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Abstract

Purpose To evaluate quantitatively the choroidal vascularity
in polypoidal choroidal vasculopathy (PCV) and neovascular
age-related macular degeneration (AMD) patients compared
to healthy controls.

Methods All eyes underwent swept source optical coherence
tomography (OCT), and choroidal images were binarized into
blood vessels lumen and stroma. The choroidal vascular index
(CVI) was defined as the ratio of luminal area (LA) over total
choroidal area of the subfoveal region with a width of
1500 um.

Results The study included 73 patients with neovascular
AMD or PCV with mean + standard deviation (SD) age of
71.8+£9.3 years, which was older than the mean age of 65.1

+10.8 years of 72 healthy eyes from control group (p < 0.01).
The 44 PCV eyes had significantly higher mean SFCT of
214.23 £95.21 um than neovascular AMD eyes (172.74

+96.48 um, p=0.03) and greater luminal area (0.23

+£0.09 mm? vs. 0.19+0.08 mm?, p=0.05). After adjusting
for age, axial length, and gender in multivariate regression
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analysis, the SFCT of PCV and neovascular AMD eyes were
not significantly different from healthy eyes (195.55
+93.11 um), but the CVI of both PCV (64.94 +5.43%,
p=0.01) and neovascular AMD (62.54+5.57%, p =<0.01)
were significantly lower than control (68.53 £5.91%).
Conclusion Despite physiological changes of choroidal vas-
culature due to aging, the choroidal morphology is different in
PCYV, neovascular AMD and healthy eyes, which has implica-
tion on disease pathogenesis.

Keywords Age-related macular degeneration - Polypoidal
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Choroidal imaging

Introduction

Age-related macular degeneration (AMD) is one of the lead-
ing causes of vision loss worldwide [1]. The prevalence of
polypoidal choroidal vasculopathy (PCV), a subtype of exu-
dative AMD, was reported to be between 22.3-61.6% among
Asians and 8—13% among Caucasians [2]. Whether PCV is a
distinct disease entity or lies within the spectrum of exudative
AMD is still a subject of controversy [3]. While AMD and
PCV patients share some common genetic and clinical fea-
tures, they also have different histopathology, risk factors,
natural history, and responses to treatment [4—7].

Choroidal thickness has been proposed to be a main surro-
gate marker for the assessment of structural changes of the
choroid in AMD and PCV eyes [8—10]. In advanced AMD,
the choroid has been demonstrated to become thinner than
age-matched controls [11, 12]. However, the choroidal thick-
ness in early or intermediate AMD may not deviate much
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from normal eyes [13]. In contrast, thick choroid has been
found in a significant proportion of patients with PCV [10].
Nevertheless, the reported choroidal thickness measurements
have not been consistent among studies [12—15]. It remains
uncertain whether change in choroidal thickness is contributed
by altered extravascular space or remodelling of choroidal
vasculature. Indeed, various physiological factors may affect
the thickness of both the stroma and vasculature of the choroid
[16]. This reflects the limitation of using choroidal thickness
alone as an imaging marker because both vascular and stromal
elements contribute towards thickness.

In the present study, we performed quantitative evaluation of
choroidal vascularity in the eyes of patients with neovascular
AMD, symptomatic PCV, and their uninvolved fellow eyes
and compared with healthy eyes. Using binarized images of
cross-sectional swept source optical coherence tomography (SS
OCT) scans, we calculated the choroidal vascularity index (CVI),
which is the ratio of choroidal blood vessels luminal area to total
choroidal area within a specified subfoveal area. The CVI has
been reported in a population-based study, and in patients with
exudative AMD, central serous chorioretinopathy (CSC), uveitis,
and diabetic retinopathy as a surrogate marker for choroidal vas-
cularity [17-19]. However, there has not been a comparison
between neovascular AMD and PCV with healthy eyes from a
control group.

