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Abstract

Purpose To evaluate the 1-year efficacy of half-fluence photodynamic therapy (HFPDT) combined with intravitreal afliber-
cept injection on treatment-naive pachychoroid neovasculopathy (PNV) without polypoidal lesions.

Study design Retrospective, interventional case series

Patients and methods We retrospectively studied 21 eyes with treatment-naive PNV and assessed the best-corrected visual
acuity (BCVA), central macular thickness (CMT), central choroidal thickness (CCT), pachyvessel vertical diameter, and
choroidal neovascularization thickness (CNVT) at the fovea over a 12-month period.

Results The median BCVA was 0.15 at baseline, 0.00 (P < .05) at 3 months, 0.05 at 6 months, and -0.08 (P < .05) at 12
months. The BCVA was significantly improved at 3 months and 12 months as compared with the baseline BCVA. The median
CMT was 230 pm at baseline, 140 pm (P < .01) at 3 months, 150 pm (P < .01) at 6 months, and 150 pm (P < .01) at 12
months. The median CCT was 386 pm at baseline, 347 pm (P < .01) at 3 months, 331 pm (P < .01) at 6 months, and 352 pm
(P < .01) at 12 months. The median pachyvessel vertical diameter was 309 pm at baseline, 246 pm (P < .01) at 3 months, 232
pm (P < .01) at 6 months, and 242 pm (P < .01) at 12 months. The median CNVT was 28 pm at baseline, 17 pm (P < .01) at
3 months, 19 pm (P < .05) at 6 months, and 21 pm (P < .05) at 12 months. The CMT, CCT, pachyvessel vertical diameter,
and CNVT were significantly decreased at 3, 6, and 12 months as compared with those at baseline. Whilst 17 eyes (81.0%)
showed no signs of CNV recurrence during the 12-month period, 4 eyes (19.0%) required additional combination therapy.

Conclusions HFPDT combined with intravitreal aflibercept injection may effectively improve BCVA and ameliorate exuda-
tive changes in eyes with PNV without polypoidal lesions for up to 1 year.

Keywords Pachychoroid neovasculopathy (PNV) - anti-vascular endothelial growth factor (anti-VEGF) - photodynamic
therapy (PDT) - optical coherence tomography (OCT)

Introduction

Recently, pachychoroid spectrum diseases have been
described as a new clinical entity composed of macular
disorders [1]. “Pachychoroid” is defined as an abnormal
increase in choroidal thickness often showing dilated choroi-
dal vessels [1]. Type 1 choroidal neovascularization (CNV)
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can reportedly develop in long-standing central serous
chorioretinopathy (CSC), a typical pachychoroid spectrum
disease, and masquerade as neovascular age-related macu-
lar degeneration (AMD) [2, 3]. Pang and Freund proposed
“pachychoroid neovasculopathy (PNV)” in 2015 as a diag-
nosis in eyes with features of type 1 neovascularization and
choroidal thickening in the absence of characteristic AMD
or degenerative changes [4].

Intravitreal injection of an antivascular endothelial growth
factor (VEGF) agent is a first-line therapy for neovascular
AMD. We previously reported the efficacy of a treat-and-
extend regimen using intravitreal aflibercept injection for
PNV and type 1 neovascular AMD [5]. Our study revealed
that management of PNV required significantly fewer intra-
vitreal aflibercept injections than did type 1 neovascular
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AMD [5]. However, treatment of PNV without polypoidal
lesions required significantly more injections than did PNV
with polypoidal lesions, so-called polypoidal choroidal vas-
culopathy (PCV) [5]. Lee et al also reported that PNV eyes
without polypoidal lesions were refractory to anti-VEGF
monotherapy [6].

Photodynamic therapy (PDT) using verteporfin was
developed to treat CNV in neovascular AMD. Previous stud-
ies revealed PDT combined with intravitreal injection of an
anti-VEGF agent to be effective against PCV [7, 8]. Moreo-
ver, combination therapy can reduce the adverse events asso-
ciated with PDT such as subretinal hemorrhage [9]. PDT has
also become a treatment option for CSC because PDT can
reduce choroidal hyperpermeability and thickness, prevent-
ing fluid leakage from the retinal pigment epithelium (RPE)
into the subretinal space [10]. When PDT is applied for
CSC, the exposure fluence or exposure time or the amount
of verteporfin is reduced to prevent complications such as
RPE atrophy, choroidal ischemia, secondary CNV, and sud-
den visual acuity decreases [11, 12].

