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Quantitative measures of vortex 
veins in the posterior pole in eyes 
with pachychoroid spectrum 
diseases
Hidetaka Matsumoto*, Junki Hoshino, Yosuke Arai, Ryo Mukai, Kosuke Nakamura, 
Yuka Kikuchi, Shoji Kishi & Hideo Akiyama

Pachychoroid spectrum diseases have attracted increasing attention, though their pathophysiology 
has yet to be fully elucidated. In this study, we assessed the vascular diameters of vortex veins in 
pachychoroid spectrum diseases such as central serous chorioretinopathy (CSC), pachychoroid 
neovasculopathy without polypoidal lesions (PNV), and pachychoroid neovasculopathy with 
polypoidal lesions (polypoidal choroidal vasculopathy: PCV). In a retrospective case series of 94 eyes 
with CSC, 60 eyes with PNV and 57 with PCV, we binarized en face optical coherence tomography 
(OCT) images of choroidal vortex veins and analyzed the mean diameter of vortex veins. The presence 
of anastomosis between the superior and inferior vortex veins and central choroidal thickness (CCT) 
were also evaluated using OCT images. CSC showed significantly larger mean diameter of vortex veins 
than PCV (P < 0.05). Anastomosis between superior and inferior vortex veins was observed in over 
90% of eyes with each pachychoroid spectrum disease. The patients with CSC were the youngest, 
followed by PNV patients, and then patients with PCV. The largest CCT values were observed in CSC 
eyes, followed by PNV eyes, and then PCV eyes. CCT correlated with the mean diameter of vortex 
veins (rs = 0.51, P < 0.01). These findings suggest that congestion of vortex veins might show gradual 
amelioration corresponding to the development of anastomosis between the superior and inferior 
vortex veins during the course of progression of pachychoroid spectrum diseases. Moreover, the mean 
diameter of vortex veins can be used as a parameter indicating choroidal congestion.

The term “pachychoroid” means choroidal thickening associated with dilatation of outer choroidal vessels, so-
called  pachyvessels1,2. Recently, pachychoroid has attracted increasing attention, in both the clinical and basic 
research fields of  ophthalmology3. To date, several pachychoroid spectrum diseases including central serous 
chorioretinopathy (CSC), pachychoroid neovasculopathy (PNV), and polypoidal choroidal vasculopathy (PCV) 
have been  reported4–6. It has been speculated that CSC might progress to PNV, and then ultimately to  PCV5,7. 
Moreover, pachychoroid is thought to have major involvement in the development of age-related macular degen-
eration (AMD) in Asian  populations8.

Optical coherence tomography (OCT) is a powerful tool for noninvasive evaluation of diseases affecting the 
ocular fundus, including the pachychoroid spectrum diseases. Imamura et al. first reported the choroidal thick-
ening in eyes with CSC utilizing the enhanced depth imaging of B-mode  OCT4. They suggested that increased 
hydrostatic pressure in the choroid might be a cause of  CSC4. Sonoda et al. reported a binarization method for 
B-mode OCT images of the choroid which allowed the luminal and stromal areas to be  distinguished9. Using this 
method, they found dilatation of outer choroidal vessels to contribute to the choroidal thickening characteristic 
of  CSC9. Moreover, the same group applied the binarization method to en face OCT images of the choroid to 
investigate the features of choroidal vessels in Haller’s  layer10. They analyzed several parameters including vessel 
area, vessel length, and mean vessel diameter employing en face OCT images depicting Haller’s  layer10.

