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Purpose. To evaluate the clinical characteristics and long-term prognosis of pachychoroid neovasculopathy (PCN) when
compared with type 1 neovascular age-related macular degeneration (nAMD). Methods. We retrospectively analyzed 30 and 60
patients whose eyes were diagnosed as treatment-näıve PCN or type 1 nAMD, respectively. All subjects were followed up for 5
years. Baseline angiographic characteristics and long-term clinical outcomes were compared between the two groups. Results.
PCN group consisted of patients of younger age and represented more choroidal vascular hyperpermeability, polypoidal lesion,
and history of central serous chorioretinopathy (CSC) at the time of diagnosis (all p< 0.01). During the 5-year follow-up period,
individuals in the PCN group received significantly fewer injections and reported better visual acuity compared to individuals in
the type 1 nAMD group. A progressive decrease in the subfoveal choroidal thickness was observed in the type 1 nAMD group,
while the thick choroid was maintained in the PCN group during the 5-year follow-up period. Conclusions. PCN developed in
younger patients with a higher propensity of forming polypoidal lesions and a history of CSC. Long-term outcomes revealed that
PCN had a thicker choroid and better visual prognosis with fewer number of intravitreal injection than that of type 1 nAMD.

1. Introduction

Type 1 choroidal neovascularization (CNV) is the most
common subtype of neovascular age-related macular de-
generation (nAMD) that is characterized by localization of
abnormal vessels beneath the retinal pigment epithelium
(RPE). Type 1 nAMD is typically defined by occult leakage
observed on fluorescein angiography, late staining plaque on
indocyanine green angiography (ICGA), and shallow ir-
regular RPE elevation on optical coherence tomography
(OCT). It has been suggested that the type 1 CNV may be a
compensatory form of neovascular growth occurring in
response to an ischemic outer retina [1].

Recently, new clinical entities have been suggested as
pachychoroid spectrum disease that shares common features
of choroidal thickening, comprising central serous cho-
rioretinopathy (CSC), pachychoroid neovasculopathy

(PCN), and polypoidal choroidal vasculopathy (PCV) [2–4].
)e CNV induced by pachychoroid disease is characterized
by the formation of a thick choroid with type 1 CNV, and its
etiologies are likely to be different from type 1 nAMD [2–4].
It is known that these choroidal changes have an important
role in the common pathogenesis of pachychoroid spectrum
diseases. It occurs due to a pachychoroid-driven process,
involving choroidal congestion and choroidal hyper-
permeability that is manifested by choroidal thickening and
dilated choroidal vessels in the absence of other causes of
neovascularization [3–5]. Although the choroid is generally
thicker in pachychoroid diseases than in AMD, pachych-
oroid spectrum diseases share many clinical manifestations
with AMD. Intravitreal injection of antivascular endothelial
growth factor (anti-VEGF) or photodynamic therapy (PDT)
is considered as an effective treatment option against PCN
[3, 6, 7]; the treatment regimen is similar to that of type 1
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nAMD. Moreover, no definitive differences have been re-
ported between these two diseases in terms of treatment
responses to anti-VEGF treatment [8].

However, the definition of PCN is still under debate, and
only few studies have compared long-term outcomes of PCN
with that of type 1 nAMD. In this study, we evaluated the
baseline angiographic features of PCN cases and their 5-year
clinical outcomes and compared them with type 1 nAMD
cases.

2. Materials and Methods

)is retrospective study followed the guidelines of the Dec-
laration of Helsinki. Approval was obtained from the insti-
tutional review board of the University Hospital Institutional
Review Board. Informed consent was not required due to the
retrospective nature of the study.)e patients who visited our
clinic and were initially diagnosed with type 1 CNV associated
with nAMD or PCN were recruited between February 2006
and February 2014.

)e initial diagnosis of type 1 CNV was based on the
spectral-domain OCT (SD-OCT) and indocyanine green
angiography (ICGA, Spectralis® HRA-OCT, Heidelberg,
Germany). )e inclusion criteria were as follows: (1) age
more than 50, (2) patients who had not been treated with
intravitreal or laser treatment, and (3) patients who had been
regularly followed up for more than 5 years. Patients who
were lost during the follow-up period or those who had a
possibility of developing myopic choroidal neo-
vascularization with myopia of -6 diopters or more, history
of uveitis, severe cataracts, and other retinopathies including
severe diabetic retinopathy and retinal vascular abnormal-
ities were excluded from the study. Finally, all recruited
subjects were divided into nAMD or PCN group.

