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Background: To propose a modified method to investigate the flow void of polypoidal choroidal
vasculopathy (PCV) choriocapillaris.

Methods: This paper involves a retrospective study. Included 30 PCV affect eyes, 30 old control eyes,
20 young control eyes, 15 affect eyes with anti-VEGF intravitreal injection treatment, and 8 fellow eyes
of anti-VEGF intravitreal injection treatment group. After the choriocapillaris slab [10 pm thick starting
30 pm beneath to the retinal pigment epithelium (RPE)-fit reference] was extracted from macular optical
coherence tomography angiography 6x6-mm scans, the flow void was segmented by the Phansalkar method.
We analyzed the flow void sizes-frequency histogram in order to investigate the differences of flow void
proportion between groups. Then we verified the differences between groups after anti-VEGF intravitreal
injection treatment.

Results: On the difference curve between the PCV group and Old control group, there was a peak
appeared at the flow void sizes range from 900 to 1,125 um’. The average number of flow void sizes from 900
to 1,125 pm’ was significantly higher in the Old control group than that in the Young control group (P<0.05)
and there was no difference between the affect eyes group and the Old control group. The proportion of
flow void sizes from 900 to 1,125 pm” were remarkably higher in the affect eyes group compared to the
Old control group (P<0.05), showing no difference between the Young control group and the Old control
group. The average number of flow void sizes from 900 to 1,125 pm® and the proportion of flow void sizes
range from 900 to 1,125 pm’ were significantly higher in the treatment group after the treatment (P<0.05)
and there was no difference in the fellow eyes of treatment group. The choroidal thickness was significantly
reduced after the treatment of the treatment group (P<0.001), while the fellow eyes of the treatment group
had no difference.

Conclusions: Our method was specific for the pathological changes in choriocapillaris structures of PCV
affect eyes, fellow eyes, and the affect eyes after anti-VEGF treatment.
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Introduction

Optical coherence tomography angiography (OCTA) is a
fast and non-invasive technology in recent years. The basic
principle is to perform multiple scans in the same location.
The changes of the reflex signal during each scan indicates
that there is a moving object. By measuring the changes
of the signals in the vessel cavity and merge the images,
we get a complete retinal choroidal blood vessel image (1).
Due to the physical limitations of laser sources, OCTA has
limits in resolution. In this research, we used Plex Elite
9000, swept-source OCTA (SS-OCTA) (Carl Zeiss Meditec
Inc., Dublin, California, USA). The axial resolution of SS-
OCTA is 6.3 pm, and lateral resolution (Lr) is 20 pm on
retina surface.

Choriocapillaris (CC) is the innermost layer of the
choroidal vasculature. It is composed of a dense capillary
network that provides the oxygen and nutrients for the
retinal pigment epithelium (RPE) and the outer layer of the
retina.

Flow void (FV) of CC is an alternative way to measure
the CC structure. The standard vessel diameter of CC
is 16-20 pm (2), smaller than the Lr of the SS-OCTA
instrument. Therefore, some intracapillary distances which
are bigger than the Lr can be measured to represent the CC
structure where the areas without blood perfusion.

Polypoidal choroidal vasculopathy (PCV) was
first proposed by Yannuzzi. Clinical manifestation is
the branching vascular network with polypoid lesion
structure (3), generally diagnosed through indocyanine
green angiography. Recent research indicates that OCTA
can detect branching vascular network and polypoidal
components more accurately than indocyanine green
angiography (4).

The anti-VEGEF intravitreal injection (AVI) has been
approved in many countries for years and has shown
promising safety and effectiveness. Previous studies have
shown that after the AVI treatment, choroidal thickness
(CT) was reduced in pachychoroid neovasculopathy (PNV),
myopic choroidal neovascularization (CNV), and neovascular
age-related macular degeneration (nAMD) (5-7).

