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Purpose: To evaluate the 6 month and 1 year efficacy of a modified combination therapy protocol for Polypoidal Choroidal Vascu-
lopathy (PCV).

Methods: We retrospectively reviewed 25 eyes of 24 patients who were diagnosed as PCV on ICG angiography and received a modi-
fied combination treatment strategy; intravitreal Anti VEGF injections initially followed by standard PDT. Mean changes in the best-
corrected visual acuity, central retinal thickness between baseline, month 6 and month 12 and number of additional treatments were

analysed and compared with known data on early PDT combination therapy and other relevant studies.

Results: Mean baseline vision improved from 0.40 + 0.32 to 0.17 + 0.21 logMAR units and 0.12 * 0.19 logMAR units respectively at 6
months and 12 months post PDT. Mean visual acuity gain was 0.24 + 0.27 logMAR units and 0.28 + 0.28 logMAR units at 6 months and
12 months respectively. The Mean CFT improved from 346.64 + 130.67to 196.68 + 52.98pand 191.52 + 41.47p at 6 months and 12
months post PDT respectively. Mean CFT gain was 149.96 + 140.01p and 155.12 + 133.43p at 6 months and 12 months respectively.
Mean number of injections required to dry the fovea before PDT were 2.05. Mean number of additional injections required was 0.6
and 0.71 at 6 months and 1 year respectively. Out of 25 eyes 40% required additional antiVEGF treatment with ranibizumab injec-

tion at 6 months and 48% at the end of one year. Number of patients requiring additional PDT was 0% at 6 months and 4% at 1 year.

Conclusion: Deferred PDT combined with antiVEGF therapy in PCV eyes show good visual and anatomical improvements at 6 months

and 12 months. Delayed PDT combination leads to significantly fewer additional treatments and less complications.
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Introduction

The term “idiopathic polypoidal choroidal vasculopathy”
(IPCV) was coined by Yannuzzi., et al. to describe a disease of the
choroidal circulation characterized by branching choroidal vessels
with polyp-like terminal aneurysmal dilations, and recognized as
a clinical entity separate from age-related macular degeneration
[1]. PCV is defined as the presence of single or multiple focal areas
of hyperfluorescence arising from the choroidal circulation within
the first 6 minutes after injection of indocyanine green, with or
without an associated branching vascular network (BVN) [2]. The
presence of orange-red subretinal nodules with corresponding
ICG hyperfluorescence is pathognomonic of PCV. Identification of

a BVN is not an absolute requirement for a diagnosis of PCV es-

pecially those with small lesions of short duration, in whom this

feature is not demonstrated.

While both photodynamic therapy (PDT) and anti-VEGF in-
jections are used to treat Polypoidal Choroidal Vasculopathy
(PCV), PDT is generally considered more effective at directly re-
gressing polyps [3], while anti-VEGF injections excel at managing
visual acuity by reducing fluid leakage [4,5], with many studies sug-
gesting the best approach is to combine the two therapies for opti-
mal results in PCV patients; meaning PDT is better for polyp regres-
sion, while anti-VEGF is better for vision preservation. Accordingly,
although the safety and efficacy of anti-VEGF monotherapy and
its combination with PDT have been well documented, individual
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cases of PCV still pose a challenge while managing these eyes [6].
Currently, anti-VEGF monotherapy is more popular and commonly
adopted in clinical practice due to its ready availability, established
efficacy and non-availability of PDT [6,7]. However, evidence on
treatment outcomes between different strategies of anti-VEGF
plus PDT combination therapy is limited. The aim of our study was
to evaluate the 6 months and 1 year efficacy of modified combina-

tion therapy protocol for Polypoidal choroidal vasculopathy (PCV).

