EXPERIMENTAL AND THERAPEUTIC MEDICINE 15: 1546-1551, 2018

Intravitreal ranibizumab injection combined with photodynamic
therapy for polypoidal choroidal vasculopathy
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Abstract. The aim of the present study was to evaluate the
efficacy of combination treatment with intravitreal ranibi-
zumab (IVR) injection and photodynamic therapy (PDT)
for polypoidal choroidal vasculopathy (PCV). A total of
64 patients with PCV were included in the present study, which
were divided into the IVR monotherapy group (Group A) and
combination treatment groups (Groups B-D) with different
treatment intervals. All subjects were followed-up at 1, 3, 6
and 12 months following treatment, and subjected to the
detection of best-corrected visual acuity (BCVA) and central
foveal thickness (CFT). Compared with the monotherapy
group, more significant BCVA improvement was observed
for the combination treatment groups, with the most evident
effect exhibited in Group C. At the end of the follow-up period,
visual acuity improvement rates were markedly elevated in the
combination treatment groups, as compared with the mono-
therapy group. According to optical coherence tomography,
the CFT for the combination treatment groups was thinner
than the monotherapy group. Among the combination groups,
CFT improvement for Group C was superior to other groups.
Fundus angiography demonstrated that, compared with mono-
therapy, combination treatment may significantly promote the
regression and prevent the recurrence of polyps and BVN. The
most efficient effectiveness was observed for Group C. In addi-
tion, combination treatment may significantly reduce the IVR
injection numbers required to treat PCV. Patients receiving
combination treatment with IVR injection and PDT have
greater vision improvements, reduced macular degeneration
and decreased injection numbers. Combination therapy may
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therefore, represent an effective and safe therapeutic strategy
for PCV clinical treatment.

Introduction

Polypoidal choroidal vasculopathy (PCV) is characterized
by branching choroidal networks with polyp-like aneurysmal
dilation, which are clearly detected by indocyaninegreen angi-
ography (ICGA) (1,2). Clinically, these polyps are typically an
orange or red color and either isolated or connected with a
branching vascular network (BVN) (3). In PCV pathogenesis,
the polyps are associated with serous exudation and/or hemor-
rhage, which may lead to retinal pigment epithelium (RPE)
detachment. In certain cases, it may also result in subretinal
fluid (SRF), accompanied by a detached neurosensory
retina (4). Without proper and timely treatment, patients with
PCV would suffer from recurrent episodes of hemorrhage
and exudative maculopathy in the eye, potentially resulting in
irreversible visual loss. Current treatments primarily include
pharmaceutical therapy, laser treatment, and surgery (5).

A number of therapeutic strategies have been reported for
PCYV clinically (6,7). For example, anti-vascular endothelial
growth factor (VEGF) injection may reduce lesion leakage and
decrease high perfusion in patients with PCV (3). Furthermore,
photodynamic therapy (PDT) has also been demonstrated to
effectively seal the blood vessels in PCV, and subsequently
limit lesion development (6,7). However, long-term follow-up
observations have indicated a higher recurrence rate and
retinal hemorrhage incidence following PDT, and therefore
repeated treatments are required (8,9). By contrast, combina-
tion therapy with intravitreal ranibizumab (IVR) injection
and PDT has been demonstrated to have more satisfactory
outcomes, which may significantly reduce the incidence
of complications (10,11). The Everest study was a prospec-
tive, randomized study comparing the treatment outcomes
between IVR monotherapy and combination therapy with IVR
and PDT for PCV. The study inferred that verteporfin PDT
combined with ranibizumab (0.5 mg) or alone is superior to
the ranibizumab monotherapy in achieving complete regres-
sion of polyps in patients with symptomatic macular PCV, over
a 6-month period (12).

In the present study, the efficacy and safety of combination
therapy with IVR injection and PDT for the treatment of PCV
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were evaluated. A total of 64 PCV cases were included and
divided into IVR monotherapy group and three combination
treatment (IVR + PDT) groups with different treatment inter-
vals. All subjects were followed-up at 1, 3, 6 and 12 months.
The results from the best-corrected visual acuity (BCVA) and
central foveal thickness (CFT) evaluation were analyzed and
compared.

