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Abstract
● AIM: To evaluate the changes on optical coherence 
tomography angiography (OCTA) and f luorescein 
angiography (FA) and their correlation in neovascular age-
related macular degeneration (nAMD) before and after 
intravitreal aflibercept injections (IAIs).
●  METHODS: In 43 treatment-naïve patients with 
nAMD, choroidal neovascularization (CNV) in OCTA were 
morphologically and quantitatively analyzed before and after 
IAIs to determine whether they are correlated with leakage 
on FA or not. By combining CNV in OCTA and leakage in FA, 
lesions were characterized as three types: L+C+ (with both 
CNV and leakage), L-C+ (with CNV but without leakage), or 
L+C- lesion (with leakage outside CNV).
●  RESULTS: Before IAI, while 27 eyes had L+C+ 
lesion only, 16 eyes had both L+C+ and L-C+ lesions 
simultaneously. Tiny capillaries and anastomosis in CNV 
were more developed in L+C+ lesion, at 86.0% and 
58.1%, respectively, relative to 9.3% and 9.3% in L-C+ 
lesions (P<0.001). After IAIs in 33 eyes, tiny capillaries and 
anastomosis were decreased in the lesions with cessation 
of leakage on FA (P<0.001 and P=0.001, respectively). 
In quantitative analysis, neovascularization length and 
numbers of junctions and endpoints were also significantly 
decreased.
● CONCLUSION: Leakage on FA is associated with CNV 
morphology in OCTA and remained so after IAIs. Therefore, 
by carefully assessing the morphological and quantitative 
changes of CNV in OCTA before and after treatment, activity 
of nAMD is expected even though CNV on OCTA is not 
completely matched with fluorescein leakage.
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INTRODUCTION

N eovascular age-related macular degeneration (nAMD) 
is one of the leading causes of visual impairment 

in the elderly[1]. Therefore, diagnosis and management are 
important to increase quality of life. Dye-based angiography 
such as fluorescein angiography (FA) and indocyanine green 
angiography (ICGA) are conventionally the gold-standard 
imaging modalities by which to diagnose and evaluate 
nAMD[2]. More recently, the introduction of optical coherence 
tomography (OCT) and optical coherence tomography 
angiography (OCTA) has made it easier to evaluate nAMD in 
a less invasive fashion[3-6].
Prior to the development of OCTA, many researchers diagnosed 
choroidal neovascularization (CNV) according to leakage 
area on FA and the structural findings on OCT and analyzed 
the response to treatment based on changes of leakage on 
FA and the subretinal fluid (SRF) and macular thickness on 
OCT[4,7]. After intravitreal anti-vascular endothelial growth 
factor (VEGF) injection for treatment in nAMD, the presence 
of leakage and the size of the leakage area on FA were 
significantly reduced. Typically, eyes without leakage on FA 
and fluid on OCT after anti-VEGF treatment showed greater 
improvements in visual acuity than those with both leakage 
and fluid[8].
After the recent introduction of OCTA technology, an analysis of 
OCTA images confirmed that, following treatment of nAMD, 
the size of the CNV and the density of the neovascularization 