Several reports have suggested vortex vein congestion to be a cause of  pachychoroid11,12. Using en face OCT 
images of the choroid, Hiroe and Kishi reported an asymmetric pattern of superior and inferior vortex veins 
in  CSC13. In a previous study, we demonstrated that the area of pachyvessels overlapped with the area of filling 
delay on indocyanine green angiography (ICGA) in  CSC14. We also reported that anastomosis between superior 
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and inferior vortex veins was more frequently observed in eyes with pachychoroid spectrum diseases, including 
CSC, PNV and PCV, than in normal  eyes15,16. Moreover, choroidal neovascularization (CNV) was reportedly 
present above the pachyvessels in PNV and  PCV5,6,15. These reports support the assumption that congestion 
and remodeling of choroidal vessels might be related to the development of pachychoroid spectrum diseases. 
However, other studies found that excessive stimulation of the sympathetic nerve might be a cause of  CSC17,18. 
Therefore, further studies are needed to elucidate the pathophysiology of pachychoroid development and, thereby, 
to establish optimal treatments.

Herein, using a binarization method, we quantitatively analyzed en face OCT images of choroidal vortex 
veins in eyes with CSC, PNV, and PCV.

Results
The demographic and clinical characteristics of patients with pachychoroid spectrum diseases are presented in 
Table 1 and Fig. 1. Cases representative of pachychoroid spectrum diseases are shown in Figs. 2, 3 and 4. The 
dataset of pachychoroid spectrum diseases analyzed in this study included 94 eyes of 94 patients with CSC, 60 
eyes of 60 patients with PNV, and 57 eyes of 56 patients with PCV. The current study included 64 CSC eyes, 41 
PNV eyes, and 35 PCV eyes analyzed for our previous  publication16. The patients with CSC included 79 men 
(84.0%) and 15 women (16.0%). Their average age was 53.3 ± 14.4 years. Eighty-nine eyes (94.7%) were phakic 
and 5 eyes (5.3%) had pseudophakia. The refraction of the 89 phakic eyes was − 0.62 ± 1.75 diopters. The patients 

Table 1.  Demographic and clinical characteristics of patients with pachychoroid spectrum diseases. CSC 
central serous chorioretinopathy, PNV pachychoroid neovasculopathy without polypoidal lesions, PCV 
polypoidal choroidal vasculopathy (pachychoroid neovasculopathy with polypoidal lesions).

CSC PNV PCV

No. of eyes 94 60 57

Age (years) 53.3 ± 14.4 65.2 ± 11.4 74.5 ± 8.6

Male 79 (84.0%) 44 (73.3%) 45 (80.4%)

Central choroidal thickness (µm) 391 ± 112 315 ± 90 272 ± 108

Vortex vein anastomosis ( +) 87 (92.6%) 57 (95.0%) 56 (98.2%)

Area of vortex veins  (mm2) 54.8 ± 6.9 52.1 ± 6.7 50.1 ± 5.0

Length of vortex veins (mm) 443 ± 89 436 ± 74 430 ± 74

Mean diameter of vortex veins (µm) 126.6 ± 19.1 121.1 ± 14.3 119.2 ± 18.8

Figure 1.  Comparison of age, central choroidal thickness, area of vortex veins, and mean diameter of vortex 
veins in patients with pachychoroid spectrum diseases. Data are presented as average ± standard deviation 
(*P < 0.05, **P < 0.01).
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with PNV included 44 men (73.3%) and 16 women (26.7%). Their average age was 65.2 ± 11.4 years. Fifty-
two eyes (86.7%) were phakic and 8 eyes (13.3%) had pseudophakia. The refraction of the 52 phakic eyes was 
− 0.54 ± 1.81 diopters. The patients with PCV included 45 men (80.4%) and 11 women (19.6%), with an average 
age of 74.5 ± 8.6 years. Fifty eyes (87.7%) were phakic and 7 eyes (12.3%) had pseudophakia. The refraction of 
the 50 phakic eyes was 0.02 ± 1.46 diopters. Ages differed significantly among patients with the 3 pachychoroid 
spectrum diseases (CSC vs PNV, PNV vs PCV, CSC vs PCV: P < 0.01) (Fig. 1A), while there were no significant 
differences in either gender or refraction.

