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Abstract: Background: The aim of this study was to compare the choroidal characteristics of typical
polypoidal choroidal vasculopathy (T-PCV) and polypoidal choroidal neovascularization (P-CNV)
cases, and to investigate the presence of intervortex venous anastomoses in these PCV subtypes
by using en face optical coherence tomography angiography (OCTA). Methods: A total of 35 eyes
of 33 PCV cases were included. The PCV cases were divided into T-PCV and P-CNV groups. The
choroidal vascularity index (CVI) was calculated. En face OCTA images were evaluated for the
presence of intervortex venous anastomoses. The diameter of the largest anastomotic Haller vessel
was measured. Results: T-PCV cases had significantly higher mean CVI values (73.9 ± 3.7 vs.
70.8 ± 4.5%) than P-CNV cases (p = 0.039). Intervortex venous anastomoses were observed in 85.7%
of T-PCV eyes and in 91.7% of P-CNV eyes on en face OCTA (p = 1.000). In the cases with intervortex
venous anastomosis, the mean diameter of the largest anastomotic vessel on en face OCTA was
341.2 ± 109.1 µm in the T-PCV and 280.4 ± 68.4 µm in the P-CNV group (p = 0.048). Conclusions:
The higher CVI value in T-PCV may be an important feature concerning the pathogenesis and
classification of PCV. Although there was no difference between the two subtypes in terms of
intervortex anastomosis, more dilated anastomotic vessels were observed in the T-PCV.

Keywords: choroidal vascularity index; indocyanine green angiography; optical coherence tomography
angiography; polypoidal choroidal neovascularization; typical polypoidal choroidal vasculopathy;
vortex vein anastomoses

1. Introduction

Polypoidal choroidal vasculopathy (PCV) is a disorder of the choroidal vasculature.
Yannuzzi et al. first described this disorder in 1990, defining it as a distinct entity involving
peculiar polypoidal, subretinal, vascular lesions associated with serous and hemorrhagic
detachments of the retinal pigment epithelium (RPE) [1]. The main diagnostic features of the
lesions are a branched network of choroidal vessels and polypoidal nodular structures on
indocyanine green angiography (ICGA). Although PCV was initially considered a subtype
of age-related macular degeneration (AMD), recent studies suggest that it belongs to the
pachychoroid spectrum characterized by increased choroidal thickness, dilated Haller
layer vessels, and choroidal hyperpermeability [2]. Current studies have described a novel
finding, intervortex venous anastomosis, in pachychoroid-related disorders [3–5].

The advent of new imaging technologies has allowed for novel insight into the patho-
genesis of PCV, revealing that polypoidal lesions are divided into two subtypes [6–9].
Yuzawa et al. reported that PCV cases could be classified as “typical PCV (T-PCV)” and
“polypoidal choroidal neovascularization (P-CNV)” [9]. T-PCV cases have inner choroidal
vessel abnormalities, whereas polypoidal CNV cases have CNV with polypoidal structures
occurring at vessel termination points. Lower choroidal thickness, smaller polypoidal struc-
tures, and larger lesion area are the other discriminative features in P-CNV cases [10,11].
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Later, Kawamura et al. suggested the terms type 1 PCV and type 2 PCV for P-CNV and
T-PCV, respectively [12]. They also emphasized the importance of choroidal hyperperme-
ability in type 2 PCV. Tanaka et al. demonstrated a thicker choroid in type 2 PCV cases [13].
Coscas et al. divided PCV cases into neovascular AMD-related polyps and idiopathic polyps
in 2015: Eyes with neovascular AMD-related polyps differ from idiopathic polyps by having
larger lesions, thinner choroids, and more drusen [11]. Idiopathic polyps have the features
of pachychoroids [11]. Therefore, grouping pachychoroid-driven PCV and AMD-related
PCV under the same title may prevent the correct representation of these subtypes, as the
underlying etiopathogenesis and choroidal structural characteristics may be quite different.

The development of sophisticated computer programs to binarize enhanced depth
imaging mode optical coherence tomography (EDI-OCT) images has enabled the evaluation
of the vascular structure of the choroid quantitatively and qualitatively. With the ability
to evaluate the choroid as separate compartments, a novel term, the choroidal vascularity
index (CVI), has been defined. The CVI represents proportionate changes in the choroidal
vasculature. It has diagnostic importance and serves as a monitoring tool in choroidal
disorders [14,15]. Although there are some studies reporting the CVI measurement in PCV
cases, the results are controversial [16–20].

