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Abstract
Purpose To investigate outcomes of combined photodynamic therapy (PDT) and intravitreal bevacizumab in association
with choroidal morphology in polypoidal choroidal vasculopathy (PCV).
Method Eighty-six PCV eyes (83 patients) treated with PDT in combination with intravitreal bevacizumab and followed for
1 year were evaluated. Choroidal morphological features including subfoveal choroidal thicknesses, diameter of pachy-
vessel, and choroidal vascularity were analyzed for association with responsiveness and recurrence.
Result Total choroid, Haller’s layer, and pachyvessel were thicker in responders (n= 70) compared with non-responders (n
= 16) at baseline (298 vs. 227 μm, 213 vs. 144 μm, and 276 vs. 210 μm, respectively; all P ≤ 0.001). Choroidal vascularity
was significantly higher (0.68 vs 0.60, P < 0.001) and choroidal hyperpermeability was more frequent in responders (44 vs
13%, P= 0.018). Significant thinning of total choroid was observed in both responders and non-responders at 3 months after
combination PDT (both P < 0.05), but the reduction was greater in responders (− 33 μm vs. − 10 μm, P= 0.036). In
recurrent eyes (n= 26), increase in pachyvessel diameter and choroidal vascularity was observed at recurrence.
Conclusion Choroidal morphology including characteristic features of pachychoroid and high vascularity can serve as
predictive factors for outcomes after combination PDT in eyes with PCV.

Introduction

As the introduction of polypoidal choroidal vasculopathy
(PCV) by Yannuzzi et al. [1] and Spaide et al. [2], our
knowledge of the disease has increased considerably.
Spectral-domain optical coherence tomography (OCT) has
revealed that PCV is a variant of type 1 choroidal neo-
vascularization (CNV), which is located between the retinal
pigment epithelium band and the outer part of Bruch’s
membrane [3]. In recent years, the choroidal features of the
disease were evaluated using enhanced depth imaging
(EDI), swept-source, and en-face OCT [4–7]. It is now
widely accepted that PCV belongs to pachychoroid

spectrum diseases, which show not only the absolute
thickening of the choroid but also distinctive choroidal
features with dilated outer vessels and attenuated chor-
iocapillaris [4, 8–10]. However, controversy still remains
whether the entire PCV could fall into the same category.

There were attempts to classify PCV into subtypes based
on clinical characteristics [11, 12]. Difference in subfoveal
choroidal thickness between groups was one of the common
findings of those studies. Response to treatment also dif-
fered according to clinical phenotypes. Eyes with choroidal
vascular hyperpermeability are known to show lower
response rate to anti-vascular endothelial growth factor
(anti-VEGF) therapy and thicker choroid [6, 13–15]. Based
on above findings, the role of the choroid could be impor-
tant in the pathogenesis of PCV and may also exert some
influence on the response to photodynamic therapy (PDT)
in combination with anti-VEGF.

Although intravitreal anti-VEGF injection is the main-
stream treatment for neovascular age-related macular
degeneration (AMD), a large portion of neovascular AMD
that responds poorly to anti-VEGF was reported to be PCV.
In addition, anti-VEGF treatment shows limited efficacy in
terms of polyp regression in PCV [16–20]. PDT combined
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with anti-VEGF therapy seems to achieve optimal results in
anatomical and functional improvement [20, 21]. A meta-
analysis of anti-VEGF, PDT, and combination therapy
revealed that combination therapy shows a synergistic effect
in terms of polyp regression and maintaining or improving
visual acuity [22]. Therefore, PDT still remains as a viable
treatment option for PCV.

Predicting the response to treatment would enable opti-
mal decisions on the treatment modality in PCV patients in
whom both anti-VEGF and PDT can be considered as the
first-line therapy. As the response to treatment is associated
with the underlying pathogenesis of a disease and the
choroid plays an important role in PCV, we analyzed the
clinical factors governing the outcomes of combination
PDT in terms of initial response and recurrence, focusing on
choroidal features.

