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Purpose: We evaluated the 2-year efficacy of combined intravitreal ranibizumab (IVR)
treatment and photodynamic therapy (PDT) for treatment-naïve polypoidal choroidal
vasculopathy (PCV).
Patients and methods: Twenty-two eyes of 22 Japanese patients with treatment-naïve PCV
were prospectively recruited. All eyes had angiographic features of PCV according to indocyanine green angiography. The initial combination treatment regimen included a session of PDT
with IVR. A total of three consecutive IVR treatments were given at 4-week intervals. Eyes were
retreated with IVR or PDT at specific times. We evaluated the mean visual acuity and mean
central retinal thickness (CRT) at 3, 6, 9, 12, 18, and 24 months after initial treatment.
Results: At month 9, visual acuity had improved by 5.7 letters (P = 0.10). Subsequently,
mean visual acuity gradually decreased, and the difference from baseline was diminished to
2.9 letters at 24 months (P = 0.43). Mean CRT was significantly decreased from baseline over
the 24-month follow-up (P , 0.05).
Conclusion: With PDT combined with IVR for PCV, visual acuity improved during year 1,
but the benefit decreased in year 2.
Keywords: photodynamic therapy, polypoidal choroidal vasculopathy, ranibizumab

Polypoidal choroidal vasculopathy (PCV) is characterized by numerous recurrent,
bilateral, asymmetric, serosanguineous detachments in the retinal pigment epithelium.1
The incidence of PCV is high in Asian populations, 2 especially in the Japanese
population.3 Without treatment, eyes with PCV may develop recurrent episodes of
hemorrhage and exudative maculopathy, causing visual loss.4
Several treatment strategies have been reported for PCV.2 Among them, photodynamic therapy (PDT) with verteporfin (Novartis Pharma AG, Basel, Switzerland)5,6
and intravitreal injection of anti-vascular endothelial growth factor (VEGF), including
ranibizumab (Lucentis; Genentech, South San Francisco, CA, USA)7,8 and bevacizumab
(Avastin; Genentech),8,9 have shown favorable results. However, several problems
have been reported with these treatments. Serious complications after PDT for PCV
were reported, such as massive subretinal hemorrhage,10–12 retinal pigment epithelium
tearing,10 and retinal atrophy.12 With PDT, polypoidal lesions regressed in 86% to
95% of cases;5,13,14 however, polypoidal lesions were recurrent in 59% to 77% of the
cases.10,12 With anti-VEGF therapy, polypoidal lesions regressed in only 23% to 40%
of the cases;7–9 hence, its long-term efficacy is not clear.
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Another treatment choice is a combination therapy of
PDT and anti-VEGF drugs in expectation of a cumulative
effect. PDT occluded polypoidal lesions and anti-VEGF
drugs reduced fluid leakage from vascular lesions. However,
little information is available regarding the long-term efficacy
of this combination. In the 2-year results for the combination
of PDT and intravitreal bevacizumab injection, regression of
the treatment effect was reported in year 2.15,16 For PDT with
intravitreal injection of ranibizumab (IVR), follow-up time
was limited to only one year;17,18 hence, long-term results for
combination of PDT with IVR are not clear. In this study,
we evaluated the 2-year results of PDT with IVR treatment,
and evaluated the efficacy and safety of this combination
therapy.