Additionally, recent development of ultra-wide-field ICGA has enabled better visu-
alization of vortex veins, and current studies have proposed intervortex congestion and
eventual anastomosis as keystones in pachychoroid spectrum disorder (PSD) pathophysiol-
ogy [3,5,21,22]. Although it has been shown that anastomoses also exist in PCV, their role
in the pathogenesis is still unknown [3].

Classifying PCVs with the abovementioned advanced imaging technologies would
be helpful not only for pathogenic implications but also for prognostic significance [9].
Because the basic histopathological features of these two subtypes differ, the treatment
response to therapeutic alternatives may also vary. In P-CNV, the main compartment
of the lesion is the CNV; consequently, its natural course depends on the prognosis of
the neovascular lesion. P-CNV has therefore been reported to show better response to
antivascular endothelial growth factor injections in contrast to T-PCV [23]. However,
photodynamic therapy has been reported to be a more effective treatment option in PCV
cases with pachychoroid-driven conditions [10].

The aim of this study is to compare the choroidal structural characteristics of T-PCV and
P-CNV cases, and to evaluate the presence of intervortex venous anastomoses in these subtypes.
To the best of our knowledge, this is the first study comparing the presence of intervortex
anastomoses and choroidal morphological features between these two distinct PCV subtypes.

2. Materials and Methods

This retrospective cross-sectional study included 35 eyes of 33 treatment-naïve PCV
cases whose diagnosis was confirmed with indocyanine green angiography (ICGA) at the
Retina-Vitreous Clinic of Ophthalmology at the Ankara University School of Medicine. This
study was approved by the Institutional Review Board Committee of Ankara University
and was conducted in accordance with the Declaration of Helsinki.

2.1. Patient Selection

The inclusion criteria were the detection of polypoidal lesions on ICGA images and
presence of these lesions at subfoveal or juxtapapillary location, where the lesion remains
on the 30-degree horizontal line scan through the fovea center. Eyes with any ocular
inflammatory disease, other degenerative or vascular retinal conditions, or a spherical
equivalent refractive error of ≥5 diopters were excluded. Those with a prior history of
photocoagulation and/or vitreoretinal surgery were also excluded.

Demographic and clinical data of patients were obtained from their medical charts.
A complete ophthalmic examination, including best corrected visual acuity (BCVA) mea-
surement, slit-lamp biomicroscopy, and dilated posterior segment examination, were per-
formed for all participants. Early Treatment of Diabetic Retinopathy Study (ETDRS) charts
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were used for BCVA assessment. The SPECTRALIS® platform (Heidelberg Engineering,
Heidelberg, Germany) was used for ICGA imaging. Spectral domain optical coherence
tomography (OCT) images with the enhanced depth imaging (EDI) mode (SPECTRALIS®,
Heidelberg Engineering) were used for choroidal measurements.

The definitive diagnosis of PCV was given based on ICGA images. Posterior pole
30◦ images and/or ultra-wide-field objective 102◦ imaging module ICGA images were
used [5]. The PCV cases were classified into a T-PCV group (n = 23) and a P-CNV group
(n = 12) according to the following criteria [7]. T-PCV was characterized by the presence of
polypoidal lesions with/without branching vascular networks (BVNs). Polypoidal lesions
were confirmed with ICGA showing early hyperfluorescent spots and BVNs. P-CNV was
defined as the presence of smaller polypoidal structures affecting a limited area of a large
type 1 macular neovascularization.

The presence of intervortex anastomosis at the watershed zone and asymmetry of the
choroidal vessels between superior and inferior macula were evaluated using 6 × 6 mm en
face OCTA (AngioVue software, RTVue XR Avanti, Optovue, Inc., Fremont, CA, USA). OCTA
images could not be evaluated in 2 eyes due to motion artifacts. To standardize choroidal en
face OCTA imaging, OCTA slabs, in which the largest Haller vessel could be detected below
the parallel plane of the retinal pigment epithelial surface, were selected. Anastomoses
between the superior and inferior vortex vein systems passing through the watershed zone
in the macular area was defined as intervortex venous anastomosis. The PCV subtyping and
evaluation of the presence of intervortex venous anastomosis were conducted by two retina
specialists who were masked to the clinical data of the cases. In the case of conflicts regarding
subtyping, a consensus on diagnosis was obtained after discussion. The diameter of the
largest anastomotic vessel on en face OCTA was measured perpendicular to hyporeflective
vessel walls in the region of the widest diameter of the lumen.

