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Purpose: To investigate the association between the inclusion of components identified on 
images in target spots of photodynamic therapy (PDT) and exudate relapse in eyes with age- 
related macular degeneration (AMD).
Methods: Forty-one eyes (39 patients) with polypoidal choroidal vasculopathy (PCV) 
and 32 eyes (31 patients) with typical AMD (tAMD) who underwent PDT were retro
spectively investigated. Each component identified on fluorescein (FA) or indocyanine 
angiography (IA), optical coherence tomography (OCT), or color photography was 
graded as not depicted, covered with a margin ≥500 µm or <500 µm, and protruding. 
Associations between these grades and the dry rate (proportion of subjects with contin
uous absence of exudate over following 12-month period) and the relapse index (2 × 
number of injections administered + accumulation of exudate for 12 months post-PDT) 
were investigated.
Results: In PCV, the association between worse coverage and decreasing dry rates for 
feeder vessels and polyps approached statistical significance. With coverage margins 
≥500 µm, dry rate tended to be greater than with coverage margins <500 µm for feeder 
vessels, classic lesions, and occult lesions on FA. In the tAMD group, coverage with 
margins ≥500 µm tended to yield a higher dry rate than coverage with margins <500 
µm for CNV on IA. Coverage with margins ≥500 µm for occult and classic lesions on 
FA yielded no dry subjects, and all subjects with classic lesions or staining had 
recurrence (P = 0.009 and 0.050). Worse coverage and worse dry rate in PCV and 
worse relapse index in tAMD were related to pigment epithelial detachment on OCT (P 
= 0.040 and 0.006).
Conclusion: Polyps in PCV and pigment epithelial detachment (PED) in tAMD were 
verified as appropriate targets, corresponding to the existing guidelines, and feeder 
vessels, classic lesion, occult lesion, and PED in PCV and CNV on IA in tAMD were 
suggested as further targets. OCT was superior to FA for evaluating PED.
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Introduction
The current standard treatment for age-related macular 
degeneration (AMD) is the administration of intravitreal 
injections with anti- vascular endothelial growth factor 
(anti-VEGF) drugs. Though the EVEREST study had re- 
evaluated the efficacy of photodynamic therapy (PDT) 
with verteporfin in treating polypoidal choroidal vasculo
pathy (PCV),1 and infrequently, PDT has also been used 
for choroidal neovascularization (CNV) of typical AMD 
(tAMD),2 particularly for patients refractory to anti-VEGF 
drugs.3

PDT aims to avoid undertreating or overtreating the 
CNV membrane. If a laser spot is smaller than expected, 
the CNV margins, which are believed to be the most 
actively proliferating regions, may be left untreated, result
ing in failure of the treatment. Conversely, an oversized 
treatment may destroy more healthy tissue than necessary.4

In the treatment of age-related macular degeneration 
with photodynamic therapy (TAP) study,5,6 it was consid
ered necessary to include features that may obscure the 
boundaries or extent of either classic or occult CNV when 
deciding on treatment spot size. These features included 
hypofluorescence corresponding to blood, hypofluores
cence not corresponding to blood, hyperfluorescence 
from fibrous tissue showing fluorescein staining, and 
hyperfluorescence from a serous pigment epithelial detach
ment (PED), identified on fluorescein angiography (FA). 
Infrequently, CNV membrane identified on indocyanine 
green angiography (IA) had been included in PDT.7 

Moreover, for treatment of polypoidal choroidal vasculo
pathy (PCV), the results of both FA-guided8,9 and IA- 
guided10,11 PDT have been reported. In IA-guided PDT 
for PCV, the greatest linear dimension (GLD) was mea
sured to ensure coverage of the entire area containing 
polyps and the branching vascular network (BVN) on IA, 
but adjacent PED or hemorrhage was not included with the 
lesion in the targeted region.12 Those guidelines have 
rarely been reconsidered till now, particularly in relation 
to tAMD.

There are several unresolved problems related to deter
mining the spot size. Distinct polyps and BVN in PCV, 
and distinct CNV membranes in typical AMD (tAMD) are 
always included as treatment targets. However, it has not 
been investigated whether omitting components outside of 
the CNV membrane, which could potentially obscure 
CNV, was related to treatment failure. Moreover, it has 
been suggested that an additional 1000 µm (500-µm 

margin on both sides) should be added to the GLD when 
determining spot size, to compensate for any slight move
ment of the patient,5 and most reports1,13 have followed 
this guideline. However, to minimize complications, such 
as choroidal infarction and ischemia, Eandi et al suggested 
inclusion of a 200-µm margin around the GLD when 
performing PDT for PCV patients.14 Other than their 
paper, a margin smaller than 500 µm and treatment failure 
have rarely been discussed. On the other hand, enlarging 
the spot size to include feeder vessels15 seen in the early 
phase by IA has been encouraged by Georgalas et al.16

The purpose of the present study was to investigate the 
association between omission of components from the 
target spot and recurrence of disease activity after PDT, 
and to evaluate the confounding margin of the spot size 
related to each component.

Materials and Methods
The study population consisted of patients with AMD, 
aged ≥50 years, who underwent PDT between 
January 2014 and November 2020 at Sakura Medical 
Center, Toho University. This retrospective study was 
approved by the Ethics Committee of Toho University 
Sakura Medical Center (No. S20062), and the study design 
adhered to the tenets of the Declaration of Helsinki. All 
patients provided written informed consent for treatment, 
and all private patient information was excluded from the 
database. The use of anonymous information was 
approved by the Ethics Committee of Toho University 
Sakura Medical Center and the patients were given an 
option to refuse entry into the study, as noted on the 
website of our hospital.