In the previous FV researches, there were several
problems under the premise of the fixed depth of the CC
slab: (I) there were lots of binarization methods in previous
researches, whose results were different; (II) for the auto
local threshold methods, different radius selections led to
different results (8-14); (III) previous investigations did not
take the physical limitations of OCTA instruments into
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account; (IV) used wrong statistics (average and standard
deviation) to assess the FV (15,16). "To solve the previous
problems, we proposed a modified method in this research.

We assumed that since PCV is often accompanied by the
abnormality of CC structure (17-19), the morphology of
the CC may change after PCV.

The main goal of this research is to propose a method to
evaluate the non-normal distribution of FV.

Methods
Research design

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). This
retrospective study was approved by the Institutional
Review Board of Fukushima Medical University of 2020-
091 and individual consent for this retrospective analysis
was waived.

This research is inclusive of two parts. First, the
FV sizes-frequency histogram analysis. In this part, we
compared the distributions of total FV and all Early
Treatment of Diabetic Retinopathy Study (ETDRS)
subfields of the PCV group, Old control group (age-matched
normal control), and Young control group to determine the
range of FV. Second, the FV validation part. We discussed
the differences before and after AVI treatment in the AVI
group and fellow eyes of the AVI group. We also verified
the differences in the subfields without pathological changes
of the AVI group.

Participants

One hundred and three eyes from 85 Japanese were
included in this study in total, including 6 groups: PCV
group: 30 eyes of 30 patients diagnosed with unilateral
PCV at the Department of Ophthalmology of Fukushima
Medical University Hospital, Fukushima City, Japan. Old
control group (age-matched control group): 30 fellow
eyes of 30 patients diagnosed with retinal vein occlusion
(RVO). Young control group: 20 eyes of 10 regular young
volunteers. AVI group: another 15 treatment-naive eyes of
PCV patients who received three AVI treatments and two
tests before and after treatment. AVI-fellow group: 8 fellow
eyes of AVI group without any observable pathological
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changes on the B-scan of SS-OCT and received two tests
with 3-month intervals. AVI normal group: the ETDRS
grid subfields without any detectable pathological changes
on the B-scan of SS-OCT from the AVI group.

Exclusion criteria were: (I) the eyes with any combined
retinal diseases, such as diabetic retinopathy (DR),
glaucoma, and central serous chorioretinopathy (CSC); (II)
the refractive error was greater than -6 diopters; (III) the
patients with any systemic diseases, such as hypertension or
diabetes; (IV) any segmentation errors were on the B-scan

of SS-OCT images.

Clinical examination

The examinations included indirect ophthalmoscopy,
slit-lamp biomicroscopy, and color and red-free fundus
photography. The CT was manually measured by a masked
ophthalmologist (Y Sugano) three times and took the
average as the vertical distance between the RPE and the
choroidoscleral border at the center of the fovea, using the
B-scan of SS-OCT through Image]J software, version 1.52p
(National Institutes of Health, Bethesda, Maryland, USA).

Imaging
Subjects underwent SS-OCTA imaging using the PLEX

Elite 9000 device, which uses a swept laser source with a
central wavelength of 1,050 nm. The device operates at
100,000 A-scans per second, and Lr is 20 pm. OCTA image
included a 6x6 mm area centered on the macula. Signal
strength index >7 was defined as sufficient image quality.
A fully-automated, build-in retinal layer segmentation was
applied to segment the CC slab (10 pm thick starting 30 pm
beneath to the RPE-fit reference) (20,21).

Image enbancement

We imported the angiography image of the CC and the
correspondent en face structural image into MATLAB
R2019a. Because both images were in the different sizes,
we first used the build-in function “imresize” to extend
them into 1,200x1,200 pixels (5 pm/pixel). Then we used
the function “mat2gray” to make normalized image. We
modified the compensation algorithm published before for
the signal to eliminate the influence of the shadowing effect
on the quantitation of the CC (22).

Fcompensated = Aimx (l — Norm (Sim)) [1]
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Where Norm () represents the normalized image, Sim
is the structural OCT image, and Aim is the OCTA image.
We used “fspecial” to apply Gaussian filter (hsize =5 pixels,
sigma =0.5, “replicate” for the boundary). The filter size
should be bigger than Lr.