Material and methods
We prospectively evaluated 22 eyes of 22 Japanese patients
with treatment-naïve PCV and visual disturbance. All eyes
were treated with PDT combined with IVR from March 2009
to April 2012 at Tokyo Medical University, Ibaraki Medical
Center. All eyes had a minimum follow-up period of
24 months after the initial treatment. The clinical diagnosis
of PCV was made by identification of polypoidal lesions with
indocyanine green angiography (ICGA). Exclusion criteria
were: (1) history of treatment for PCV or age-related macular
degeneration and (2) presence of other retinal diseases, such
as diabetic maculopathy or retinal vascular occlusion. This
study was performed according to the tenets of the Declaration
of Helsinki and was approved by the Institutional Review
Boards of Tokyo Medical University, Ibaraki Medical Center.
Informed consent for the examination was obtained from all
patients. At each visit, all patients received a comprehensive
ophthalmologic examination, including best-corrected visual
acuity testing with the early treatment diabetic retinopathy
study chart at 2 meters, indirect ophthalmoscopy, slit-lamp
biomicroscopy with a contact lens, fundus photography, and
optical coherence tomography (OCT: 3D OCT-2000;Topcon,
Tokyo, Japan). Central retinal thickness (CRT) was measured
using an OCT B-scan image.
The initial combination treatment regimen comprised
a session of PDT after an intravitreal injection of 0.5 mg
ranibizumab. A total of three consecutive IVR treatments
were given at 4-week intervals. Intravitreal injection was
performed in a sterile manner and prophylactic topical
antibiotics were applied for 3 days after the injection. At
4 days after the initial IVR treatment, PDT was performed
using a 689-nm diode laser unit (Visulas PDT system 690S;
Carl Zeiss, Dublin, California, USA) after an injection of
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verteporfin (mean: 10.5 mg), according to PDT guidelines
for age-related macular degeneration.19 The greatest linear
dimension was determined using fluorescein and indocyanine green angiograms, and comprised both polypoidal
lesions and branching vascular network. The mean greatest linear dimension at baseline was 2753 µm (standard
deviation [SD]: 1340 µm). After the initial treatment regimen, follow-up evaluations were scheduled at one-month
intervals. Fluorescein and indocyanine green angiography
were performed on each patient using a confocal scanning
laser ophthalmoscope (F-10, Nidek, Gamagori, Japan) before
and at 3 months after treatment. Additional angiography was
performed as necessary.
Retreatment was considered based on the protocol in
the PrONTO study.20 An additional intravitreal injection
was given if any of the following changes were observed:
(1) visual acuity loss of at least five letters with OCT evidence
of fluid in the macula, (2) an increase in OCT central retinal
thickness of at least 100 µm, (3) enlargement of a pigment
epithelial detachment, (4) new macular hemorrhages; or
(5) persistent fluid on OCT one month after the previous
treatment. Additional PDT was considered when intravitreal injection of ranibizumab was minimally effective and
polypoidal lesions with exudative changes were detected
in ICGA.
Visual acuity scores and central retinal thickness at 3, 6, 9,
12, 18, and 24 months after initial treatment were compared
with baseline scores using a Wilcoxon signed-rank test.
Statistical significance was defined as P , 0.05. Statistical
software (Statview 5.0; SAS Institute, Cary, NC, USA) was
used for statistical analyses.

Results
This study included 22 eyes of 22 patients (19 males,
3 females), ranging in age from 60 years to 86 years (mean:
73.2 years) that underwent PDT combined with IVR treatment.
Of the 22 eyes, subfoveal findings were polypoidal lesions
in 18 eyes and a branching vascular network in 4 eyes. At
baseline, best-corrected visual acuity using Landolt C charts
ranged from 0.04 to 0.8 (median 0.4). At baseline, mean visual
acuity letter score was 49.8 letters (standard error [SE]: 4.3)
and mean CRT was 255.3 µm (SE: 25.0). During the 24-month
follow up, the total number of PDT treatments ranged from 1
to 4 (mean [SD]: 1.5 [1.0]), and the total number of IVR treatments ranged from 3 to 12 (mean [SD]: 7.3 [3.1]). A mean of
1.2 PDT and 5.4 IVR treatments were performed during the
first year. A mean of 0.3 PDT and 1.9 IVR treatments were
performed during the second year.
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Figure 1 Mean change in visual acuity scores (letters) through 24 months for
eyes with polypoidal choroidal vasculopathy treated with combined photodynamic
therapy and intravitreal ranibizumab injection.
Note: Vertical lines are 1 standard error of the mean.

Clinical Ophthalmology 2012:6

Table 1 Distribution of visual acuity changes from month 12
through month 24
Change in visual acuity from baseline

Month 12

Month 24

$5 line increase
,5 line increase to .5 line decrease
$5 line decrease

10 (45%)
8 (36%)
4 (18%)

10 (45%)
6 (27%)
6 (27%)

the mean greatest linear dimension at baseline in the eyes
without extensive subretinal hemorrhage was 2641 µm (SD:
1410 µm). There was no significant difference in the greatest
linear dimension between the eyes with or without extensive
subretinal hemorrhage (P = 0.33: unpaired t-test).