Methods

This is a cross-sectional, observational study of consecutive
patients with symptomatic exudative maculopathy recruited
from the University Eye Centre at the Hong Kong Eye
Hospital and the Prince of Wales Hospital from November
2015 to May 2016. Control data were obtained from healthy
patients with immature cataracts. The study was approved by
institutional review boards and adhered to the tenets of the
1964 Declaration of Helsinki. Informed consent was signed
by all subjects before the posterior segment imaging proce-
dures. Exclusion criteria included the presence of refractive
errors more than 3.0 diopters, significant cataract, massive
subfoveal hemorrhage or media opacities that obscured cho-
roidal images, history of ocular inflammation, history of reti-
nal detachment, previous vitrectomy, intraocular surgery (in-
cluding cataract surgery) in the study eye within 1 year, his-
tory of CSC, ocular trauma, and glaucoma in the study eye.
Eyes that had undergone photodynamic therapy (PDT), intra-
vitreal corticosteroid injection, or anti-vascular endothelial
growth factor (VEGF) less than 3 months ago were also ex-
cluded from this study.

All patients received comprehensive ophthalmic examina-
tions, including best corrected visual acuity (BCVA), intraoc-
ular pressure (IOP) measurement with Goldmann tonometry,
blood pressure measurement, axial length measurement with
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IOL master (Zeiss, Germany), slit lamp biomicroscopy, dilat-
ed fundal examination, fluorescein angiography (FA), and in-
docyanine green angiography (ICGA) with a confocal scan-
ning laser ophthalmoscopy system (HRA Spectralis;
Heidelberg Engineering, Dossenheim, Germany) and SS
OCT (DRI Triton, Topcon, Tokyo, Japan).

Two masked retinal specialists, experienced in the assess-
ment and management of AMD and PCYV, independently
reviewed the images from early to late phases of FA and
ICGA. Diagnosis of PCV was based on identification of char-
acteristic polypoidal lesions, often in association with a
branching vascular network (BVN) in ICGA [20, 21]. The
diagnosis of exudative AMD was determined based on FA
finding of choroidal neovascularization (classic, occult, or
both), without polypoidal lesions or BVN shown on ICGA.
A third retinal specialist arbitrated when there was disagree-
ment between the two observers.

All patients underwent SS OCT imaging, which incorpo-
rated a light source at 1050 nm wavelength and acquired
100,000 A-scans per second. It had an axial resolution of
8 um and lateral resolution of 20 um. The macular region
was scanned using 12 raster radial lines (30° % 5°), 1 clock
hour apart and centered on the fovea, with 16 frames averaged
in each B-scan. Each scan was 12 mm in length. Bruch’s
membrane and the chorioscleral interface were delineated
with the machine’s built-in autosegmentation software and
the subfoveal choroidal thickness (SFCT) was automatically
measured by built-in calliper.

Choroidal vascular index (CVI)

The entire length of the 12 mm radial OCT B-scans were
binarized using public domain software, Image J (Version
1.51; https://imagej.nih.gov/ij/) with the Niblack autolocal
threshold tool [22]. Using the polygonal selection tool, the
choroidal area of interest bounded by the Bruch’s membrane
as the upper border and choroidal-scleral interface as the lower
border was marked (Fig. 1). For each study eye, the total
choroidal area (TCA) for the subfoveal region within a stan-
dard width of 1500 um (750 pum either side of the fovea) was
computed. In the binarized images, dark pixels represented the
lumen of blood vessels and white pixels represented the stro-
ma. To calculate the area of dark pixels defined as luminal area
(LA), the image was converted into RGB (red, green, blue)
colors to allow the color threshold tool to select the dark pixels
[23]. The stromal area (SA) and was calculated by subtracting
LA from TCA. The ratio of LA over TCA was termed CVL.
Image grading was done by one of the authors who was
masked to the patients’ information. Quality assurance checks
were performed separate from the time of image acquisition
and images that contained segmentation algorithm failures,
motion artifacts, or poorly focused were excluded from the
analysis. Failure of the automated chorioscleral interface
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Fig. 1 Imaging processing for obtaining CVI. (Top) Original SSOCT
image of a raster scan through the fovea. (Middle) After binarization,
the choroidal vessels lumen are represented by dark pixels, and the
stromal tissue by light pixels. (Bottom) CVI is calculated by dividing
the luminal area (LA) by total choroidal area (TCA). TCA is obtained
by computing the area bounded by the Bruch’s membrane (red line) at the
top, the choroid-sclera interface (yellow line) at the bottom and within a
standard width of 1.50 mm (0.75 mm on either side of fovea, bounded by
the purple lines). The choroidal thickness of this healthy eye of a 69 year-
old man was 267.62 um and CVI was 69.71

£ 3

segmentation line was defined when corroboration with visual
inspection differed in more than 25% of the scan area.