PCN was diagnosed if all of the following criteria were
met: (1) minimum cutoff value of subfoveal choroidal
thickness (SFCT) was 300 μm for CNV in either eye; (2) no
drusen greater than category 1 criteria is used in the age-
related eye disease study; (3) presence of RPE abnormality;
and (4) the presence of choroidal pachyvessels or thickening
choriocapillaris directly below type 1 CNV. Representative
cases are shown in Figure 1.

We investigated structural characteristics at baseline and
during the period of prognosis over 5 years. At the time of
diagnosis, best-corrected visual acuity (BCVA), SFCT, his-
tory of CSC, presence of choroidal hyperpermeability,
polypoidal lesion, and drusen were investigated. For the
longitudinal analysis, the number of intravitreal anti-VEGF
injections, the history of PDT, change in BCVA, and SFCT
were investigated at 1, 3, and 5 years. All the patients were
treated with a loading phase of 3 monthly anti-VEGF in-
jections and were then retreated as needed (PRN regimen). If
patients were treated with combination therapy, PDT was
performed at the same day of the first anti-VEGF injection.

Subfoveal choroidal thickness was measured by vertical
distance from the outer edge of the hyperreflective line of
RPE to the hyporeflective line of sclerochoroidal interface. If
the quality of the HRA-OCT was poor to measure the
thickness of the choroid, it was measured considering

Cirrus® OCT (Carl Zeiss Meditec, Dublin, CA, USA) to-
gether. Choroidal hyperpermeability was defined as de-
marcated and large hyperfluorescent borders that appeared
in the late stage of ICGA. Geographic atrophy was defined as
the clear boundary of atrophic regions with a diameter of
more than 175 µm in the region with hypopigmentation,
depigmentation, or RPE loss.

Statistical analyses were performed using IBM SPSS
Statistic ver. 23.0 (IBM Corp, Armonk, NY, USA). )e
baseline characteristics of PCN group and nAMD group
were analyzed by paired t-test, Fisher’s exact test, and
Mann–Whitney test. )e number of injections and changes
in BCVA and SFCT during the follow-up period were an-
alyzed using paired t-test. For all statistical tests, p value less
than 0.05 was considered statistically significant.

3. Result

A total of 90 eligible subjects were included in the study.
)irty eyes were grouped as PCN, and 60 eyes were grouped
as nAMD. )e demographic and clinical characteristics of
the patients before treatment are presented in Table 1.

)ere was significant difference between the two groups
with respect to the SFCT and age. )e SFCT of the PCN
group was 335± 43 μm, and the nAMD group was
250± 41 μm. )e mean age of the PCN group was 66.7± 11,
making its members younger than the subjects in the nAMD
group (75.3± 6.9). )e baseline BCVA of PCN group was
0.39± 0.13, and nAMD group was 0.51± 0.14, with no sta-
tistically significant difference between them (p � 0.137).)e
history of CSC was more common in the PCN group (80%)
than the nAMD group (15%) (p< 0.001). In terms of an-
giographic evaluation, the presence of choroidal hyper-
permeability, polypoidal lesion, and any drusen was
significantly different in the two groups. Choroidal hyper-
permeability on ICGA was observed on 73.3% cases in the
PCN group and 16.4% cases in the nAMD group (p< 0.001).
)e polypoidal lesion was more commonly observed in the
PCN group (40%) than that in the nAMD group (23.3%)
(p< 0.001). Any drusen was observed in 13.3% of PCN and
58.3% of nAMD cases (p � 0.020).

)e changes in SFCT during the 5-year period area are
shown in Figure 2.)e SFCTof the PCN group after 1, 3, and
5 years was 331.61± 63.74, 335.06± 68.47, and
334.94± 88.84 μm. In the AMD group, the SFCT was
206.16± 45.40, 201.66± 50.45, and 192.51± 51.39 μm, re-
spectively. )e decrease in SFCT did not differ significantly
between the two groups during the first year of this study.
PCN group showed no significant change in SFCTfrom 3- to
5-year period when compared to the baseline, while the
nAMD group showed significant decrease from baseline to
1- to 5-year follow-up.