(NV) complex were reduced with morphologic change of 
CNV[5,9-10]. The morphology of CNV was different between the 
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active and quiescent forms—specifically, active CNV lesions 
demonstrated greater numbers of small branching vessels and 
peripheral arcades relative to quiescent CNV[10-11]. And one of 
the advantages of OCTA over FA is quantitatively visualized 
change in retinal microvasculature[12-13]. In many previous 
studies, researchers discussed the possibility of replacing 
invasive FA with noninvasive OCTA[5,10,14]. However, it is 
difficult to evaluate the activity of CNV because OCTA does 
not visualize leakage, limiting its replacement of FA[6,14].
Therefore, recently, to increase the identification and diagnosis of 
CNV, FA and OCT were analyzed together with OCTA[15]. To 
date, there has been few studies reporting on direct comparison 
of CNV morphologic characteristics with leakage on FA to 
evaluate the activity of CNV. In this study, we evaluated the 
correlation between OCTA and FA images in nAMD both 
before and after intravitreal aflibercept injection (IAI).
SUBJECTS AND METHODS 
Ethical Approval  This study was approved by the Institutional 
Review Board of the Korea University Medical Center in Seoul, 
Republic of Korea. All data collection and analysis efforts were 
conducted in accordance with the tenets of the Declaration of 
Helsinki. Because this was a retrospective study, the Institutional 
Review Board of Korea University Medical Center waived the 
need to obtain informed consent from the participants.
Patients  To determine eligibility, we reviewed the medical 
records of treatment-naïve and wet nAMD patients who 
visited the clinic at Korea University Medical Center between 
February 2018 and March 2020. In this study, we included 
patients with exudative nAMD who were aged older than 
50y and who received treatment with aflibercept (Eylea; 
Regeneron Pharmaceuticals, Tarrytown, NY, USA). We 
excluded any cases with a best-corrected visual acuity less than 
20/200; a history of vitreoretinal surgery; any laser treatment 
administered to the posterior pole of the retina including 
photodynamic therapy; any prior intravitreal injections; other 
types of nAMD including polypoidal choroidal vasculopathy 
and retinal angiomatous proliferation than typical nAMD; or 
vitreoretinal disease including central serous chorioretinopathy, 
diabetic retinopathy, epiretinal membrane, retinal vein occlusion, 
uveitis, and/or high myopia (defined as an axial length of 
greater than 26.0 mm). Patients with poor auto-segmentation of 
CNV on OCTA because of large pigment epithelial detachment 
(PED) or subfoveal hemorrhage were also excluded. 
Before treatment with IAI and one month after three loading 
IVIs, patients underwent best-corrected visual acuity assessment, 
slit-lamp examination, funduscopic examination, and imaging 
with FA (Heidelberg Engineering, Heidelberg, Germany) 
and spectral-domain OCT and OCTA (Heidelberg Spectralis 
OCT2; Heidelberg Engineering, Heidelberg, Germany).
Image Analysis Acquisition  Two independent observers (Ahn 
SM and Kim SW) classified the AMD status and confirmed 