Statistical analysis

Inter-observer agreement for diagnosis of PCV or neovascular
AMD was evaluated by the intra-class correlation coefficient
(ICC) value. Chi square test was used for comparing categorical
data. Mann—Whitney U test was used compared the means
between different subjects and Wilcoxon signed-rank test for
comparison of the means of two eyes from the same subject.
Univariate regression analyses were performed to determine

whether demographics, ocular factors or systemic factors could
influence subfoveal choroidal thickness and CVI. Multivariate
linear regression analysis of SFCT and CVI in neovascular was
performed to evaluate for the differences between neovascular
AMD and PCV with healthy eyes after adjusting for age, gen-
der, axial length, BCVA, and CI (when CVI was the dependent
variable). The relationships between SFCT and CVI were ex-
amined using Pearson correlation test. A p value of <0.05 was
considered to be statistically significant. All of the statistical
analyses were performed with SPSS software version 18.0
(SPSS Inc, Chicago, IL, USA).

Results

Seventy-nine patients with exudative maculopathy and 72 con-
trols were recruited. Six patients were excluded from the analysis
due to massive subretinal haemorrhage, media opacities and poor
eye fixation which obscured the quality of image acquisition. The
study ultimately included 73 patients with mean + standard devi-
ation (SD) age of 71.8 £9.3 years (range 54 to 89 years). Table 1
summarizes the demographics and clinical data of patients and
control subjects. The mean age of the control group was 65.1
10.8 years (range 51 to 81 years), which was significantly youn-
ger than the disease group (p =<0.01). Eyes with exudative
maculopathy also had significantly worse BCVA than the control
group (LogMAR 0.70+0.48 vs. 0.30+£0.22, p=<0.01). One
eye from each control subject was randomly selected for analysis
in this study. Univariate analysis of demographic, ocular factors
and blood pressure showed that only age was significantly cor-
related with SFCT (Table 2). None of these factors were
significantly associated with CVL

All exudative maculopathy eyes were diagnosed with PCV
(44 eyes) or neovascular AMD (29 eyes) by dye angiography.
The ICC value for diagnosis of PCV and neovascular AMD for
the inter-observer agreement between the two independent ob-
servers was 0.88, indicating good agreement. In Table 3, we
compared control eyes with PCV and neovascular AMD eyes.
PCV eyes had significantly higher mean SFCT than
neovascular AMD (214.23£95.21 vs. 172.74+96.48, p=
0.03,) and also greater luminal area (0.23 +£0.09 mm? vs.

Table 1 Demographic and
clinical data of patients with

exudative maculopathy (N=73)
and control subjects (N =72)

Exudative maculopathy (N =73) Control (N=72) p value
Age (years) 71.8+9.3 65.1+10.8 <0.01*
Gender, male (%) 49 (67.12%) 37 (51.38%) 0.06
Axial length (mm) 23.78 £ 1.06 23.72+1.37 0.13
IOP (mmHg) 13.83+£3.32 15.87+£3.04 0.11
Systolic blood pressure (mmHg) 147.87+15.17 143.31£22.38 0.15
Diastolic blood pressure (mmHg) 77.93+£9.57 7721+12.04 0.80
BCVA (LogMar) 0.70+0.48 0.30+0.22 <0.01*

p values <0.05 are in bold with asterisk mark
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Table 2 Univariate regression

analysis for factors affecting 3 coefficient 95% confidence intervals p values

subfoveal choroidal thickness

(SFCT) and choroidal vascularity SFCT Age, years -3.24 —4.56 to —1.93 <0.01*

index (CVI) for disease and Gender, male 26.77 —2.98 to 56.54 0.08

control eyes Axial length (mm) -14.27 —29.49 t0 0.93 0.06
IOP (mmHg) 0.14 —4.31 to 4.61 0.94
Systolic blood pressure (mmHg) -0.57 —1.67 to 0.53 031
Diastolic blood pressure (mmHg) 0.58 —0.89 to 2.06 0.44
Best corrected visual acuity (LogMar) —29.88 —80.15 t0 20.39 0.24

