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Abstract

Objective To characterize an irregular

capillary-like structure in the vascular

network of eyes with polypoidal choroidal

vasculopathy (PCV), and to determine whether

its presence after photodynamic therapy (PDT)

can be used to predict the clinical course of

PCV.

Methods We reviewed the clinical records

of 29 eyes of 29 patients with PCV, who

underwent PDT and confocal retinal

angiographic examinations every 3 months.

The images obtained before the PDT were

compared with those after the PDT. The

correlations between angiography findings

and recurrences were evaluated.

Results An area of fine, densely packed

capillary-like vessels, named the fine vascular

network, was identified within the polypoidal

vascular network in 25 of 29 cases at the initial

examination. The fine vascular network

regressed in 23 cases (92%) after the first PDT.

Thereafter, the fine vascular network remained

or enlarged in 19 eyes, and 17 (84.5%) of these

eyes had a recurrence of the polypoidal lesions

or had exudative changes. In contrast,

recurrences were found in only 2 of 10 (20%)

eyes, whose fine network had regressed

without a subsequent enlargement (Po0.001

compared with the former group).

Conclusions A fine irregular vascular

network is present in the majority of eyes with

PCV before PDT. Its presence or expansion

after PDT was significantly associated with a

recurrence of PCV. Thus, we recommend that

this network be monitored after treatment to

determine whether a polypoidal vascular

network will recur.

Eye (2011) 25, 1020–1026; doi:10.1038/eye.2011.110;

published online 6 May 2011

Keywords: age-related macular degeneration;

occult choroidal neovascularization;

photodynamic therapy; polypoidal choroidal

vasculopathy; vascular network

Introduction

Polypoidal choroidal vasculopathy (PCV),1 is

either a subtype or a distinct type of age-related

macular degeneration. PCV is characterized by

a branching vascular network (BVN) with

polypoidal lesions. Several therapeutic

procedures are used to treat PCV, including

photodynamic therapy (PDT) and intravitreal

injections of anti-vascular endothelial growth

factor (VEGF). Patients with PCV generally

respond well to PDT;2–11 however, the vascular

network often persists and causes

recurrences,10,12 which prevent good visual

recovery. Therefore, reducing the number of

recurrences is an important aspect of the

treatment of PCV.13,14

Although there is no established way to

predict recurrences, the indocyanine green

angiographic (IA) findings seemed to offer some

clues as was suggested by Kang et al.15 They

investigated the staining pattern in late phase

IA images and found a late geographic

hyperfluorescent (LGH) pattern, which matched

the total area of the branching network and

polyps. They found that a persistence of the

LGH pattern was associated with the recurrence

of the polypoidal lesions.15

To further explore the characteristic IA

findings associated with the vascular pattern in
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eyes with PCV, and to determine whether the pattern had

a predictive value on recurrences, we reviewed the early

to middle phase IA images of eyes with PCV that

had undergone PDT. In the middle phase IA images

(1–1.5 min) before treatment, the PCV vascular network

contained an area that consisted mainly of fine and

densely packed vessels, and individual vessels were

difficult to detect. After treatment or stabilization, the

fine vascular network often regressed, and larger well-

demarcated vessels with diameters larger than 30mm

became visible (Figure 1). We considered that the former

vascular structures corresponded to the irregular

choroidal capillary network or to neovascular structures

representing newly developed or an active component,

and the latter choroidal arteriole/venule-like structures

represented a more differentiated stabilized structure.

The purpose of this study was to determine whether

the fine vascular structure represented some pathological

state and would therefore be found more frequently

in newly developed or active BVN. We named this

capillary-like component within the BVN the

‘fine vascular network,’ and investigated whether its

presence can predict a recurrence of the PCV.

Subjects and methods

We reviewed the clinical records of 29 eyes of 29 patients

who had undergone PDT between November 2005

and August 2008, and were followed with angiographic

examinations every 3 months for at least 1 year.

We certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during the treatment of

the patients and in this research.

Fluorescein angiography and IA were performed by

confocal scanning retinal angiography with the HRA2

(Heidelberg Engineering, Dossenheim, Germany), before

and every 3 months after the treatment. The presence and

change in the size of the fine vascular network present

within the polypoidal vaculature was determined in the

IA images obtained 60–90 s after the injection of

indocyanine green. Fluorescein angiography and optical

Figure 1 IA images at 80–90 s after the injection of indocyanine green in patients with PCV. (a) Image of a pre-treatment eye.
Arrowheads indicate the area of the fine vascular capillary-like network. The fine vascular network consists of the fine crowded vessels
sometimes surrounding a relatively large trunk. Polypoidal lesions are confirmed at the terminals of the fine vascular network.
(b) Schematic image showing the fine vascular network vessels. The dotted area represents what we consider the fine vascular
network. Relatively large trunks are seen in the area. (c) IA image of the same eye after PDT. Trunks, which are often referred to as a
branching vascular network, are prominent in this image (arrow). PDT irradiated area frequently shows a hypofluorescent area as in
this case. The persistent fine vascular network can be seen in the hypofluorescent area. (arrowhead). (d) Schematic image of the area of
the fine vascular network (dotted area), large vessels, and hypofluorescent area (gray area).
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coherence tomography (OCT) were used to detect a

recurrence of the polypoidal lesions. The OCT images

were obtained by either the OCT1000 (Topcon, Tokyo,

Japan), or the Spectralis OCT (Heidelberg).