Materials and methods

Patients

This is a retrospective, comparative, and interventional case
study. We conducted a review of the medical records of
patients who underwent verteporfin (Visudyne; Novartis
AG, Basel, Switzerland) PDT in combination with bev-
acizumab for PCV between November 2011 and September
2014 at Seoul St. Mary’s Hospital of the Catholic Uni-
versity of Korea. The study was approved by the Institu-
tional Review Board of the Catholic Medical Center.

A diagnosis of PCV was established by the presence of
polypoidal dilatation, with or without a branching vascular
network (BVN) on ICGA using a confocal scanning laser
ophthalmoscope (Heidelberg Retina Angiograph 2; Hei-
delberg Engineering, Heidelberg, Germany). Inclusion cri-
teria were eyes affected by PCV with macular fluid and/or
hemorrhage involving the fovea and received PDT in
combination with intravitreal bevacizumab, which was
followed for at least 1 year and no previous anti-VEGF
treatment within the past 3 months. Exclusion criteria were
any coexisting ophthalmic pathology, any treatment history
with PDT or laser, any ocular surgery performed within the
past 6 months or the use of systemic medications that might
have affected choroidal thickness (e.g., steroids) and a
second PDT within 1 year. Eyes that developed massive
subretinal or vitreous hemorrhage after PDT were also
excluded.

All patients received combination therapy consisting of a
single injection of 1.25 mg intravitreal bevacizumab
(Avastin; Genentech Inc, San Francisco, CA, USA) and a
session of PDT 3 days after the injection. Regarding PDT
application, all patients received a 6 mg/m2 body surface
infusion of verteporfin over 10 min. PDT at standard fluence

(light dose, 50 J/cm2; dose rate, 600 mW/cm2; wavelength,
689 nm) was applied for 83 s 15 min after the start of the
infusion. The laser spot size was derived by adding 1000
µm to the greatest linear dimension of the lesion. Patients
were followed monthly for 3 months after PDT and reg-
ularly at 1- to 3-month intervals thereafter, depending on
lesion activity. No additional treatment was performed
during the first 3-month follow-up period unless there was a
sign of recurrence.

Comprehensive ocular examinations, including best-
corrected visual acuity (BCVA) testing, fundus examina-
tion with slit-lamp biomicroscopy, auto-refractometry (KR-
1, Topcon Corporation, Tokyo, Japan), spectral-domain
OCT (SD-OCT) imaging (Spectralis; Heidelberg Engi-
neering) with an EDI protocol, fluorescence angiography,
and ICGA at baseline were assessed in all patients. Snellen
visual acuity was converted to the logarithm of the minimal
angle of resolution (logMAR) for statistical analysis. Cen-
tral macular thickness of the central 1 mm zone was mea-
sured automatically using a Spectralis OCT system and
height of pigment epithelium detachment (PED) was mea-
sured manually on OCT images using Heidelberg Eye
Explorer software (v.6.0.9.0; Heidelberg Engineering).
Number of polyps and greatest linear dimension of lesion
was measured manually on ICGA image using Heidelberg
Eye Explorer software. Choroidal vascular hyperperme-
ability, defined as multifocal areas of hyperfluorescence
with blurred margins within the choroid in the mid to late
phase of ICGA, was assessed [23]. BCVA and SD-OCT
were obtained at each follow-up visits.

Assessment of response and recurrence after PDT

Treatment response was determined anatomically using
OCT. Responders were defined as those who showed
complete resolution of intraretinal and subretinal fluid in the
absence of expanding PED on OCT 3 months after PDT.
Non-responders were those who showed increased persis-
tent intraretinal and/or subretinal fluid on OCT 3 months
after PDT. Recurrence was defined as reappearance of
intraretinal and/or subretinal fluid on OCT after a complete
resorption of fluids in responders. If there was persistent,
increased or recurrent intraretinal and/or subretinal fluid
after PDT, additional intravitreal injections of 0.5 mg rani-
bizumab (Lucentis; Genentech) were administered using
pro re nata regimens until OCT showed a dry macula.