Materials and methods

Study subjects and grouping. A total of 64 patients (64 eyes;
37 male and 27 female subjects, with a mean age of
67.87+5.49 years) with PCV, who were admitted to the First
Affiliated Hospital of China Medical University (Liaoning,
China) between March 2013 and August 2015, were included
in the current study. All patients had been subjected to
comprehensive baseline ophthalmic examination every month
for 1 year previous to the study. Inclusion criteria were as
follows: 1) Fundus examination indicating swelling and/or red
lesions; ii) treatment-naive PCV, as characterized by the pres-
ence of polyps or BVN; iii) >50 years of age; and iv) greatest
linear dimension of <5400 mm (13). Exclusion criteria
included: i) Prior treatment with intravitreal injection of either
anti-VEGF or verteporfin; ii) vitreous hemorrhage; iii) exten-
sive subretinal hemorrhage preventing proper imaging or
PDT from being performed; iv) scar tissue area accounting
for =50% of the lesion; and v) accompanied with other retinal
diseases including diabetic retinopathy (14). Prior written and
informed consent were obtained from each patient and the
study was approved by the Ethics Review Board of the First
Affiliated Hospital of China Medical University.

Although the same inclusion and exclusion criteria for
PCV were applied, the patients' conditions differed from
each other. Due to a lack of uniform treatment protocol for
PCYV, different therapeutic treatments would be performed
for different patients, including the treatment intervals for the
combination therapy. In the Department of Ophthalmology,
the First Affiliated Hospital of China Medical University
(Shenyang, China), the usual treatment intervals were set as
3,7 and 10 days. In the present study, thorough communica-
tion was conducted with each patient with PCV in advance,
and the therapeutic regimens were determined according to
the patients' conditions and experts' experience. Accordingly,
these patients were randomly divided into four groups: IVR
monotherapy group (Group A) and three combination treat-
ment (IVR + PDT) groups (Groups B-D) with different
treatment intervals of 3, 7 and 10 days, respectively.

In the monotherapy group (n=16), there were 9 male and 7
female subjects, with a mean age of 66.12+5.14 years and a mean
log minimum resolution angular (MAR) BCVA of 0.67+0.22.
In Group B (n=16), there were 10 male and 6 female subjects,
with a mean age of 65.78+6.32 years and a mean logMAR
BCVA of 0.69+0.15. In Group C (n=17), there were 9 male
and 8 female subjects, with a mean age of 69.26+4.35 years
and a mean logMAR BCVA of 0.71+0.31. In Group D (n=15),
there were 9 male and 6 female subjects, with a mean age of
70.35+6.14 years and a mean logMAR BCVA of 0.62+0.28.

Ophthalmic treatment and examination. For the IVR mono-
therapy group (Group A), patients were subjected to vitreous
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cavity injection of 0.5 mg ranibizumab. On the next day, visual
acuity and intraocular pressure were assessed by routine exan-
imations and the slit-lamp examination was performed (15).
Levofloxacin eye drops were administered to these patients
four times per day, for three consecutive days. For the IVR
monotherapy group (Group A), the patients were subjected to
monthly injections, for three consecutive months. Retreatment
was considered according to the protocol in the PrONTO
study (14). An additional intravitreal injection was adminis-
tered if any of the following changes were observed: i) Visual
acuity loss of at least five letters, with optical coherence
tomography (OCT) evidence of fluid in macula; ii) an increase
in OCT central retinal thickness of =100 pm; iii) enlarged
pigment epithelial detachment; iv) new macular hemorrhage;
or v) persistent fluid on OCT 1 month following previous
treatment. A total of 15,7, 3 and 4 patients required addition
intravitreal injection in groups A, B, C and D, respectively.

