 disappeared disappeared moderate no 1
5 59 20/30 20/20 disappeared disappeared no no 1
6 59 20/200 20/100 persistent disappeared moderate no 1
7 85 20/200 20/100 persistent disappeared no no 1
8 73 20/50 20/100 persistent recurrent no no 3
9 77 20/50 20/22 persistent disappeared not significant  no 1
10 75 20/40 20/60 persistent disappeared moderate no 2
11 71 20/40 20/22 disappeared disappeared moderate not significant 2
12 76 20/25 20/28 persistent disappeared not significant  no 3
13 84 20/200 20/200 persistent persistent no no 2
14 55 20/30 20/16 persistent disappeared not significant  no 1
15 77 20/30 20/25 persistent disappeared not significant  no 1
16 71 20/40 20/30 persistent disappeared no no 2
17 64 20/28 20/30 persistent disappeared no no 1
18 77 20/40 20/25 persistent disappeared not significant  no 1
19 68 20/28 20/16 persistent disappeared no no 1
20 75 20/28 20/28 persistent disappeared moderate no 1
21 79 20/120 20/120 persistent disappeared no no 1
22 68 20/50 20/28 persistent disappeared no no 1
23 70 20/60 20/28 persistent disappeared moderate no 1
24 83 20/60 20/28 persistent disappeared no no 1
25 78 20/50 20/22 persistent disappeared moderate no 1
26 70 20/200 20/120 disappeared disappeared no no 1
27 71 20/100 20/50 persistent disappeared moderate no 1
28 74 20/30 20/50 persistent disappeared moderate no 2

PDT = photodynamic therapy, VA = visual acuity.. '

“Based on grading of verteporfin therapy’s effect on the choriocapillaris as documented by indocyanin’e‘green angiography.'?

cover the entire PCV vascular lesions, including the
polypoidal lesions and branching vascular network vessels,
as shown on indocyanine green angiography (ICGA), plus
an extra margin of 1000 pm.">!?

Patients were seen for regular follow-up visits within 7
days before PDT (baseline) and at 1 week and 3, 6, 9, and
12 months after PDT. Best-corrected VA (BCVA) and
optical coherence tomography (OCT) using an OCT3000
or Cirrus HD-OCT system (Carl Zeiss Meditec, Dublin,
California, USA) were performed at each visit. Fluorescein
angiography (FA) using the TRCS50IX system with
ImageNet2000 (Topcon, Tokyo, Japan) and ICGA using a
Heidelberg Retina Angiograph 2 (HRA2) (Heidelberg
Engineering GmbH, Heidelberg, Germany) were per-
formed before PDT, and at 1 week and 3 months after
PDT. We evaluated choroidal perfusion changes by ICGA,
leakage from polypoidal vascular lesions by FA, and exu-
dative changes by OCT. Grading of effect on choriocap-
illaris was based on a report by Michels and associates.'*

The PDT endpoint was achieved when complete ab-
sence of leakage was seen on FA, or when the absence of
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exudative changes including pigment epithelial detach-
ment, serous retinal detachment, and retinal edema was
seen on OCT. Rendering disappearance of polypoidal
vascular lesions on ICGA was unnecessary. Eyes with no
exudative changes on OCT were obsetved rather than
treated, even though there was minimal leakage.

Safety of treatment was assessed based on BCVA and
adverse events. The BCVA obtained by Landolt ring tests
was converted into the logarithm of the minimal angle of
resolution (logMAR), with a change of 0.2 or more in
logMAR VA considered significant. Improvement in
BCVA was defined as an increase of =0.2 logMAR units,
and worsening in BCVA was defined as a decrease of =0.2
logMAR units. For comparison of BCVA outcomes to
baseline, the paired ¢t test was used.

RESULTS

PATIENT CHARACTERISTICS ARE SHOWN IN THE TABLE.
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FIGURE 1. Choroidal perfusion before and after reduced-fluence photodynamic therapy (light dose of 25 J/em?) (RFPDT) for
polypoidal choroidal vasculopathy. (Top left) Early and (Top right) late indocyanine green angiograms (ICGA) before treatment
demonstrate a branching vascular network and polypoidal vascular lesions. (Middle left) Early and (Middle right) late ICGA at 1
week after REPDT show no significant choriocapillary nonperfusion. (Bottom left) Early and (Bottom right) late ICGA at 3 months
after RFPDT do not show any effect on choriocapillaris. Polypoidal vascular lesions are not seen.
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FIGURE 2. Changes in logarithm of the minimal angle of
resolution (logMAR) visual acuity of 28 patients received
reduced-fluence photodynamic therapy for polypoidal choroidal
vasculopathy. The logMAR (mean % SD) was 0.45 + 0.32 at
baseline, 0.34 % 0.34 at month 3, 0.30 % 0.33 at month 6, and
0.29 = 0.34 at month 12. Changes in BCVA showed statisti-
cally significant differences compared with baseline at 3, 6, and
12 months (P = .004, P = .0003, and P = .0001, respec-
tively). Bars indicate standard error.