Subfoveal choroidal thickness, the maximum thickness from the outer portion of the
hyperreflective line of the RPE and the inner surface of the chorioscleral junction, was
measured on EDI-OCT scans by using the caliper tool of the SPECTRALIS® software.

2.2. Choroidal Binarization

ImageJ program version 1.52 u bundled with 64-bit Java 1.80_112 (Wayne Rasband,
National Institutes of Health, Bethesda, MD, USA, https://imagej.nih.gov/ij accessed
on 4 April 2020) was used for binarized choroidal measurements on EDI-OCT images of
a horizontal B-scan through the fovea. Horizontal margins of 1500 µm from both sides of
the fovea and vertical margins from the RPE to the choroidoscleral border were applied to
measure the binarize the total choroidal area (CA). Niblack autolocal thresholding method
was applied for binarization. The white pixels represented the stromal area (SA), and the
black pixels represented the luminal area (LA). The choroidal vascularity index (CVI), the
percentage of the LA to the total CA, was calculated (Figure 1).

The primary outcome measures were the total CA and the CVI values. The secondary
outcome measure was the presence or absence of intervortex venous anastomosis on OCTA.
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2.3. Statistical Analysis

Statistical Package for Social Sciences (SPSS) version 15.0 was used for the statistical
analyzes. A Shapiro–Wilk test was performed for all variables as a test of normality. Contin-
uous variables were expressed as the mean ± standard deviation (SD). Categorical variables
were given as percentages (%). Depending on the normality of the data, a Mann–Whitney
U test or an independent-samples T-test was used to compare the continuous variables
between two PCV groups. A chi-square or Fisher’s exact test was used to evaluate the
associations between categorical variables. Cohen’s kappa coefficient was calculated to
quantify the intergrader agreement for PCV subtyping and intervortex venous anastomosis.
A value of p < 0.05 was considered statistically significant.

3. Results

The T-PCV group included 23 eyes of 21 patients (11 males, 10 females), and the P-CNV
group included 12 eyes of 12 patients (8 males, 4 females). The Cohen’s kappa coefficient be-
tween graders in determining the PCV subtype was almost perfect (0.806) [24]. A comparison
of the demographic and ocular characteristics between the T-PCV and P-CNV groups is given
in Table 1. The mean age was 67.5 ± 8.9 years in the T-PCV group and 66.1 ± 7.8 years in the
P-CNV group (p = 0.655). The mean baseline BCVA score was 0.25 ± 0.30 LogMAR in the
T-PCV group and 0.42 ± 0.29 LogMAR in the P-CNV group (p = 0.049).

Table 1. Comparisons of the demographic and ocular characteristics between typical polypoidal
choroidal vasculopathy (T-PCV) and polypoidal choroidal neovascularization (P-CNV) groups.

T-PCV
(n = 23 Eyes)

P-CNV
(n = 12 Eyes)

p Value

Mean ± SD Mean ± SD

Age, years 67.5 ± 8.9 66.1 ± 7.8 0.655 a

BCVA, LogMAR 0.25 ± 0.30 0.42 ± 0.29 0.049 a

Choroidal measurements

• Subfoveal choroidal thickness, µm 356.0 ± 168.0 267.8 ± 68.7 0.036 b

• Total choroidal area, mm2 0.872 ± 0.392 0.708 ± 0.163 0.092 b

• Luminal area, mm2 0.647 ± 0.301 0.502 ± 0.122 0.052 b

• Stromal area, mm2 0.225 ± 0.096 0.206 ± 0.055 0.532 b

• Choroidal vascularity index, % 73.9 ± 3.7 70.8 ± 4.5 0.039 b

Indocyanine green angiography characteristics

• Total lesion area, mm2 4.917 ± 3.226 6.131 ± 5.946 0.797 a

Optical coherence tomography angiography
characteristics, n = 33

• Presence of intervortex venous anastomoses, % 85.7 (18/21) 91.7 (11/12) 1.000 c

Statistically significant p values (<0.05) are italicized. a,b,c The tests used were Mann–Whitney U test, independent-
samples T-test, and chi-square test, respectively. BCVA: best corrected visual acuity, SD: standard deviation.