the existence of CNV in each participant through FA, ICGA 
(Figures 1C, 1D, 2C, and 2D) and OCTA images. ICGA 
was only used to assess CNV presence and to exclude types 
other than typical nAMD. These two independent observers 
confirmed the presence of leakage on FA image and the 
morphologically qualitative analysis of CNV on OCTA image. 
In cases of disagreement, the two observers reviewed the cases 
again and reached a consensus on final decision. FA images in 
the phase that showed the maximum amount of dye leakage 
were exported and the presence of dye leakage on FA image 
was analyzed (Figures 1A, 1B, 2A, 2B, and 3A). 
The OCTA instrument used in this study had an acquisition 
speed of 85 000 A-scans per second (high-speed mode) and 
384 A-scans per B-scan. The OCTA scan pattern was 4.3×4.3 mm2 
(15×15°) centered on the macula. En-face OCTA images were 
exported from the image viewer software (Heidelberg Eye 
Explorer, software version 1.21; Heidelberg Engineering, 
Heidelberg, Germany) following the removal of retinal 
vessel projection artifacts. The automatic slab from the outer 
plexiform layer to Bruch’s membrane was extracted; if there 
was segmentation error, the OCTA images that fully included 
any CNV lesions were extracted by manual adjustment of 
segmentation (Figures 1E, 1F, 2E, 2F, and 3B). The CNV 
lesions in extracted OCTA images were clarified by manually 
selecting CNV and removing artifacts with image cropping, 
using GNU Image Manipulation Program (GIMP 2.8.14; 
Figures 1G and 2G). 
By assessing the overlaid OCTA image with CNV lesions 
and fluorescein leakage in FA using the Image J software 
(version 1.52p; National Institutes of Health, Bethesda, MD, 
USA), we checked whether the CNV lesions matched with 
the fluorescein leakage or not (Figures 1A, 1B, 2A, 2B, and 
3A). By combining the OCTA and FA images, three lesion 
presentation types were established: L+C+ lesion (images 
showing both CNV in OCTA and leakage in FA), L-C+ lesion 
(images showing CNV in OCTA but without leakage in FA), 
and L+C- lesion (images showing leakage in FA located 
outside the CNV).
All CNV lesions were morphologically and quantitatively 
analyzed based on previous papers[2,5,9-10,16]. For morphological 
qualitative analysis of CNV, we distinguished CNV findings 
of note, including 1) presence of core vessel (defined as 
large dilated central core vessels in the interior of the lesion 
extending from the center to periphery); 2) presence of tiny 
branching capillaries (thin, tangled vessels); and 3) presence 
of anastomosis (peripheral arcade or inner loops; Figures 1 
and 2). In other words, the core vessel was defined as the 
trunk vessel in the center rather than thin, sprouting, and 
branching vessels. Tiny branching capillaries were defined 
as a small vessel that was usually branches off from core 
vessel and extend to the periphery. Peripheral anastomosis 
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Figure 2 Images of FA and CNV before and after treatment in a patient with CNV composed of both L+C+ and L-C+ lesions  In this case, 
before IAI, there was only a partial leak around the CNV. Some portion of the CNV (red color) was matched with fluorescein leakage on FA 
image (L+C+ lesion) and residuals of the CNV with a dilated and large core vessel (yellow arrow) were located in the lesion without fluorescein 
leakage on FA (L-C+ lesion, A). CNV was found on ICGA (C). CNV in the OCTA image composed of the core vessel, tiny capillaries (red 
arrow), and anastomosis (yellow line, E). After IAI, the size of the CNV area (red color) and the fluorescein leakage were decreased (B), and 
CNV was found on the ICGA image (D), while tiny capillaries and anastomosis had disappeared (F). However, the core vessel was still remnant 
despite IAI (F). Projection artifacts were removed in the OCTA image to clarify the CNV lesion using the GNU Image Manipulation Program 
and CNV lesions were divided into those with fluorescein leakage (yellow box) and those without fluorescein leakage (red box, G). An open-
source software (AngioTool) measured the vessel area surrounded by green lines, the vessel length as indicated by red lines, and the junction 
number with blue points (H). In the L+C+ lesion (yellow box), the results of quantitative analysis in this case were 0.63 mm2 for the NV area, 
13.67 mm for the total NV length, 62 total junctions, 48 total endpoints, and 0.27 for the mean lacunarity (I). After IAI, CNV in the L+C+ lesion 
showed with a decreased total NV length of 1.79 mm, five total junctions, and nine total endpoints as indicated by quantitative analysis (I). In 
the L-C+ lesion (red box), the results of quantitative analysis were 1.43 mm2 for the NV area, 31.10 mm for total NV length, 169 total junctions, 
83 total endpoints, and 0.51 for mean lacunarity. FA: Fluorescein angiography; CNV: Choroidal neovascularization; IAI: Intravitreal aflibercept 
injection; OCTA: Optical coherence tomography angiography; NV: Neovascularization.