)e BCVA changes during the 5-year follow-up period
are shown in Figure 3(a). )e BCVA of the PCN group after
1, 3, and 5 years was 0.32 ± 0.13, 0.29 ± 0.12, and
0.35 ± 0.15 logMAR, respectively. In the AMD group, the
BCVA was 0.40 ± 0.14, 0.42 ± 0.13, and 0.48 ± 0.19 log-
MAR after 1, 3, and 5 years, respectively. BCVA was sig-
nificantly improved after 1 year in both the groups, and these
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improvements were maintained for 3 years after the initial
treatment in PCN groups. BCVA improvements during the
5-year period did not significantly differ between the two
groups. Change in BCVA from baseline to 1, 3, and 5 years
between PCN and nAMD groups is demonstrated in
Figure 3(b).

)e number of anti-VEGF injections during the treat-
ment period of 5 years is shown in Table 2. )e number of

injections during the 1-, 3-, and 5-year period was 4.1± 0.9,
6.0± 1.1, and 7.2± 1.2 in the PCN group, respectively. In the
nAMD group, the number of injections was 4.7± 1.1,
7.1± 1.3, and 9.5± 1.3 during the 1-, 3-, and 5-year period,
respectively. )e number of injections for nAMD was
greater than that in the PCN group for the 1- and 3-year
period; however, the difference was not significant. On the
contrary, the total number of injections for the 5-year

Table 1: Initial observations of distinct characteristics between individuals of the pachychoroid group and the AMD group.

Category PCN group AMD group p value
Number of eyes (eyes) 30 60
Subfoveal choroidal thickness† (μm) 335± 43 250± 41 <0.001∗
Age§ (years) 66.7± 11 75.3± 6.9 0.001∗
Sex‡ (male: female) 16 :14 36 : 24 0.579
History of CSC‡ (eyes, (%)) 24 (80%) 9 (15%) <0.001∗
BCVA† (logMAR), F 0.39± 0.13 0.51± 0.14 0.137
Choroidal hyperpermeability‡ (eyes, (%)) 22 (73.3%) 10 (16.4%) <0.001∗
Polypoidal lesion‡ (eyes, (%)) 12 (40%) 14 (23.3%) <0.001∗
Presence of drusen‡ (eyes, (%)) 4 (13.3%) 35 (58.3%) 0.020∗
Values are presented as mean± SD, otherwise indicated. ∗, statistically significant value; †, analyzed by paired t-test; ‡, analyzed by Fisher’s exact test; §,
analyzed by Mann–Whitney test.

(a) (b)

(c)

Figure 1: Multimodal image of a 54-year-old male with pachychoroid neovasculopathy in the left eye. (a) Color fundus photography
displaying no evidence of drusen. (b) Choroidal vascular hyperpermeability (yellow circle) and hyperreflective polypoidal lesions are (yellow
arrow) observed on early-phase indocyanine green angiography image. (c) Optical coherence tomography image showing that subfoveal
choroidal thickness is over 300 μm (yellow line), and focal retinal pigment epithelium detachment is observed corresponding to the
polypoidal lesions.
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follow-up was significantly fewer in the PCN group than that
in the nAMD group. Lastly, there was no significant dif-
ference between the two groups with respect to the pro-
portion of eye that was treated with PDT at the first time of
anti-VEGF injection.

During the 5-year treatment period, geographic atrophy
(GA) developed in 10 eyes (10%) in the nAMD group;
however, only one (3.3%) developed GA in the PCN group
that showed a significant difference (p � 0.004).

4. Discussion

Since the PCN was published as a criterion of CNV, many
studies have been published about PCN displaying a shared
morphology with type 1 CNV without evidence of nAMD
[2, 3]. Recent studies have reported clinical phenotypic
difference between PCN and nAMD [9]. In the current
study, it could be observed from the results of baseline
analysis that individuals in the PCN group were significantly
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Figure 3: (a) Serial changes in the best-corrected visual acuity (BCVA) in the logMAR scale of individuals in the PCN and nAMD groups
during the 5-year follow-up period. BCVA was significantly improved after 1 year in both the groups, and these improvements were
maintained for 3 years after the initial treatment in PCN groups. However, BCVA improvements during the 5-year period did not
significantly differ between the two groups. (b) Change in BCVA from baseline to 1, 3, and 5 years in terms of PCN and nAMD groups.

Table 2: Long-term disease progression and treatment history of pachychoroid group and AMD group.