A fundus examination revealed large serous pigment epithelial detachment (PED) in
five (21.7%) of the T-PCV eyes and in one (8.3%) of the P-CNV eyes. The polypoidal lesions
and the BVNs in the T-PCV group were in a juxtapapillary location (Figure 2) in thirteen eyes
and in a subfoveal location in ten eyes. The CNV and its polypoidal dilatations in the P-CNV
group were in a juxtapapillary location in 2 eyes and in a subfoveal location in 10 eyes.
In the T-PCV group, 14 (60.9%) of the eyes had ≥300 µm subfoveal choroidal thickness,
whereas only 3 (25.0%) of the eyes had ≥300 µm subfoveal choroidal thickness in the
P-CNV group (p = 0.047). Among the eyes that had subfoveal choroidal thickness less than
300 µm, localized pachyvessels were observed in five of the eyes in the T-PCV group and in
five of the eyes in the P-CNV group. Regarding quantitative choroidal measurements, the
T-PCV group had significantly higher mean subfoveal choroidal thickness (356.0 ± 168.0
vs. 267.8 ± 68.7 µm) and CVI values (73.9 ± 3.7 vs. 70.8 ± 4.5%) compared to the P-CNV
group (p = 0.036and p = 0.039, respectively).
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Figure 2. Angiographic and tomographic features of a 74-year-old female with T-PCV. (A) Posterior
pole indocyanine green angiography shows dilated choroidal vessels passing through the horizontal
watershed zone and hypercyanescent polypoidal lesions. (B) Spectral domain optical coherence
tomography (OCT) reveals intraretinal cysts, subretinal hyperreflective material, subretinal fluid,
shallow irregular PED, and a peaked PED corresponding to the polyp on ICGA. (C) En face OCT an-
giography and (D) en face OCT shows asymmetric congestion of inferotemporal vortex veins passing
through the horizontal watershed zone at the level of the outer choroid, known as Haller’s layer.

Intervortex venous anastomoses were observed in 85.7% (18/21) of T-PCV eyes (Figure 3)
and in 91.7% (11/12) of P-CNV eyes (Figure 4) on en face OCTA (p = 1.000). The Cohen’s
kappa coefficient between graders in the detection of intervortex venous anastomosis was
almost perfect (0.872) [24]. The mean diameter of the largest anastomotic vessel on en- face
OCTA was 341.2 ± 109.1 µm in T-PCV and 280.4 ± 68.4 µm in P-CNV group (p = 0.048).
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Figure 3. Angiographic and tomographic features of a 72-year-old female with T-PCV located at
juxtapapillary area. (A) Indocyanine green angiography shows hypercyanescent polyps with a faint
vascular network and large anastomotic choroidal veins coursing across the submacular region.
(B) Spectral domain optical coherence tomography (OCT) reveals subretinal fluid with shallow
irregular PED and a peaked PED corresponding to the branching vascular network and the polyp
on ICGA. (C) En face optical coherence tomography angiography and (D) en face OCT shows
asymmetric congestion of superotemporal vortex veins passing through the horizontal watershed
zone at the level of the outer choroid, known as Haller’s layer.
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Figure 4. Angiographic and tomographic features of a 66-year-old male with subfoveal P-CNV.
(A) Indocyanine green angiography shows hypercyanescent Type 1 CNV with polypoidal structures
located at vessel termini. Large anastomotic choroidal veins coursing across the submacular area are
clearly seen. (B) Spectral domain optical coherence tomography (OCT) reveals subretinal fluid and
complex irregular PEDs. (C) En face optical coherence tomography angiography and (D) en face
OCT shows asymmetric congestion of superotemporal vortex veins passing through the horizontal
watershed zone at the level of the outer choroid, known as Haller’s layer.

4. Discussion

The current nomenclature of PCV and its subclassifications remains controversial.
PCV cases may present with a wide range of clinical features. Therefore, it is not clear
if PCV is a distinct disease or may occur in different pathologic conditions leading to
sub-RPE angiogenesis [25]. Various subclassifications based on imaging characteristics
have been reported [8,11,26,27]. These studies propose different distinguishing features,
including clinical features such as the configuration, location, or size of the polypoidal
lesions or BVNs [28,29]. Subsequent studies also suggested the use of dye angiographies to
detect leakage on fluorescein angiography or choroidal hyperpermeability on ICGA for
subtyping [27,30]. However, no uniform classification has been formed yet. Therefore, it is
still unclear whether PCV is a subset of AMD, an independent clinical entity, or a late-term
consequence of longstanding pachychoroid disease.