Choroidal thickness and vascularity measurements

Two independent graders (J.B. and J.H.L.) experienced in
analyzing OCT images performed choroidal thickness
measurements of the total choroid and each layer. SFCT,
defined as the vertical distance between the hyperreflective
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line of Bruch membrane and the choroidoscleral border,
was measured using the horizontal and vertical line scans
intersecting the center of the fovea. And then, the thickness
of Haller’s layer was measured largely based upon a pre-
viously described method [10, 24]. In addition, by analyz-
ing EDI-OCT raster line scans and serial ICGA images,
pachyvessels (i.e., prominently dilated vessels in Haller’s
layer under the disease foci) below the area in or around
which the BVN or polypoidal structure (in cases without
BVN) filling originated were identified. The luminal dia-
meter of pachyvessel at the thickest point of the pachyvessel
area was measured.

Choroidal vascularity at the area of PDT was also
assessed using previously describe method by Sonoda et al.
[25] Binarization of the transverse cross sectional subfoveal
OCT image was done by a modified Niblack method using
Image J (version 1.47; provided in the public domain by the
National Institutes of Health, Bethesda, MD, USA; http://
imagej.nih.gov/ij/). The region of interest included was only
the area of the subfoveal choroid that covers the range of
PDT application (Fig. 1).

The choroidal thickness measurements were obtained at
baseline and 3 months after combination PDT. The average
measurements of the two observers were used for analysis.
Pachyvessel thickness and choroidal vascularity measure-
ments were obtained at baseline and 3, 6, and 12 months in
non-recurrent cases and at recurrence in recurrent cases.

Statistical analyses

Statistical analyses were performed using SPSS statistical
software version 19.0 (SPSS Inc., Chicago, IL, USA).
Comparisons between groups were made using the χ2-test
for categorical variables and Student’s t test for continuous
variables after normal distribution confirmation using the
Kolmogorov–Smirnov test. The Mann–Whitney U test was
used when normal distribution was not confirmed. The
paired t test was used for comparison of choroidal thickness
between baseline and 3 months after PDT in each group.
Repeated-measures analysis of variance was used to con-
firm the differences in pachyvessel diameter and choroidal
vascularity change after PDT between groups. P < 0.05 was
considered statistically significant.

Results

Patient baseline characteristics

Of 92 eyes with PCV, which were followed for > 1 year
after combination PDT, 3 eyes, which developed massive
hemorrhage after PDT and 3 eyes, which received the

second PDT within 1 year were excluded. In total, 86 eyes
of 83 patients affected by PCV were enrolled in the study.
The mean patient age was 66.5 ± 6.2 years (range, 52–83
years) and 59 patients (61 eyes, 71%) were male. The mean
logMAR BCVA was 0.41 ± 0.33 (range, 0–1.7, Snellen
equivalent of 20/51). The mean central macular thickness
and the greatest linear dimention of the lesion was 370 ±
103 μm (range, 141–843 μm) and 2473 ± 742 μm (range,
1034–4735 μm), respectively. PED was present in 77 eyes
(90%) and the mean height was 267.9 ± 151.6 μm (range,
50–805 μm). Lesions were located at macula in 84 eyes
(98%) and peripapillary in 2 eyes (2%).

The overall treatment outcome

Complete resolution of fluid was seen in 70 eyes (81%,
responders) and 16 eyes (19%, non-responders) showed
persistent fluid 3 months after combination PDT. Among 70
responders, recurrence during the 1-year follow-up was
seen in 26 eyes (37%, recurrent group) and 44 eyes (63%,
non-recurrent group) remained dry for 1 year after combi-
nation PDT.

The mean CMT at 3 months after PDT was thicker in
non-responders, but CMT at 6 and 12 months in non-
responders did not differ between groups with adjunctive
anti-VEGF (369 ± 109 μm, 262 ± 98 μm, 273 ± 76 μm, and
281 ± 74 μm in responders vs. 378 ± 70 μm, 355 ± 89 μm,
324 ± 85 μm, and 348 ± 107 μm in non-responders at base-
line, 3, 6, and 12 months, respectively. P= 0.211, 0.004,
0.574, and 0.084). LogMAR BCVA also was better in
responders at 3 months, but it did not differ between groups
at 6 and 12 months (0.40 ± 0.33, 0.34 ± 0.29, 0.33 ± 0.28,
and 0.31 ± 0.29 in responders vs. 0.50 ± 0.30, 0.51 ± 0.30,
0.43 ± 0.27, and 0.39 ± 0.25 in non-responders at baseline,
3, 6, and 12 months, respectively. P= 0.277, 0.043, 0.184,
and 0.369).