Iimage binarization

We chose the Phansalkar method (23) that specifically
increases the threshold in the low contrast areas as the
binarization algorithm in this research. We imported
enhanced images into Image] software and processed
“Auto Local Threshold” with the Phansalkar method for
thresholding (radius =5 pixels, k =0.25, r=0.5). The local
average and standard deviation of the Phansalkar method
in Image] was defined as the results of all pixels within the
circle with “radius”. In this circle, it should not include
both normal contrast areas and low contrast areas to
prevent all low contrast areas from mistakenly being the
same category. Thus the “radius” should be smaller than
the shadows caused by blood vessels and other objects and
bigger than the Lr. After thresholding, all signals with a
diameter smaller than the Lr were unreliable and ought to
be excluded. Therefore, we applied “Analyze Particles” to
eliminate the FV sizes which the diameters were smaller
than Lr. Then, we used “Watershed Irregular Features” (24)
to separate the connected FV, whose junctions were smaller

than Lr.

ETDRS grid

After binarization, we imported the FV images into
MATLAB to establish the ETDRS grid. We used
“InsertShape” (LineWidth =1, Color =Black) to draw
ETDRS grid on the images. We separated the FV images
into 11 subfields: C1: 1-mm circle at the center of macula,
C2: 3-mm rim, C3: 6-mm rim, inner superior, inner nasal,
inner inferior, inner temporal, outer superior, outer nasal,
outer inferior, outer temporal.

FV sizes-frequency histogram analysis

We used “Analyze Particles” of Image] to calculate the FV in
11 subfields, sizes range from 0 to 1,000 pixels (25,000 pm®).
We imported FV sizes data into Excel (Microsoft Office
2019; Microsoft Inc., Redmond, Washington, USA) and
used the built-in function “Frequency” with 10 pixels
(250 pm’) intervals from 16 pixels (400 pm’) to 1,000 pixels
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(25,000 pm’). To analyze the sizes-FV% histogram of the
Old control group, Young control group and PCV group in
each sizes interval.

The FV% (the proportion of each FV interval) was
defined as the ratio of FV number in each interval to total
FV.

_ Number of FV of eachinterval
Total FV xnumber of eyes

FV% x100% 2]

Then, we minus the FV% of the Young control group
from the Old control group to detect the differences
between the normal subjects with different ages. As well
as the Old control group from the PCV group to detect
the differences between same age subjects with or without
PCV. We plotted the results into FV sizes-log FV% and the
differences of FV% chart.

The FV,,,; was defined as the average number of the FV,
sizes from 36 to 45 pixels (900 to 1,125 pm’).

The FV,1,;% (the proportion of FV|,,;) was defined as
the ratio of the number of FV,,; to total number of FV.

Number of FV, s

FV,05% =
Total number of FV

x100% 3]

The AVI normal group were defined as the normal
subfields based on the ETDRS grid, which we compared
the FV result images with the SS-OCT images of AVI

group.

FV validation

We compared the FV distribution of PCV eyes and healthy
eyes in different-age groups (PCV group, Old control
group, and Young control group) to confirm whether
FV,i55 and FV,,,;% had the age correlation as the previous
method.

We compared the FV|,; changes of AVI group before
and after three AVI treatments, the AVI-fellow group with
3-month interval, to confirm whether there was a difference
after AVI treatment.

Statistical analysis

All variables were reported as average and standard
deviation. The Kolmogorov-Smirnov test was performed to
detect the normality distribution of FV. One-way analysis
of variance (one-way ANOVA) with Tukey post hoc test has
calculated the differences between PCV group, Old control
group, and Young control group. The paired Student’s
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t-test was conducted to investigate the differences between
AVI group and AVI-fellow group. Intraclass correlation
coefficients (ICC) were calculated for the agreement for the
FV among AVI group and AVI-fellow group with 3-month
interval. Pearson’s correlation was performed to evaluate
the correlation between age and FV, and the changes of CT
and FV. Statistical calculations were performed using SPSS
Statistics V.26 IBM Corporation, Armonk, NY, USA). The
statistical significance level was P<0.05.

