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A B S T R A C T

The objective of this 5-year retrospective study of PCV eyes was to assess the clinical presentation and
long-term real world visual and anatomical outcomes following therapy. Data included the baseline clinical
and demographic profile, visual acuity and treatment details. Main outcome measured were anatomical
and visual outcomes with treatment, treatment compliance and complications. Out the 45 PCV eyes
(51 patients), 76.4% lesions occurred predominantly at the macula. Clinical presentations were variable
though visible polyps (16.6%) and massive subretinal hemorrhage (17.7%) were less frequent. DLS with
diffuse PEDs or thumb shaped PEDs were the most common finding in SD-OCT. OCTA was sensitive
in identifying BVNs compared to ICGA but were poor in identifying polyps. Vision improvement was
achieved in 42% eyes, while loss occurred in 26.6% eyes, with deterioration more in type 1 PCV. Baseline
good vision, thicker CCT, smaller lesions and minimum recurrences at year 1 were risk factors associated
with good outcomes. Mean number of injections was 18.7. 22% received primary PDT while 11% eyes
received rescue PDT. Low fluence PDT was found to be as effective as standard fluence. Though not
significant, PDT eyes required lesser injections than monotherapy. As an agent Aflibercept seemed to be
better than Ranibizumab and was the most preferred switching agent (55% needed switch). Loading dose
followed by PRN was the only feasible regimen with relatively reasonable compliance. Complications
included RIP (11%) and 2 eyes requiring Vitrectomy for breakthrough vitreous hemorrhage. The superiority
of aflibercept and the feasibility of a PRN approach is underlined in this study. In spite of suboptimal
compliance this study reveals that nearly half the eyes demonstrated visual gains and anatomic stability.
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1. Introduction

Polypoidal choroidal vasculopathy (PCV) was first
described by Yanuzzi in 1982.1 The current gold standard
for diagnosing PCV is by indocyanine green angiography
(ICGA). PCV has a various range of phenotypic features
with eyes in this group demonstrating increased choroidal
thickness and/or the presence of pachyvessels.2

Major trails like EVEREST study3 compared
combination therapy versus monotherapy with ranibizumab
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while PLANET study4 compared results of aflibercept with
and without rescue therapy. Long-term outcomes of various
management options in real world have been reported.5

Our present study aims to know the biomarkers predicting
the long-term outcomes of PCV in Indian population and
evaluate various factors that correlate with better visual
outcomes in PCV patients.

2. Materials and Methods

This is a long term retrospective study of 51 patients
diagnosed with polypoidal choroidal vasculopathy
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(PCV) with a minimum follow up of five years. The
InstitutionalEthical Committee approved the research
project. PCV was diagnosed based on the EVEREST
study criteria ie. the presence of subretinal focal ICGA
hyper-fluorescence and at least one of the following
angiographic or clinical criteria: Branching Vascular
Network (BVN), pulsatile polyp, nodular appearance when
viewed stereoscopically, and presence of hypofluorescent
halo.3

The inclusion criteria were patients diagnosed with PCV
with a minimum of five years follow up. The exclusion
criteria were patients previously treated with Photodynamic
therapy (PDT) or intravitreal injections of anti-VEGF or
patients with any other ocular pathology.

Systemic co-morbidities and associated ocular
pathologies were recorded. Patients involved in the
study underwent comprehensive ophthalmic examinations,
including best-corrected visual acuity (BCVA), fundus
photography, OCT (Spectralis, Heidelberg Engineering,
Germany), FA and ICGA (Spectralis, Heidelberg
Engineering), and OCT Angiography (Spectralis). Clinical
diagnoses were made by fundus photography, OCT, and
FA/ICGA findings by retina specialists.

Fundus evaluation was done and specific features
like orange nodules, haemorrhage, exudates were noted
(Figure 1). Various OCT features were recorded like the
type of Pigment epithelial detachment, sub RPE ring like
lesion and double layered sign (DLS). Maximum pigment
epithelial detachment (PED) height, width and area and
maximum sub retinal fluid (SRF) height was compared
at the baseline and at five years. Subfoveal Choroidal
thickness, presence of pachyvessels and choroidal thickness
at the level of pachyvessels were recorded. FFA-ICGA was
done at baseline and at follow-ups (Figure 2). Number of
polyps, pulsating polyps, type of network and type of PCV
were noted. This was compared with ICGA at 5 years.