The areas of vortex veins in en face OCT images were 54.8 ± 6.9 mm2 in CSC, 52.1 ± 6.7  mm2 in PNV, and 
50.1 ± 5.0  mm2 in PCV. CSC showed a significantly larger vortex vein area than PCV (P < 0.01) (Fig. 1C). The 
lengths of vortex veins were 443 ± 89 mm in CSC, 436 ± 74 mm in PNV, and 430 ± 74 mm in PCV, showing no 
significant differences. The mean diameters of vortex veins were 126.6 ± 19.1 µm in CSC, 121.1 ± 14.3 µm in PNV, 
and 119.2 ± 18.8 µm in PCV. The mean diameter of vortex veins was significantly larger in CSC than in PCV 
(P < 0.05) (Fig. 1D). CCT was 391 ± 112 µm in CSC, 315 ± 90 µm in PNV, and 272 ± 108 µm in PCV. CCT thus 
differed significantly among the 3 pachychoroid spectrum diseases (CSC vs PNV: P < 0.01, PNV vs PCV: P < 0.05, 
CSC vs PCV: P < 0.01) (Fig. 1B). In all 211 eyes, the CCT correlated with the area of vortex veins (rs = 0.44, 
P < 0.01) and the mean diameter of vortex veins (rs = 0.51, P < 0.01) in en face OCT images. Anastomosis between 
the superior and inferior vortex veins was observed in 87 eyes (92.6%) with CSC, 57 eyes (95.0%) with PNV, and 

Figure 2.  Images of the right eye of a 40-year-old man with central serous chorioretinopathy. The refraction 
was 0.00 diopters. Best-corrected visual acuity was 0.40 logarithm of the minimum angle of resolution unit. (A) 
Color fundus photograph shows a serous retinal detachment (SRD) at the macular area. (B) 12 mm horizontal 
and vertical B-mode optical coherence tomography (OCT) images through the fovea show pachychoroid with 
dilated outer choroidal vessels (vortex veins) associated with SRD. The central choroidal thickness is 493 µm. 
(C,D) Fluorescein angiography (early and late phases) shows smoke-stack pattern dye leakage at the fovea. (E,F) 
Indocyanine green angiography (early and late phases) shows dilated choroidal vessels and dye leakage at the 
fovea. (G) En face OCT image (12 mm × 12 mm) showing dilated vortex veins in the deep layer of the choroid. 
Horizontal watershed is lost because of the anastomoses between the superior and inferior vortex veins. (H) 
En face OCT image (temporal 8 mm × 12 mm), binarized image, and skeletonized image. The area, length, and 
mean diameter of vortex veins are 56.6  mm2, 415 mm, and 136 µm, respectively.
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56 eyes (98.2%) with PCV. There were no significant differences of the proportion of eyes showing anastomosis 
among the 3 pachychoroid spectrum diseases.

Discussion
In our prior study, among patients with pachychoroid spectrum diseases, we found those with CSC to be the 
youngest, followed by PNV and then PCV  patients16. The largest CCT values were observed in CSC eyes, followed 
by PNV eyes and then PCV eyes, while the CCT values from age- and gender-matched controls for each of the 
pachychoroid spectrum diseases were  similar16. Moreover, the rate of anastomosis was found to be significantly 
greater in eyes from subjects with pachychoroid spectrum diseases than those from normal  controls15,16. The 
results from the present cohort were consistent with those of our prior study. In the current study, we quanti-
tatively analyzed en face OCT images and measured the areas, lengths, and mean diameters of vortex veins in 
pachychoroid spectrum diseases. The area and mean diameter of vortex veins were significantly larger in CSC 