e PDT-INDUCED CHOROIDAL PERFUSION CHANGES:
Sixteen of 28 eyes (57%) showed mild (not significant) to
moderate nonperfusion of choriocapillaris in early ICGA
at 1 week, but 27 of 28 eyes (96%) showed recovery to
pretreatment levels at 3 months (Figure 1, Table). Only 1
eye showed mild choriocapillary nonperfusion at 3 months.

® VISUAL OUTCOMES: The logMAR BCVA (mean *
standard deviation) was 0.45 *+ 0.32 (geometric mean: 7/20)
at baseline, 0.34 = 0.34 (geometric mean: 9/20) at 3 months,
0.30 + 0.33 (geometric mean: 10/20) at 6 months, and 0.29
+ 0.34 (geometric mean: 10/20) at 12 months. The logMAR
BCVA at 12 months was improved by =0.2 or maintained as
compared to that at baseline in 26 eyes (93%). Changes in
BCVA showed significant differences compared with baseline
at 3, 6, and 12 months (P = .004, P = .0003, and P = .0001,
respectively) (Figure 2).

Furthermore, in all 10 eyes with VA better than 20/40 at
baseline, logMAR BCVA (mean * standard deviation)
was significantly improved from 0.17 * 0.07 (geometric
mean: 14/20) at baseline to 0.05 % 0.18 (geometric mean:
18/20) at 12 months (P = .038).

® REPEAT TREATMENT RATE: Mean number of treat-
ment sessions for angiographic leakage activity and exuda-
tive changes as identified on OCT during the 12-month
study period was 1.3 (range, 1-3). Twenty-one of 28 eyes
(75%) underwent a single PDT session during the 12-
month study period (Figure 3).
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® ADVERSE EVENTS AND COMPLICATIONS: Although 6
of 28 eyes (21%) showed subretinal hemorrhage within 1 disc
area within 3 months after PDT, no severe hemorrhage was
encountered. All 6 eyes with minimal subretinal hemorrhage
displayed complete resolution during the study period, and
loss of vision =3 lines did not occur. No systemic side effects
related to treatment were encountered.

DISCUSSION

PDT WITH VERTEPORFIN FOR PCV RESULTS IN A SIDE EFFECT
of subretinal hemorrhage in some eyes, but shows good
results.}®!” Although anti-VEGF monotherapy is currently
the standard of care for neovascular AMD, Gomi and
associates reported that intravitreal injection of bevaci-
zumab is insufficient for the treatment of PCV.'®

To date, the only parameters of PDT used for the
treatment of CNV in AMD have been those recom-
mended by the TAP guidelines.'~* The fact that the TAP
regimen regularly leads to damage to the physiclogical
choroid has been demonstrated by ICGA showing early
and often persistent nonperfusion of the surrounding
choroid, ! by histology showing dose-dependent throm-
bosis of the choriocapillaris,”® and by immunostaining
demonstrating reactive upregulation of VEGF.!? However,
overtreatment can be prevented by selecting optimal
parameters, so pathologic new vessels can be occluded
without damaging the physiological choroidal vascula-
ture.'*"*21 In our study, although mild to moderate
choriocapillary nonperfusion of the irradiated area on
ICGA at 1 week after treatment was seen in 57% of the
studied 28 eyes, choriocapillary perfusion was restored at 3
months in 97%. The damage to the choroid was thus
prevented compared to standard-fluence PDT (Figure 4).

Michels and associates'* reported that ICGA at 3 months
after treatment demonstrated at least moderate petfusion
changes of the choriocapillaris in 80% of the standard-fluence
PDT (light dose, 50 J/cm?) group, while no choriocapillary
perfusion changes of moderate or worse severity were
present at 3 months in the reduced-fluence PDT group.