Medical records of all consecutive patients who visited 
the AMD clinic and underwent PDT in our hospital 
between January 2014 and November 2020 were evaluated 
retrospectively. Exclusion criteria were subjects who had 
undergone previous photocoagulation, a shorter than 12- 
month observation period, or lack of descriptions of PDT 
spots on photographs in medical records.

All patients underwent a comprehensive ocular exam
ination, including fundus examinations, color fundus 
photography, optical coherence tomography (OCT), FA, 
and IA. Differential diagnosis of PCV and tAMD was 
made: if choroidal vessels with a polypoidal structure, 
with or without abnormal vascular networks, were 
observed on IA at a corresponding lesion on FA, the 
eyes were diagnosed as having PCV.

https://doi.org/10.2147/OPTH.S305238                                                                                                                                                                                                                               

DovePress                                                                                                                                                                 

Clinical Ophthalmology 2021:15 2064

Yoshida et al                                                                                                                                                          Dovepress

https://www.dovepress.com
https://www.dovepress.com


Interventions varied according to each clinician’s dis
cretion. Patients who underwent initial PDT17 were admi
nistered intravitreal anti-VEGF injections once or twice 
before PDT. After PDT, pro re nata18 injections, the treat- 
and-extend19 approach, or observation was selected by 
each clinician if relapse of exudate was observed on 
OCT. The patients who had not undergone initial PDT 
were administered three consecutive intravitreal anti- 
VEGF injections initially, followed by pro re nata injec
tions or the treat and extend method. When exudate was 
refractory, delayed PDT17 was performed for these 
patients. For the purpose of this study, both initial PDT 
and delayed PDT were evaluated. The number of injec
tions performed before PDT and after PDT, over a 12- 
month period, and the best corrected visual acuity 
(BCVA), converted to log MAR units, both before and 
12 months after PDT were also reviewed.

A Topcon Digital Imaging System with Imagenet 2000 
software (Topcon TRC-50XT; Topcon Corporation, 
Tokyo, Japan), and the TRC-501A fundus camera 
(Topcon Corporation) was used to perform angiography. 
Each clinician determined the GLD from digital FA and IA 
images obtained with Imagenet, and decided the spot size 
according to the margins they chose. The conditions of the 
lens, phakia, or pseudophakia were also reviewed.

After PDT, patients visited the hospital every 1‒2 
months and additional intravitreal anti-VEGF injections 
were administered if persistent fluid was seen on OCT. 
A Heidelberg Spectralis HRA+OCT (Heidelberg 
Engineering GmbH, Heidelberg, Germany) was used to 
evaluate exudates, intraretinal fluid, or subretinal fluid. In 
our hospital, further PDT was not added to either the initial 
PDT or the delayed PDT.

Coverage of Each Component
We classified angiographic components listed in previous 
reports of angiographic findings in AMD patients5,6,20–22 

including the TAP and Verteporfin in Photodynamic 
Therapy (VIP) study. Gomi et al evaluated irregular chor
oidal vessels feeding the PCV lesion, seen during the early 
phase of IA, and a uniform hyperfluorescence region 
showing plaque, seen in the late-phase of IA, as part of 
the lesion in PCV patients. According to the TAP and VIP 
study,5,6,20 classic CNV was a bright area of well- 
demarcated choroidal fluorescence in the early phase of 
the angiogram. Occult CNV was an area of irregular 
elevation of the retinal pigment epithelium (RPE) without 
an intensely bright area in the early phase, and with 

stippled or granular hyperfluorescence. Moreover, these 
studies noted hyperfluorescent staining from fibrous tissue 
and serous detachments of the RPE, or PED. Additionally, 
window defects, which are granular fluorescence penetra
tion throughout the damaged RPE, was often seen in 
AMD,23 and hemorrhage was included within the lesion 
in the TAP study. Moreover, existing reports had reported 
that IA could also improve the ability to detect tAMD, 
rather than only PCV.24,25 Therefore, we classified the 
following components on angiographic findings: 1) feeder 
vessel; 2) polyps (in PCV eyes) or CNV (in tAMD eyes) 
on IA; 3) BVN (in PCV eyes); 4) plaque; 5) classic lesion; 
6) occult lesion; 7) window defect; 8) hypofluorescence 
not corresponding to blood; 9) staining; 10) serous PED; 
11) blood. Components 1)–4) were identified on IA and 
components 5)–10) were identified on FA. Component 11 
was identified using color photographs. Figure 1A–F 
shows these components.

We retrospectively assessed the descriptions of spots 
on angiographic images and photographs taken immedi
ately before PDT, using a ruler, and graded these compo
nents in each eye, according to four degrees of coverage, 
based on their relationships with the applied spot size: 1) 
The component was not depicted in any angiography 
image obtained immediately before PDT. 2) The compo
nent was covered with a margin ≥500 µm. 3) The compo
nent was covered with a margin <500 µm. 4) A part of the 
component protruded outside of the indicated spot size. 
Figure 2A–C shows these gradings. Moreover, we also 
evaluated the degree of coverage for PED, as identified 
on OCT images. Though OCT images were obtained with 
B-scan, it was difficult to determine whether they had 
a margin with ≥500 µm or not. Therefore, for PED, we 
assigned grades 3) or 4) only.