Figure 3.  Images of the left eye of a 55-year-old man with pachychoroid neovasculopathy. The refraction 
was − 3.50 diopters. Best-corrected visual acuity was 0.00 logarithm of the minimum angle of resolution unit. 
(A) Color fundus photograph shows retinal pigment epithelium (RPE) abnormality accompanied by a serous 
retinal detachment (SRD) at the macular area. (B) 12 mm horizontal and vertical B-mode OCT images through 
the fovea show pachychoroid with dilated outer choroidal vessels (vortex veins). A shallow irregular RPE 
detachment accompanied by SRD is observed at the fovea. The central choroidal thickness is 401 µm. (C,D) 
Fluorescein angiography (early and late phases) shows window defects and some leakage in the macular area. 
(E,F) Indocyanine green angiography (early and late phases) shows dilated choroidal vessels and suspected 
choroidal neovascularization (CNV) at the macular area. Choroidal vascular hyperpermeability is seen around 
the macular area. (G,H) OCT angiography (3 mm × 3 mm) shows network vessels comprising CNV between 
the detached RPE and Bruch’s membrane. En face OCT image (12 mm × 12 mm) shows dilated vortex veins in 
the deep layer of the choroid. Horizontal watershed is lost due to anastomoses between the superior and inferior 
vortex veins. (I,J) En face OCT image (temporal 8 mm × 12 mm), binarized image, and skeletonized image. The 
area, length, and mean diameter of vortex veins are 57.3  mm2, 476 mm, and 120 µm, respectively.
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than in PCV, while vortex vein lengths were similar among the three pachychoroid spectrum diseases. Moreover, 
CCT correlated with the area and mean diameter of vortex veins in all study eyes. These results indicate that while 
choroidal congestion might be most severe in CSC, this congestion is possibly diminished during the course of 
progression of pachychoroid spectrum diseases via new drainage routes established by anastomosis between the 
superior and inferior vortex veins. The area and mean diameter of vortex veins as well as CCT are parameters 
potentially indicating choroidal congestion.

Warrow et al. first described pachychoroid pigment epitheliopathy as choroidal thickening associated with 
RPE  abnormalities1. Pang et al. reported PNV as a form of Type 1 (subretinal pigment epithelium) neovasculari-
zation that occurs over areas of increased choroidal thickness and dilated choroidal  vessels5. They used B-mode 
OCT images to diagnose pachychoroid spectrum diseases. Dansingani et al. investigated en face OCT images 
of pachychoroid spectrum diseases and described the dilated outer choroidal vessels as  pachyvessels2. However, 
these reports were based on qualitative analysis of OCT images. Moreover, quantitative diagnostic criteria for 
pachychoroid spectrum diseases have yet to be established. In the current study, we analyzed B-mode and en 
face OCT images in pachychoroid spectrum diseases quantitatively as well as qualitatively. We demonstrated 
statistically significant differences not only in CCT but also in the area and mean diameter of vortex veins, i.e. 
outer choroidal vessels, among the pachychoroid spectrum diseases. Therefore, the binarization method might 
be useful for analyzing en face OCT images quantitatively. However, it might be difficult to distinguish among 
the pachychoroid spectrum diseases employing only the parameters obtained from OCT images of the choroid 
because the values overlapped to some extent among the diseases. Qualitative and quantitative analyses of multi-
modal imaging will be needed for both accurate diagnosis of and research on pachychoroid spectrum  diseases19.

Shiihara et al. originally investigated mean vessel diameter in Haller’s layer of the choroid using 7 mm × 7 mm 
en face OCT images obtained by DRI OCT  Triton10. The en face images they studied showed mean choroidal 
vessel diameters of 127 µm in a representative normal eye and 156 µm in a representative CSC  eye10. While they 
reported only representative data, the values they obtained are apparently larger than those of our present study. 
Herein, we used en face OCT images obtained by PLEX Elite 9000, which might account for the difference in the 
mean choroidal vessel diameter values. Another possible explanation is that we analyzed 12 mm × 12 mm en 