Regardless of the subtype of PCV, detailed evaluation of the choroid is very important
in PCV cases, as an abnormality in the choroidal vasculature is the underlying mechanism
in the etiopathogenesis in all types. The CVI represents the quantitative evaluation of
choroidal vascular and stromal areas. Basically, an increased subfoveal choroidal thickness
contributes to a larger CA, and pathologically dilated choroidal vessels result in a larger LA
and higher CVI values. There are a limited number of studies in which CVI measurement
in PCV is performed, and the results are controversial [16–20]. A possible explanation of
these controversial results is that the main title of “PCV” includes PCV subtypes in which
CVI values may increase, such as in T-PCV, or decrease, such as in P-CNV [20]. Therefore,
mean CVI values may appear as if they do not differ from normal controls, although they
have different values in subtypes. For this reason, the accurate definition of PCV subtypes
before undertaking a study is very important for revealing their choroidal characteristics
in the best way. In our study, PCV subtypes were clearly determined at the beginning of
the study, and analyses were performed according to these subtypes. We observed that
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T-PCV eyes had higher CVI values than P-CNV eyes, demonstrating the different degree
of choroidal vascular involvement in the two subtypes. Similarly, Gupta et al. recruited
choroidal features of patients with AMD and PCV from the prospectively planned Asian
AMD Phenotyping Study, and indicated that two subtypes of PCV could be classified: T-
PCV with increased choroidal vascularity and P-CNV with low choroidal vascularity based
on the choroidal vascular features [20]. Another study, in which PCV subclassification
was mainly based on choroidal hyperpermeability, found that the CVI in PCV without
choroidal hyperpermeability was lower than the CVI in normal controls and in PCV cases
with choroidal hyperpermeability [16].

The other studies evaluating the CVI in PCV did not include further subclassifica-
tions of PCV, and many focused on comparing the choroidal characteristics of PCV and
AMD [17–19]. PCV eyes were reported to have lower CVI but a greater ratio of Haller’s
layer to central choroidal thickness compared with the controls [19]. A 12-month prospec-
tive report indicated that PCV eyes with a high baseline CVI had significantly less stroma
but a slightly larger LA than eyes with a low baseline CVI [17]. The authors claimed that the
enlarged choroidal vessels in eyes with a high CVI could be accompanied by compressed
or atrophied choroidal stroma. Moreover, Bakthavatsalam et al., studying PCV and CNV
secondary to AMD, reported higher mean subfoveal choroidal thickness and greater LA
values in PCV, but CVI values did not differ [18]. Gupta et al. found that the eyes with PCV
without thick choroids had a similar choroidal vascular area to eyes with typical AMD [20].

Higher detection rates of veno-venous intervortex venous anastomosis in a great
variety of PSDs, such as uncomplicated pachychoroid, central serous chorioretinopathy,
peripapillary pachychoroid syndrome, and pachychoroid-associated neovascularization,
have been reported [3,21]. Even the mean diameter of vortex veins was defined as a quanti-
tative indicator of congestion [31]. Previously, Chung et al. demonstrated that engorgement
of the vortex vein was observed more frequently in eyes with PCV [22]. Evaluation of
ultra-wide-field ICGA images of patients with PCV showed higher vortex vein engorge-
ment and larger areas of choroidal hyperpermeability compared to normal controls [32].
However, only one study has evaluated the presence of intervortex venous anastomosis in
PCV. In that study, Matsumoto et al. [5] compared the frequency of anastomosis between
the superior and inferior vortex veins in different PSDs and reported a higher detection rate
in PCV (100%) compared to CSC (90.2%) and PNV (95.1%). They explained this increased
frequency as a result of remodeling in the vortex veins due to longstanding asymmetric
congestion of the choroid during the progression of pachychoroid spectrum disease [5].
In our study, we found the overall frequency of intervortex venous anastomosis as 87.9%.
There is no statistically significant difference between the two subtypes in terms of in-
tervortex anastomosis; however, more dilated anastomotic vessels were observed in the
T-PCV. This difference was probably caused by the different degree of choroidal vascular
involvement in the two subtypes. The enlarged choroidal vessels may explain both the
higher CVI measurements and thicker anastomotic vessel diameter in T-PCV.

The major limitations of this study are its retrospective nature, the single-center and
cross-sectional design, and relatively small number of PCV cases. Therefore, it is not
known whether these anastomoses develop later or whether they occur at the beginning
and then play a role in the process that will lead to the development of the disease. Fur-
ther longitudinal studies with a larger sample size are needed to elucidate the precise
pathogenesis of PCV.