Comparison of baseline characteristics between
groups

Baseline clinical and morphological characteristics of
responders vs. non-responders and recurrent vs. non-
recurrent eyes are compared in Table 1. Choroidal vas-
cular hyperpermeability was more frequent in responders.
There was no significant difference in baseline factors
between recurrent and non-recurrent group.

Comparison of choroidal thicknesses between
groups

Baseline choroidal morphologies and their changes at
3 months after PDT are compared between groups in
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Table 2. Total choroid, Haller’s layer, and pachyvessel
were significantly thicker in responders compared with
non-responders and reductions in those thicknesses were
greater in responders at 3 months after PDT. Choroidal
vascularity was also higher in responders compared
with non-responders and was decreased at 3 months after
PDT in responders but not in non-responders. Choroidal
thicknesses at baseline and their changes after PDT
did not differ between recurrent and non-recurrent
group

Choroidal thickness changes after combination PDT
by groups

In responders, thickness of total choroid, choriocapillaris/
Sattler’s layer, and Haller’s layer at 3 months after PDT
(263 ± 108 (95% confidence interval (CI): 238–289) μm,
78 ± (95% CI: 67–89) μm, and 186 ± (95% CI: 168–203)
μm, respectively) was significantly decreased compared
with baseline. In non-responders, total choroid thinning
at 3 months after PDT was significant (215 ± 65 (95%
CI: 181–250) μm, P= 0.024), whereas reduction in
thickness of each layer did not reach statistical sig-
nificance (Fig. 2, left).

Reduction in total choroidal thickness was also observed
in both recurrent and non-recurrent group (215 ± 65 (95%
CI: 181–250) μm and 284 ± 130 (95% CI: 232–337) μm,
respectively). However, in layer-by-layer analysis, Haller’s
layer thinning in non-recurrent group was the only statisti-
cally significant change (Fig. 2, right).

Pachyvessel and choroidal vascularity change after
combination PDT by groups

Luminal diameter of pachyvessel was thicker and choroidal
vascularity was higher at baseline and their reduction at
3 months was more prominent in responders compared with
non-responders. The reduction of pachyvessel diameter was
significant at 3 months after PDT in both responders and
non-responders, whereas CV reduction was significant in
responders but not in non-responders (Fig. 3, left).

Pachyvessel diameter and choroidal vascularity at base-
line and their reduction at 3 months did not differ between
non-recurrent and recurrent eyes. The reduction of pachy-
vessel diameter and choroidal vascularity at 3 months was
significant in both recurrent and non-recurrent group. The
thinning of pachyvessel and decreased vascularity was
maintained after PDT in non-recurrent group, whereas a
rebound increase in the pachyvessel diameter and vascu-
larity was observed at the time of recurrence (Fig. 3, right).

Discussion

In this study, we analyzed the association of clinical factors,
especially choroidal morphology, with anatomic response
and recurrence after combination PDT in PCV. We
observed that total choroid and Haller’s layer thickness,
pachyvessel diameter, hyperpermeability, choroidal vascu-
larity, and changes in the choroidal thickness after treatment
differed between responders and non-responders. The

Fig. 1 Measurement of choroidal vascular density (Left) Indocyanine
green angiography image is marked with photodynamic therapy (PDT)
laser spot (yellow dot circle). (Right) Enhanced depth imaging OCT
image (Top) and converted binary image (Bottom) of the subfoveal
area in the circle of PDT laser spot. An EDI-OCT image of was
converted to a binary image using the ImageJ software. The dark areas

(luminal) of choroid were traced by the Niblack method. After adding
the data of the distance of each pixel, the choroidal area, luminal area,
and interstitial area were automatically calculated. The dark pixels
were defined as the luminal area. The stromal area was calculated by
subtracting luminal area from the total choroidal area
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change in Haller’s layer thickness, pachyvessel diameter,
and choroidal vascularity after treatment differed between
recurrent and non-recurrent eyes.