Dry Rate and the Relapse Index
To examine the relationships between the extent of cover
age and relapse, we validated two outcomes of PDT. The 
first outcome was the proportion of subjects with contin
uous absence of exudates (dry subjects) among all sub
jects, or the dry rate, as evaluated on OCT during the 12 
months after PDT. The second outcome was the degree of 
relapse related to further anti-VEGF injections. 
A continuous absence of relapse of exudate was ideal 
prognosis after PDT. However, relapses after PDT were 
common occurrences. The frequency of the injections 
administered after PDT would reflect the partial efficacy 
of PDT and enable its comparison, particularly in patients 
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with relapses. However, this was somewhat problematic: 
as each clinician would choose injection or observation 
according to their discretion, the number of injections 
performed would not reflect the exact degree of relapse. 
Therefore, we calculated the accumulation of exudative 
periods26 during the 12 months after PDT. Figure 3 
shows the method used in this study.

Regarding the report of morphological changes after 
injection, as one injection could change exudates for 1‒ 
3 months,27 we evaluated one injection as equal to 2 
months’ exudate. We distinguished the relapse index as 
“2 × the number of injections performed + accumulation 
of exudative period over the 12-month period after PDT 
(both initial or delayed)''.

The relationship of the above outcomes with the degree 
of coverage was then evaluated.

Statistical Analysis
For statistical analysis, the baseline characteristics were 
analyzed using Fisher’s exact probability test. The numbers 
of injections, baseline and 12-month BCVA, GLD, and spot 
size were analyzed using the Mann‒Whitney U-test. For 

comparisons of dry rate, we applied Spearman correlation 
coefficient by rank test for multiple comparisons and applied 
Fisher’s exact probability test and Mann‒Whitney U-test 
with Bonferroni correction for comparisons between each 
group. In comparisons of the relapse index, we applied the 
Kruskal‒Wallis test for multiple comparisons and applied 
the Steel‒Dwass test with Bonferroni correction for compar
isons between groups. Corrected P < 0.05 was considered to 
indicate a significant difference.

Results
Seventy-three consecutive eyes of 70 patients met the 
inclusion criteria. Table 1 shows the characteristics of 
both the PCV and tAMD groups. Age and sex did not 
differ between the groups. The PCV group had much 
more subjects who underwent initial PDT than the tAMD 
group (P = 0.001). Initial PDT in the tAMD group had 
been administered to only five patients and all of them had 
past cerebral or myocardial infarction. BCVAs were sig
nificantly better in the PCV group than in the tAMD group 
at 12 months after PDT (P = 0.060), while there was no 
significant difference between them at baseline.

Figure 1 Representative examples of components seen on various types of images in age-related macular degeneration. (A) Early phase indocyanine green angiography (IA) 
shows irregular choroidal vessel or feeding vessels (arrowheads). (B) Typical nodular polyps (arrowheads) and branching vascular network contiguous to polyps (dotted 
line). (C) Late phase IA shows uniform hyperfluorescent legion or plaque (dotted line). (D) Leakage overlying and at boundaries of hyperfluorescence was seen in most inner 
line, consistent with the classic lesion. An area of granular hyperfluorescence, which is not as bright as a classic lesion, is seen in the lateral dotted line, consistent with an 
occult lesion. Hypofluorescence not corresponding to blood on color photographs is seen in several lesions (arrowheads). (E) Classic lesions are seen in most inner line 
(arrowhead). Hyperfluorescence from fibrous tissue is seen contiguous with the classic lesion, consistent with staining (inner dotted line). Hypofluorescence is seen 
contiguous to these (arrows). Moreover, window defect was seen around these components (outer dotted line). (F) Uniform fluorescence within area of pigment epithelial 
detachment is seen (dotted line).
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Table 2 shows the demographic characteristics of dry 
and wet subjects in each group. Eyes with initial PDT 
included more dry subjects than those with delayed PDT 
in the PCV group (P = 0.040). Dry subjects had better 
BCVAs at 12 months after PDT than did wet subjects in 
both groups, although the difference was not significant.

Extent of Coverage of Each Component 
and Dry Rate in the PCV Group
Table 3 shows the proportion of dry subjects according to 
the degree of coverage of each component in the PCV 
group. There were four subjects for whom no polyps were 
detected on IA performed immediately before PDT; these 
subjects had been diagnosed based on previous IA images 
that depicted polyps. There was no significant difference 
between any pairwise comparisons using either Fisher’s 
exact probability test or the Mann–Whitney U-test except 
for PED on OCT. For the multiple comparison, the asso
ciation between the degree of coverage of feeder vessels 

and polyps and decreasing the number of dry subjects 
approached statistical significance (P = 0.06 and 0.09).

There were two subjects with protruding polyp lesions: 
both subjects had relapse of exudates.

On the other hand, of 18 subjects with protrusion of 
a network, 9 subjects remained dry and nine had a relapse 
of exudates.

For both polyps and networks, dry rates were almost 
the same for use of margins ≥500 µm and margins 
<500 µm.

On the other hand, for the feeder vessel, classic 
lesion on FA, and occult lesion on FA, dry rate were 
slightly better with margins ≥500 µm than with margins 
<500 µm.

Window defects, hypofluorescence, and PED on FA 
showed a tendency towards a statistically significant asso
ciation with dry rates (P = 0.08, 0.08, and 0.10). However, 
almost subjects lacked these components, or when present, 
they were protruded. There were rare subjects with these 
components present and covered.