5. Conclusions

In conclusion, the pathophysiology of PCV is still debated, especially regarding
whether it is a distinct disorder from CNV or a disease with similar findings and poly-
poidal structures but with different vascular morphology. In our study, T-PCV and P-CNV
differ, particularly in terms of choroidal vascular characteristics, which help to plan a more
effective treatment approach by taking these morphological differences into consideration.



Diagnostics 2023, 13, 138 8 of 9

Author Contributions: Conceptualization, F.B., Ö.Y., F.Ö., S.D. and E.Ö.; methodology, F.B., Ö.Y.,
F.Ö., S.D. and E.Ö.; software, F.B., Ö.Y. and F.Ö.; validation, F.B. and Ö.Y.; formal analysis, F.B.
and Ö.Y.; investigation, F.B., Ö.Y., F.Ö., S.D. and E.Ö.; data curation, F.B., Ö.Y., F.Ö., S.D. and E.Ö.;
writing—original draft preparation F.B., Ö.Y., and S.D.; writing—review and editing, F.B., Ö.Y., F.Ö.,
S.D. and E.Ö.; supervision, F.B., Ö.Y., S.D. and E.Ö. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Ethics Committee of Ankara University School of
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fee, honorarium for lecturing (Novartis, Bayer, Allergan, Thea, Baush & Lomb); Ö. Yanık—none; F.
Özer—none; S. Demirel—consultant fee, honorarium for lecturing (Novartis, Bayer, Allergan, Alcon,
Baush & Lomb); E. Özmert—consultant fee, honorarium for lecturing (Novartis, Bayer, Allergan).

References
1. Yannuzzi, L.A.; Sorenson, J.; Spaide, R.F.; Lipson, B. Idiopathic polypoidal choroidal vasculopathy (IPCV). Retina 1990, 10, 1–8.
2. Lee, W.K.; Baek, J.; Dansingani, K.K.; Lee, J.H.; Freund, K.B. Choroidal Morphology in Eyes with Polypoidal Choroidal

Vasculopathy and Normal or Subnormal Subfoveal Choroidal Thickness. Retina 2016, 36 (Suppl. S1), S73–S82. [CrossRef]
3. Spaide, R.F.; Ledesma-Gil, G.; Gemmy Cheung, C.M. Intervortex venous anastomosis in pachychoroid-related disorders. Retina

2021, 41, 997–1004. [CrossRef]
4. Sharma, A.; Parachuri, N.; Kumar, N.; Bandello, F.; Kuppermann, B.D.; Loewenstein, A.; Regillo, C.D.; Chakravarthy, U. Vortex

vein anastomosis and pachychoroid-an evolving understanding. Eye 2021, 35, 1545–1547. [CrossRef]
5. Matsumoto, H.; Hoshino, J.; Mukai, R.; Nakamura, K.; Kikuchi, Y.; Kishi, S.; Akiyama, H. Vortex Vein Anastomosis at the

Watershed in Pachychoroid Spectrum Diseases. Ophthalmol. Retin. 2020, 4, 938–945. [CrossRef]
6. Jang, J.W.; Kim, J.M.; Kang, S.W.; Kim, S.J.; Bae, K.; Kim, K.T. Typical Polypoidal Choroidal Vasculopathy and Polypoidal

Choroidal Neovascularization. Retina 2019, 39, 1995–2003. [CrossRef]
7. Inoue, M.; Balaratnasingam, C.; Freund, K.B. Optical Coherence Tomography Angiography of Polypoidal Choroidal Vasculopathy

and Polypoidal Choroidal Neovascularization. Retina 2015, 35, 2265–2274. [CrossRef]
8. Yeung, L.; Kuo, C.N.; Chao, A.N.; Chen, K.J.; Wu, W.C.; Lai, C.H.; Wang, N.K.; Hwang, Y.S.; Chen, C.L.; Lai, C.C. Angiographic

subtypes of polypoidal choroidal vasculopathy in Taiwan: A Prospective Multicenter Study. Retina 2018, 38, 263–271. [CrossRef]
9. Yuzawa, M.; Mori, R.; Kawamura, A. The origins of polypoidal choroidal vasculopathy. Br. J. Ophthalmol. 2005, 89, 602–607.