Figure 1 Images of FA leakage and CNV before and after treatment in a patient with L+C+ lesion  Before IAI, CNV through OCTA (red 
color) was matched with FA leakage on FA (L+C+ lesion, A) and CNV was confirmed on ICGA (C). OCTA showed CNV composed of a tangle 
of small and uniform capillaries and an anastomosis with peripheral arcade (yellow line, E). After IAI, the sizes of the CNV area (red color) and 
FA leakage were decreased (B), and CNV was confirmed in ICGA imaging (D). The anastomosis was also smaller in OCTA (yellow arrow, F). 
Projection artifacts were removed in the OCTA image to clarify the CNV lesions using the GNU Image Manipulation Program (G). An open-
source software (AngioTool) measured the vessel area surrounded by green lines, the vessel length as indicated by red lines, and the junction 
number with blue points for quantitative analysis (H). The results of quantitative analysis in this CNV case were 0.39 mm2 for NV area, 57.46% 
for NV area percentage, 8.14 mm for total NV length, 49 total junctions, 16 total endpoints, and 0.10 for mean lacunarity before IAI (I). After 
IAI, CNV showed reduced total NV length of 4.33 mm, 21 total junctions, and 11 total endpoints, as indicated by quantitative analysis (I). FA: 
Fluorescein angiography; CNV: Choroidal neovascularization; IAI: Intravitreal aflibercept injection; OCTA: Optical coherence tomography 
angiography; NV: Neovascularization.
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was defined as the morphology of the peripheral margin of the 
CNV indicating the connection of adjacent vessels, such as an 
arcades or loops. For quantitative assessment of CNV, we used 
the validated and open-source software program AngioTool 
(v0.6a, National Cancer Institute, Center for Cancer Research, 
Bethesda, MD, USA) with the threshold parameters: 30 and 
255, vessel thickness: 5, and removal of small particles: 80 
in accordance with previous studies[11,16]. After optimizing 
the parameters, the software analyzed the various aspects of 
vessel network architecture as shown in Figure 1H and Figure 2H, 
which included: 1) explant area (the area occupied by the 
convex hull containing the vessels); 2) NV area (the area of 
the segmented vessels); 3) NV area percentage (percentage of 
NV area/explant area); 4) total number of junctions (number of 
junctions in segmented vessels); 5) total number of endpoints 
(the number of open-ended segments); 6) total length of the 
vessel (the sum of Euclidean distances between the pixels of 
all vessels in the image); and 7) mean lacunarity (vessel non-
uniformity among all-sized boxes)[16-17]. A junction was defined 
as the point of anastomotic connections of two or more vessels 
in a vascular network. An endpoint was defined as the point of 
end in branching vessels sprouted without anastomosis. Since a 
lacunarity was defined as vessel nonuniformity, an increase in 
lacunarity indicated an inhomogeneous vascular network, and 
a decrease in lacunarity indicated homogeneity of the vascular 
network[16-17].
OCT images were used to assess the presence of subretinal 
hyperreflective material (SHRM), intraretinal fluid (IRF), SRF, 
and PED in L+C- lesions (Figure 3C and 3D)[18]. PED was 
divided into flat irregular or non-flat irregular. 
Statistical Analysis  A comparison of variables between the 
two groups was performed with an independent t-test, paired 
t-test, or Mann-Whitney U test for continuous variables. For a 
comparison of categorical variables between the two groups, 
when the number of variables was greater than five, the 
Chi-squared test was applied; when the number of variables 
was less than five, Fisher’s exact test was applied. Statistical 
analysis was performed using the Statistical Package for the 
Social Sciences software program version 20.0 for Windows 
(IBM Corporation, Armonk, NY, USA), and P-values less than 
0.05 were considered to be statistically significant.
RESULTS
A total of 43 eyes of 43 patients (30 males) with a mean age 
of 70.12±8.59y was included. Thirty-three eyes received a 
loading dose of three IAIs over three months. The mean best-
corrected visual acuity was 0.39±0.26 logMAR before and 
0.32±0.34 logMAR after the three loading IAIs (P<0.001), 
while the central retinal thickness was 369.53±127.96 μm 
before and 242.76±85.60 μm after the three loading IAIs 
(P<0.001). All of the 43 eyes included had CNV and, while 