For the combination treatment groups (Groups B-D), the
patients were subjected to an intravitreal injection of 0.5 mg
ranibizumab, followed by a session of PDT. For Group B
(n=16), the treatment interval between IVR injection and PDT
was set as 3 days. For Groups C (n=17) and D (n=15), the
treatment intervals were set to be 7 and 10 days, respectively.
PDT was performed using a 689-nm diode laser unit (Visulas
PDT system 690S; Carl Zeiss, Dublin, CA, USA) following an
injection of verteporfin (10.5 mg), according to the guidelines
for age-related macular degeneration (16). Following the initial
treatment regimen, follow-up evaluations were scheduled to
be at 1-month intervals. Fundus angiography (FFA/ICGA)
was performed on each patient prior to and 3 months after
treatment. Additional angiography was performed if neces-
sary. Additional PDT was considered when the intravitreal
injection of ranibizumab exhibited minimal effectiveness and
polypoidal lesions with exudative changes were detected in
ICGA (17,18).

Statistical analysis. Data were expressed as mean + standard
deviation. SPSS version 16.0 software (SPSS, Inc., Chicago,
IL, USA) was used for statistical analysis. Following a vari-
ance homogeneity assessment, two-way independent-sample
t-test was used for group comparison, and single-factor
analysis of variance was performed for comparisons of prior
to and following treatment. P<0.05 was considered to indicate
a statistically significant difference.

Results

BCVA. Analysis of logMAR BCVA indicates that, compared
with the logMAR BCVA prior to treatment, all patients in the
monotherapy and combination treatment groups improved
following treatment. As presented in Fig. 1, more significant
BCVA improvement was observed for the combination treat-
ment groups, compared with the monotherapy group (P<0.05).
Among the combination therapy groups, compared with
Groups B and D, Group C was associated with the most efficient
therapeutic effect regarding the BCVA improvement, specifi-
cally 3, 6 and 12 months following treatment.

At the end of the follow-up period, the logM AR BCVA was
significantly improved compared with logM AR BCVA prior to
treatment, in all the monotherapy and combination treatment
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Figure 1. BCVA of patients with PCV subjected to monotherapy and
combination treatments. The eyes of patients with PCV were subjected to
monotherapy (Group A) or combination treatment with the treatment inter-
vals of 3 days (Group B), 7 days (Group C) or 10 days (Group D), respectively.
Mean logMAR BCVA values for the monotherapy and combination treat-
ment groups were obtained and compared at 1, 3, 6 and 12 months following
treatment. "P<0.05 vs. Group A; “P<0.05 vs. Groups B and D. Data are
presented as the mean + standard deviation. BCVA, best-corrected visual
acuity; PCV, polypoidal choroidal vasculopathy; logMAR, log minimum
resolution angular.

groups (P<0.05; Fig. 1). The results of the present study demon-
strated that, in the monotherapy group (Group A), the visual
acuity improvement rate was 18.8% (3/16). Compared with
the monotherapy group, the visual acuity improvement rates
were markedly elevated in the combination treatment groups.
Visual acuity improvement rates for Groups B-D were 25%
(4/16), 29.4% (5/17), and 26.7% (4/15), respectively (Fig. 2).
These results suggest that, compared with the monotherapy
group, a more significant improvement in visual acuities was
observed for the combination treatment groups, with Group C
exhibiting the best efficiency.

OCT. According to OCT, prior to treatment, the mean CFT
values for Groups A-D were 456.58+46.33, 471.49+38.52,
468.71+£29.16, and 462.54+26 68 um, respectively, with no
statistically significant differences between groups (P>0.05).
As presented in Fig. 3, the CTF improvements for the combi-
nation treatment groups (Groups B-D) were typically superior
to the monotherapy group (Group A) following treatment.
Among the combination groups, CFT improvement for
Group C was significantly superior to Groups B and D, at 1, 3,
6 and 12 months following treatment (P<0.05). These results
suggest that, combination treatments are more effective in
reducing CTF than monotherapy, with the most efficient effect
observed for Group C.