Figure 2 Grading showing the coverage of components by the target spot size. (A) Schema of a spot size (outer circle) of 2150 µm applied in a 93-year-old man with 
polypoidal choroidal vasculopathy (PCV). The inner circle shows 500-µm inside of the spot. Distinct polyps (arrowheads) and the narrow branching vascular network (BVN) 
(dotted line) are both inside the inner circle. In this case, both polyps and BVN were graded into “coverage ≥500 µm”. (B) Schema of a spot size of 3200 µm applied to a 79- 
year-old man with PCV. One of the two polyps (arrowheads) and part of the BVN (dotted line) are covered with the lateral circle, although they are not covered with the 
inner circle. In this case, both polyps and BVN were graded as “coverage <500 µm”. (C) Schema of a spot size 2400 µm applied in a 75-year-old woman with PCV. The 
polyps (arrowheads) are within the both circles. The BVN (dotted line) is partly protruded from both circles. In this case, polyps were graded as “coverage ≥500 µm” and 
BVN was graded into “protrusion”.
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There was no clear trends in plaque. Staining and hemor
rhage showed no statistically significant association in the 
multiple comparison, and the use of margins <500 μm had 
more wet subjects than the other groups, although these 
differences were not significant and protruding with these 
components did not seem to affect worse outcomes. When 
PED lesions protruded on OCT, the dry rate was significantly 
lower than when PED was covered on OCT (P = 0.040).

Degree of Coverage for Each Component 
and the Relapse Index in the PCV Group
Table 4 shows the comparisons between the degree of 
coverage and the relapse index in the PCV group. There 
was no statistically significant difference in any pairwise 
comparison or in the multiple comparison.

Regarding feeder vessels, polyps, and networks, pro
truding lesions tended to yield a worse relapse index than 

Figure 3 The method to calculate the accumulation of exudative periods. Exudates present at the time point of the photodynamic therapy (PDT, visit A) and disappeared at 
visit D. It appeared at visit E and disappeared at visit F. The period from visit A to visit D calculated by optical coherence tomography date was considered an exudative 
period ①. The period from visit E to visit F was an exudative period ②. Period ① + period ② + ・・・added throughout 12 months was accumulated as a summary of the 
exudative periods (Revised figure from Yoshida26). 
Abbreviations: PDT, photodynamic therapy.

Table 1 Baseline Characteristics of the Study Population

n PCV tAMD P-value

41 Eyes of 39 Patients 32 Eyes of 31 Patients

Age (years) 79 ± 5.4 79 ± 6.9 0.57

Sex (Male:Female) 29:10 23:8 0.60

Initial PDT:delayed PDT 21:20 5:27 0.001※

Baseline BCVA 0.48 ± 0.35 0.44 ± 0.29 0.82

12-months BCVA 0.38 ± 0.40 0.50 ± 0.35 0.06*

Subtype Type 1 PCV: 21 eyes Predominantly classic: 4 eyes
Type 2 PCV: 20 eyes Minimally classic: 11 eyes

Occult: 17 eyes

Notes: ※Fisher’s exact probability test. *Mann–Whitney U-test 
Abbreviations: PCV, polypoidal choroidal vasculopathy; tAMD, typical age-related macular degeneration; PDT, photodynamic therapy; BCVA, best corrected visual acuity.
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other coverage grades, although these differences were not 
statistically significant.

Moreover, for classic lesions on FA, occult lesions 
on FA, and hemorrhage, use of margins <500 μm 
yielded a worse relapse index than those with margins 
≥500 μm, although these differences were not statisti
cally significant. In terms of window defects, hypofluor
escence, and PED on FA, most subjects lacked these 

components, or they were protruding, and the relapse 
index for the latter was worse than for the former, 
although these differences were not statistically 
significant.

There was no clear trends for plaque.
Protruding PED on OCT tended to yield a worse 

relapse index than when PED was covered on OCT, 
although the difference was not significant.

Table 2 Comparisons Between Dry Subjects and Wet Subjects in Each PCV and tAMD Group

PCV tAMD

Dry (n = 23) Wet (n = 18) P-value Dry (n = 7) Wet (n = 25) P-value

Initial PDT:delayed PDT 15:8 6:12 0.04※ 1:6 4:21 0.70

Combined PDT: only PDT 18:5 12:6 0.32 5:2 11:14 0.20

Phakia: pseudophakia 16:7 10:8 0.27 6:1 16:9 0.27

Baseline BCVA 0.50 ± 0.38 0.47 ± 0.33 0.93 0.43 ± 0.13 0.45 ± 0.36 0.66

12-month BCVA 0.34 ± 0.42 0.44 ± 0.38 0.23 0.39 ± 0.28 0.53 ± 0.36 0.45

Mean previous injections 5.6 ± 8.8 8.4 ± 7.3 0.16 7.7 ± 3.8 11.0 ± 10.0 0.70

GLD (μm) 2030 ± 953 1971 ± 1022 0.81 2212 ± 660 2705 ± 1082 0.26

Spot size (μm) 2823 ± 918 2996 ± 1038 0.54 2807 ± 482 3286 ± 1117 0.32

Notes: Comparisons of initial PDT: delayed PDT, combined PDT: only PDT, and phakia: pseudophakia were analyzed using Fisher’s exact probability test※. Other 
comparisons were analyzed using Mann‒Whitney U-test. 
Abbreviations: PCV, polypoidal choroidal vasculopathy; tAMD, typical age-related macular degeneration; PDT, photodynamic therapy; BCVA, best corrected visual acuity; 
GLD, greatest linear dimension.