The aim of this study, using a 1-year follow-up period,
was to evaluate the efficacy of half-fluence PDT (HFPDT)
combined with intravitreal aflibercept injection in patients
with PNV without polypoidal lesions.

Patients and methods

We performed this study, which complied with the guide-
lines of the Declaration of Helsinki, with approval from
our institutional review board. We retrospectively studied
21 eyes of 21 patients with previously untreated PNV with
exudative changes. The patients received HFPDT com-
bined with an intravitreal aflibercept injection during the
period from February 2017 through October 2018 and were
followed up for at least 12 months at Gunma University
Hospital.

All the patients with PNV underwent a complete oph-
thalmologic examination, including slit-lamp biomicroscopy
with a noncontact fundus lens (SuperField lens; Volk Opti-
cal); color fundus photography and fundus autofluorescence
(FAF) (Canon CX-1; Canon); fluorescein angiography (FA)
and indocyanine green angiography (ICGA); and optical
coherence tomography (OCT) with an angle of 30 degrees
(Spectralis HRA + OCT; Heidelberg Engineering); and
swept-source OCT (SS-OCT) (DRI OCT-1 Triton; Topcon
Corp and PLEX Elite 9000; Carl Zeiss Meditec).

The DRI OCT-1 Triton and PLEX Elite 9000 incorpo-
rate a tunable laser with a 1050-nm central wavelength and
acquire 100,000 A-scans/second. The DRI OCT-1 Triton
has an axial resolution of 8 pm and a lateral resolution of
20 pm, whilst the respective resolutions of the PLEX Elite
9000 are 6.5 pm and 20 pm. We obtained B-mode images of
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the horizontal and vertical line scans (12 mm) through the
fovea by using the DRI OCT-1 Triton. Next, we performed
OCT angiography volume scanning, with the scans contain-
ing 300 x 300 pixels in an area of 3 x 3 mm, by using the
PLEX Elite 9000. OCT angiography is based on an optical
microangiography algorithm.

In this study, the diagnosis was PNV if all the following
criteria were met: (1) CNV without polypoidal lesions was
diagnosed or suspected by FA and ICGA in the affected eye.
(2) A shallow irregular RPE detachment at the site of CNV
was observed on the OCT B-mode images, whilst CNV find-
ings were detected in the slab from the outer retina to the
choriocapillaris on OCT angiography [13]. (Shallow irregu-
lar RPE detachment was originally described as the so-called
‘‘double-layer sign’’ in PCV, containing branching vascular
networks feeding polypoidal lesions [14].) (3) The clinical
and anatomic features of the pachychoroid phenotype were
pathologically dilated outer choroidal vessels on the OCT
images and regional choroidal vascular hyperpermeability
on the ICGA images. Central choroidal thickness (CCT)
was not included among the criteria for the pachychoroid
phenotype because CCT is affected by age and refractive
error [15]. Furthermore, eyes with normal CCT can exhibit
extrafoveal choroidal thickening at CNV sites [16]. The
absence of drusen was also excluded from the criteria for the
pachychoroid phenotype because pachychoroid-associated
drusen, so-called pachydrusen, can be seen in pachychoroid
spectrum diseases [17, 18].

All the eyes were treated with HFPDT combined with an
intravitreal injection of aflibercept (2 mg/0.05 mL). HFPDT
was performed 2 days after the aflibercept injection. The
patients received a verteporfin injection at 6 mg/m? body
surface area and then underwent PDT with a light fluence
of 25 J/cm? using a Visulas PDT system 690S (Carl Zeiss
Japan) for 83 seconds. The greatest linear dimension (GLD)
of the PNV lesion was determined according to the ICGA,
B-mode OCT, and OCTA. The diameter of the PDT treat-
ment spot size was the GLD plus 1000 um. After receiv-
ing this combination therapy, the patients were followed up
every 1 to 2 months. When the exudative changes recurred,
the same combination therapy was again performed.