The main therapeutic mechanism of PDT in AMD is
ablation of CNV through selective uptake of photosensitizer
by neovascular endothelial cells [26]. In addition, PDT causes
collateral choriocapillaris damage and vascular remodeling in
the underlying choroid [27–29]. The concept of choroidal
vascular remodeling enabled application of PDT to patients
with CSC, with the aim of decreasing vascular hyperperme-
ability in the area exposed to photoactivation [30]. Maruko
et al. [31, 32] reported that subfoveal choroidal thickness
decreases after PDT in CSC and PCV. They speculated that
the choroidal thinning after PDT was a result of decreased
choroidal hyperpermeability due to the vascular remodeling
effect of PDT. In this study, we demonstrated that total
choroidal thickness was significantly greater, hyperperme-
ability was more frequent, and reduction in choroidal thick-
ness was more prominent in responders. This is in line with
previous reports, supporting the notion that decreased
hyperpermeability, and so decreased choroidal thickness,
after PDT is related to treatment outcome.

In addition, our results revealed that responders had
thicker Haller’s layer and pachyvessel, which was also the

area that showed significant difference in changes after PDT
between the responders vs. non-responders and the recur-
rent vs. non-recurrent group. This suggests that the Haller’s
layer is related to the pathologic change and response to
PDT in eyes with PCV. Exudation from choriocapillaris
may accumulate in the interstitial stroma of the Haller’s
layer, resulting in thickening of the Haller’s layer and
attenuation of the overlying choriocapillaris layer. A greater
decrease in the thickness of this layer may imply a greater
effect of PDT on hyperpermeability that might have led to a
better treatment outcome.

On the other hand, the Haller’s layer is the area in which
pachyvessel lies. Pachyvessel is increasingly noticed as a
characteristic finding of pachychoroid spectrum diseases [7, 8,
10]. The thickening of the choroid in eyes with CSC and PCV
is known to be primarily associated with the thickening of the
Haller vessels [33, 34]. Thinning of the Haller’s layer after
PDT can also result from constriction of pachyvessels, which
was demonstrated by the changes of pachyvessel diameter in
this study. The reduction of the pachyvessel diameter was
significant after PDT and it increased again at the time of
recurrence. This suggests that pachyvessel diameter might
reflect disease activity. Furthermore, the baseline choroidal
vascularity was higher in responders and reduction after PDT

Table1 Comparison of baseline clinical characteristic between groups

Characteristics Responders
(n= 70)

Non-responders
(n= 16)

P value Non-recurrent eyes
(n= 44)

Recurrent eyes
(n= 26)

P value

Mean ± SD (range)

Age (years) 66.7 ± 6.5 (52–83) 65.4 ± 3.7 (54–70) 0.280a 66.0 ± 6.9 (52–80) 67.9 ± 6.0 (60–83) 0.263a

Baseline BCVA (LogMAR) 0.39 ± 0.33 (0.00–1.70) 0.51 ± 0.29 (0.10–1.10) 0.191a 0.43 ± 0.37 (0.00–1.70) 0.34 ± 0.26 (0.00–0.90) 0.291a

Refractive error (diopter) 0.13 ± 1.36 (−3.50–3.00) 0.31 ± 0.73 (−1.00–1.25) 0.601a −0.02 ± 1.43 (−3.50–3.00) 0.38 ± 1.24 (−2.75–3.00) 0.243a

Previous anti-VEGF
treatments (n)

2.9 ± 3.2 (0–11) 2.6 ± 3.4 (0–10) 0.796a 2.7 ± 3.1 (0–11) 3.2 ± 3.4 (0–11) 0.554a