Materials and Methods

We retrospectively reviewed data of 25 eyes of 24 patients who
were diagnosed as PCV on Indocyanine green angiography (ICG)
and underwent modified combination treatment protocol. Modi-
fied combination therapy protocol is defined as those patients
who received anti vascular endothelial growth factor (anti VEGF)
therapy initially and followed by PDT at a later date. Our study in-
cluded both treatment naive and previously treated patients. The
latter group had a minimum gap of 6 months from the previous
treatment, which is Intravitreal Ranibizumab. The inclusion cri-
teria are as follows: (a) confirmed diagnosis of PCV, that is, pres-
ence of early subretinal focal ICGA hyperfluorescence (appearing
within the first 6 minutes after injection of indocyanine green)
and in addition, at least one of the following angiographic or clini-
cal criteria: (i) association with a BVN, (ii) presence of pulsatile
polyp, (iii) nodular appearance when viewed stereoscopically, (iv)
presence of hypofluorescent halo (in first 6 minutes), (v) orange
subretinal nodules in stereoscopic color fundus photograph (polyp
corresponding to ICGA lesions), or (vi) association with subretinal
hemorrhage or exudation (b) follow up period should be greater
than or equal to 1 year. Patients were excluded if there were other
intraocular conditions like cataract, glaucoma or any other condi-
tion affecting vision. Patients who have not completed the manda-
tory atleast 9 visits out of the 12 visits were also excluded from
the study. Eyes that underwent the EVEREST guidelines of primary
combination therapy and where the diagnosis was not clear were

also not analysed in this study.

Treatment protocol of our study

After the diagnosis of PCV, patients were initially given intra-
vitreal ranibizumab injections at monthly intervals until the fovea
was dry of fluid. Dry fovea was defined as absence or decrease of
subretinal fluid (SRF) to less than 100 microns at the fovea. Pres-
ence of cystoid macular edema (CME) persisting in the absence of
SRF was not considered as active provided there was no increase
in CME compared to the last visit. These eyes were followed by
combination therapy of standard fluence PDT and intravitreal ra-
nibizumab. Standard PDT was given as intravenous injection of

verteporfin 6 mg/m? with laser irradiation at 689-nm wave length
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and 600 mW/cm?2 irradiance for 83 seconds. 24 hrs later intravit-
real Ranibizumab was given in the same eye. Best corrected visual
acuity (BCVA) and Central foveal thickness (CFT) were measured
at baseline and at each followup visit. FA/ICG angiography was
done at 3 monthly intervals if poor responder to treatment. BCVA
was measured using Snellen’s visual acuity charts and converted
to logMAR and ETDRS letters for convenience purpose. Conversion
to ETDRS letters was done using formula 85+50xlog (snellen frac-
tion) as defined by Gregori NZ., et al. [8]. Patients were retreated
with intravitreal ranibizumab injections on pro re nata basis. Re-
treatment criteria are (1) decrease in visual acuity by one line on
snellen’s chart (2) presence of subretinal fluid on OCT (3) appear-
ance of new subretinal hemorrhage or exudation close to fovea.
Retreatment with PDT was done only if the disease is persistant
with no response to additional antiVEGF therapy and is based on
the presence of active polyp or Branching Vascular Network on ICG
with Subretinal fluid.

Statistical analysis

The primary outcome of this study is to calculate differences
in the change in BCVA and CFT at 6 months and 12 months in pa-
tients who underwent the treatment protocol. Data analysis was
performed using SPSS version 17.0. Quantitative variables were ex-
pressed in mean and standard deviation. Qualitative variables were
expressed in frequency distribution. Group comparison of quanti-
tative variables were analysed using independent sample t test and
that of qualitative variables were analysed using Chi- square test.
Receiver operating characteristic (ROC) curve was plotted to find
the optimum cut off point of the independent variable to predict
the best outcome and the Area Under Curve (AUC) with 95% CI was

calculated. A ‘p’ value of 0.05 or less was taken as significant.

Results
A total of 25 eyes of 24 patients were included in the study.

Baseline characteristics of the patients are shown below.