PDT with verteporfin (Visudyne; Novartis AG, Basel,

Switzerland) was carried out with a 689-nm laser system

(Carl Zeiss, Dublin, CA, USA) using the standard

protocol, and the area irradiated was determined from

the IA images.9,16 When exudative changes, for example,

retinal edema and subretinal fluid, were observed in the

FA or IA images, or in the OCT images, the eyes were re-

treated.

The SPSS (ver 11.0.1; SPSS Japan, Tokyo, Japan)

statistical program was used to analyze the data.

w2 tests were used to determine whether the differences

were significant. Descriptive analyses are reported as the

means ± SDs, unless otherwise specified.

Results

A fine vascular network was observed within the

polypoidal vascular network in 25 of 29 eyes in the

pre-PDT images. In the other four patients, a prominent

pigment epithelial detachment (PED), or a subretinal

hemorrhage prevented a detailed examination of the IA

images. The fine network decreased in size in 23 of the 25

cases within 6 months after the initial PDT. The fine

vascular network was detected in two of the previously

undetermined four cases after the resolution of the PED,

or subretinal hemorrhage. Thus, 27 of the 29 cases had a

fine vascular network within the polypoidal lesion before

the PDT.

During the follow-up, 19 of the 27 patients had a

recurrence or enlargement of the fine vascular network.

Among these 19 patients, a recurrence of exudative

changes and polypoidal lesions were observed in 17 and

15 patients, respectively (Figure 2). The enlargement of

the fine vascular network preceded the appearance of the

polypoidal lesions in four of the 15 patients. When the

fine vascular network enlarged, the corresponding LGH

was also enlarged, and the hyperfluorescence was

generally uniform over the fine vascular network.

In the other 10 patients, the fine vascular network

continued to decrease. A hypofluorescent area

surrounding the more prominent arteriole-/venules-like

vessels was often observed in these patients. None of

these patients had a recurrence of the polyps, and only

two developed exudative changes without polyps. When

the fine network regressed, the LGH also became

indistinct. (Figure 3) There was a significant difference in

Figure 2 IA images of a 61-year-old man with PCV. (a) Pretreatment IA image at an early phase showing a distinct vascular network
and polypoidal lesions at their terminals. The entire branching vascular network appears as a fine vascular network (arrowheads).
(b) IA in late phase showing LGH. The area corresponds approximately to that of the fine vascular network (arrowheads). (c) After
3 months of the first PDT. Some polypoidal lesions have regressed and the fine vascular network is less distinct (arrowheads). In
contrast, the arteriole-/venule-like vessels appear more prominent (arrow). (d) After 6 months of the PDT. The fine vascular network is
still present and has enlarged downward (arrowheads). (e, f) After 9 months of the PDT. New polypoidal lesions appear along the edge
of the enlarged fine vascular network (arrows). The entire area of the fine vascular network is indicated by the arrowheads. Fine
vascular network has enlarged, and the LGH has also enlarged (arrowheads). The staining is more uniform in the newly developed
fine vascular network.
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the recurrence rates of those with and without an

enlargement of the fine vascular network (Po0.01, w2-tests).

We also used OCT to monitor the eyes, although

quantitative measurements were not performed, because

of the difficulty of making point-to-point comparisons. In

the OCT images, the fine vascular network usually

appeared as a flat to moderate high PED, which may

correspond to the reported double layer sign.17 In some

cases, the double layer sign became flat as the fine

network regressed, or became thicker when the fine

network re-appeared (Figure 4). A complete resolution of

the fine vascular network was rarely observed despite a

decrease of its thickness.

Discussion

The network vessels in eyes with PCV appear

heterogeneous in the IA images. The pre-PDT lesion

often contained a fine, mesh-like irregular

hyperfluorescent pattern in the images obtained in the

middle phase of ICG angiography. Following PDT, the

fine vascular network often became less evident and

larger vessels became more prominent. These larger

vessels resembled choroidal arterioles and venules;

whether these vessels are a part of the choroidal vessels

or differentiated neovascular vessels was not

determined. The term BVN is commonly used in

describing eyes with PCV, and refers to the whole

network area, or these relatively large vessels. Several

studies have reported that the BVN did not disappear

after treatment.10,12,18 However, if we closely investigated

the detailed characteristics of BVN, the post-treatment

changes seemed to occur mainly in the fine vascular

network. The presence of the fine vascular network

within the BVN seemed to behave as an indicator of the

disease activity. Thus, the aim of this study was to

determine the significance of the fine vascular network.