Best-corrected visual acuity (BCVA), central macular
thickness (CMT), CCT, pachyvessel vertical diameter, and
CNV thickness (CNVT) at the fovea were examined at every
visit. The BCVA was determined with a manifest refrac-
tion and recorded as decimal values and converted to loga-
rithm of the minimal angle of resolution (logMAR) units.
The CMT, CCT, pachyvessel vertical diameter, and CNVT
were measured on the B-mode images using the computer-
based caliper measurement tool in the OCT system. CMT
was defined as the distance between the internal limiting
membrane and the top of the RPE at the fovea. CCT was
defined as the distance between the Bruch membrane and the
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margin of the choroid and sclera under the fovea. Pachyves-
sel vertical diameter was defined as the vertical diameter of
the most dilated pachyvessel within 1000 um of the fovea on
the horizontal B-scan OCT through the fovea. CNVT was
defined as the distance between the bottom of the RPE and
the Bruch membrane at the fovea. The data for CMT, CCT,
pachyvessel vertical diameter, and CNVT were recorded
independently by 2 examiners masked to the patients’ infor-
mation, and if the measurement difference exceeded 15% of
the mean of the 2 values, there was open adjudication with
the senior author.

For statistical analysis, the Wilcoxon signed rank test
was used to compare the differences between the BCVA,
CMT, CCT, pachyvessel vertical diameter, and CNVT at
baseline versus the other time points. The data analyses were
performed using Excel 2016 (Microsoft) with add-in soft-
ware Statcel4 [19]. Probability values less than .05 were
considered to indicate significant differences. All data are
presented as medians (minimums, maximums).

Results

The patients in this study were all Japanese and comprised
17 men (81%) and 4 women (19%). The median patient age
was 66 (45, 84) years. The respective GLD values were 2069
(714, 3571) pm. Fifteen eyes had subfoveal CNV, and the
other 6, juxta or extrafoveal CN'V. None of the patients in
this study had serous RPE detachment under the fovea. The
clinical data before treatment are presented in Table 1. The
BCVA changes during the 12-month period are shown in
Figure 1a. The median BCVA was 0.15 (-0.08, 0.70) at base-
line, 0.00 (-0.08, 0.52) (P < .05) at 3 months, 0.05 (-0.08,

Table 1 Demographic and clinical characteristics of patients with
PNV

No. of patients 21

No. of eyes 21
Male/female 17/4
Age,y 66 (45, 84)

0.15 (-0.08, 0.70)
230 (140, 418)
386 (191, 611)
309 (102, 394)
28 (0, 74)

Best-corrected visual acuity, logMAR

Central macular thickness, um

Central choroidal thickness, pm

Vertical diameter of pachyvessel, um

Choroidal neovascularization (CNV) thickness,
um

Greatest linear dimension, pm 2069 (714, 3571)

Subfoveal CNV/juxtafoveal CNV 15/6

Age, best-corrected visual acuity, central macular thickness, central
choroidal thickness, vertical diameter of pachyvessel, choroidal neo-
vascularization thickness, and greatest linear dimension are shown as
medians (minimums, maximums)

0.52) at 6 months, and -0.08 (-0.08, 0.70) (P < .05) at 12
months. The BCVA was significantly improved at 3 and 12
months as compared with the BCVA at baseline. The CMT
changes during the 12-month study period are shown in Fig-
ure 1b. The median CMT was 230 (140, 418) um at baseline,
140 (82, 233) um (P < .01) at 3 months, 150 (86, 220) um
(P < .01) at 6 months, and 150 (83, 220) um (P < .01) at
12 months. The CMT showed significant reductions at 3, 6,
and 12 months as compared with the CMT at baseline. The
CCT changes during the 12 months of treatment are shown
in Figure 1c. The median CCT was 386 (191, 611) um at
baseline, 347 (131, 522) um (P < .01) at 3 months, 331
(122, 572) um (P < .01) at 6 months, and 352 (92, 581) um
(P < .01) at 12 months. The CCT showed significant reduc-
tions at 3, 6, and 12 months as compared with the CCT at
baseline. The changes in pachyvessel vertical diameter dur-
ing the 12-month study period are shown in Figure 1d. The
median pachyvessel vertical diameter was 309 (102, 394)
um at baseline, 246 (77, 344) um (P < .01) at 3 months, 232
(77,339) um (P < .01) at 6 months, and 242 (73, 330) um (P
< .01) at 12 months. The pachyvessel vertical diameter was
significantly decreased at 3, 6, and 12 months as compared
with that at baseline. The CNVT values at the fovea during
the 12-month treatment period are shown in Figure le. The
median CNVT was 28 (0, 74) um at baseline, 17 (0, 59) um
(P < .01) at 3 months, 19 (0, 59) um (P < .05) at 6 months,
and 21 (0, 64) um (P < .05) at 12 months. The CNVT was
significantly decreased at 3, 6, and 12 months as compared
with the CNVT at baseline. Four patients (19.0 %) showed
CNV recurrence after the initial PDT plus aflibercept treat-
ment and received additional combination therapy during
the 12-month period: 1 additional treatment for 3 eyes and
3 additional treatments for 1 eye. Three of the 4 eyes with
recurrence had the highest CNVT values (51, 65, and 74
um) at baseline among the 21 eyes with PNV. The other 17
patients (81.0%) showed no signs of CNV recurrence dur-
ing the 12-month period. A representative case is shown in
Figure 2. None of the patients experienced severe adverse
events, such as cerebral infarction, myocardial infarction,
infectious endophthalmitis, rhegmatogenous retinal detach-
ment, and subretinal hematoma.