Table 3 Dry Rate with PCV According to the Extent of Coverage

Image Component Not Detected Coverage ≥500 µm Coverage <500 µm Protrusion Total P-value

IA Feeder vessel 14/20 (70%) 6/12 (50%) 1/3 (33%) 2/6 (33%) 23/41 0.06
Polyp 4/4 (100%) 10/18 (56%) 9/17 (53%) 0/2 (0%) 0.09

Network 2/4 (50%) 4/6 (67%) 8/13 (62%) 9/18 (50%) 0.59

Plaque 8/15 (53%) 1/2 (50%) 3/6 (50%) 11/18 (61%) 0.64

FA Classic 15/24 (63%) 5/9 (56%) 3/7 (43%) 0/1 (0%) 23/41 0.24

Occult 4/5 (80%) 4/5 (80%) 5/12 (42%) 10/19 (53%) 0.30
Window defect 12/16 (75%) – 0/1 (0%) 11/24 (46%) 0.08

Hypo-fluorescence 15/21 (71%) 1/3 (33%) 0/1 (0%) 7/16 (44%) 0.08

Staining 17/27 (63%) 1/3 (33%) 0/2 (0%) 5/9 (56%) 0.33
PED 21/34 (62%) 0/1 (0%) 1/1 (100%) 1/5 (20%) 0.10

Color photo Hemorrhage 14/24 (58%) 2/3 (67%) 1/5 (20%) 6/9 (67%) 23/41 0.91

OCT PED on OCT – – 13/18 (72%) 8/21 (38%) 21/39 0.04※

Notes: Spearman correlation coefficient by rank test was applied for multiple comparisons, and Fisher’s exact probability test and the Mann‒Whitney U-test with 
Bonferroni collection were applied for comparisons between each grade of coverage. For PED on OCT, we used Mann–Whitney U-test※. All subjects were graded into four 
degrees of coverage for each component. The proportion of dry subjects = dry subjects with the coverage degree of the component/(dry subjects + wet subjects with the 
coverage degree of the component). There were four subjects in whom no polyps were detected on IA in the PCV group; these subjects had been diagnosed based on 
previous IA that had depicted polyps. The OCT images taken immediately before PDT in two subjects were not of sufficient quality to allow evaluation of the extent of 
coverage. 
Abbreviations: IA, indocyanine green angiography; FA, fluorescein angiography; CNV, choroidal neovascularization; PED, pigment epithelial detachment; OCT, optical 
coherence tomography.

Clinical Ophthalmology 2021:15                                                                                                   https://doi.org/10.2147/OPTH.S305238                                                                                                                                                                                                                       

DovePress                                                                                                                       
2069

Dovepress                                                                                                                                                         Yoshida et al

https://www.dovepress.com
https://www.dovepress.com


Degree of Coverage for Each Component 
and Dry Rate in the tAMD Group
Table 5 shows the dry rate and degree of coverage in the 
tAMD group. There was no statistically significant differ
ence in any pairwise comparison using either Fisher’s 
exact probability test or the Mann–Whitney U-test. In 
multiple comparisons, classic lesions on FA and staining 

showed a significant relationship with relapse (P = 0.009 
and 0.050).

It is worth consideration that all subjects with occult lesions 
who had PDT with margins ≥500 μm had recurring exudates.

Moreover, all subjects that had either classic lesions or 
staining had recurring exudates, irrespective of the grade of 
coverage.

Table 4 Relapse Index with PCV According to the Extent of Coverage

Not Detected Coverage ≥500 µm Coverage <500 µm Protrusion P-value

IA Feeder vessel 6.1 ± 5.8 (n = 20) 6.8 ± 6.2 (n = 12) 6.2 ± 8.1 (n = 3) 9.3 ± 7.8 (n = 6) 0.75
Polyp 5.5 ± 5.3 (n = 4) 7.1 ± 7.2 (n = 18) 6.1 ± 5.6 (n = 17) 12.5 ± 0.7 (n = 2) 0.58

Network 9.4 ± 5.3 (n = 4) 5.8 ± 7.2 (n = 6) 5.3 ± 5.7 (n = 13) 7.6 ± 6.6 (n = 18) 0.52

Plaque 5.7 ± 5.6 (n = 15) 11.0 ± 11.3 (n = 2) 8.2 ± 5.4 (n = 6) 6.7 ± 6.7 (n = 18) 0.60

FA Classic 6.5 ± 6.5 (n = 24) 5.9 ± 7.1 (n = 9) 9.2 ± 4.3 (n = 7) 5.5 (n = 1) 0.39
Occult 5.6 ± 5.7 (n = 5) 2.7 ± 3.7 (n = 5) 7.1 ± 6.4 (n = 12) 8.0 ± 6.6 (n = 19) 0.31

Window defect 5.3 ± 5.1 (n = 16) – 9.0 (n = 1) 7.6 ± 6.9 (n = 24) 0.72

Hypo-fluorescence 5.0 ± 5.2 (n = 21) 7.7 ± 6.1 (n = 3) 18.0 (n = 1) 8.3 ± 6.8 (n = 16) 0.24
Staining 5.9 ± 5.8 (n = 27) 5.0 ± 3.6 (n = 3) 10.3 ± 7.4 (n = 2) 9.3 ± 7.7 (n = 9) 0.47

PED 6.5 ± 6.1 (n = 34) 9.0 (n = 1) 0.0 (n = 1) 9.7 ± 7.3 (n = 5) 0.23

Color photo Hemorrhage 6.8 ± 5.8 (n = 24) 2.3 ± 2.5 (n = 3) 7.8 ± 6.2 (n = 5) 7.8 ± 8.1 (n = 9) 0.60