Changes in BCVA

The mean visual acuities at Baseline, Month 6 and Month 12
were 0.40 £ 0.32,0.17 + 0.21 and 0.12 + 0.19 LogMAR respectively.
The mean ETDRS letter scores at baseline, Month 6 and Month 12
were 64.9 £ 16.1, 76.7 + 10.8 and 79.0 * 9.8 respectively. BCVA lev-
el improvement was significant from baseline to 6 month and 12

month and also maintained through month 6 to month 12.

Changes in central foveal thickness
The mean central foveal thickness (CFT) was 346.64 + 130.67,
196.68 * 52.98 and 191.52 * 41.47 microns respectively at Base-
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Table 1: Baseline features of the study population.
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Baseline features

Eyes 25
Age 70.29 + 5.89
Sex M- 11 (44%)

F- 14 (56%)

Visual acuity
-LOGMAR
-ETDRS

0.40 £0.32
64.9 £ 16.1 letters

Central foveal thickness (um)

346.6 £ 130.67 um

Table 2: Changes In Visual Acuity in ETDRS Letters.

Conversion formula = 85+50 x log (snellen fraction).

Visual acuity in ETDRS Paired Differences Paired t test
N Paired comparison
Mean Sd Mean Sd t p
Baseline 25 64.91 16.11 Baseline to 6 months 11.75 13.68 4.296 | <0.001
After 6 months 25 76.66 10.75 6 months to last follow up 2.34 3.25 3.610 .001
At last followup 25 79.01 9.78 Baseline to last follow up 14.10 14.09 5.004 <0.001

line, Month 6 and Month 12. CFT decreased significantly at Month

6 and maintained through Month 12. However even though there

Table 3: Changes in the CFT.

was numerically an improvement between 6 months and 12

months, it was not statistically significant.

CFT Paired Differences Paired t test
N Paired comparison
Mean sd Mean sd t p
Baseline 25 346.64 130.67 Baseline VS 6 months 149.96 140.01 5.355 <0.001
After 6 months 25 196.68 52.98 6 months VS last follow up 5.16 34.34 751 460
At last followup 25 191.52 41.47 Baseline VS last follow up | 155.12 133.43 5.813 <0.001

Additional treatments

The average number of injections received before PDT was
2.12. The Average timing of PDT was 4.64 months. This means that
it takes on an average of 4-5 months for the fovea to be reasonably
dry before PDT is done. Out of 25 eyes 40% required additional
antiVEGF treatment with ranibizumab injection at 6 months and
48% at the end of one year. Only one patient (4%) required ad-
ditional PDT retreatment at the end of one year. Mean number of
retreatment with anti VEGF injections at Month 6 and Month 12
are 0.6 and 0.71 respectively after PDT session.

Treatment naive and previously treated patients

We have also analysed the differences in outcome between
treatment naive and previously treated patients. There are no
significant differences between treatment groups suggesting that
previous anti VEGF therapy did not have any added benefit nor
it is detrimental towards a poor outcome. Curiously the previous
treated group had a poorer baseline vision and poorer outcome at
6 months and 12 months compared to treatment naive eyes though

not statistically significant.
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Image 1: Baseline fundus picture, OCT and ICG.

Month 1

Image 3: Post PDT pictures.

Differences in mean CFT between treatment naive and treated
groups

The mean CFT at baseline, 6 months and last followup are
363.42y, 191.74y, 194.11u respectively in the treatment naive
group and it is 293.50p, 212.33y, 183.33 respectively in the pre-
viously treated group. Mean CFT gain from baseline to 6 months is
171.68 + 130.40p and 81.17 + 159.39n between treatment naive
and previously treated groups respectively. CFT gain from baseline
to last followup is 169.32 + 124.56pand 110.17 £ 162.51p in treat-

ment naive and previously treated groups respectively. Though sta-
tistically not significant, mean CFT gains were better in the treat-

ment naive group.

Differences in the number of injections between treatment na-
ive and treated groups

There is no significant difference in the number of injections re-
quired to dry the fovea before PDT between the two groups. But
the number of injections required post PDT is slightly higher in the

previously treated group.
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Table 2: Changes In Visual Acuity in ETDRS Letters.