[CrossRef]
10. Honda, S.; Miki, A.; Yanagisawa, S.; Matsumiya, W.; Nagai, T.; Tsukahara, Y. Comparison of the outcomes of photodynamic

therapy between two angiographic subtypes of polypoidal choroidal vasculopathy. Ophthalmologica 2014, 232, 92–96. [CrossRef]
11. Coscas, G.; Lupidi, M.; Coscas, F.; Benjelloun, F.; Zerbib, J.; Dirani, A.; Semoun, O.; Souied, E.H. Toward a specific classification of

polypoidal choroidal vasculopathy: Idiopathic disease or subtype of age-related macular degeneration. Investig. Ophthalmol. Vis.
Sci. 2015, 56, 3187–3195. [CrossRef]

12. Kawamura, A.; Yuzawa, M.; Mori, R.; Haruyama, M.; Tanaka, K. Indocyanine green angiographic and optical coherence
tomographic findings support classification of polypoidal choroidal vasculopathy into two types. Acta Ophthalmol. 2013, 91,
e474–e481. [CrossRef]

13. Tanaka, K.; Mori, R.; Kawamura, A.; Nakashizuka, H.; Wakatsuki, Y.; Yuzawa, M. Comparison of OCT angiography and
indocyanine green angiographic findings with subtypes of polypoidal choroidal vasculopathy. Br. J. Ophthalmol. 2017, 101, 51–55.
[CrossRef]

14. Agrawal, R.; Chhablani, J.; Tan, K.A.; Shah, S.; Sarvaiya, C.; Banker, A. Choroidal Vascularity Index in Central Serous Chori-
oretinopathy. Retina 2016, 36, 1646–1651. [CrossRef]

15. Tan, K.A.; Agrawal, R. Luminal and Stromal Areas of Choroid Determined by Binarization Method of Optical Coherence
Tomographic Images. Am. J. Ophthalmol. 2015, 160, 394. [CrossRef]

16. Liu, B.; Zhang, X.; Mi, L.; Peng, Y.; Wen, F. Choroidal structure in subtypes of polypoidal choroidal vasculopathy determined by
binarization of optical coherence tomographic images. Clin. Exp. Ophthalmol. 2019, 47, 631–637. [CrossRef]

http://doi.org/10.1097/IAE.0000000000001346
http://doi.org/10.1097/IAE.0000000000003004
http://doi.org/10.1038/s41433-021-01423-2
http://doi.org/10.1016/j.oret.2020.03.024
http://doi.org/10.1097/IAE.0000000000002259
http://doi.org/10.1097/IAE.0000000000000777
http://doi.org/10.1097/IAE.0000000000001556
http://doi.org/10.1136/bjo.2004.049296
http://doi.org/10.1159/000360308
http://doi.org/10.1167/iovs.14-16236
http://doi.org/10.1111/aos.12110
http://doi.org/10.1136/bjophthalmol-2016-309264
http://doi.org/10.1097/IAE.0000000000001040
http://doi.org/10.1016/j.ajo.2015.04.039
http://doi.org/10.1111/ceo.13467


Diagnostics 2023, 13, 138 9 of 9

17. Ting, D.S.W.; Yanagi, Y.; Agrawal, R.; Teo, H.Y.; Seen, S.; Yeo, I.Y.S.; Mathur, R.; Chan, C.M.; Lee, S.Y.; Wong, E.Y.M.; et al.
Choroidal Remodeling in Age-related Macular Degeneration and Polypoidal Choroidal Vasculopathy: A 12-month Prospective
Study. Sci. Rep. 2017, 7, 7868. [CrossRef]

18. Bakthavatsalam, M.; Ng, D.S.; Lai, F.H.; Tang, F.Y.; Brelen, M.E.; Tsang, C.W.; Lai, T.Y.; Cheung, C.Y. Choroidal structures in
polypoidal choroidal vasculopathy, neovascular age-related maculopathy, and healthy eyes determined by binarization of swept
source optical coherence tomographic images. Graefes Arch. Clin. Exp. Ophthalmol. 2017, 255, 935–943. [CrossRef]

19. Lee, K.; Park, J.H.; Park, Y.G.; Park, Y.H. Analysis of choroidal thickness and vascularity in patients with unilateral polypoidal
choroidal vasculopathy. Graefes Arch. Clin. Exp. Ophthalmol. 2020, 258, 1157–1164. [CrossRef]

20. Gupta, P.; Ting, D.S.W.; Thakku, S.G.; Wong, T.Y.; Cheng, C.Y.; Wong, E.; Mathur, R.; Wong, D.; Yeo, I.; Gemmy Cheung, C.M.
Detailed Characterization of Choroidal Morphologic and Vascular Features in Age-Related Macular Degeneration and Polypoidal
Choroidal Vasculopathy. Retina 2017, 37, 2269–2280. [CrossRef]