FFA/ICGA. According to the FFA/ICGA, the results of the
present study indicate that, in Group A, polyps were reduced
in 7 eyes (43.8%) and branching vascular networks (BVN)
were decreased in 5 eyes (31.3%), while the recurrence of
polyps/BVN was confirmed in 4 eyes (25.0%). Therapeutic
efficiency was markedly promoted for the combination
treatments. In Groups B-D, polyps were reduced in 8 (50%),
9 (52.9%) and 6 (40.0%) eyes, respectively. Furthermore,
BVN was decreased in 7 (43.8%), 8 (47.1%) and 7 (46.7%)
eyes in Groups B-D, respectively. By contrast, recurrence
of polyps/BVN was observed in 1 (6.3%), 0 (0.0%) and
2 (13.3%) eyes, for Groups B-D, respectively. As presented
in Figs. 4 and 5, FFA/ICGA indicated decreased lesion areas,
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Figure 2. VA analysis for the monotherapy and combination groups. At the
end of the follow-up period, the visual acuities were analyzed and compared
for the monotherapy and combination treatment groups. VA, visual acuity;
Group A, monotherapy group; Group B, combination treatment at 3 days;
Group C, combination treatment at 7 days; Group D, combination treatment
at 10 days.
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Figure 3. CFT changes for patients with PCV subjected to monotherapy
and combination treatments. The eye of patients with PCV were subjected
to monotherapy (Group A) and combination treatments with treatment
intervals of 3 days (Group B), 7 days (Group C) and 10 days (Group D),
respectively. The CFT for the monotherapy and combination treatment
groups was detected with OCT 1, 3, 6 and 12 months following treatment.
“P<0.05 vs. Group A; "P<0.05 vs. Group B and D. Data are presented as the
mean + standard deviation. CFT, central foveal thickness; PCV, polypoidal
choroidal vasculopathy; OCT, optical coherence tomography.

reduced bleeding and exudation, and alleviated pigment
epithelium detachment following the combination treatment.
Compared with monotherapy, combination treatment may
significantly promote the regression and prevent recurrence
of polyps/BVN in patients with PCV. Superior results were,
again, observed for Group C.

IVR injection numbers and adverse reactions. Influence
of IVR injection numbers and the adverse reactions were
also analyzed. The IVR injection number for Group A was
3.79+0.81, which was significantly higher than the combi-
nation groups (1.81+0.56, 1.72+0.68 and 1.79+0.74 for
Groups B-D, respectively; all P<0.05). By contrast, no signifi-
cant adverse reactions (such as retinal detachment, sustained
high intraocular pressure, retinal hole and endophthalmitis)
were observed for all groups, during the treatment course and
in the follow-up period. These results suggest that, compared
with monotherapy, combination treatment may significantly
reduce the number of required IVR injections in the treatment
of PCV.
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Figure 4. Fundus photography images of the left eye of a 74-year-old male patient subjected to combination treatment. (A) Prior to treatment, hemorrhage and
white exudation were observed, with a visual acuity of 0.1. (B) At 12 months following treatment, the bleeding and exudation were markedly reduced, with a

visual acuity of 0.7.

Figure 5. ICGA images of the right eye of a 76-year-old male subjected to combination treatment. Prior to treatment (A) ICGA indicated fluorescent leakage
and (B) OCT indicated retinal pigment epithelial detachment on the macula, with a visual acuity of 0.2. At 6 months post-treatment (C) the fluorescent leakage
was significantly decreased and (D) the retinal pigment epithelial detachment was reduced, with a visual acuity of 0.6. ICGA, indocyaninegreen angiography;

OCT, optical coherence tomography.

Discussion

At present, PDT is one of the major therapeutic treatments for
PCV clinically. However, retinal hemorrhage, RPE tear and other
complications have been reported to be associated with PDT
in the treatment of PCV (9). Ranibizumab may reduce lesion
leakage and improve or stabilize visual acuity in patients with
PCV (19). Therefore, the present study hypothesized that PDT
combined with IVR injection may improve visual acuity, reduce
polyps, decrease the incidence of complications and achieve a
more satisfactory therapeutic effect in the treatment of PCV.