CVI Age, years -0.07 —0.16 t0 0.01 0.07

Gender, male 0.53 -1.25t02.31 0.56
Axial length (mm) -0.52 —1.58 t0 0.54 0.34
IOP (mmHg) -0.10 —0.40 to 0.20 0.51
Systolic blood pressure (mmHg) 0.01 —0.04 to 0.06 0.73
Diastolic blood pressure (mmHg) 0.01 —0.08 to 0.10 0.83
Best corrected visual acuity (LogMar) -2.70 —6.24 to 0.83 0.13

p values <0.05 are in bold with asterisk mark

0.19+£0.08 mm?, p=0.05). There were no significant differ-
ences in SFCT and LA when compare between control vs. PCV
eyes and control vs. neovascular AMD eyes. The CVI was
68.46 +5.92% for normal eyes, 64.94 +5.43% for PCV eyes,
and 62.54+5.57% for neovascular AMD eyes. The CVI for
both PCV and neovascular AMD eyes were significantly lower
than control eyes (p <0.01 and p < 0.01, respectively), and the
mean difference of CVI between PCV and neovascular AMD
eyes did not reach statistical significance.

Eighteen patients had bilateral diseases and, therefore, we
analyzed only the 55 patients for comparison of their unin-
volved fellow eyes with disease eyes (Table 4). The CVI of
uninvolved fellow eyes of neovascular AMD was significant-
ly higher than neovascular AMD eyes (65.70 +14.37% vs.
62.54+£5.57%, p=0.02). Although the uninvolved fellow
eyes of PCV had higher mean CVI, its difference compared
to PCV eyes did not reach statistical significance (64.94 +
5.43% vs. 67.22+4.16%, p =0.09).

Table 3 Demographics, clinical

data, and swept source OCT Control (N = PCV (N=44) Neovascular p values p values p values
measurements of subfoveal 72) AMD (N=29) (control (control (PCV vs.
choroidal thickness (SECT), vs. PCV)  vs. AMD) AMD)
luminal area (LA), stromal area
(SA), total choroidal area (TCA), Age (years) 65.1+10.8 70.6+£9.7 73.7+£8.4 0.01 <0.01 0.16
and choroidal vascular index Gender, 37 (51.38%) 28 (63.63%) 21 (72.41%) 0.01 0.01 0.46
(CVI) of PCV and neovascular male (V)
AMD eyes (%)
Axial length ~ 23.72+1.37 23.50+0.70 2421+1.26 0.78 0.12 0.31
(mm)
IOP (mmHg) 15.87+3.04 13.51+£3.09 14.41+£3.71 0.09 0.12 0.33
Systolic 143.31+£22.38 146.11+16.43  150.76+£12.76 0.66 0.54 0.32
blood
pressure
(mmHg)
Diastolic 77.21+£12.04 78.04 +10.04 77.76 £9.06 0.37 0.06 0.93
blood
pressure
(mmHg)
BCVA 0.30+£0.22 0.64+0.44 0.78 £0.54 <0.01 <0.01 0.27
(LogMar)
SFCT (um) 195.56+93.11 21423+9571 172.74+96.48 0.31 0.19 0.03*
LA (mm?) 0.21+0.10 0.23+0.09 0.19+0.08 0.26 0.41 0.05*
SA (mm?) 0.09 +0.05 0.12+0.04 0.10+£0.04 0.02 0.29 0.19
TCA (mm?)  0.30+0.14 0.35+0.14 0.27+0.13 0.10 0.96 0.24
CVI (%) 68.53+£591 64.94+£5.43 62.54+5.57 0.01 <0.01 0.10

p values <0.05 are in bold with asterisk mark
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Table 4 Comparison of swept