Figure 4.  Images of the right eye of an 81-year-old man with polypoidal choroidal vasculopathy. The refraction 
was − 0.10 diopters. Best-corrected visual acuity was 0.10 logarithm of the minimum angle of resolution unit. 
(A) Color fundus photograph shows retinal pigment epithelium (RPE) detachments accompanied by subretinal 
hemorrhage and serous retinal detachment (SRD) at the macular area. (B) 12 mm horizontal and vertical 
B-mode optical coherence tomography (OCT) images through the fovea show dilated outer choroidal vessels 
(vortex veins) associated with RPE detachment and SRD. The central choroidal thickness is 256 µm. (C,D) 
Fluorescein angiography (early and late phases) shows window defects in the macular area and some leakage 
inferior to the fovea. (E,F) Indocyanine green angiography (early and late phases) shows dilated choroidal 
vessels and a polypoidal lesion inferior to the fovea. (G) En face OCT image (12 mm × 12 mm) shows slightly 
dilated vortex veins in the deep layer of the choroid. Horizontal watershed is lost because of collateral veins 
due to anastomoses between the superior and inferior vortex veins. (H) En face OCT image (temporal 8 mm 
× 12 mm), binarized image, and skeletonized image. The area, length, and mean diameter of vortex veins are 
47.7  mm2, 446 mm, and 107 µm, respectively.
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face OCT images which contained shadow artefacts due to retinal vessels. Shiihara et al. analyzed 7 mm × 7 mm 
en face OCT images which contained fewer shadow artefacts due to the retinal vessels than 12 mm × 12 mm en 
face OCT images. The mean diameter of vortex veins in the current study might have been lower than the true 
values because retinal vessels are usually thinner than choroidal vessels. However, the area and length of retinal 
vessels were similar in en face OCT images of all of the eyes in this study. Therefore, comparisons of choroidal 
vessel diameters among the pachychoroid spectrum diseases might be limitedly affected by shadow artefacts 
due to retinal vessels.

The limitations of this study include that it was retrospective and performed at a single center. The axial length 
was not quantified in all cases. OCT was performed by focusing on the posterior pole of the fundus, and as such, 
only the posterior portion of the choroidal circulation was assessed. Such a limited area cannot explain the entire 
vortex vein system because only the terminal tributaries of the vortex veins were analyzed. En face OCT images 
for the analysis were selected subjectively at the depth where the vortex veins showed maximal dilatation. The 
presence of anastomosis between the superior and inferior vortex veins on en face OCT images was also judged 
in a subjective manner. All subjects were Japanese, and therefore the results may not be generalizable to pachy-
choroid spectrum diseases in other ethnic groups.

In conclusion, the binarization method was useful for quantitatively evaluating en face OCT images in eyes 
with pachychoroid spectrum diseases. New drainage routes formed by anastomosis developing between the 
superior and inferior vortex veins might compensate for the choroidal congestion characteristic of pachychoroid 
spectrum diseases.

Methods
We performed this study, which complied with the guidelines of the Declaration of Helsinki, with approval from 
Institutional Review Board of Gunma University Hospital. Informed consent was obtained from all individual 
participants included in the study. We retrospectively studied 347 eyes of 335 patients with treatment naïve 
pachychoroid spectrum diseases including CSC and PNV with or without polypoidal lesions, followed clinically 
from April 2017 through March 2020 at Gunma University Hospital. We excluded 136 eyes of 125 patients with 
low quality en face OCT images from the analysis. All patients with pachychoroid spectrum diseases underwent 
a complete ophthalmological examination, including color fundus photography (Canon CX-1; Canon, Tokyo, 
Japan), fluorescein angiography (FA) and ICGA with an angle of 30 degrees (Spectralis HRA + OCT; Heidelberg 
Engineering, Heidelberg, Germany), as well as swept-source OCT (DRI OCT-1 Triton; Topcon Corp, Tokyo, 
Japan, and PLEX Elite 9000; Carl Zeiss Meditec, Dublin, CA, USA)16. We obtained B-mode images of the horizon-
tal and vertical line scans (12 mm) through the fovea employing the DRI OCT-1  Triton16. Next, cube data were 
obtained with a raster scan protocol of 1024 (horizontal) × 1024 (vertical) B-scans, which covered the 12 × 12 mm 
area centered on the fovea by the PLEX Elite  900016. En face images were obtained from the vitreous to the cho-
roidoscleral border with coronal slices from a 3-dimensional dataset included in the inner software. Then, we 
performed OCT angiography (OCTA) volume scanning, i.e. 300 × 300 pixels in the 3 × 3 mm area demonstrated 
by the PLEX Elite  900016. The OCTA thus performed was based on an optical microangiography algorithm.