Category PCN group nAMD group p value
Number of intravitreal injection for 1 year† 4.1± 0.9 4.7± 1.1 0.545
Number of intravitreal injection for 3 years† 6.0± 1.1 7.1± 1.3 0.081
Number of intravitreal injection for 5 years† 7.2± 1.2 9.5± 1.3 0.028∗
Treatment of PDT‡ (eyes, (%)) 15 (50%) 20 (33.3%) 0.114
Values are presented as mean± SD, otherwise indicated. ∗, statistically significant value; †, analyzed by paired t-test; ‡, analyzed by Fisher’s exact test.
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Figure 2: Serial changes in the subfoveal choroidal thickness (SFCT) of individuals from the pachychoroid and age-related macular
degeneration groups during the 5-year follow-up period.)e decrease in SFCTdid not differ significantly between the two groups during the
first year of this study. PCN group showed no significant change in SFCTfrom 3- to 5-year period when compared to the baseline, while the
nAMD group showed significant decrease from baseline to 1- to 5-year follow-up.
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younger and had better BCVA, greater SFCT, more poly-
poidal lesion, more history of CSC, more choroidal
hyperpermeability, and less drusen than those with nAMD.
)is was consistent with previous studies. To the best of our
knowledge, this study is the first to report a 5-year com-
parison between PCN and type 1 nAMD with respect to the
clinical outcomes.

Although PCN groups had better baseline BCVA than the
nAMD group, the BCVA improvements during the 5-year
follow-up period were not significantly different between the
two groups. )e number of anti-VEGF injections was not
significantly different between the two groups at 1- and 3-year
follow-up. )is result may be due to the initial three monthly
injection treatment subjected to individuals in both the
groups. However, significantly fewer injections were used for
PCN than that for nAMD for the 5-year period (7.2± 1.2 vs
9.5± 1.3). An earlier study evaluated the efficacy of a treat and
extend anti-VEGF injection while treating-näıve PCN and
type 1 nAMD cases. )ey found that PCN required signifi-
cantly fewer injections than nAMD during a 2-year follow-up
[10]. Furthermore, Cho et al. [11] compared a 12-month
clinical outcome between PCN and nAMD cases who were
initially treated with three monthly injection followed by the
PRN regimen. Although there was no significant intergroup
difference in terms of visual acuity achievement, they sug-
gested that the response to anti-VEGF treatment could be
different between PCN and nAMD groups. )e PCN group
showed a significantly lower need for retreatment and
exhibited a longer mean retreatment-free period after loading
injections. )e reason for the difference in the response to
anti-VEGF treatment between PCN and type 1 nAMD is still
unclear. )is result could be associated with baseline char-
acteristics such as younger age or better baseline visual acuity
in the case of the PCN group, which could effectuate a rel-
atively good visual outcome. Management of PCN with
significantly fewer injections might be related to the lower
intraocular VEGF concentration in PCN [12]. In addition,
aqueous VEGF levels showed a negative correlation with
subfoveal choroidal thickness [13].

)e maintenance of a thick choroid in PCN cases could
be one of the reasons for better treatment outcomes. In this
study, SFCT showed significant decrease at a 1-year treat-
ment period from baseline in both PCN and nAMD groups.
)e SFCT reduction was significantly greater in the nAMD
group than that in the PCN group after a 1-year period.
Intravitreal injection of anti-VEGF agents is known to affect
the choroidal circulation. Prior studies have shown that
aflibercept reduces choroidal thickness to a greater extent
than ranibizumab [14, 15]. Suppressing VEGF is thought to
reduce choroidal vascular hyperpermeability or constrict
choroidal vessels via a decrease in nitric oxide production,
thereby reducing choroidal thickness [16]. Accordingly,
more frequent anti-VEGF injection might be one reason
why SFCT was significantly reduced in the nAMD group
after 3-year follow-up. Initially, three monthly injection and
PDTin the PCN groupmight cause similar decrease in SFCT
in the nAMD group within the first year. )is result is
consistent with a previous study that showed that decrease in
choroidal thickness of PCN after 1-year treatment of anti-

VEGF injection was significantly related to the number of
intravitreal injections [17]. Also, decrease in choroid
thickness following anti-VEGF treatment had been known
as a risk factor of GA progression [18]. Our results also
revealed that GA incidence was significantly lower in the
PCN than that in the nAMD group. Significantly higher
choroidal thickness and lower number of anti-VEGF in-
jections in the PCN group could be associated with the
relatively lower incidence of GA development. More fre-
quent injection has been associated with higher incidence
GA development in nAMD [19].