source OCT measurements of PCV eyes Uninvolved p values  Neovascular Uninvolved fellow  p values
subfoveal choroidal thickness (N=44) fellow eyes of AMD eyes eyes of
(SECT), luminal area (LA), PCV (N=30) (N=29) neovascular AMD
stromal area (SA), total choroidal (N=25)
area (TCA), and choroidal
vascular index (CVI) of PCV and SFCT 21423+9521 21527+8224 0.77 172.74+96.48  197.42+97.43 0.16
neovascular AMD eyes with their (nm)
uninvolved fellow eyes LA 5 0.23+0.09 0.25+0.09 0.80 0.19+0.08 0.22+0.09 0.08
(mm?)
SA 0.12+0.04 0.12+0.04 0.46 0.10+0.04 0.11+£0.03 0.65
(mm?)
TCA 0.35+0.14 0.36+0.13 0.94 0.27+0.13 0.33+0.11 0.09
(mm?)
CVI (%) 6494+543 67.22+4.16 0.09 62.54+5.57 65.70 +14.37 0.02%

p values <0.05 are in bold with asterisk mark

Multivariate linear regression analyses for the mean
SFCT and CVI for neovascular AMD, PCV, and control
eyes are shown in Table 5. Using the control eyes as refer-
ence, the mean CVI values of PCV and neovascular AMD
were still significantly reduced when compared to controls,
after adjusting for SFCT, age, gender, axial length, and
BCVA. The adjusted mean difference of CVI in PCV eyes
CVI was 4.29% lower than normal, 95% confidence inter-
vals (95%CI 0.92—7.66, p=0.01). The adjusted mean dif-
ference of CVI in AMD eyes was 5.90% lower than nor-
mal, (95%CI 1.74-10.06, p <0.01). There were no signifi-
cant differences comparing the uninvolved fellow eyes of
PCV and neovascular AMD with control eyes. The rela-
tionships between SFCT and CVI are shown in Fig. 2.
The Pearson correlation coefficients were 0.666 for PCV,
0.675 for neovascular AMD, and 0.009 for control eyes.
Figure 3 illustrates the binarized OCT scans for the analy-
sis of CVI in representative PCV and neovascular AMD
cases.

Discussion

In our study, PCV eyes and their uninvolved fellow eyes had the
highest SFCT measurements when compared to AMD eyes and
controls; however, the differences were not statistically signifi-
cant. A number of previous studies had demonstrated
quantifiably greater choroidal thickness in PCV eyes [10, 14,
24]. Nevertheless, a thick choroid in PCV has not been consis-
tently reported in other studies [12, 13, 15, 25]. A prospective
study of 163 patients with AMD and PCV did not find signifi-
cant difference in choroidal thickness [25]. The normative value
for SFCT has not been determined in normal population because
it was shown to be highly variable [26-28]. Population-based
studies reported that SFCT could fluctuate due to physiological
factors including age, gender, refraction, and axial length [29,
30]. Indeed, the thickness of the choroid can be influenced by
vascular permeability, irrigation of fluid, and ionic molecules
through RPE layers, the amount of proteoglycans and nonvas-
cular smooth muscles [16]. In a population based study of 354

Table 5  Multivariate linear regression analyses for the mean subfoveal choroidal thickness (SFCT) and choroidal vascularity index (CVI) in PCV,

neovascular AMD, and control eyes

Unadjusted
Diagnosis Mean SFCT Mean differences 95% confidence
(pum) (pum) intervals
PCV 214.23+£95.21 —-18.67 —62.44 t0 25.10
AMD 172.74+96.48  22.81 —28.80 to 74.43
Control ~ 195.55+93.11 Reference
Unadjusted
Mean CVI (%)  Mean differences (%) 95% confidence
intervals
PCV 64.94+£5.43 3.52 0.83 t0 6.20
AMD 62.54+5.57 5.92 2.68109.17
Control ~ 68.53+5.91 Reference

Adjusted for age, axial length, gender, and BCVA

p values Mean differences 95% confidence p
(pum) intervals valu-
es
091 -37.86 —118.88 to 43.16 0.76
0.86 -2.56 -90.92 to 85.80 1.00
Reference
Adjusted for SFCT, age, axial length, gender, and BCVA
p values Mean differences (%) 95% confidence p
intervals valu-
es
0.01 429 0.92 to 7.66 0.01*
<0.01* 5.90 1.74 to 10.06 <0.01%*
Reference

p values <0.05 are in bold with asterisk mark
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Fig. 2 Relationships between choroidal vascularity index (CVI) and subfoveal choroidal thickness (SFCT) for a PCV eyes, b neovascular AMD eyes,
and c¢ control eyes. The Pearson correlation coefficients were 0.666 for PCV, 0.675 for neovascular AMD and 0.009 for control eyes

healthy eyes, physiological and ocular factors were shown to
influence SFCT measurements, whereas CVI had less variabil-
ity [23]. In our univariate analysis, we also found that age was
strongly associated with SFCT measurement, but its association
with CVI was not statistically significant.