Results
Baseline characteristics

Average age was: 70.6+7.2 years (55-86 years) in PCV
group and 70.9+6.8 years (58-88 years) in the Old control
group, 25.2+2.6 years (21-29 years) in the Young control
group, 74.5+4.7 years (63-85 years) in AVI group. The
demographic characteristics of each group are shown in

Table 1.

FV sizes-frequency histogram analysis

In the histogram analysis, there was a peak at FV sizes
from 36 to 45 pixels (900-1,125 pm®) on the curve of the
differences between PCV group and Old control group.
There was another peak between the Old control group
and the Young control group (Figure 1A4). Furthermore,
we analyzed 11 subfields according to the ETDRS grids
between the PCV group and the Old control group, and
we found that there were also similar peaks in all subfields
(Figure 1B).

We summarized the sizes and spacing of the FV sizes with
the most frequently appearing peaks in all subfields: The
highest frequency of sizes was from 36 to 45 pixels (900-
1,125 pm®), which were subfields C1, C3, inner nasal, outer
superior, outer nasal, outer inferior, and outer temporal,
7 of 11 subfields (63.6%). The second was from 46 to 55
pixels (1,150-1,375 pmz), which were subfields C2, inner
superior, and inner temporal, 3 of 11 subfields (27.3%). The
third was from 56 to 65 pixels (1,400-1,625 pm’), which was
subfield inner inferior, 1 of 11 subfields (9.1%) (Figure 1B).
Therefore, we found the interval of 900-1,125 pum’ was the
FV sizes related to the pathological changes of PCV.

Validation of the normal distribution

The Kolmogorov-Smirnov test results of FV,;,;% of the
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Table 1 Characteristics of participant groups (average = SD)

Groups No. of total eyes [No. of right eyes] Age (years) AL (mm) Re (diopter) CT (mm)
PCV group' 30 [16] 70.6+7.2 23.6+0.9 0.7+1.6 -
P value® 0.998 0.978 0.261
0ld control 30 [16] 70.9+6.8 23.5+0.7 0.8+1.6
P value' <0.001* 0.001** <0.001*
Young control 20 [10] 25.2+2.6 24.9+1.1 -2.8+2.3
AVI groupi 15[10] 74.5+4.7 23.8+1.2 0.5+1.6 327.6+65.6
AVI-fellow? 81[2] 23.7+1.5 0.3x1.4 245.4+73.8
P value 0.208" 0.864" 0.726" 0.009***

', one-way ANOVA with Tukey post-hoc test; ¥, Student’s t-test; %, P value of PCV group-Old control group; ", P value of Old control
group-Young control group; I P value of AVI group-PCV group; *, P value of AVI group-AVI-fellow group; **, P<0.01. PCV group: PCV affect
eye group; Old control: age-matched control group; AVI group: anti-VEGF intravitreal injection group; AVI-fellow group: fellow eyes of AVI
group. CT, choroidal thickness; AL, axial length; Re, refractive error; PCV, polypoidal choroidal vasculopathy; AVI, anti-VEGF intravitreal
injection; SD, standard deviation.
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Figure 1 The characteristic of the FV% distribution. (A) The sizes-log FV% and difference of FV% histogram between PCV group, Old
control group, and Young control group. The differences of total FV% shows a peak among disease groups (PCV group- Old control group)
and another peak among normal aging groups (Old control group-Young control group). (B) The differences of FV% histogram between
PCV group and Old control group in 11 subfields. All subfields showed the similar peaks. OG: age-matched control group; YG: Young control
group; PG: PCV affect eye group; C1: 1-mm circle at the center of macula; C2: 3-mm rim; C3: 6-mm rim; 45: FV sizes from 36 to 45 pixels
(900-1,125 pm?); 55: FV sizes from 46 to 55 pixels (1,150-1,375 pm’); 65: FV sizes from 56 to 65 pixels (1,400-1,625 pum”). IS, inner superior;