The results of the current study indicate that the logMAR
BCVA following treatment was improved for all monotherapy
and combination groups compared with the logMAR BCVA
prior to treatment, which were in line with previous findings
published by Lai et al (20). Furthermore, the results of the
current study indicated that, compared with monotherapy,
combination treatments may more effectively improve the
visual acuities of patients with PCV, which were consistent with
the results of Sato et al (21). Among the combination groups,
the greatest therapeutic effect was observed for Group C.
At the end of the follow-up period, combination treatments
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significantly improved and stabilized visual acuity in patients
with PCV, more efficiently than monotherapy. In line with
previous findings (22,23), Group C was associated with the
most efficient therapeutic effects in the treatment of PCV.
However, a previous study has indicated that no clear difference
was observed in the visual acuity 6 months after combination
treatment in patients with PCV (24). Rouvas et al (25) reported
that there were no significant differences in BCVA between
the control and treatment groups 12 months after treatment.
This contradiction may be due to the differential ethnic back-
grounds of PCV cases and differences in drug sensitivity. The
results of the present study indicate that, at the end of therapy,
the combination treatments were more effective in improving
the patients' conditions. Notably, the CFT was significantly
reduced compared with the monotherapy group. Furthermore,
FFA/ICGA indicated a decreased lesion area, reduced
polyps/BVN and improved pigment epithelium detachment. In
line with a previous result, Group C exhibited superior results.

In previous studies, there have been a number of variations
in the treatment regimens for combination therapy with IVR
injection and PDT for PCV (25,26). In the Everest study, [IVR
injection and PDT in the combination treatment were performed
on the same day (12). By contrast, PDT was performed 4-7 days
after the initial IVR injection in another study (26). In the
present study, the combination treatment groups were divided
into three groups (Groups B-D), with different treatment
intervals (PDT was performed at 3, 7 and 10 days, respectively,
following the initial IVR injection). According to the results of
the current study, the treatment interval of 7 days (Group C)
was most efficient and suitable for the combination treatment of
PCV. With regard to the IVR injection numbers, three consecu-
tive IVR injections were administered at 4-week intervals in
the present study and in the Everest study (25). The results of
the current study demonstrated that combination treatments
significantly reduced the injection numbers compared with
monotherapy. Furthermore, the peak therapeutic effects of IVR
injection were achieved, which was also the most appropriate
timing for PDT, with the smallest irradiation spot and energy,
minimizing the side effects and damage to the choroid and
retina. Therefore, the combination of IVR injection and PDT
with the time interval of 7 days demonstrated the best treat-
ment efficacy and stability. However, the treatment efficiency
may be compromised when the time intervals were too short
or too long, while retinal damages induced by PDT would
also be enhanced, reducing the therapeutic effectiveness of the
combination treatment. This may be explained by the cumula-
tive effect of IVR injection and PDT. Further in-depth studies
are required to investigate the optimal combination regime for
the treatment of PCV.

In conclusion, the results of the present study demon-
strated that combination treatment with IVR injection and
PDT may improve the therapeutic effects for PCV. Compared
with the monotherapy group, the combination treatments
may significantly improve and stabilize visual acuity, reduce
CTF and promote the regression or prevent the recurrence
of polyps/BVN, in patients with PCV. Furthermore, the most
effective protocol was Group C, when the treatment interval
between IVR injection and PDT was set as 7 days. In addi-
tion, combination treatments may significantly reduce the IVR
injection numbers in the treatment of PCV. The results of the
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current study suggest that the combination treatment of IVR
injection and PDT represents an effective and safe therapeutic
strategy for PCV, which may contribute to the disease treatment
clinically. Further prospective, randomized controlled studies,
with enlarged samples and multiple centers, are required to
investigate the optimal treatment option for patients with PCV.
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