Herein, clinical and anatomical features of the pachychoroid were defined as pathologically dilated outer 
choroidal vessels on B-mode or en face OCT images. We diagnosed CSC if all of the following criteria were met. 
(1) Pachychoroid was accompanied by serous retinal detachment (SRD). (2) FA showed dye leakage within the 
SRD. (3) CNV was ruled out by FA, ICGA, and OCTA images. Pachychoroid neovasculopathy was diagnosed if 
CNV associated with pachychoroid was detected by FA, ICGA, and/or OCTA images. CNV findings on OCTA 
were detected in the slab from the outer retina to the choriocapillaris. The presence of polypoidal lesions was 
evaluated on ICGA and B-mode OCT images, i.e. polyp-like choroidal vessel dilation on ICGA and sharply 
peaked retinal pigment epithelium (RPE) detachment on B-mode  OCT20. In this study, PNV meant PNV without 
polypoidal lesions, while PCV meant PNV with polypoidal lesions.

We first evaluated the CCT on B-mode OCT images and the presence of anastomosis between the superior 
and inferior vortex veins using en face OCT images in eyes with pachychoroid spectrum  diseases15,16. En face 
OCT images obtained at successive depths of 8 µm in the choroid were assessed. Vortex vein anastomosis was 
considered to be present if anastomotic vessels connected the superior and inferior vortex veins. The anastomotic 
vessels did not show narrowing toward the watershed zone. The CCT and the presence of anastomosis between 
the superior and inferior vortex veins on en face OCT images were judged by two experienced retinal specialists 
(H. Matsumoto and J. Hoshino), working independently of each other. Next, we selected an en face OCT image at 
the depth where the vortex veins were most dilated from each eye. A temporal 8 mm × 12 mm area of the image 
was used for assessing the area and length of vortex veins because the nasal 4 mm × 12 mm area included the optic 
nerve and thin choroid around the optic nerve. The area and length of vortex veins were calculated according to 
a previous  report10. Briefly, 8 mm × 12 mm en face OCT images were processed by a software program with the 
C++ programming language. The histogram was flattened by contrast-limited adaptive histogram equalization. 
The image noise was removed by a non-local mean filter. Then, each image was binarized to calculate the area 
of vortex veins. Next, a thinning of the vessel was performed by applying the Zhang-Suen thinning algorithm 
to calculate the length of vortex veins as the total length of the line. Finally, we determined the mean diameter 
of vortex veins in eyes with pachychoroid spectrum diseases by dividing the area of vortex veins by their length.

For statistical analyses, the Mann–Whitney U test was used to compare unpaired values of age. The chi-
squared independence test was used to determine differences in gender and the incidence of anastomosis between 
the superior and inferior vortex veins. The Tukey–Kramer test or Steel–Dwass test was used for multiple com-
parison analyses of age, refraction, CCT, and the area, length, and mean diameter of vortex veins. The Spearman 
rank correlation coefficient was calculated to study the associations between CCT and the area, length, and mean 
diameter of vortex veins. These data analyses were performed using Excel 2016 (Microsoft, Redmond, WA, 
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USA) with add-in software Statcel4 (OMS, Tokyo, Japan)21. A P < 0.05 was considered to indicate a statistically 
significant difference. All data are presented as the average ± standard deviation.