IN, inner nasal; II, inner inferior; I'T, inner temporal; OS, outer superior; ON, outer nasal; OI, outer inferior; OT, outer temporal.
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Control groups

Categories of FV  ETDRS subfields PCV group P value*
Old control Young control P value’
Number of FV;s C1 28.2+9.1 27.5+6.9 22.3+7.7 0.063
c2 232.2+39.1 229.1+41.6 190.1+49.0 0.006**
C3 716.5£114.3 755.5+125.7 580.2+147.9 <0.001**
FV,125% C1 9.8+2.3 0.023* 8.4+1.6 8.9+2.3 0.686
Cc2 10.0+1.4 0.005** 8.9+1.1 9.4+1.8 0.463
C3 9.7+1.4 0.039* 8.9+0.8 9.2+1.3 0.770

', one-way ANOVA with Tukey post-hoc test; ¥, P value of PCV group-Old control group; %, P value of Old control group-Young control
group; *, P<0.05; **, P<0.01. Number of FV,,,s: average number of the FV size from 900 to 1,125 pm?; FV,;,5%: Proportion of FV,,,s; PCV
group: PCV affect eye group; Old control: age-matched control group; C1: 1-mm circle at the center of the macula; C2: 3-mm rim; C3: 6-mm
rim. PCV, polypoidal choroidal vasculopathy; SD, standard deviation; FV, flow void.

PCV group, Old control group, and Young control group
were normal distribution (C1: P=0.200, C2: P=0.200, C3:
P=0.082).

Validation of the FV with age dependency

In the comparison of PCV group, Old control group and
Young control group, the FV,,,5 were positively correlated
with ages in C1 ($=0.265, P=0.017), C2 (B=0.369, P=0.001),
and C3 (B=0.445, P<0.001).

The average number of FV,,; were significantly higher
in the Old control group compared to the Young control
group in C2 (P=0.006) and C3 (P<0.001). There were no
significant differences among the PCV group and the Old
control group in Cl1, C2 and C3 (P>0.05) (1able 2, Figure
24).

The FV,,,;% were significantly higher in the PCV group
compared to the Old control group in C1 (P=0.023), C2
(P=0.005) and C3 (P=0.039). There were no significant
differences among the Old control group and the Young
control group in C1, C2 and C3 (P>0.05) (Figure 2B).

The FV changes after AVI treatment

The average number of FV,,,; had an increasing trend
after the treatment in the AVI group. Among them, C2
(+18.9£33.4, P=0.045) and C3 (+78.3x71.4, P=0.001)
reached statistical significance. Also significantly increased
in the AVI normal group (+20.2£21.9, P=0.001). Compared
to the AVI-fellow group, the changes in C1, C2, and C3
had no statistical differences after treatments (P>0.05)

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

(Figure 34). FV,,,;% had an increasing trend in the AVI
group. Among them, C3 (+0.4%=0.6%, P=0.022) reached
statistical significance. And significantly increased in the
AVI normal group (+0.6%+0.9%, P=0.019). Compared to
the AVI-fellow group, changes in C1, C2, and C3 had no
statistical differences after treatments (P>0.05) (Figure 3B).

The CT changes after AVI treatment

Compared to the baseline, the average CT of AVI group
after treatment was 222.5+46.8 pm, significantly decreased
after treatment (-105.1+66.4 pm, P<0.001), while the CT
of AVI-fellow group after 3-month interval was 231.6+21.5
pm, was not statistically significant (-13.8£25.7 pm,
P=0.145).

The differences after treatment between AVI group and
AVI-fellow group was -27.9£79.7 pm, and had no statistical
difference (P=0.720).

Reproducibility

The ICC of 22 subfields of FV,,,; (before and after AVI
treatment) was 0.913 (95% CI: 0.853-0.956).