OCT PED on OCT – – 5.0 ± 5.1 (n = 18) 8.4 ± 6.9 (n = 21) 0.11

Notes: The Kruskal‒Wallis test was applied for multiple comparisons, and the Steel‒Dwass test with Bonferroni collection was applied for comparisons between grades. 
For PED on OCT, we used Mann‒Whitney U-test. There were four subjects for whom no polyps were detected on IA; these subjects had been diagnosed based on previous 
IA that had depicted polyps. The OCT images taken immediately before photodynamic therapy in two subjects were not of sufficient quality to evaluate the extent of 
coverage. 
Abbreviations: IA, indocyanine green angiography; FA, fluorescein angiography; CNV, choroidal neovascularization; PED, pigment epithelial detachment; OCT, optical 
coherence tomography.

Table 5 Dry Rate with tAMD According to the Extent of Coverage

Not Detected Coverage ≥500 µm Coverage <500 µm Protrusion Total P-value

IA Feeder vessel 4/19 (21%) 1/5 (20%) 2/7 (29%) 0/1 (0%) 7/32 0.90

CNV 0/1 (0%) 1/3 (33%) 5/23 (22%) 1/5 (20%) 0.89

Plaque 1/8 (13%) – 2/8 (25%) 4/16 (25%) 0.55

FA Classic 7/17 (41%) 0/6 (0%) 0/5 (0%) 0/4 (0%) 7/32 0.009*

Occult − 0/4 (0%) 4/9 (44%) 3/19 (16%) 0.58
Window defect 4/11 (36%) 0/1 (0%) − 3/20 (15%) 0.20

Hypo-fluorescence 4/11 (36%) 1/4 (25%) 1/4 (25%) 1/13 (8%) 0.10

Staining 7/22 (32%) 0/5 (0%) 0/3 (0%) 0/2 (0%) 0.05*
PED 7/28 (25%) 0/1 (0%) − 0/3 (0%) 0.27

Color photo Hemorrhage 7/29 (24%) 0/2 (0%) − 0/1 (0%) 7/32 0.34

OCT PED on OCT – – 6/18 (33%) 1/14 (7%) 7/32 0.08

Notes: Spearman correlation coefficient by rank test was applied for multiple comparisons* and Fisher’s exact probability test and the Mann‒Whitney U-test with 
Bonferroni correction were applied for comparisons between grades. For PED on OCT, we used Mann–Whitney U-test. All subjects were graded into four degrees of 
coverage for each component. The proportion of dry subjects = dry subjects with the coverage degree of the component/(dry subjects + wet subjects with the coverage 
degree of the component). 
Abbreviations: IA, indocyanine green angiography; FA, fluorescein angiography; CNV, choroidal neovascularization; PED, pigment epithelial detachment; OCT, optical 
coherence tomography.
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Compared to these, regarding CNV on IA, 33% dry rate in 
coverage ≥500µm and 22% in coverage <500µm yielded slight 
better outcomes among all components, whereas these had 
only small numbers, and coverage ≥500 μm tended to yield 
a higher dry rate than coverage <500 μm, although the differ
ence was not statistically significant.

In terms of window defects and hypofluorescence, most 
subjects lacked these components, or they were protruding. 
Subjects in whom these components protruded more often had 
recurrence, although the difference was not significant.

There were no significant differences or trends in terms 
of feeder vessels and plaque.

All four subjects with PED depicted on FA and all 
three subjects with hemorrhage had relapse of exudates.

Subjects with protruding PED lesions on OCT were 
less often dry than those in whom PED was covered on 
OCT; this showed a tendency for significance (p = 0.08).

Degree of Coverage of Each Component 
and the Relapse Index in the tAMD Group
Table 6 shows the comparisons between the degree of 
coverage and the relapse index in the tAMD group. 
There was no statistically significant difference between 
any pairwise comparison except for PED on OCT.

Regarding CNV on IA, subjects with margins ≥500 μm 
tended to have better relapse indexes than those with other 
grades of coverage, although the difference was not statis
tically significant.

Regarding feeder vessels, plaque, staining, and hemor
rhage, there were no significant associations or trends. 

Moreover, for occult lesions and window defects, there 
seemed to be no clear trends among the different coverage 
grades.

Subjects with any classic lesion tended to have a worse 
relapse index; nevertheless, their degree of coverage var
ied, compared to subjects without classic lesions, without 
statistical significance.

Subjects with protruding PED seemed to have a worse 
relapse index than those without PED on FA; although the 
difference was not significant in pairwise comparisons, it 
showed a tendency for significance in the multiple com
parison (P=0.08). Subjects with a protruding PED lesion 
on OCT had a significantly worse relapse index than the 
subjects with covered PED on OCT (P = 0.006).