Discussion

We retrospectively investigated 21 eyes with treatment-naive
PNV given HFPDT combined with intravitreal injection of
aflibercept. The BCVA was significantly improved at 3 and
12 months after the treatment as compared with the BCVA
at baseline. The CMT, CCT, pachyvessel vertical diame-
ter, and CNVT showed significant reductions at 3, 6, and
12 months after the treatment as compared with those at
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Fig.1 a Changes in best-corrected visual acuity (BCVA) in previ-
ously treatment-naive pachychoroid neovasculopathy during the
12-month period after half-fluence photodynamic therapy com-
bined with intravitreal aflibercept injection. The BCVA was signifi-
cantly improved at 3 and 12 months as compared with the BCVA at
baseline. b Changes in central macular thickness (CMT) during the
12-month period after the combination therapy. The CMT was signif-
icantly decreased at 3, 6, and 12 months as compared with the CMT
at baseline. ¢ Changes in central choroidal thickness (CCT) during
the 12-month period after administration of the combination therapy.

baseline. Seventeen of the 21 patients (81.0%) showed no
signs of CNV recurrence during the 12-month period.
Miyake et al investigated the phenotypic/genetic differ-
ences between neovascular AMD and PNV including PCV
[20]. They reported patients with PNV to be significantly
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The CCT was significantly decreased at 3, 6, and 12 months as com-
pared with the CCT at baseline. d Changes in pachyvessel vertical
diameter during the 12-month period after administration of the com-
bination therapy. The pachyvessel vertical diameter was significantly
decreased at 3, 6, and 12 months as compared with that at baseline.
e Changes in choroidal neovascularization thickness (CNVT) during
the 12-month period after administration of the combination therapy.
The CNVT was significantly decreased at 3, 6, and 12 months as
compared with the CNVT at baseline. All data are shown as medians.
*P < .05, ¥*P < .01

younger than those with neovascular AMD [20]. They also
noted that genetic susceptibility to AMD was significantly
lower in PNV than in neovascular AMD [20]. Hata et al
studied the difference in intraocular VEGF concentrations
between neovascular AMD and PNV, including PCV [21].
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Fig.2 Images from a 62-year-old man with previously treatment-
naive pachychoroid neovasculopathy. The best-corrected visual
acuity in the left eye was -0.08 logMAR units during the 12-month
follow-up period. a-h Images obtained at baseline. a Color fundus
photograph showing retinal pigment epithelium (RPE) degeneration
at the macular area. b Fundus autofluorescence showing a mixture of
hyperautofluorescence and hypoautofluorescence according to RPE
degeneration. ¢ and d Fluorescein angiographic images (¢ 50 sec, d
5 min.) showing window defects and some leakage from the RPE.
e and f Indocyanine green angiographic images (e 1 min, f 10 min)
showing no apparent choroidal neovascularization. g Horizontal opti-
cal coherence tomography (OCT) B-scan through the fovea showing
dilated outer choroidal vessels and shallow irregular RPE detachment
accompanied by serous retinal detachment. The central macular thick-
ness (CMT), central choroidal thickness (CCT), vertical diameter of
the most dilated pachyvessel, and choroidal neovascularization thick-