Discussion

In this retrospective study, we found that the number
and the proportion of FV sizes from 900 to 1,125 pm’
significantly higher in PCV eyes compared to the healthy
elderly. The differences also occurred after AVI treatment.
The histogram of FV in each group was similar

Quant Imaging Med Surg 2021;11(7):3146-3156 | http://dx.doi.org/10.21037/qims-20-1027
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Figure 2 The comparison of FV,,; and FV,,;% between PCV group and normal control groups. (A) The average number of FV,,,; were

significantly higher in the Old control group compared to the Young control group in C2 and C3, and there were no differences among PCV

group and Old control group in all subfields. (B) The FV/,,;% were significantly higher in PCV group compared to Old control group in all

subfields, and there were no differences among normal control groups. *, P<0.05. PG: PCV affect eye group; OG: Age-matched control group;

YG: Young control group; C1: 1-mm circle at the center of the macula; C2: 3-mm rim; C3: 6-mm rim. Number of FV),,5: average number of

the FV sizes from 900 to 1,125 pm’; FV,;,;%: proportion of FV,;.

to the results of Spaide and followed the power-law
distribution (25). The sizes of the FV we proposed is
different from the results of Borrelli ez 4/. for intermediate
age-related macular degeneration (iIAMD) (10,26).
Although there is no relevant research published for the
FV characteristics of PCV, considering the characteristics
of the power-law distribution, the statistics used for the
normal distribution (average and standard deviation) are
inapplicable (15,16). Moreover, we prove that once we
limited the observed sizes to a specific range (e.g., 900 to
1,125 pm?), the FV were normally distributed and suitable
for those statistics.

The FV,,s was positively correlated with age, which
is consistent with the previous research (27). In the
comparison between healthy groups (Old control group and
Young control group), the FV,,,; is significantly higher in
the Old control group, and there is no difference between
aging eyes (PCV group and Old control group), indicating
the change of the FV,,,;5 was related to the increasing of the
total number of FV by aging.

The FV,,,;% is significantly higher in the PCV eyes

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

compared to the normal aging eyes (PCV group and Old
control group), and it shows no difference between healthy
groups (Old control group and Young control group),
indicated FV,;% was related to the pathological changes
of CC.

Our method removed the binary results which were
smaller than the Lr before analysis to prevent a large
number of unreliable noises from distorting the analysis
results. (Figure 4). The previous studies have shown that the
differences between the disease and the control group was
small (10,22,28,29), the noise could have a direct impact on
the analysis.

After we removed the noise (Figure 4A4), we found
several small areas without FV. This was due to normal CC
structures, whose intracapillary distances were smaller than
Lr (2), and the SS-OCTA cannot discriminate.

The FV,,,; was significantly higher, and the CT was
significantly lower in the AVI normal group. And had no
difference between the AVI normal and the AVI-fellow
group after treatment. Indicated that the increasing of the
FV,,,; was related to the increased total number of FV,

Quant Imaging Med Surg 2021;11(7):3146-3156 | http://dx.doi.org/10.21037/qims-20-1027



Quantitative Imaging in Medicine and Surgery, Vol 11, No 7 July 2021

A Ct c2
60 400
P=0.898
50 P=0.088 350 P=0.045"
—" — —
g P=0.342
E 40 - 300 T —
-
© 30 . » 250 < T
8
E 2 o 200
z N
I — | -t
10 o 150 I —
P=0.034 P=0.707
0 100
B ois P=0.149 0.15
= 1
0.14 0.14 P=0.231
0.13 0.13
- 1
0.12 T 0.12

FVi125%

0.11 X1 011 L
0.10 s 0.10 X
0.09 X 0.09
0.08 0.08

—_

0.07 l

0.06 L )

0.07 P=0.320 —

- J" 1006 P=0.749
0.05 P=0.916 P=0.225 0.05
0.04 0.04
B AG-Before O AG-After m AG-Before AG-After
0O FG-Before & FG-After O FG-Before @ FG-After