Central macular thickness
(μm),

369 ± 109 (141–843) 378 ± 70 (232–455) 0.781a 379 ± 129 (141–843) 354 ± 66 (254–540) 0.362a

GLD of lesion (μm) 2458 ± 737 (1034–4735) 2543 ± 791 (1276–4182) 0.718a 2403 ± 821 (1034–4735) 2544 ± 591 (1515–4233) 0.450b

Number of polyps (n) 2.0 ± 1.6 (1–9) 1.7 ± 1.0 (1–4) 0.555a 2.0 ± 1.6 (1–9) 2.0 ± 1.7 (1–9) 0.927a

Height of PED (μm) 247 ± 172 (0–805) 224 ± 111 (0–471) 0.623a 272 ± 173 (0–805) 209 ± 167 (0–601) 0.337a

n (%)

Gender (male/female) 49/21 12/4 0.750c 28/16 21/4 0.073c

Treatment-naive eyes 35 (50) 11 (68) 0.175c 21 (48) 14 (54) 0.976c

Choroidal hyperpermeability 31 (44) 2 (13) 0.018c 19 (43) 12 (46) 0.809c

Presence of fluid

Subretinal 69 (99) 15 (94) 0.248c 44 (100) 25 (96) 0.190c

Intraretinal 12 (17) 0 (0) 0.086c 8 (18) 4 (27) 0.668c

PED 60 (86) 13 (81) 0.706c 38 (86) 22 (85) 0.293c

Lesion location 0.782c 0.498c

Macula 68 (97) 16 (100) 43 (98) 25 (96)

Peripapillary 2 (10) 0 (0) 1 (2) 1 (4)

SD standard deviation, BCVA best-corrected visual acuity, VEGF vascular endothelial growth factor, GLD greatest linear dimension identified by
indocyanine angiography, PED pigment epithelial detachment.
aMann–Whitney test between groups
bStudent’s t-test between groups
cChi-square test between groups
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was more prominent in responders. Also, a rebound increase
of choroidal vascularity was observed at the time of recur-
rence. Although the total choroidal thickness can change
owing to changes in stroma, our results suggest that the
changes in the vascular area are more prominent.

We assume that the reason for insufficient response to
PDT in non-responders is that the main pathogenic
mechanism in those eyes may be somewhat different from
responders. In non-responders, pathogenetic processes
involving ischemia and VEGF production may be the major
mechanism for disease development and progression as in
typical AMD. Kim et al. [35] reported that a thin choroid
served as a good prognostic factor for anti-VEGF treatment
in eyes with PCV. And in our previous study, aqueous
VEGF level was higher in PCV eyes with thinner choroid
[36]. These previous reports support the hypothesis that
VEGF upregulation plays a large role in eyes with PCV
with a thinner choroid, which were poor responders to PDT.

No significant thinning of the choriocapillaris/Sattler’s or
Haller’s layer after PDT in layer-by-layer analysis was
found in eyes with recurrence. This may mean that PDT had
lesser effects on CNV itself, choroidal hyperpermeability,
or pachyvessel in those eyes. We cannot rule out the pos-
sibility of undertreatment which might have caused a
recurrence within a short period.

There are several limitations to our study owing to its
retrospective study design. First, the first-line treatment was
not controlled and both treatment-naive eyes and eyes with
history of anti-VEGF treatment were included in the study
cohort. However, history and numbers of anti-VEGF treat-
ment did not affect the outcome of combination PDT in both
responsiveness and recurrence. Nonetheless, there is still a
possibility for selection bias, as some cases that did well on
anti-VEGF monotherapy might have been excluded from the
study. Second, responsiveness and recurrence were defined
only anatomically with resolution of fluid on OCT. It should

Table 2 Comparisons of baseline choroidal morphology and changes at 3 months after PDT between groups

Time Layer of choroid Mean ± SD (range) Mean ± SD (range) P value

Responders (n= 70) Non-responders (n= 16)

Baseline Total choroidal thickness (μm) 297.6 ± 111.2 (100–554) 226.9 ± 56.0 (109–330) 0.001b