Discussion
In this study, we sought to determine the relationships 
between the coverage of various components identified 
on FA and IA with the recurrence of exudate after PDT 
in eyes with either PCV or tAMD types of AMD. In PCV, 
the association between worse coverage and decreasing 
dry rate for feeder vessels and polyps approached statis
tical significance. With coverage margins ≥500 µm, the 
dry rate tended to be greater than with coverage margins 
<500 µm for feeder vessels, classic lesions, and occult 
lesions on FA. Worse coverage and worse dry rates were 
related to PED on OCT (P=0.040). In the tAMD group, 
coverage with margins ≥500 µm tended to yield a higher 
dry rate than coverage with margins <500 µm for CNV on 
IA. Coverage with margins ≥ 500 µm for occult and 

Table 6 Relapse Index with tAMD According to the Extent of Coverage

Not Detected Coverage ≥500 µm Coverage <500 µm Protrusion P-value

IA Feeder vessel 11.7 ± 6.5 (n = 19) 9.7 ± 3.1 (n = 5) 10.9 ± 5.7 (n = 7) 8 (n = 1) 0.70
CNV 16 (n = 1) 4.5 ± 2.2 (n = 3) 12.0 ± 5.8 (n = 23) 9.8 ± 4.9 (n = 5) 0.11

Plaque 12.6 ± 5.5 (n = 8) – 10.4 ± 4.1 (n = 8) 10.7 ± 6.7 (n = 16) 0.69

FA Classic 9.5 ± 6.9 (n = 17) 12.9 ± 2.7 (n = 6) 11.7 ± 3.3 (n = 5) 14.4 ± 5.3 (n = 4) 0.48

Occult – 11.1 ± 3.9 (n = 4) 9.5 ± 6.3 (n = 9) 11.8 ± 5.9 (n = 19) 0.72
Window defect 10.1 ± 6.8 (n = 11) 5.5 (n = 1) – 11.9 ± 5.2 (n = 20) 0.37

Hypo-fluorescence 9.7 ± 6.6 (n = 11) 9.4 ± 6.5 (n = 4) 12.3 ± 5.9 (n = 4) 12.5 ± 5.0 (n = 13) 0.66

Staining 11.1 ± 6.7 (n = 22) 12.5 ± 2.8 (n = 5) 9.3 ± 4.2 (n = 3) 10.3 ± 3.2 (n = 2) 0.85
PED 10.3 ± 5.6 (n = 28) 13 (n = 1) – 17.7 ± 3.2 (n = 3) 0.08

Color photo Hemorrhage 10.9 ± 6.0 (n = 29) 10.8 ± 2.6 (n = 2) – 13.5 (n = 1) 0.84

OCT PED on OCT – – 8.7 ± 4.9 (n =18) 14.2 ± 5.3 (n = 14) 0.006※

Notes: The Kruskal‒Wallis test was applied for multiple comparisons, and the Steel‒Dwass test with Bonferroni collection was applied for comparisons between each 
grade. For PED on OCT, we used Mann‒Whitney U-test※. 
Abbreviations: IA, indocyanine green angiography; FA, fluorescein angiography; CNV, choroidal neovascularization; PED, pigment epithelial detachment; OCT, optical 
coherence tomography.
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classic lesions on FA yielded no dry subjects, and all 
subjects with classic lesions or staining had recurrence (P 
= 0.009 and 0.050). Worse coverage and a worse relapse 
index were related to PED on OCT (P = 0.006).

Our results showing superior visual prognosis in eyes with 
PCV than tAMD are similar to existing reports.12 Moreover, 
verified efficacy of PDT for PCV, particularly type 2 PCV 
without feeder vessel28 and with smaller lesions might have 
affected the clinician’s discretion related to the high dry rate in 
cases who underwent initial PDT.

Degree of Coverage in the PCV Group
In the present study, there was no significant difference in 
any pairwise comparison except for PED on OCT, which 
could be caused by the small sample size. The majority of 
the patients who visited our hospital had undergone anti- 
VEGF injection monotherapy and a small number of 
patients had undergone PDT.

Our study results presented some suggestions. 
Different degrees of coverage were more often related to 
dry rate in PCV cases, and more often to the relapse index 
in tAMD. This could be because the relapse index empha
sized differences between wet subjects. In PCV patients, 
two subjects with protruding polyps involved disregarding 
some of multiple polyps. It seems clear that omitting to 
irradiate a polyp would lead to treatment failure, although 
this had not been assessed previously. These unintended 
failures confirmed this notion.

The presence of feeder vessels per se defined that the 
subject had type 1 PCV; therefore, our findings indicated 
differences in outcome between type 1 PCV and type 2 PCV, 
in agreement with existing reports.28,29 However, the use of 
margins ≥500 μm tended to yield better outcomes than using 
margins <500 μm. Moreover, a similar tendency was observed 
for classic lesions and occult lesions on FA.

On the other hand, the margins as related to polyps and 
networks did not seem to influence the outcome. It may be 
that, compared with polyps and networks that had rela
tively clear boundaries, feeder vessels, classic lesions, and 
occult lesions would require a more sufficient margin to 
cover all the components if they were presumed to contain 
any CNV membrane.

There were rare subjects with window defects or hypo
fluorescence that were present and included in the spot. 
Because these components were usually vague and broad 
when they were present, these components were classified 
in most subjects as not depicted or protruding. It was not 
known whether worse outcomes for subjects with these 

components were caused by disregarding the CNV mem
brane obscured by these components or broad and pro
longed pathophysiology. Additional examinations revealed 
that subjects with protruding components had no larger 
GLD or spot size than subjects in whom these components 
were absent (data not shown).

Moreover, similar tendencies were seen for PED on 
FA, although the prevalence of PED on FA in this study 
was 17% in PCV and 13% in tAMD, markedly lower than 
previously reported.30,31 Small PED would be difficult to 
identify on FA, and only a relatively large PED would be 
depicted in the present study. We found any PED in 
essentially all the subjects on OCT, and PED on OCT 
that was covered significantly yield more dry subjects 
than when these lesions protruded from the spot. It sug
gested the presence of CNV membrane beneath the PED 
on OCT, though it should be noticed that comparing 
between two grades would yield significant difference 
more frequently than comparing between four grades.