Conversion formula = 85+50 x log (snellen fraction).
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N Visual acuity in ETDRS Paired Paired Differences Paired t test
Mean Sd comparison Mean Sd t p
Baseline 25 64.91 16.11 Baseline to 6 months 11.75 13.68 4.296 <0.001
After 6 months 25 76.66 10.75 6 months to last follow up 2.34 3.25 3.610 .001
At last followup 25 79.01 9.78 Baseline to last follow up 14.10 14.09 5.004 <0.001

We used Receiver Operating Characteristic (ROC) curve and Chi
square test for determining optimum cutoff point for predicting

good functional and anatomical outcome values.

A Base line log MAR visual acuity of <0.57 (approximately cor-

responding to 6/24) was associated with a sensitivity of 94.7%, a

Table 3: Changes in the CFT.

specificity of 83.3%, and an area under an ROC curve (AUROC) of
0.807 with 95% CI 0.527 - 1.000 for determining good outcome at
the last follow up (p < 0.001). It means if the visual acuity value is
better than 6/24 at baseline, there is a significant chance of obtain-

ing good vision at the last follow up.

CFT Paired Differences Paired t test
N Paired comparison
Mean sd Mean sd t P
Baseline 25 346.64 130.67 Baseline VS 6 months 149.96 140.01 5.355 <0.001
After 6 months 25 196.68 52.98 6 months VS last follow up 5.16 34.34 751 460
At last followup 25 191.52 41.47 Baseline VS last follow up 155.12 133.43 5.813 <0.001
Table 4: Baseline visual acuity as predictor for good visual outcome.
Outcome o]
Baseline visual acuity ota )
(logMAR) Good Poor X Df p
N % N N %
<0.57 18 94.7 1 16.7 19 76.0
15.237 1 <0.001
>0.57 1 53 5 83.3 6 24.0
Total 19 100.0 6 100.0 25 100.0

When Baseline visual acuity used as a predictor for determin-
ing optimum anatomical outcome (CFT) at the last followup, the ‘p’
value was not significant. Baseline Visual acuity of <0.45 logMAR
was associated with a sensitivity of 53.8%, a specificity of 41.7%,
and an area under ROC curve (AUROC) of only 0.558 with 95% CI
0.314 - 0.801 for determining CFT <184 at the last follow up (p =
0.821).

Similarly baseline CFT when used to predict the optimum ana-
tomical and functional outcomes, ‘p’ values were not significant. A
Baseline CFT of < 439 was associated with a sensitivity of 84.2%,
a specificity of 50.0%, and an area under an ROC curve (AUROC)

of only 0.544 with 95% CI 0.225 - 0.863 for determining good ana-
tomical outcome at the last follow up (p = 0.087). A Baseline CFT<
340p is associated with a sensitivity of 53.8%, specificity of 50.0%,
and an Area under ROC curve of only 0.510 with 95% CI 0.273 -
0.746 for determining good visual outcome at the last follow up (p
= 0.848). So baseline CFT in the present study cannot be used to

predict visual and anatomical outcomes.

Adverse effects
In our study 2 patients (8%) had RPE rip and one patient
amongst them developed mild vitreous hemorrhage. No systemic

adverse effects have been noted.
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Discussion

Photodynamic therapy resolves polypoidal lesions with subse-
quent resolution of accompanying fluid, whereas anti-VEGF agents
rapidly absorb fluid and improve vision [3,9,10]. Photodynamic
therapy-monotherapy causes subretinal hemorrhage, pigment
epithelial tear, atrophy of retinal pigment epithelium, and cho-
riocapillaris in the exposure area in addition to a possible VEGF
surge, and those may cause the limited visual improvement after
PDT [3,10]. Many studies reported the effectiveness of anti-VEGF
therapy alone for treating PCV on the BCVA basis [11,12], but has
less ability to resolve the polypoidal lesions, which leads to early
recurrence of fluid [9,13]. Thus, combining verteporfin with its an-
gioocclusive effects and ranibizumab with its antiangiogenic and
antipermeability effects may lead to synergistic treatment effects
in PCV.