27 eyes had only L+C+ lesion, 16 had both L+C+ and L-C+ 
lesions. Among 43 eyes, 29 eyes had type 1 CNV, 9 eyes had 
type 2 CNV and 5 eyes had mixed types of type 1 and type 
2 CNV. The 44.8% eyes with type 1 CNV had L-C+ lesion, 
33.3% eyes with type 2 CNV had L-C+ lesion, and eyes with 
mixed type had no L-C+ lesion (Table 1).
Comparing the morphologic features of CNV on OCTA 
between L+C+ and L-C+ lesions in all patients, tiny capillaries 
and anastomosis were more frequently detected in those patterns 
with fluorescein leakage (Table 1 and Figures 1 and 2). Mean 
lacunarity in the quantitative analysis of CNV was significantly 
higher in L-C+ lesions (Table 1 and Figures 1 and 2). In the 

Figure 3 Images of OCT and OCTA in a case of L+C- lesion 
before treatment  CNV (red color) was matched with fluorescein 
leakage in FA image (L+C+ lesion), but there was also a portion of 
fluorescein leakage wherein CNV was not detected in OCTA (L+C- 
lesion, yellow arrow, A). OCTA showed CNV composed of the core 
vessel, tiny capillaries, and anastomosis with loop (B). In the OCT 
image, SHRM (red arrow) and shallow SRF (red asterisk) were found 
in a L+C- lesion (C). The green line on FA image indicates the plane 
where the OCT image was exported (A, C). An OCT B-scan image 
on OCTA shows the flow signal as a yellow color and SHRM without 
flow signal (red arrow) and SRF (red asterisk) at the same location 
as in Figure 3C were noted (D). FA: Fluorescein angiography; 
CNV: Choroidal neovascularization; OCT: Optical coherence 
tomography; OCTA: Optical coherence tomography angiography; 
NV: Neovascularization; SHRM: Subretinal hyperreflective material; 
SRF: Subretinal fluid.

OCTA and FA in nAMD
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Table 1 Morphological and quantitative analyses of CNV characteristics between L+C+ and L-C+ lesions in all patients (n=43) before 
treatment
Parameters L+C+ lesion L-C+ lesion P
Types of CNV, n (%)

  Type 1/type 2/mixed 55.2%/66.7%/100.0% (16/6/5) 44.8%/33.3%/0 (13/3/0) 0.067a

Morphologic features, n (%)
  Core vessel 15 (34.9) 12 (27.9) 0.486a

  Tiny capillary 37 (86.0) 4 (9.3) <0.001a

  Anastomosis 25 (58.1) 4 (9.3) <0.001a

Quantitative analysis
  NV area (mm2) 0.72±0.68 0.47±0.48 0.066b

  NV area percentage (%) 43.81±6.71 40.94±11.97 0.246b

  Total NV length (mm) 16.42±16.62 10.69±11.24 0.091b

  Total No. of junctions 83.23±92.14 58.81±61.57 0.219b

  Total No. of endpoints 56.00±56.77 32.44±32.55 0.079b

Mean lacunarity 0.21±0.08 0.43±0.39 0.004b

aConsidered to be significant when P<0.05; when the number of variables was more than five, the Chi-squared test was applied vs when the 
number of variables was less than five, Fisher’s exact test was applied; bIndependent t-test, P<0.05 was considered to be statistically significant. 
CNV: Choroidal neovascularization; NV: Neovascularization.

subgroup analysis considering both L+C+ and L-C+ lesions 
(n=16), tiny capillaries was more frequently detected in those 
with fluorescein leakage (81.2% in L+C+ lesions vs 25.0% in 
L-C+ lesions, P=0.004; Figure 2). 
Among the total of 43 eyes with CNV with FA leakage, 25 
had L+C- lesions. In OCT of L+C- lesions, 20.0% with flat 
irregular PED, 20.0% with non-flat irregular PED, 56.0% of 
SHRM without flow signal, 32.0% of IRF, and 32.0% SRF 
were found on OCT (Figure 3).
After three loading IAIs, tiny capillaries and anastomosis were 
significantly reduced among lesions with decreased fluorescein 
leakage and only core vessels showed no significant changes 
relative to baseline (Table 2 and Figures 1 and 2). By quantitative 
analysis, NV area, total NV length, total number of junctions, 
and total number of endpoints were significantly decreased 
after the three loadings (Table 2, Figures 1 and 2). Mean 
lacunarity showed a significant increase after the three loading 
IAIs (Table 2). 
DISCUSSION
In this study, changes on OCTA and FA and the correlation 
between the morphology of CNV in OCTA and fluorescein 
leakage in FA images were qualitatively and quantitatively 
analyzed in nAMD patients before and after IAI. Our results 
indicated that some eyes in nAMD patients presented with 
CNV lesions on OCTA that overlapped exactly with the 
area of fluorescein leakage, while in others, the CNV lesions 
did not exactly match with the area of fluorescein leakage. 
The characteristics of CNV were morphologically and 
quantitatively different according to the leakage status in FA.
There are several multimodal image tests for diagnosing nAMD 
and seeing treatment response. FA and ICGA have been 
conventionally the gold-standard imaging modality, and recently, 