Choriocapillaris/Sattler’s layer thickness (μm) 84.9 ± 37.2 (14–177) 83.1 ± 24.3 (53–201) 0.868c

Haller’s layer thickness (μm) 212.7 ± 87.5 (75–388) 143.8 ± 50.7 (56–276) < 0.001b

Ratioa 0.707 ± 0.088 (0.446–0.958) 0.637 ± 0.148 (0.272–0.836) 0.083b

Luminal diameter of pachyvessel (μm) 275.9 ± 93.6 (104–493) (n= 66) 209.6 ± 31.0(169–275) (n= 16) < 0.001b

Choroidal vascularity 0.682 ± 0.064 (0.524–0.812) 0.596 ± 0.049 (0.514–0.690) < 0.001c

Change Total choroidal thickness (μm) − 33.0 ± 38.6 (−126-+ 113) − 10.4 ± 19.1 (−45-+ 32) 0.036c

Choriocapillaris/Sattler’s layer thickness (μm) − 7.19 ± 24.3 (−63-+ 71) − 5.13 ± 15.2 (−32-+ 21) 0.746c

Haller’s layer thickness (μm) − 27.0 ± 40.5 (−118-+ 74) − 6.4 ± 24.3 (−60-+ 37) 0.012c

Ratioa 0.006 ± 0.95 (−0.198-+ 0.271) 0.004 ± 0.082 (−0.131-+ 0.150) 0.946c

Luminal diameter of pachyvessel (μm) − 60.3 ± 40.6 (−195-+ 38)(n= 66) − 20.1 ± 25.2 (−84-+ 18)(n= 16) < 0.001c

Choroidal vascularity − 0.058 ± 0.049 (−0.280–0.026) 0.004 ± 0.039 (−0.080–0.082) < 0.001c

Non-recurrent eyes (n= 44) Recurrent eyes (n= 26)

Baseline Total choroidal thickness (μm) 290.1 ± 99.3 (100–479) 310.3 ± 130.1(155–554) 0.500b

Choriocapillaris/Sattler’s layer thickness (μm) 80.8 ± 36.9 (14–177) 91.7 ± 37.5 (31–167) 0.240c

Haller’s layer thickness (μm) 209.3 ± 78.8 (76–375) 218.5 ± 101.9 (75–388) 0.693b

Ratioa 0.718 ± 0.082 (0.556–0.958) 0.689 ± 0.096 (0.446–0.830) 0.176c

Luminal diameter of pachyvessel (μm) 267.6 ± 86.4 (104–493) (n= 41) 289.5 ± 104.8 (121–473) (n= 25) 0.385c

Choroidal vascularity 0.685 ± 0.066 (0.524–0.812) 0.676 ± 0.064 (0.557–0.782) 0.557c

Change Total choroidal thickness (μm) − 37.5 ± 28.5 (−126-+ 2) − 25.9 ± 50.4 (−125-+ 113) 0.294c

Choriocapillaris/Sattler’s layer thickness (μm) − 7.2 ± 24.5 (−63-+ 71) − 7.2 ± 24.5 (−51-+ 44) 0.993b

Haller’s layer thickness (μm) − 31.8 ± 34.3 (−118-+ 37) − 18.8 ± 48.9 (−117-+ 74) 0.195c

Ratioa − 0.002 ± 0.092 (−0.198-+ 0.261) 0.020 ± 0.099 (−0.103-+ 0.271) 0.341b

Luminal diameter of pachyvessel (μm) − 61.2 ± 39.3 (−195--2) (n= 41) − 58.7 ± 43.4 (−128-+ 38) (n= 25) 0.808c

Choroidal vascularity − 0.049 ± 0.042 (−0.142–0.026) − 0.073 ± 0.058 (−0.281--0.003) 0.097c

SD standard deviation
aRatio of Haller’s layer thickness to total choroidal thickness
bStudent’s t-test between groups
cMann–Whitney test between groups
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be considered that a favorable anatomical outcome does not
ensure a good visual outcome. Nevertheless, using anatomical
changes to assess the treatment response seems appropriate
because the resolution of exudation is directly related to the
mechanism of action of treatment. Third, there could have
been a selection bias caused by excluding eyes that developed
massive hemorrhage after PDT and that received the second
PDT within 1 year, although the numbers were small. In
addition, initial anti-VEGF treatment before PDT could have

affected the decrease in choroidal thickness. However, we
believe the degree would be negligible. One-time injection of
bevacizumab is known to cause no significant change in
choroidal thickness [37]. Despite the aforementioned limita-
tions, this is the first study that analyzed choroid by layers and
under the site of pathology in vivo in PCV eyes undergoing
combination PDT.