Fig. 1: Truecolour image of patient with bilateral PCV
showing hemorrhagic PEDs with extensive exudation, sub retinal
hemorrhage and scarring in right eye (A) and left eye (B)

OCTA when done was evaluated for network type and
polyps seen. Treatment in the form of anti-VEGF and
Photodynamic therapy, rescue and primary was noted.
Treatment regimen varied depending on the preference of

Fig. 2: Baseline images showing polyps in ICGA (A) with
corresponding SD-OCT images showing PED with inner hyper-
reflectivity, minimal SRF and IRF; (B) Follow up OCT images
after 5 months of standard fluence PDT showing complete
regression of polyps with resolution of SRF and IRF

treating physician with either the “as needed” or pro re
nata (PRN) or treat-and-extend (TAE) regimens adopted.
Treatment regimen, and intra-vitreal anti-VEGF agent
was decided by the treating physician. The anti VEGF
switch and the number of injections before switching were
noted. Visual acuity and number of injections required at
baseline and at each year were recorded. Post treatment
complications were noted.

The primary outcomes were the mean visual acuity
(VA) changes from baseline. Significant vision loss was
defined as losing 10 letters from baseline at the point of
the follow-up. Secondary outcomes included the change in
the maximum height, area and width of the PED, change in
the size of network and polyps, mean number of injections
and the number of eyes where the treatment was switched,
response of PCV based on its features.

Compliance of the patient each year was noted.
Compliance was defined as completing the follow-up
until the end of the observation period, regardless of the
yearly injection count or treatment switching. Reasons for
compliance were enumerated.

3. Result

Baseline demographic features of our study population are
explained in Table 1. Total of 128 eyes of PCV were
analyzed from our patient records, out of which 51 eyes had
a follow up of five years and were selected retrospectively
for the study. The mean age of the 51 patients was 66
years, with 32 males (63%) and 19 females (37%). Of the
45 PCV eyes, 76.4% lesions occurred predominantly at
the macula, while 23.5% were peripapillary lesions. The
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clinical presentations were variable with exudates seen in
23 eyes (45%) though visible polyps 8 eyes (16.6%) and
massive sub retinal hemorrhage 9 eyes (17.7%) were less
frequent.

Baseline OCT features of study population are
demonstrated in . Double layer sign was seen in 45
eyes (88.8%) with thumb shaped PED seen in 30 eyes
(58.8%). Sub retinal fluid was the presenting sign in 42 eyes
(82.3%) while 17 eyes (33.3%) also had intraretinal fluid.
Diffuse PED were noted in 26 eyes (50.9%), hemorrhagic
PEDs in 14 eyes (27.4%) and intra retinal exudates were
noted in 28 eyes (54.0%). DLS with diffuse PEDs or thumb
shaped PEDs were the most common finding while Sub
RPE ring like lesion (17.7%) was less frequent on SD-OCT.
Mean choroidal thickness of 51 eyes was 290.4 microns.
23 eyes showed presence of a pachyvessel associated with
the lesion and mean choroidal thickness at the level of
pachyvessel was 333.2 microns. Mean choroidal thickness
at the end of five years was 288 microns while the mean
choroidal thickness at the level of pachyvessels was 301.1
microns.

Tables 2 and 3 compare imaging characteristics of PCV
patients at baseline and after a 5-year follow-up. At the
baseline, mean maximum SRF height was 163 microns
while the mean maximum PED height was 420.7 microns.
Mean maximum basal diameter of the largest PED was
2327.5 microns. Mean maximum planar area of the largest
PED was 0.62 microns sq while, at the end of 5 years, mean
maximum SRF height was 94.47 microns, mean maximum
PED height was 300.9 microns, mean maximum basal
diameter of the largest PED was 2486.1 microns and mean
maximum planar area of the largest PED was 0.43 microns
sq.

At baseline, 45 eyes showed polyps on indocyanine green
angiography (Figure 3) amongst which 19 polyps showed
pulsations in video angiography. In 8 eyes presence of
polyp could not be estimated due to blocked fluorescence
in ICGA. Majority of our eyes 37 eyes (72.5%) were type
1 PCV ie. PCV with apparent branching vascular network
while type 2 PCV (PCV without an apparent BVN) was
seen in 14 eyes (27.4%). OCTA was done in 12 eyes. 8
eyes showed polyps and 21 eyes showed a well-defined
network in the avascular slab which was larger in maximum
dimensions than the network detected in ICGA. SD OCTA
was sensitive in identifying BVNs mostly detecting larger
networks compared to ICGA but was poor in identifying
polyps and demonstrated segmentation artifacts.