Received: 21 July 2020; Accepted: 14 October 2020

References
 1. Warrow, D. J., Hoang, Q. V. & Freund, K. B. Pachychoroid pigment epitheliopathy. Retina 33, 1659–1672. https ://doi.org/10.1097/

IAE.0b013 e3182 953df 4 (2013).
 2. Dansingani, K. K., Balaratnasingam, C., Naysan, J. & Freund, K. B. En face imaging of pachychoroid spectrum disorders with 

swept-source optical coherence tomography. Retina 36, 499–516. https ://doi.org/10.1097/IAE.00000 00000 00074 2 (2016).
 3. Gallego-Pinazo, R., Dolz-Marco, R., Gomez-Ulla, F., Mrejen, S. & Freund, K. B. Pachychoroid diseases of the macula. Med. Hypoth-

esis Discov. Innov. Ophthalmol. 3, 111–115 (2014).
 4. Imamura, Y., Fujiwara, T., Margolis, R. & Spaide, R. F. Enhanced depth imaging optical coherence tomography of the choroid in 

central serous chorioretinopathy. Retina 29, 1469–1473. https ://doi.org/10.1097/IAE.0b013 e3181 be0a8 3 (2009).
 5. Pang, C. E. & Freund, K. B. Pachychoroid neovasculopathy. Retina 35, 1–9. https ://doi.org/10.1097/IAE.00000 00000 00033 1 (2015).
 6. Lee, W. K., Baek, J., Dansingani, K. K., Lee, J. H. & Freund, K. B. Choroidal morphology in eyes with polypoidal choroidal vascu-

lopathy and normal or subnormal subfoveal choroidal thickness. Retina 36(Suppl 1), S73–S82. https ://doi.org/10.1097/IAE.00000 
00000 00134 6 (2016).

 7. Fung, A. T., Yannuzzi, L. A. & Freund, K. B. Type 1 (sub-retinal pigment epithelial) neovascularization in central serous chori-
oretinopathy masquerading as neovascular age-related macular degeneration. Retina 32, 1829–1837. https ://doi.org/10.1097/
IAE.0b013 e3182 680a6 6 (2012).

 8. Miyake, M. et al. Pachychoroid neovasculopathy and age-related macular degeneration. Sci. Rep. 5, 16204. https ://doi.org/10.1038/
srep1 6204 (2015).

 9. Sonoda, S. et al. Structural changes of inner and outer choroid in central serous chorioretinopathy determined by optical coherence 
tomography. PLoS ONE 11, e0157190. https ://doi.org/10.1371/journ al.pone.01571 90 (2016).

 10. Shiihara, H. et al. Running pattern of choroidal vessel in en face OCT images determined by machine learning-based quantitative 
method. Graefes Arch. Clin. Exp. Ophthalmol. 257, 1879–1887. https ://doi.org/10.1007/s0041 7-019-04399 -8 (2019).

 11. Prunte, C. & Flammer, J. Choroidal capillary and venous congestion in central serous chorioretinopathy. Am. J. Ophthalmol. 121, 
26–34. https ://doi.org/10.1016/s0002 -9394(14)70531 -8 (1996).

 12. Pang, C. E., Shah, V. P., Sarraf, D. & Freund, K. B. Ultra-widefield imaging with autofluorescence and indocyanine green angiog-
raphy in central serous chorioretinopathy. Am. J. Ophthalmol. 158, 362–371. https ://doi.org/10.1016/j.ajo.2014.04.021 (2014).

 13. Hiroe, T. & Kishi, S. Dilatation of asymmetric vortex vein in central serous chorioretinopathy. Ophthalmol. Retina 2, 152–161. 
https ://doi.org/10.1016/j.oret.2017.05.013 (2018).

 14. Kishi, S. et al. Geographic filling delay of the choriocapillaris in the region of dilated asymmetric vortex veins in central serous 
chorioretinopathy. PLoS ONE 13, e0206646. https ://doi.org/10.1371/journ al.pone.02066 46 (2018).

 15. Matsumoto, H., Kishi, S., Mukai, R. & Akiyama, H. Remodeling of macular vortex veins in pachychoroid neovasculopathy. Sci. 
Rep. 9, 14689. https ://doi.org/10.1038/s4159 8-019-51268 -9 (2019).