They reported the mean VEGF concentration to be lower
in PNV than in neovascular AMD [21]. These reports sug-
gest that the mechanisms of CNV development might differ
between neovascular AMD and PNV. PNV, by definition,
is a disease that develops from type 1 neovascularization
associated with choroidal thickening [1]. Impairment of

ness (CNVT) were 290, 330, 320, and 37 um, respectively. h OCT
angiographic image (3 x 3 mm) showing CNV in the slab from the
outer retina to the choriocapillaris. i-p Images obtained 3 months
after half-fluence photodynamic therapy combined with intravitreal
aflibercept injection. k and 1 Fluorescein angiographic images (k 50
sec, I 5 min.) showing no leakage from the RPE. o Horizontal OCT
B-scan through the fovea showing no serous retinal detachment. The
CMT, CCT, pachyvessel vertical diameter, and CNVT were 165, 274,
284, and 32 pm, respectively. p OCT angiographic image showing
CNV. g-x Images obtained 12 months after administration of combi-
nation therapy. s and t Fluorescein angiographic images (s 50 sec, t 5
min.) showing no leakage from the RPE. w Horizontal OCT B-scan
through the fovea, showing no serous retinal detachment. The CMT,
CCT, pachyvessel vertical diameter, and CNVT were 174, 246, 245,
and 30 pm, respectively. x OCT angiographic image showing CNV

the choroidal circulation might have a major impact on the
development of CNV in PNV. Therefore, achieving good
long-term outcomes may require not only treating the CNV
but also decreasing the choroidal thickness.

Previous studies revealed that the regression rate of poly-
poidal lesions in PCV is higher with aflibercept than with
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ranibizumab [22-24]. In addition, aflibercept is reportedly
effective for the treatment of neovascular AMD with RPE
detachment refractory to ranibizumab [25]. Therefore,
aflibercept is thought to be more effective than ranibizumab
for lesions under the RPE. Aflibercept also reportedly affects
the choroidal circulation more than does ranibizumab. Julien
et al investigated choroidal changes in monkey eyes after
intravitreal injection of aflibercept or ranibizumab [26].
They reported the reductions of choriocapillaris endothe-
lium thickness and the number of fenestrations to be more
pronounced after intravitreal aflibercept injections than after
intravitreal ranibizumab injections [26]. Moreover, several
studies have shown that aflibercept reduces choroidal thick-
ness more than does ranibizumab [27, 28].

PDT is also effective for CNV occlusion and diminishing
choroidal thickness [29]. Maruko et al investigated choroidal
thickness change after combination therapy with intravitreal
ranibizumab and PDT in eyes with recurrent PCV [30]. They
reported that the subfoveal choroidal thickness, which was
increased at the time of recurrence, returned to the baseline
level after choroidal thinning in response to PDT treatment
[30]. Kim et al investigated long-term changes in subfoveal
choroidal thickness after PDT and the relationships of these
changes with chronic CSC recurrence [31]. They reported
incomplete absorption or recurrence of subretinal fluid after
PDT to be associated with greater subfoveal choroidal thick-
ness [31].

Reduced-fluence PDT is a treatment option for CSC.
Reduced-fluence PDT can decrease choroidal thickness,
whilst the risks of complications such as RPE atrophy, cho-
roidal ischemia, secondary CNV, and sudden visual acuity
decrease are lower than with full fluence PDT [11, 32]. In
addition, combination therapy with intravitreal anti-VEGF
and PDT for neovascular AMD can reduce the adverse
events associated with PDT such as subretinal hemorrhage
[9]. In the current study, we treated PNV with intravitreal
injection of aflibercept combined with HFPDT. Our results
demonstrated this combination therapy to be effective for
achieving CNV regression, decreasing choroidal thickness,
and diminishing pachyvessels. However, eyes with high
CNVT values at baseline tended to require additional treat-
ments. Therefore, CNVT assessment might be important for
predicting the efficacy of combination therapy for PN'V.

The limitations of our study include its retrospective
nature, single-center design, small number of patients, and
relatively short follow-up period. CMT, CCT, and CNVT
were measured manually, although it should be noted that all
measurements were performed by highly experienced inves-
tigators masked to the patients’ clinical and demographic
information. The patients were all Japanese, so the results
may not be generalizable to other racial and ethnic groups.

In conclusion, HFPDT combined with intravitreal
aflibercept injection may be effective, for up to 1 year, for
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improving BCVA and ameliorating exudative changes in
eyes with PNV without polypoidal lesions. This combina-
tion regimen is a potential treatment option for PNV without
polypoidal lesions.
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