Histological study of the choroid has also suggested that
reduction in size and density of choroidal vessels occur with
physiological aging [31]. In vivo imaging of the choroid vas-
culature in healthy eyes with high penetration OCT also had
concordant findings [32]. After adjusting for age, as well as
gender and axial length in multivariate linear regression analy-
sis, the CVI of both PCV and neovascular AMD eyes were
significantly reduced compared to control. Wei et al. also re-
ported lower CVI measurements in 42 eyes with exudative

AMD [33]. CVl is the proportion of blood vessel lumen within
a designated area of choroid. A reduction in CVI represents
reduction in choroidal vessels diameter, with or without reduc-
tion in density. In histology studies, neovascular AMD eyes
consisted of smaller vascular channels and loss of choroidal
vascular density suggesting the role of choroidal ischemia in
its pathogenesis [34-36]. During normal aging, progressive
morphologic changes occur in the choroid, Bruch’s membrane,
RPE, and photoreceptors, but these processes become patho-
logic in macular degeneration [31]. Degeneration of the RPE
has been hypothesized to limit the diffusion to choriocapillaris
because of the accumulation of deposits at the Bruch’s mem-
brane resulting in choriocapillary atrophy [34, 35]. On the other
hand, Doppler flowmetry study suggested impaired choroidal

Fig. 3 Representative fluorescence angiography (FA) (a & e), confocal
scanning laser ophthalmoscopy indocyanine green angiography (ICGA)
(b & 1), swept source optical coherence tomography (SS OCT) (¢ & g),
and binarized SS OCT images (d & h) of PCV eye (a—d) and AMD eye
(e-h). a FA showed staining of retinal pigment epithelial defect and mild
leakage from polyps. b ICGA showed a cluster of polyps that is
hyperfluorescent. ¢ SS OCT scan showed a pigment epithelial defect
with subretinal fluid. Twvo parallel horizontal green lines segmented the
choroid from Bruch’s membrane to chorioscleral interface. The vertical
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green line at the fovea for calculation of subfoveal choroidal thickness,
which was 241.36 pm. d Based on the binarized image (red and yellow
segmentation lines, blue line through the fovea), the choroidal vascularity
index (CVI) was 65.62. e Early phase FA showed a well demarcated
leakage and f ICGA reveal a choroidal neovascular network without
any hyperfluorescent spot. This is a type 2 CNV. g A subretinal
hyperreflective material was found in the SS OCT. h The subfoveal
choroidal thickness was 155.43 um and CVI was 53.68
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perfusion may be responsible for dysfunction of the RPE in
neovascular AMD [37].

PCV eyes had larger mean total luminal area of choroidal
vessels than normal eyes and neovascular AMD eyes. The
difference was significantly larger compared to neovascular
AMD eyes, but not significantly larger than normal eyes. A
number of qualitative studies have observed abnormal dilata-
tions of outer choroidal vessels in PCV cases using structural
en face OCT scans [32, 38—40]. Balaratnasingam et al. pro-
posed using pachychoroid features in the classification of pa-
tients with PCV [41]. The term pachychoroid was used to
describe features of thick choroid in a number of retinal dis-
eases including CSC, PCV, and retinal pigment epitheliopathy
[38, 42—45]. These features include reduced tessellation over-
lying the area of thick choroid in fundoscopy exam, choroidal
vascular hyperpermeability (CVH) in ICGA, increased cho-
roidal thickness in OCT B-scans, and focal or diffusely dila-
tion of outer choroidal vessels sometimes with club-shaped
posterior termination (referred as “pachyvessels”) observed
using en face OCT scans. The underlying choroidal abnormal-
ity suggests venous congestion and stasis leading to choroidal
hyperpermeability in the pathogenesis of PCV.