Treatment details of study population are described in
. 34 eyes received monotherapy of anti-VEGF injections,
and only 17 eyes received the combination of anti-VEGF
injection and PDT at the time of the first treatment
(Figure 4). 4 eyes received repeat PDT in a mean of two
years. The mean number of injections was 18.7 (21.5%).
11 eyes received primary PDT while (11.7%) 6 eyes

Fig. 3: Combined FFA-ICGA of a 59 year old lady showing
(A) normal study in right eye and (B) areas of stippled hyper-
fluorescence (white arrow) in FFA and corresponding polyps
(white arrow head) in early phases of ICGA in left eye

received rescue PDT. Of the patients who received PDT,
low fluence PDT was as effective as standard fluence.
Though not significant, PDT eyes required lesser injections
than monotherapy (6.1 injections vs 8.3 injections), though
compliance in both the groups was not the same. Anti VEGF
switch was done in 28 eyes after a mean of 3.9 injections.
The mean follow-up period prior to switching was 1.8 years.
11 eyes were switched to ranibizumab out of which 7 were
later switched to aflibercept, while 17 eyes were directly
switched to aflibercept injection. Mean number of injections
in the first year were 2.6 and in the second year were 1.7.
Mean number of injections in the year 3 to 5 was 4.4. As
an agent aflibercept seemed to be better than ranibizumab
and was the most preferred switching agent (55% needed
switch). Switching from ranibizumab to aflibercept was
significantly more frequent. Loading dose followed by PRN
was the only feasible regimen with relatively reasonable
compliance. The mean VA when the treatment was switched
was 0.50 log MAR and mean VA at 1 year after switching
was 0.32 log MAR, and did not differ significantly(p = 0.3).

Recurrence was defined as reactivation if monthly
injections were discontinued after an anatomical response to
anti-VEGF injections. Resistance/recalcitrance was defined
as persistence or increase in the intra/subretinal fluid,
pigment epithelial detachment (PED) or hemorrhage after
minimum three injections on a monthly basis. Retreatment
was applied when new retinal hemorrhage, visual acuity
loss with intraretinal fluid, or subretinal fluid were observed
without treatment. Recurrence was noted in 29 eyes (56.8%)
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Fig. 4: SD-OCT images at baseline (A) showing tall peaked PED
with sub retinal fluid and intra retinal fluid. Follow up images (B)
at 6 months after reduced-fluence PDT and anti-VEGF therapy
showing complete resolution of fluid with multi layering of PED.
Follow up images after 2 years (C) showing reactivation of disease
at similar site with reappearance of multiple PEDs and SRF

and most commonly noted at the end of 14 months, no
significant difference was found between various treatment
regimens or type of PCV. The mean BCVA improved from
0.42 to 0.6 log mar. Improvement in vision was achieved
in 42% eyes, while visual loss occurred in 26.6% eyes,
the deterioration more in type 1 PCV compared to type
2 (Table 5). Mean VA in type 1 and type 2 at baseline
was log mar 0.54 and 0.52 respectively whereas at 5
year follow-up was 0.48 and 0.40. Baseline good vision,
thicker CCT, smaller lesions and minimum recurrences at
year 1 were the factors associated with good outcome.
The most common reasons for poor compliance included
no insurance (16 patients) or family support (4patients).
Although the completion rate of 1 year was as high as 86.3%
the final 5-year follow-up rates were 40.1%. Most common
complications noted in our study group was RPE rip seen
in 6 eyes (11.7%) whereas 2 eyes (3.9%) required surgical
intervention for breakthrough vitreous hemorrhage.