In previous studies of standard-fluence PDT for PCV,
Akaza and associates’® reported improved or maintained
VA (logMAR 0.2 or better) in 29 of 35 eyes (83%) at 6
months and 28 of 35 eyes (80%) at 12 months. Mean
logMAR VA was 0.67 at baseline, 0.67 at 6 months, and
0.69 at 12 months, with a mean of 2.2 treatment sessions
after 1 year of follow-up. Chan and associates'’ reported
that the mean logMAR VA was significantly improved at
12 months; during 1 year of follow-up, there was a mean of
1.6 treatment sessions. Kurashige and associates® reported
maintained or improved VA in 35 of 41 eyes. In our study,
during 12 months of follow-up, the rate of improved or
maintained VA was 93% and the number of treatment
sessions was 1.3.
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FIGURE 3. Fundus, indocyanine green angiography (ICGA), and optical coherence tomography (OCT) findings before and after
reduced-fluence photodynamic therapy (RFPDT) for polypoidal choroidal vasculopathy. A 71-year-old man was successfully treated
with single RFPDT. The visual acuity in his right eye improved from 20/100 at baseline to 20/50 at 12 months after single RFPDT.
(Top left) Fundus photograph before treatment demonstrates hemorrhage, exudates, and pigment epithelial detachment. (Top right)
ICGA before treatment demonstrates an abnormal vascular network and polypoidal vascular lesions at its border. (Middle left) OCT
shows subretinal fluid and pigment epithelial detachment. (Middle right) Fundus photograph at 3 months after RFPDT demonstrates
no hemorrhagic andfor exudative manifestations. (Bottom left) On ICGA at month 3, although the vascular network remains,
terminal polypoidal vascular lesions are totally occluded. (Bottom right) OCT at month 6 does not demonstrate any subretinal fluid
or pigment epithelial detachment.
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FIGURE 4. Choroidal nonperfusion after standard-fluence photodynamic therapy (SFPDT) for polypoidal choroidal vasculopathy. (Top
left) Early indocyanine green angiogram (ICGA) before SFPDT demonstrates a vascular network and a polypoidal vascular lesion. (Top
right) Barly ICGA at 1 week after SFPDT demonstrates significant nonperfusion of choriocapillaris. (Bottom left) Early ICGA at 3
months after SFPDT demonstrates moderate nonperfusion of choriocapillaris. The polypoidal vascular lesion is not seen.

The guidelines for PDT in Japan mention a decrease in
VA after PDT in patients with good VA.” In contrast, all
10 eyes with VA better than 20/40 in the present study
showed stable or improved vision. In previous studies,
mean VA decreased with increased duration of follow-
up.22? Further follow-up in our study should clarify
whether reduced-fluence PDT is more effective than stan-
dard-fluence PDT.

Even with changes in treatment parameters, as reported
previously,’***! no influence on safety was seen. Adverse

470 AMERICAN JOURNAL OF OPHTHALMOLOGY

effects of PDT for the treatment of PCV include extensive
subretinal hemorrhage, as reported by Akaza and associ-
ates’? in 3 eyes (9%) and by Chan and associates'” in 1 eye
(4.5%). In addition, Kurashige and associates”> reported
vitreous hemorrhage requiring vitrectomy in 2 eyes (5%).
In our study, no severe hemorrhage developed. Six eyes
(21%) developed minimal subretinal hemorrhages smaller
than 1 disc area within 3 months after treatment, but these
hemorrhages spontaneously resolved within 3 months and
VA was maintained.
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Although the present study has shortcomings, including

the small sample size and the lack of control, reduced-
fluence PDT is an effective treatment for PCV and could

improve vision even in eyes with VA better than 20/40.
However, further studies with longer follow-up periods are
necessary to assess treatment safety and efficacy.

THE AUTHORS INDICATE NO FINANCIAL SUPPORT OR FINANCIAL CONFLICT OF INTEREST. THE AUTHORS HAVE NO
proprietary interest in any aspect of this study. Involved in design and conduct of study (AY., F.8.); data collection (AY., CS., A.O, KT.)
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Juxtafoveolar retinal telangiectasis in two children

Chiaki Sugiyama Akiko Arisawa Kaori Kuboki Yuriko Nagao
Maki Nishikawa Yoshimi Nagai Kanji Takahashi
Dept of Ophthalmol, Kansai Med Univ Hirakata Hosp

Abstract. Purpose : To report idiopathic juxtafoveolar retinal telangiectasis in two children. Cases : Unilateral im-
pairment of visual acuity was detected in two schoolboys aged 6 and 7 years during routine health check. Findings :

Corrected visual acuity was 0.2 and 0.08 each. Both cases showed retinal capillary microaneurysm in the perifoveal
area, cystoid macular edema (CME), and circinate exudates. Fluorescein angiography showed telangiecatasia and cap-
illary microaneurysms around the fovea with dye leakage. Both cases were diagnosed with juxtafoveolar retinal te-
langiectasis corresponding to group 1A by Gass or aneurysmal type by Yannuzzi. Laser photocoagulation was followed
by remission of CME and improved visual acuity to 0.4 and 0.1 respectively. Conclusion : These cases illustrate that
idiopathic juxtafoveolar retinal telangiectasis may develop in children. Precaution is necessary regarding photocoagula-

tion because of the possibility of atrophic creep later.
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