Several studies from literature suggested that etiologies
of the two conditions must be different [9]. Pang and Freund
suggested that PCN should be considered in the differential
diagnosis of eyes with characteristics of type 1 CNV and
choroidal thickening in the absence of signs of AMD or
degenerative changes [3]. )ey also proposed that PCV
might be developed from the pachychoroid-driven process
involving choroidal congestion and choroidal hyper-
permeability manifested by thick choroid and dilated cho-
roidal vessels. Consequently, pachyvessels, along with
attenuation of the inner choroid and loss of choriocapillaris,
produce an ischemic environment, leading to over-
expression of angiogenic factors and choroidal neo-
vascularization. In addition, a previous longitudinal study
reported that pachychoroid pigment epitheliopathy (PPE)
lesions can be the precursor lesion for PCN or PCV [20].
)ey hypothesized that increased choroidal pressure and
choroidal hyperpermeability may lead to disruption in gap
junctions between RPE cells, and a small amount of sub-
retinal fluid which cannot be visualized by OCT may leak
into the sub-RPE space from microbreaks and lead to focal
RPE detachment, observed as elevation of RPE. )en, in-
creasing sub-RPE fluid may cause conversion of RPE
microleaks to PED lesions [20]. Furthermore, a recent large-
scale genetic study on choroidal thickness clearly elucidated
the crucial difference between pachychoroid and drusen-
originated AMD [21]. In the respect of the CFH gene as-
sociation, drusen-driven AMD and pachychoroid diseases
should belong to different disease spectrums [22]. Previously
proposed characteristics of PCN including thick choroid and
choroidal vascular hyperpermeability are now confirmed by
objective evidence of genetic associations. However, until
recently, a clear definition differentiating PCN from nAMD
has not been established, and sufficient pathophysiological
or clinically rational grounds had not been provided to
confirm the significance of differentiating PCN from nAMD.

)e limitation of this study was the retrospective study
design and relatively small number of cases. Second, the
effect of treatment according to the type of anti-VEGF drug
had not been considered due to the retrospective nature.
Finally, PCN still remains a subjective term with no clear
definition. )e study included subjects who showed poly-
poidal lesions on ICGA in the PCN group. Some studies
were excluded from PCN if polypoidal lesions were detected
on ICGA [8], whereas in other studies, type 1 neo-
vascularization with polypoidal lesions was included in the
inclusion criteria of PCN [10, 12]. We expect further studies
that would reduce the ambiguities associated with the
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definition and prognosis of PCN involving a large cohort
and prospective study design.

In conclusion, PCN is presented in younger age and has
a higher likelihood to have CSC history, polypoidal lesion,
and choroidal hyperpermeability compared to type 1
nAMD. A long-term follow-up analysis over 5 years revealed
that a thicker choroid showed better visual prognosis with
fewer number of anti-VEGF injections. )erefore, dis-
tinguishing PCN from nAMD may be advisable to estimate
long-term prognosis and determine appropriate treatment
plan.
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[17] N. Padrón-Pérez, L. Arias, M. Rubio et al., “Changes in
choroidal thickness after intravitreal injection of anti-vascular
endothelial growth factor in pachychoroid neovasculopathy,”
Investigative Opthalmology & Visual Science, vol. 59, no. 2,
pp. 1119–1124, 2018.

[18] D. S. W. Ting, W. Y. Ng, S. R. Ng et al., “Choroidal thickness
changes in age-related macular degeneration and polypoidal
choroidal vasculopathy: a 12-month prospective study,”
American Journal of Ophthalmology, vol. 164, pp. 128–136,
2016.

[19] J. E. Grunwald, E. Daniel, J. Huang et al., “Risk of geographic
atrophy in the comparison of age-related macular degener-
ation treatments trials,” Ophthalmology, vol. 121, no. 1,
pp. 150–161, 2014.

[20] M. Karacorlu, M. G. Ersoz, S. Arf, M. Hocaoglu, and
I. Sayman Muslubas, “Long-term follow-up of pachychoroid
pigment epitheliopathy and lesion characteristics,” Graefe’s
Archive for Clinical and Experimental Ophthalmology,
vol. 256, no. 12, pp. 2319–2326, 2018.

[21] Y. Hosoda, M. Yoshikawa, M. Miyake et al., “CFH and VIPR2
as susceptibility loci in choroidal thickness and pachychoroid
disease central serous chorioretinopathy,” Proceedings of the
National Academy of Sciences, vol. 115, no. 24, pp. 6261–6266,
2018.

[22] N. K. Ryoo, S. J. Ahn, K. H. Park et al., “)ickness of retina
and choroid in the elderly population and its association with
Complement Factor H polymorphism: KLoSHA Eye study,”
PloS One, vol. 13, Article ID e0209276, 2018.

6 Journal of Ophthalmology