We studied the recurrence or regrowth of the fine

vascular network after PDT, and found that eyes with an

enlargement of the fine vascular network were associated

with recurrences of the exudative changes or polypoidal

lesions. The frequency of fine vascular networks was

especially high in untreated eyes. In fact, 25 of 29

untreated eyes had a distinct fine vascular network, that

was virtually all the eyes without blocked fluorescence

by PED or dense hemorrhage.

Arteriole-/venule-like vessels were also observed in

untreated eyes, but they were more evident in the

post-PDT stabilized eyes. Also, the fine vascular network

frequently reappeared, accompanied by a recurrence of

the polypoidal lesion. In fact, the presence of fine

vascular network often preceded a clinically significant

recurrence with accumulation of sub-epithelial or

sub-retinal fluid and occasionally polyp formation.

These findings suggest that the fine vascular network

may represent the active component of the PCV lesion.

Observations of the corresponding uniform

hyperfluorescent area within the late staining pattern

(LGH)15 in the area of the fine vascular network may

indicate a relative leakiness of these crowded vessels,

Figure 3 IA images of a 65-year-old man with PCV. (a) Pre-treatment IA showing fine vascular networks (arrowheads), and
polypoidal lesions (arrows). (b) Late phase IA shows LGH corresponding to the fine vascular network (arrowheads). (c) IA image after
3 months of the PDT. The vessel structure has become evident with regression of the fine vascular network in response to the PDT
(arrowheads). The polypoidal lesion is also reduced, but is not accompanied by exudative changes. (d, e) After 6 (d) and 12 months
(e) of PDT. The fine vascular networks have decreased and become indistinct. This case did not have a recurrence. (f) IA image
showing that LGH also becomes indistinct as the fine vascular network regressed.

The fine network and PCV recurrences
A Oishi et al

1023

Eye



compared with the background choroidal capillary beds.

This suggests the presence of an ectopic fine vascular

network, that is, choroidal neovascularization.

On the other hand, the LGH tended to become more

obscure after the regression of the fine vascular network.

However, the LGH was not detected as frequently in our

eyes as Kang et al reported. Thus, the relationship

between LGH and fine vascular network is yet to be

determined, but we assume that the findings would

be complementary to our observations of the fine

vascular network in evaluating the activity of the

polypoidal lesion.

The appearance of the fine vascular network in the

OCT images has some important implications. The OCT

images usually showed flat to moderate PED (double

layer sign)17 in the area of the fine vascular network. In

typical fresh cases, the double layer sign is lost when the

fine vascular network regresses or increases when the

network enlarges. However, the double layer sign rarely

disappears even after the regression, especially in long-

standing cases associated with fibrovascular PED. These

findings suggest that the abnormal choroidal vessels

under Bruch’s membrane may permit fluid to leak into

the sub-pigment epithelial space with the impairment of

the membrane in the early phase.19,22 However, in

majority of the cases, the fine vascular network seemed to

be present within or above Bruch’s membrane, and may

permit fluid leakage into the sub-pigment epithelial

space. This would then be compatible with the reported

location of the PCV network and polyps.20–24

Figure 4 IA and corresponding OCT images of a 65-year-old patient with PCV, treated with PDT. (a) Pre-treatment OCT of polypoidal
lesion showing prominent PED. Fine vascular network with flat PED (arrows) can be seen adjacent to the polypodidal lesion. (b) After
PDT and regression of the fine vascular network, the PED becomes flat (arrows). (c) IA image showing a recurrence of the fine vascular
network and polypoidal lesion. The height of the PED is increased (arrows). (d) After the retreatment, the PED is flattened again.

The fine network and PCV recurrences
A Oishi et al

1024

Eye



Because we were interested in the differences in the

components of the vascular structures after different types

of treatments, we also reviewed the images of eyes that had

been treated with anti-VEGF therapy. In a pilot case review,

we found that the fine vascular network usually persisted

without any evidence of regression in patients treated by

anti-VEGF therapy, which is consistent with a recent

report.18 This difference in the response to the anti-VEGF

therapy may be one reason for the low rate of polyp

regression after anti-VEGF therapy for PCV.25,26 Further

investigations are needed to address the issue.

In conclusion, the presence of a fine vascular network

within the polypoidal lesions in eyes with PCV may be

an indicator of the activity of the lesion and their

response to PDT. Our findings indicate that patients with

a persistent, or enlarging fine vascular network after PDT

need to be followed more frequently to detect early signs

of a recurrence. The significance of the fine vascular

network in the development and the course of PCV

should be confirmed in a prospective study with a larger

number of eyes.
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