Discussion
Several studies have evaluated the efficacy of combined PDT
and intravitreal bevacizumab injection for PCV. In these studies, significant improvement of visual acuity was obtained in
the first year; however, treatment efficacy was decreased in
year 2.15,16 Our study on combined PDT and IVR treatment
showed similar results to combined PDT with intravitreal
bevacizumab injection. These results suggest the chronic and
refractory nature of PCV with combination therapies. In the
studies of PDT for PCV, several factors, such as recurrence of
polypoidal lesions,10,12 subretinal hemorrhage,10–12 retinal pigment epithelium tearing, 10 or retinal atrophy,12 were considered
to be factors reducing treatment efficacy. In our case series,
a recurrence of polypoidal lesions or subretinal hemorrhage
was a possible reason for the reduction in treatment efficacy.

Months after combination therapy
Change in central retinal thickness (µm)

Figure 1 shows the changes in mean visual acuity. At
month 9, visual acuity was improved by 5.7 letters (P = 0.10).
Subsequently, mean visual acuity gradually decreased, and
the difference from baseline was diminished to 2.9 letters at
24 months (P = 0.43). At month 24, 10 eyes (45%) gained
at least 5 lines compared with baseline and 6 eyes (27%)
lost at least 5 lines from baseline (Table 1). Figure 2 shows
changes in the mean CRT. Mean CRTs were decreased
by 99.1 µm and 113.7 µm at 12 months and 24 months,
respectively. Mean CRTs were significantly decreased from
baseline through the 24 months of follow-up (P , 0.05).
In ICGA images at 3 months, polypoidal lesions were
reduced in all eyes and disappeared completely in 16 eyes
(72.7%). Branching vascular networks persisted after treatment in all eyes (Figure 3). During the follow-up period,
recurrence of polypoidal lesions was confirmed in a total
of 14 eyes (70%). Recurrence occurred before 12 months
in two eyes and later in twelve eyes. Among the eyes with
recurrence, three eyes showed extensive subretinal hemorrhage larger than a 2-disk diameter (Figure 3). Subretinal
hemorrhage in each case occurred at 5, 16, and 21 months after
initial treatment. In each eye, a retinal pigment epithelial tear
was not detected with OCT or in ICGA images. Visual acuity
scores at 24 months in each case were decreased by 48, 13, and
15 letters from baseline, respectively. The mean total number
of IVR treatments with extensive subretinal hemorrhage was
9.3 (SD: 2.9) and the mean total number of IVR treatments
without extensive subretinal hemorrhage was 7.0 (SD: 3.8).
There was no significant difference in the total number of
IVR treatments between the eyes with or without extensive
subretinal hemorrhage (P = 0.22: unpaired t-test). The mean
greatest linear dimension at baseline in the eyes with extensive subretinal hemorrhage was 3464 µm (SD: 288 µm) and
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Figure 2 Mean change in central retinal thickness through 24 months for eyes with
polypoidal choroidal vasculopathy treated with combined photodynamic therapy
and intravitreal ranibizumab injection.
Notes: Vertical lines are 1 standard error of the mean. Central retinal thickness
was significantly decreased from baseline through 24 months (*P , 0.05, Wilcoxon
signed-rank test).
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Figure 3 Right eye of a 74-year old male with subretinal hemorrhage after combined PDT and IVR treatment for PCV. White lines in each color fundus photograph
(A, D and G) show the scanning line of the OCT image at each time point. Baseline OCT (B) shows retinal pigment epithelial detachment on the macula. Baseline visual acuity
was 0.7. ICGA (C) shows a polypoidal lesion (white arrow) and branching vascular network (black arrows). Three months after initial treatment, the retinal pigment epithelial
detachment was reduced in OCT (E). Visual acuity was improved to 0.9. In ICGA (F), the branching vascular network persisted (black arrows), despite the disappearance of
polypoidal lesions. Five months after initial treatment, color fundus photography (G) and OCT (H) showed massive hemorrhagic retinal pigment epithelial detachment in the
macula. Visual acuity was decreased to 0.3. ICGA (I) shows recurrence of polypoidal lesions (white arrow).
Abbreviations: ICGA, indocyanine green angiography; IVR, intravitreal ranibizumab; OCT, optical coherence tomography; PDT, photodynamic therapy; PCV, polypoidal
choroidal vasculopathy.