Table 5: Comparison table between our study and Everest study.
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EVEREST study [14] assessed the effects of PDT combined with
ranibizumab or alone versus ranibizumab monotherapy in patients
with symptomatic macular PCV. Combination therapy involved PDT
initially along with Intravitreal Ranibizumab within 24 hours of
PDT followed by two consecutive monthly ranibizumab injections.
Thereafter injections were given on pro re nata (PRN) basis. PDT
combined with ranibizumab 0.5 mg or alone was superior to ra-
nibizumab monotherapy in achieving complete regression of pol-
yps in this 6-month study in patients with symptomatic macular
PCV.

In this present study our aim was to give the intravitreal injec-
tions initially till the fovea is dry followed by PDT. Retreatment
with injections were done on PRN basis. When we compared our

Everest study (Combination therapy group) N = 19| Present study (6 month data) N = 25

AGE 63.8+8.30 70.25
SEX M- 11 (57.9) M- 11 (44)
F-8(42.1) F- 14 (56)
BCVA (mean no. of letters gain in ETDRS 10.9 £ 10.9 letters 11.75 +13.68
chart)
Mean decrease in CRT (u) 145.6 £ 119.0 149.96 + 140.01
PDT month 4.64
Average Retreatment injections number 0.6
No. of patients retreated with injections 55.6% 40%
No. of patients retreated with PDT 44.4% 4%
Ocular adverse effects 26.3% 8%
Non ocular adverse effects 31.6% 0%

6 months data with EVEREST data, mean age is slightly higher and
there is female preponderance in this study. Mean visual acuity
and mean CFT are comparable in the studies. Average number of

retreatments are less in present study.

FUJISAN study [15] compared the 1-year results of initial or
deferred photodynamic therapy combined with intravitreal ra-
nibizumab for eyes with polypoidal choroidal vasculopathy. Both
initial and deferred PDT combined with IVR to treat polypoidal
choroidal vasculopathy show the similar visual and anatomical im-
provements at 12 months. Delayed PDT group received intravitreal
ranibizumab injections once monthly for 3 consecutive months
followed by PDT. Retreatment were given with injections or PDT
according to the disease activity. Mean visual acuity improve-

ment, mean CFT gain are slightly higher and additional number

of retreatments required are also less in the present study when
compared to Fujisan study. Even though our study also employed
a deferred photodynamic therapy approach, our protocol of defer-
ral was different from the Fujisan protocol in that we adopted PDT
after drying of the fovea and did not entail a fixed number of injec-
tions while the Fujisan study had a fixed number of injections after
which PDT was adopted.

Combination therapy of PDT and anti-VEGF drugs provides
the complementary effects of both treatments, but it remains un-
known whether PDT should have been administered at the begin-
ning of treatment or during follow-up of anti-VEGF therapy. From
our study, we observed that drying the fovea before PDT will give
better anatomical and visual outcomes. The number of additional

retreatments required were also less. The Small sample size, short
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Table 6: Comparison table between our study and FUJISAN study (Delayed PDT Group).

FUJISAN study (N = 35) PRESENT study (1 year) (N = 25)
Age 73.8 70.25
Mean improvement in visual acuity 0.22logMAR 0.28 + 0.28 logMAR
Mean CFT gain (p) 145.6 + 20.6 155.12 +133.43
Percentage of patients receiving additional treatments (Inj+PDT) 82.9% 48%
No. of injections after month3 3.8+23 1

No. of patients who received additional PDT 40% 4%
Adverse events 2.8% 0%

term follow up and retrospective nature of the study are the major
limitations in this study. Nevertheless Deferred PDT combined with
antiVEGF therapy showed good visual and anatomical improve-
ments at 12 months with fewer additional treatments and less

complications.

Conclusion

Deferred PDT combined with antiVEGF therapy in PCV
eyes show good visual and anatomical improvements at 12 months.
Delayed PDT combination leads to significantly fewer additional

treatments and less complications.
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