4. Discussion

The present study was conducted to analyze various factors
affecting the treatment outcome of Polypoidal choroidal
vasculopathy and its long term clinical course. Though

Table 1: Baseline demographic features

At baseline Number of patients/eyes
(%)

Demography
Mean Age 66 years
Males 32(63%)
Females 19(37%)
Right eye 34
Left eye 17
Location of lesion
Macular 39(76.4%)
Peripapillary 12(23.5%)
Clinical features
Sub retinal haemorrhage 9(17.7%)
Orange red nodules 8(16.6%)
Exudates 23(45%)
Type of PCV
Type 1 37 (72.5%)
Type 2 14 (27.4%)

Table 2: OCT features at Baseline and at 5 years

OCT features Baseline At 5 years
Number of eyes/%

DLS 45(88.8%) 45(88.8%)
Thumb shaped
PED

30(58.8%) 9(4.5%)

Subretinal Fluid 42(82.3%) 28(54.9%)
Intraretinal Fluid 17(33.3%) 7(13.7%)
Diffuse PED 26(50.9%) 28(54.9%)
Haemorrhagic
PED

14(27.4%) 0

Intraretinal
exudates

28(54%) 17(33.3%)

Sub RPE ring like
lesion

9(17.7%) 3(5.8%)

Peaked PED 17(33.3%) 5(9.8%)
Multilobular 20(39.2%) 25(49.0%)
Scar/RPE atrophy - 8(15.6%)
ORT - 2(3.9%)

factors like baseline visual acuity, presence of sub-retinal
fluid and the maximum lesión dimension have been the
predictors of visual acuity in PCV, there are very few studies
available in literature that study impact of these factors
in predicting long term treatment outcomes specifically in
Indian population.

Recently, OCT has become an important modality to
diagnose PCV. Sub RPE ring like lesions are one of the
important criteria in OCT diagnosis of PCV as evident in
many studies.2 However, the present study did not find it
to be a common finding on OCT. Instead, most common
finding on OCT in our study was DLS and thumb shaped
PED. Both of these OCT findings are known to have high
sensitivity in the diagnosis of PCV as described by Liu et
al.6,7
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Table 3: Comparison of features at baseline and 5 years

At Baseline At 5 years
Mean maximum SRF
height

163 microns 94.47 microns

Mean maximum PED
height

420.7 microns 300.9 microns

Mean maximum PED
base diameter

2327.5 microns 2486.1 microns

Mean maximum PED
planar area

0.62 microns sq 0.43 microns sq

Mean central
choroidal thickness

290.4 microns 288 microns

Mean choroidal
thickness at level of
pachyvessel

333.2 microns 301.1 microns

Number of polyps on
ICGA

45 eyes (88.2%) 9 eyes (17.6%)

Number of pulsating
polyps

19 eyes (37.2%) 4 eyes (7.8%)

Mean maximum
dimension of the
network on ICGA

2445 microns 1973 microns

Mean maximum
dimension of the
network on OCTA

2621 microns 2189 microns

Table 4: Treatment details of PCV patients

Treatment Number of eyes/%
Anti VEGF monotherapy 34 eyes (66.6%)
Combination therapy 17 eyes (33.3%)
Primary PDT 11 eyes (21.5%)
Rescue PDT 6 eyes (11.7%)
Repeat PDT 4 eyes (7.8%)
Anti VEGF switch 28 eyes (54.9%)
Low fluence PDT 6 eyes (11.7%)
Standard fluence PDT 11 eyes (21.5%)

Table 5: Differentiation between Type 1 and Type 2 PCV

Type 1 Type 2
Mean Baseline BCVA 0.54 0.52
Mean BCVA at 5 years 0.48 0.40
Number of injections 7.2 6.8
Combination therapy 6 eyes 11 eyes

In the present study, mean central choroidal thickness
and choroidal thickness at the level of pachyvessel were
found to be decreased at the end of the follow up.
No statistical significance was associated with change in
choroidal thickness in patients treated with and without
PDT (either standard or reduced fluence) or number of
injections which was comparable to the study by Giridhar
et al.8 Lee et al showed a significant decrease in mean
choroidal thickness in PCV patients post anti VEGF
therapy.9 Mean choroidal thickness also decreased at 3
years follow up and was associated with number of
intravitreal Ranibizumab injections in yet another study

while no significant association between baseline CCT and
mean CCT reduction at month 36 was noted by Azuma et
al.10 It has been speculated that an increased extra vascular
volume and increased choroidal hyper permeability may be
associated with a thicker subfoveal choroid which may show
a poor response owing to increased hydrostatic pressure.
And these studies show a better response to anti VEGF
therapy associated with thinner choroid.11 Although we
cannot directly compare the results due to a different study
design, increased propensity of thinner choroid to choroidal
ischemia following PDT may be a reason for thicker choroid
showing better visual outcomes at the end of five years in the
present study.12