Although many eyes with pachychoroid will have
quantifiably greater choroidal thickness measurements, it
is possible for an eye to be defined as pachychoroid to
have normal choroidal thickness [12—15]. The discor-
dance occurs when the increased luminal volume
secondary to choroidal vessels dilation is offset by the
reduction in tissue volume from the stroma. Therefore,
pachychoroid is not simply a thick choroid, rather it im-
plicates the structural and functional alterations of the
choroid leading to increased choroidal vascularity. This
reflects the limitation of using choroidal thickness as a
marker for choroidal vascularity as both vascular and stro-
mal elements contribute towards thickness [16]. We did
not find significant differences in CVI between PCV and
neovascular AMD eyes, consistent with Wei et al.’s sub-
group analysis [33]. Both mean LA and SA were higher in
PCV eyes than AMD eyes, which may lead to similar CVI
values. It appears that the choroidal vessels diameter in-
creases with the expansion of extravascular space in PCV
eyes.

Previous studies have suggested that changes in the choroid
could be both a cause and a result of AMD or PCV develop-
ment [46, 47]. Dansingani et al. has identified genetic risk
alleles associated with neovascularization in the pachychoroid
phenotype [46]. Hence, genetic predisposition may explain
the changes in the choroid as a cause of AMD/PCV develop-
ment. Furthermore, SFCT is not stagnant in AMD and PCV
eyes. Therapeutic trial has shown that reduction in SFCT
might occur during intravitreal anti-VEGF therapy and might
increase during the disease recurrence [47]. Longitudinal and
detailed choroidal imaging studies in AMD and PCV eyes will

further elucidate whether CVI changes as a result of AMD/
PCV development.

In our study, the CVI of neovascular AMD eyes was
significantly lower than their uninvolved fellow eyes,
which had less advanced stages of AMD with less com-
promised choroidal circulation. For PCV eyes in our
study, the CVI was not significantly lower than their un-
involved fellow eyes. Patients with PCV could be
predisposed to develop PCV lesions in both eyes as bilat-
eral involvement had been reported with rates between 10
and 50% in retrospective studies [48]. Prospective studies
are yet to confirm the incidence of bilateral symptomatic
PCV. A thick choroid has been reported in uninvolved
fellow eyes of PCV patients, and a number of observa-
tional studies in patients with pachychoroid configuration
detected similar morphological changes in the choroid bi-
laterally [10, 32, 38, 42]. OCT enables non-invasive and
regular longitudinal examinations of the outer choroid
morphological changes in asymptomatic eyes to elucidate
whether increased choroidal vascularity is a forme fruste
change preceding sight-threatening serosanguinous
maculopathy and the involvement of systemic factors in
the evolution of PCV. Our study was limited by the lack
of longitudinal analysis in the change of CVI associated
with various treatments. We were not able to recruit a
sufficient number of eyes which had various stages of
non-exudative AMD for comparative analysis of choroi-
dal morphological changes. The CVI is derived from two-
dimensional scans and may not represent the topography of
choroidal vascularity of the entire globe. Enface OCT had
demonstrated both diffuse and focal distribution of patholog-
ically dilated outer choroidal vessels [38]. Sampling error can
be reduced by analysis of three-dimensional volume scans of
the choroid. Validation of an automated algorithm for charac-
terization of choroidal vascularity in the enface view will fur-
ther elucidate the detail morphological changes in AMD and
PCV eyes [49]. OCT scans of the choroid were not performed
during 9 am to 5 pm, but not at the same time of the day;
however, diurnal variations may not significantly influence
our results [50].

In conclusion, we have demonstrated reduction of CVI in
both AMD and PCV eyes compared with healthy eyes after
adjusting for age, axial length and gender in multivariate anal-
ysis. There was marked reduction of choroidal vascularity in
neovascular AMD eyes, while increased mean choroidal ves-
sels lumen area was found in PCV eyes. Binarized images of
the choroid allow quantitative analysis of the different com-
partments within the choroid. There are a myriad of overlap-
ping clinical manifestations between neovascular AMD and
PCV, particularly among Asians [2]. Hence, studying the
in vivo choroidal morphology has important implications for
the understanding of histopathology of AMD and PCV, which
may lead to significant consequences to treatment outcomes.
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