 16. Matsumoto, H. et al. Vortex vein anastomosis at the watershed in pachychoroid spectrum diseases. Ophthalmol Retina https ://doi.
org/10.1016/j.oret.2020.03.024 (2020).

 17. Yoshioka, H., Katsume, Y. & Akune, H. Experimental central serous chorioretinopathy in monkey eyes: fluorescein angiographic 
findings. Ophthalmologica 185, 168–178. https ://doi.org/10.1159/00030 9239 (1982).

 18. Saito, M. et al. Macular choroidal blood flow velocity decreases with regression of acute central serous chorioretinopathy. Br. J. 
Ophthalmol. 97, 775–780. https ://doi.org/10.1136/bjoph thalm ol-2012-30234 9 (2013).

 19. Sakurada, Y. et al. Relationship between choroidal vascular hyperpermeability, choriocapillaris flow density, and choroidal thickness 
in eyes with pachychoroid pigment epitheliopathy. Retina 40, 657–662. https ://doi.org/10.1097/IAE.00000 00000 00263 5 (2020).

 20. Iijima, H., Iida, T., Imai, M., Gohdo, T. & Tsukahara, S. Optical coherence tomography of orange-red subretinal lesions in eyes 
with idiopathic polypoidal choroidal vasculopathy. Am. J. Ophthalmol. 129, 21–26. https ://doi.org/10.1016/S0002 -9394(99)00253 
-6 (2000).

 21. Yanai, H. Statcel: the useful add-in software forms on Excel 4th edn. (OMS, Tokyo, 2015).

Acknowledgements
Neither sponsors nor funding organizations were involved in this study.

Author contributions
The authors were involved in the following aspects of the study: design and conduct (H.M., S.K.); collection of the 
data (H.M., J.H., K.N., Y.K.); management (H.M.); analysis (H.M., J.H.); interpretation (H.M., J.H.); preparation 
of the article (H.M., J.H.); review and approval of the manuscript (R.M., S.K., H.A.).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1097/IAE.0b013e3182953df4
https://doi.org/10.1097/IAE.0b013e3182953df4
https://doi.org/10.1097/IAE.0000000000000742
https://doi.org/10.1097/IAE.0b013e3181be0a83
https://doi.org/10.1097/IAE.0000000000000331
https://doi.org/10.1097/IAE.0000000000001346
https://doi.org/10.1097/IAE.0000000000001346
https://doi.org/10.1097/IAE.0b013e3182680a66
https://doi.org/10.1097/IAE.0b013e3182680a66
https://doi.org/10.1038/srep16204
https://doi.org/10.1038/srep16204
https://doi.org/10.1371/journal.pone.0157190
https://doi.org/10.1007/s00417-019-04399-8
https://doi.org/10.1016/s0002-9394(14)70531-8
https://doi.org/10.1016/j.ajo.2014.04.021
https://doi.org/10.1016/j.oret.2017.05.013
https://doi.org/10.1371/journal.pone.0206646
https://doi.org/10.1038/s41598-019-51268-9
https://doi.org/10.1016/j.oret.2020.03.024
https://doi.org/10.1016/j.oret.2020.03.024
https://doi.org/10.1159/000309239
https://doi.org/10.1136/bjophthalmol-2012-302349
https://doi.org/10.1097/IAE.0000000000002635
https://doi.org/10.1016/S0002-9394(99)00253-6
https://doi.org/10.1016/S0002-9394(99)00253-6
www.nature.com/reprints


8

Vol:.(1234567890)

Scientific Reports |        (2020) 10:19505  | https://doi.org/10.1038/s41598-020-75789-w

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

http://creativecommons.org/licenses/by/4.0/

	Quantitative measures of vortex veins in the posterior pole in eyes with pachychoroid spectrum diseases
	Results
	Discussion
	Methods
	References
	Acknowledgements