21. Matsumoto, H.; Kishi, S.; Mukai, R.; Akiyama, H. Remodeling of macular vortex veins in pachychoroid neovasculopathy. Sci.
Rep. 2019, 9, 14689. [CrossRef]

22. Chung, S.E.; Kang, S.W.; Kim, J.H.; Kim, Y.T.; Park, D.Y. Engorgement of vortex vein and polypoidal choroidal vasculopathy.
Retina 2013, 33, 834–840. [CrossRef]

23. Jeong, S.; Sagong, M. Short-term efficacy of intravitreal aflibercept depending on angiographic classification of polypoidal
choroidal vasculopathy. Br. J. Ophthalmol. 2017, 101, 758–763. [CrossRef]

24. McHugh, M.L. Interrater reliability: The kappa statistic. Biochem. Med. 2012, 22, 276–282.
25. Dansingani, K.K.; Gal-Or, O.; Sadda, S.R.; Yannuzzi, L.A.; Freund, K.B. Understanding aneurysmal type 1 neovascularization

(polypoidal choroidal vasculopathy): A lesson in the taxonomy of ‘expanded spectra’—A review. Clin. Exp. Ophthalmol. 2018, 46,
189–200. [CrossRef]

26. Chang, Y.C.; Cheng, C.K. Difference between Pachychoroid and Nonpachychoroid Polypoidal Choroidal Vasculopathy and Their
Response to Anti-Vascular Endothelial Growth Factor Therapy. Retina 2020, 40, 1403–1411. [CrossRef]

27. Tan, C.S.; Lim, L.W.; Ngo, W.K.; Lim, T.H.; Group, E.S. EVEREST Report 5: Clinical Outcomes and Treatment Response of
Polypoidal Choroidal Vasculopathy Subtypes in a Multicenter, Randomized Controlled Trial. Invest. Ophthalmol. Vis. Sci. 2018, 59,
889–896. [CrossRef]

28. Byeon, S.H.; Lee, S.C.; Oh, H.S.; Kim, S.S.; Koh, H.J.; Kwon, O.W. Incidence and clinical patterns of polypoidal choroidal
vasculopathy in Korean patients. Jpn. J. Ophthalmol. 2008, 52, 57–62. [CrossRef]

29. Cackett, P.; Wong, D.; Yeo, I. A classification system for polypoidal choroidal vasculopathy. Retina 2009, 29, 187–191. [CrossRef]
30. Liu, Z.Y.; Li, B.; Xia, S.; Chen, Y.X. Analysis of choroidal morphology and comparison of imaging findings of subtypes of

polypoidal choroidal vasculopathy: A new classification system. Int. J. Ophthalmol. 2020, 13, 731–736. [CrossRef]
31. Matsumoto, H.; Hoshino, J.; Arai, Y.; Mukai, R.; Nakamura, K.; Kikuchi, Y.; Kishi, S.; Akiyama, H. Quantitative measures of

vortex veins in the posterior pole in eyes with pachychoroid spectrum diseases. Sci. Rep. 2020, 10, 19505. [CrossRef]
32. Jeong, A.; Lim, J.; Sagong, M. Choroidal Vascular Abnormalities by Ultra-widefield Indocyanine Green Angiography in Polypoidal

Choroidal Vasculopathy. Invest. Ophthalmol. Vis. Sci. 2021, 62, 29. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1038/s41598-017-08276-4
http://doi.org/10.1007/s00417-017-3591-3
http://doi.org/10.1007/s00417-020-04620-z
http://doi.org/10.1097/IAE.0000000000001481
http://doi.org/10.1038/s41598-019-51268-9
http://doi.org/10.1097/IAE.0b013e31826af540
http://doi.org/10.1136/bjophthalmol-2016-309144
http://doi.org/10.1111/ceo.13114
http://doi.org/10.1097/IAE.0000000000002583
http://doi.org/10.1167/iovs.17-22683
http://doi.org/10.1007/s10384-007-0498-2
http://doi.org/10.1097/IAE.0b013e318188c839
http://doi.org/10.18240/ijo.2020.05.06
http://doi.org/10.1038/s41598-020-75789-w
http://doi.org/10.1167/iovs.62.2.29

	Introduction 
	Materials and Methods 
	Patient Selection 
	Choroidal Binarization 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