In our study, BCVA significantly improved from baseline
at 5 years although no significant difference was noted
in visual gain at the end of one year. Our results were
different from that of Hikichi et al. where visual gain was
significant at one and two years follow ups compared to the
baseline.13 In our study, the mean BCVA improved from
0.42 to 0.6 log MAR at 5 years which was statistically
significant. Improvement in vision was achieved in 42% (21
eyes) eyes, while visual loss occurred in 13 eyes (26%).
The deterioration of visual acuity at the end of five years
was significantly more in eyes with poor baseline vision
<o.60 log MAR (<0.001) and type 1 PCV compared to
type 2(<0.001). Our results were similar to another study by
Jingyuan Yang et al.5 who also reported a better outcome in
type 2 PCV at 1 year.

In the present study, both the mono therapy and
combination therapy showed comparable outcomes which
is similar to the results of PLANET study.4 Unlike the
EVEREST study,3 present study did not show a visual
benefit in the combination therapy arm which might be due
to PDT done in majority of non responsive cases owing
to the retrospective nature of this study. Low fluence and
standard fluence PDT showed similar long term outcomes
and we speculate the better value of low fluence in PCV
management owing to reduced RPE atrophy. Although, RPE
atrophy and scarring at the end of five years were more
in combination therapy group probably owing to choroidal
hypoperfusion caused by PDT, it was not statistically
significant. Eyes with RPE atrophy and scarring showed a
poor visual outcome.14 The present study was conducted
in real-life practice and variability in treatment protocols
with line ant adherence to treatment protocols might have
affected our final outcomes.

In the present study, imaging biomarkers that were
found to be statistically significant in predicting better
response at the end of 5 years follow up were
thicker CCT(>232microns) and smaller maximum lesion
dimension on ICGA(<1982microns). Lesion size on OCTA
has been found to be significantly larger than that
determined by ICGA. Being a non invasive tool with easy
repeatability and clear network morphology,15 OCTA is
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a preferred modality in our current practice. This is an
important finding as it has not been well described in other
studies available in the literature due to lack of studies
focusing on the long term outcomes in the prognosis of PCV.
Smaller lesion may show lesser exudative changes and even
with exudative changes have shown a favorable response
to treatment and has a better clinical course than the larger
lesions.16

The mean number of injections in the present study group
at the end of 5 years follow up was found to be 8.6. This
number is considerably less than other similar studies like
LAPTOP study17 which reported a mean of 14.8 injections
over 5 years. Even, Hikichi et al showed a mean of 18.2
ranibizumab injections over 6 years.13 The lower number
of mean injections could be due to the poor compliance in
the present study group. Majority of anti VEGF switch was
done to aflibercept. Efficacy of aflibercept in recurrent and
recalcitrant PCV has been established by prior studies.18

In the present study, compliance to the treatment for
PCV was 86.3%. This compliance can be considered to be
low when compared to the study by Taiichi et al where
the compliance at the end of 1 year was found to be
95%. The reason for comparatively low compliance in
the present study was monetary reasons due to lack of
health insurance. In the study by Taiichi et al, the main
reasons for interruption were poor physical health and stable
fundus findings.13 The unaffordable treatment population
specifically in a developing nation like India can be advised
to take suitable health insurance or can be directed to seek
social health worker help so as to avoid the interruption in
the treatment at later course due to financial reasons.

We found the retrospective nature of the present
study and the small number of patients to be the main
limitations. Failure to strictly adhere to a specific treatment
protocol might also have an influence. Moreover, there was
variability in the timing to administer rescue or repeat PDT
as it was dependent on the judgement of treating physician
and patient willingness. Prospective studies with long term
follow-up preferably more than 5 years should be done to
further study the detailed.

5. Conclusion

This real-world data depicts the profile and long term
treatment outcomes of PCV patients in our population. The
clinical and tomographic patterns are variable with anti
VEGF monotherapy being the most preferred treatment.
The role of OCTA, low fluence PDT, the need to subtype
PCV and the factors predicting better long term outcomes
are evident from this study. The superiority of aflibercept
and the feasibility of a PRN approach are underlined in
this study. In spite of suboptimal compliance this study
reveals that nearly half the eyes demonstrated visual gains
and anatomic stability.
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