In previous studies, both PDT monotherapy and combined PDT with anti-VEGF injection showed favorable
results for the regression of polypoidal lesions.5,13,14,18,21–24 In
the first year, regression of polypoidal lesions was observed
in 86% to 95% of cases for PDT monotherapy5,13,14 and 72%
to 100% for combined PDT with anti-VEGF injection.18,21–23
However, at the 1-year follow-up, recurrence of polypoidal
lesions occurred in 5.6% to 16% of the cases with PDT
monotherapy,5,14,22 and 10% to 29% of the cases with combined PDT and anti-VEGF therapy.18,22 The recurrence rate
was increased to 64% of the cases at the 2-year follow up
for PDT monotherapy.25 The recurrence rate in our study
was similar to that found in the 2-year results for PDT
monotherapy. Several factors may be related to the reoccurrence of polypoidal lesions. One possible reason is the
persistence of the branching vascular network. In our study,
the branching vascular network persisted after combined
PDT with IVR treatment, despite a reduction of polypoidal
lesions as previously reported for PDT monotherapy25 or
combined PDT with intravitreal bevacizumab injection.17
A branching vascular network was considered to be an affinity of choroidal neovascularization in exudative age-related
macular degeneration. 26,27 The presence of a branching
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vascular network may indicate the persistence of a main
vascular component of PCV and may induce the frequent
recurrence of polypoidal lesions. Further investigation is
required to evaluate the mechanism of the recurrence of
polypoidal lesions.
Another possible reason for the reduction of efficacy was
massive subretinal hemorrhage. In our case series, three eyes
showed massive subretinal hemorrhage and visual acuity at
24 months in each case was notably decreased from baseline.
In previous studies, subretinal hemorrhage occurred in 7%
to 30% of the cases with PDT monotherapy6,10,11 and in 3%
to 17.7% of the cases with combined PDT and anti-VEGF
injection.17,23,28 In these studies, PDT was considered a possible reason for subretinal hemorrhage. However, subretinal
hemorrhage is a common complication in the natural history
of PCV.4 Comparison with the natural history is important
for evaluating the causative factors of massive subretinal
hemorrhage; however, a comparison study with natural history is ethically difficult in medical practice. Considering
alternative methods, comparison with anti-VEGF injection
monotherapy is important for confirming the association
of PDT with subretinal hemorrhage. However, long-term
results for anti-VEGF injection monotherapy for PCV are not
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currently available. Further studies are required to evaluate
the association of PDT with subretinal hemorrhage.
In previous studies, there were some variations in the
treatment regimens for combination IVR treatment and
PDT for PCV. In the EVEREST study,24 both PDT and IVR
treatments were conducted on same day.20 In other studies,
PDT was performed at 4 days to 7 days after initial IVR
treatment.16,17 In this study, there was a 4-day interval between
PDT and initial IVR treatment to examine the postoperative
complications of IVR treatment. With regard to the number
of IVR treatments, a total of three consecutive IVR treatments were given at 4-week intervals, in this study and the
EVEREST study.24 In another study, only one session of
IVR treatment was performed with PDT.17 These variations
in treatment regimens may be related to the cumulative
effect of IVR treatment and PDT. Further investigations are
required to establish the optimal combination regime for
treating PCV.
In conclusion, combined PDT with IVR treatment has a
certain effect on PCV for up to 2 years. Careful follow-up,
particularly for accompanying subretinal hemorrhage and
the recurrence of polypoidal lesions, is essential for therapeutic management of PCV. A shortcoming of our study
was the small number of cases and absence of comparisons
with other treatment modalities. Further investigations are
required to establish the optimal treatment strategy for PCV.

Conclusion
In conclusion, PDT combined with IVR treatment for PCV
showed improved visual acuity during year 1. However, the
benefit of visual acuity was decreased by year 2.
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