3153
C3 AGn
1000 0 oo P=0.138 300
950 e 2 280 P0.001*
—|— !
900 260 — P-0.138
850 T 240 T —
800 = X 220 T
750 x 200
700 180 x
650 160 l
600 l 140
S — e — |
550 P=0.980 120 P=0.891
500 100
0.15 0.15
0.14 P=0.633 0.14
0.13 r 0.13 P=0.743
0.12 - 0.12 T -
0.11 0.11
0.10 x 0.10 x
0.09 T 0.09
0.08 L 0.08 °L
oo7 ' ' y 0.07 —
' P=0.022* P=0.791 : P=0.791
0.06 0.06 Po0.019"
0.05 0.05 o
0.04 0.04

B AG-Before O AG-After
O FG-Before @ FG-After

B AG-Before O AG-After
0O FG-Before @ FG-After

Figure 3 The FV, ;5 and FV,;% of AVI group and AVI-fellow group before and after treatment. (A) The average number of FV,,; were
significantly higher in C2 and C3 and AGn after anti-VEGF treatment, and there were no differences among AVI-fellow groups. (B) The

FV,1,5% had an increasing trend after anti-VEGF treatment. Among them, C3 and AGn reached statistical significance, and there were no

differences among AVI-fellow groups. *, P<0.05. AG-Before: anti-VEGF intravitreal injection group before treatment; AG-After: anti-VEGF

intravitreal injection group after three times treatment; FG-Before: fellow eyes of AVI group before 3 months interval; FG-After: fellow eyes

of AVI group after 3 months interval; C1: 1-mm circle at the center of the macula; C2: 3-mm rim; C3: 6-mm rim; AGn: subfields without

pathological changes of AVI group; Number of FV),,;: average number of the FV sizes from 900 to 1,125 }nnz; FV,,,5%: proportion of FV|;.

FV: flow void; AV, anti-VEGF intravitreal injection.

which was due to the anti-VEGF agent effects, caused the
reduction of CT and CC diameter (30-32). The FV,,,;%
of AVI normal group significantly raised to the AVI-fellow
group level, indicated that the increasing of FV,,;% was
not only due to the CT change, but both PCV affect eyes
and fellow eyes had similar pathological changes of CC
(33,34), and we provided a possible way to detect those
pathological changes.

The CT significantly decreased after treatment was
consistent with previous researches (35,36). We expected
that the CT change was negatively correlated with the FV
change of the AVI normal group. But the result was not
statistically significant (=-0.336, P=0.343). We thought
it was related to the histological position of AVI normal
group. Since 17 images of AVI normal group belongs to
the C3 subfields (94.4%) and 1 image belongs to the C2
subfield (5.6%). The location of the CT measurement was
at the center of C1, which may cause some impacts. Our
results of the CT and the FV relationship of the fellow eye

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

were consistent with the previous results (5-7). It indicated
that our results were specific for pathological changes in the
CC structure.

The limitations are the small sample size, especially the
small number of the AVI normal group, and the limited
exploration of relatively normal subfields of CC in PCV; Our
result was a relatively narrow interval, and the conclusion
will be different because of the different peak range selection
and the Lr of the different instruments; the FV sizes range
should be different with different diseases because the
various pathological changes in the CC structure.

Conclusions

In this research, we proposed a modified method to invest
the FV which followed a non-normal distribution. The
proportion of sizes interval (e.g., FV,,;%) was specific
for pathological changes in the CC structure. The CC
perfusion and CT of PCV significantly decreased after AVI
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Figure 4 A PCV affect eye from 74 years old male demonstrate how Lr affect the FV results. (A) Our method removed the noise smaller than
Lr* (20x20 pm’). The total FV area is 22.8%. (B) The same subject with small noise. The total FV area is 29.2 %. White arrow: (A) our method

removes the noise and reveals the shadow of vessels; (B) a lot of small noise can be seen in the shadow of superficial vessels. Composition:

1 mm’ centered at the macula. Yellow arrow: (A) our method divides the FV into reasonable sizes after removed the noise; (B) the FV

incorrectly connected into clusters. FV, flow void; PCV; polypoidal choroidal vasculopathy; Lr, lateral resolution.

treatment.
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