Degree of Coverage in the tAMD Group
In terms of eyes with tAMD, feeder vessels and CNV on IA 
seemed to have a lower impact on outcomes than that of on 
feeder vessels and polyps in PCV eyes. Although use of mar
gins ≥ 500 µm tended to yield better outcomes than use of those 
<500 µm for CNV on IA, the results were different from those 
obtained for polyps in PCV eyes.

Moreover, all four subjects with occult lesions on FA 
treated with margins ≥ 500 µm had recurrent exudates. 
These results suggest that it is difficult to determine the 
boundary of components in tAMD eyes and that determin
ing the spot size for CNV on IA might be slightly better 
than or equal to that for determining this on FA. 
Additionally, IA was reported to improve the ability to 
detect CNV as compared to FA alone.24,25

It was unknown whether the low impact of feeder 
vessel in tAMD in the present study resulted from identi
fication problems or needlessness to radiate.32,33

Additionally, for window defects, hypofluorescence, 
and PED, the existence of these components tended to 
result in worse outcomes, as similar in PCV. Additional 
examinations revealed that subjects with protruding win
dow defects had a larger GLD than subjects in whom these 
components were absent (P = 0.030, data not shown). 
Moreover, there was a significant association between the 
degree of coverage of PED on OCT and the relapse index.

All three subjects with hemorrhage had relapse of 
exudates, although we could not certify whether 
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hemorrhage should be included in legions with tAMD as 
stated in the existing guidelines, due to the very small 
numbers.

Moreover, all subjects with classic lesions or staining on 
FA had recurrent exudates, irrespective of the degree of cover
age. Four subjects with classic lesions had predominantly 
classic AMD. These outcomes seemed to contradict the results 
of the TAP study5 and other pivotal assessments34 that men
tioned the favorable clinical benefit of PDT for predominantly 
classic AMD, as compared to occult AMD, although these 
studies compared subjects of each subtype who underwent 
PDT and placebo treatment. Moreover, a mean of 3.4 treat
ments in the TAP study5 and 2.8 treatments in the Japanese 
age-related macular degeneration trial (JAT)34 study were per
formed during the subsequent 12 months; thereafter, no leak
age was obtained in only 19% and 50% of classic AMD, 
whereas it was obtained in 77% of occult AMD cases in the 
JAT study. Therefore, it could be considered that the classic 
lesion itself might be refractory to PDT.

The current examination yielded some insights about deter
mining the spot size in PDT. In PCV eyes, first, essentially all 
polyps should be included in spot size, in accordance with 
existing reports. On the other hand, our results did not certify 
the necessity to radiate network. However, regarding that net
work and polyps were inseparably organized, this issue should 
be carefully examined in future research. Second, we should 
consider including feeder vessels and classic lesions with 
margins ≥500 µm. Moreover, we must carefully decide on 
the spot size for subjects with window defects, hypofluores
cence, and PED on FA. Additionally, it may be better to include 
part of the occult lesion and PED on OCT in the target spot. In 
tAMD eyes, CNV on IA might be a target for irradiation and 
would be best irradiated with margins ≥500 µm, more so than 
polyps in PCV eyes. Identification of the boundary of CNV is 
difficult, and it is even more difficult to determine the spot size 
of occult lesions on FA. Moreover, care should be taken for 
tAMD subjects with window defects, hypofluorescence, and 
PED on FA, similar to that in PCV eyes. If possible, it is better 
to irradiate the entire PED lesion seen on OCT, in agreement 
with existing reports, although OCT is superior to FA for 
evaluating PED. Additionally, we should be aware that the 
outcome of PDT in tAMD would not be favorable and that 
classic lesions or staining might disturb its efficacy, even if they 
are included in a spot size with a sufficient margin.

Nevertheless, the study had some limitations. First, the 
present study had a small sample size, and thus, we are 
only able to make suggestions. This was a retrospective 
study, and calculation of margin and spot size were 

performed based on medical records. Additionally, inter
vals of specific visits after PDT varied, which would affect 
the duration of exudate seen on OCT. Furthermore, this 
examination included both initial and delayed PDT. 
Moreover, interventions varied according to each clini
cian’s discretion. If more frequent injections with treat- 
and-extend approach had been administered after PDT for 
all patients, their visual prognosis might have been better. 
Further prospective investigations are therefore needed.

Conclusion
Our retrospective assessment of the association between the 
degree of coverage of components identified on various image 
types and relapse of exudates verified the validity of appropri
ateness of polyps in PCV eyes and PED in tAMD eyes as target 
components, corresponding with the existing guidelines, 
although OCT was superior to FA for evaluating PED, and 
the validity of feeder vessels, classic lesion, occult lesion, and 
PED on OCT in PCV eyes and CNV on IA in tAMD eyes as 
additionally provided further insights into determining spot 
size.

Abbreviations
AMD, age-related macular degeneration; BCVA, best cor
rected visual acuity; BVN, branching vascular network; 
CNV, choroidal neovascularization; FA, fluorescein angio
graphy; GLD, greatest linear dimension; IA, indocyanine 
angiography; IRB, Institutional Review Board; OCT, opti
cal coherence tomography; PCV, polypoidal choroidal vas
culopathy; PDT, photodynamic therapy; PED, pigment 
epithelial detachment; RPE, retinal pigment epithelium; 
tAMD, typical age-related macular degeneration.
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