In summary, thicker baseline subfoveal choroid, Haller’s
layer, and pachyvessel along with higher choroidal

Fig. 3 Comparison of pachyvessel diameter and choroidal vascularity
change between responders vs. non-responders and non-recurrent vs.
recurrent eyes during 1-year follow-up Polygonal lines demonstrate
pachyvessel diameter change and bar graphs indicate choroidal vas-
cularity (CV). (Left) Reduction of pachyvessel diameter was sig-
nificant at 3 months after photodynamic therapy (PDT) in both
responders and non-responders (P < 0.001 and= 0.006, respectively,
paired t test). CV reduction at 3 months was significant in responders
but not in non-responders (P < 0.001 and = 0.728). (Right) In recur-
rent eyes, pachyvessel diameter increased at recurrence (P= 0.047
compared with a previous measurement), whereas non-recurrent eyes
maintained thinning of the pachyvessel until 12 months (P < 0.001,=

0.218, and 0.816 compared with previous measurements, respec-
tively). Pachyvessel at recurrence in recurrent group was thicker
compared with that of 6 months and 12 months after PDT in non-
recurrent eyes. CV also increased at the time of recurrence in recurrent
eyes (P= 0.001 compared with a previous measurement), whereas it
decreased continuously in non-recurrent eyes (P < 0.001, = 0.011, and
0.017 compared with previous measurements, respectively). CV:
Choroidal vascularity. *Student t test between groups †Student t test
compared with recurrence group at the time of recurrence. ‡Repeated-
measures analysis of variance interaction for pachyvessel diameter
§Repeated-measures analysis of variance interaction for CV. Error bar
indicates standard error

Fig. 2 Changes of subfoveal choroidal thickness at month 3 after
combination PDT compared with baseline: responders vs. non-
responders and non-recurrent vs. recurrent eyes. (Left) Thinning of
total choroid was observed in both responders and non-responders at
3 months after combination photodynamic therapy (PDT). Reduction
in thickness of choriocapillaris/Sattler’s layer and Haller’s layer at
3 months after PDT was significant in responders, but no such change

was observed in non-responders. (Right) Thinning of total choroidal
was observed also in both recurrent and non-recurrent eyes at 3 months
after combination PDT. Reduction in Haller’s layer thickness in non-
recurrent eyes was statistically significant whereas no significant
reduction was observed in recurrent eyes in layer-by-layer analysis.
*Statistically significant P value using paired t test
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vascularity and hyperpermeability, and prominent reduction
after treatment were predictive factors for good short-term
response. A rebound increase in pachyvessel diameter and
choroidal vascularity was observed in eyes with recurrence.
These findings indicate that choroidal features reflect the
underlying pathophysiology of PCV regarding the action
mechanism of PDT, thereby leading to different treatment
outcomes. Results of this study will facilitate prediction of
the outcomes of combination PDT treatment and determi-
nation of the optimal treatment strategy for patients with
PCV.

Summary

What was known before

● Clinical characteristics and treatment outcome of eyes
with PCV is not uniform.

● Choroidal morphology seems to be strongly associated
with pathogenesis of PCV and treatment response.

What this study adds

● We found that characteristic features of pachychoroid
(i.e., increased choroidal thickness, Haller’s layer
proportion, and pachyvessel diameter) and high vascu-
larity are positive predictive factors for combination
PDT in eyes with PCV.

● The results of this study will facilitate determination of
the optimal treatment for patients with PCV in which
both anti-VEGF and PDT are viable treatment options.
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