OCTA has been widely used in eyes with nAMD[2-5]. However, 
because the techniques of these imaging tests are different 
each other, there are many studies comparing the results of 
these tests with each other. In several previous studies, the size 
and activity of the CNV did not exactly match one another in 
imaging modalities such as FA, ICGA, and OCTA[14,19]. FA is 
useful for detecting CNV activity by assessing dye leakage[20]. 
However, the vascular structure can be concealed by leakage 
of fluorescein or the visualization of fluorescein can be blocked 
by the presence of subretinal hemorrhage. ICGA, which can 
penetrate the retinal pigment epithelium (RPE) and choroid 
using longer and near-infrared wavelengths, is better than FA 

Table 2 Changes in CNV characteristics between before and 
after three loading IAIs in L+C+ lesion by morphological and 
quantitative analysis                                                                      n=33
Parameters Before IAI After 3 loading IAIs P
Morphologic features, n (%)

Core vessel 14 (42.42) 11 (33.33) 1.000a

Tiny capillary 28 (84.85) 7 (21.21) <0.001a

Anastomosis 21 (63.64) 3 (9.09) 0.001a

Quantitative analysis
NV area (mm2) 0.84±0.73 0.53±0.48 0.001b

NV area percentage (%) 42.83±7.10 42.46±9.74 0.805b

Total NV length (mm) 19.32±17.91 12.50±12.34 0.002b

Total No. of junctions 97.52±100.55 65.67±74.41 0.012b

Total No. of endpoints 65.45±61.35 39.88±38.28 0.001b

Mean lacunarity 0.21±0.08 0.26±0.13 0.013b

aConsidered to be significant when P<0.05, when the number of 
variables was more than five, the Chi-squared test was applied vs 
when the number of variables was less than five, Fisher’s exact 
test was applied; bPaired t-test, P<0.05 was considered to be 

statistically significant. IAI: Intravitreal aflibercept injection; NV: 
Neovascularization. 



1842

for detecting CNV. The active area in ICGA and FA could be 
different and the size of CNV in ICGA was sometimes larger 
than the leakage in FA when subretinal hemorrhage or a large 
quantity of SRF was located with hypofluorescence. Also, 
the leakage on FA could extend beyond than the size of the 
CNV in ICGA when the activity of nAMD is great because 
ICGA does not show leakage from the CNV and does not 
reveal the activity of CNV or exudation[21]. Recently, with 
the development of OCTA, the morphology of CNV can be 
visualized more effectively in OCTA[22]. However, dynamic 
dye leakage from CNV cannot be seen on OCTA, similar to on 
ICGA. Therefore, the comparison of OCTA and FA might yield 
similar results to the comparison of ICGA and FA mentioned 
previously. There are few reports about the comparison of 
CNV size between OCTA and FA[14,19]. Further, there is few 
reports discussing the morphological comparison of OCTA 
and FA by directly overlapping the two types of images. In 
this study, we found that CNV lesions did not always match 
with the area of fluorescein leakage and the characteristics of 
CNV were also morphologically and quantitatively different 
according to the leakage status in FA. 
The size and morphology of CNV in OCTA were analyzed for 
conducting comparison between active and quiescent CNV 
or determining the response to anti-VEGF treatment[5,9-11]. 
Active CNV lesions often had a prominent central vessel and 
greater numbers of small branching vessels and peripheral 
arcades in comparison with quiescent NV. Especially, Coscas 
et al[5]. reported that the presence of tiny branching vessels and 
a peripheral anastomotic arcade are predictive biomarkers of 
CNV activity on OCTA. They noted tiny branching vessels in 
82.5% of the cases, vascular loops in 81.7%, and peripheral 
anastomotic arcades in 66.7%. Similarly, in this study, tiny 
capillaries (86.0%) and anastomosis including vascular loop 
and peripheral anastomotic arcades (58.1%) were frequently 
paired with lesions with fluorescein leakage. Because tiny 
capillaries and anastomosis were more concentrated in lesions 
with fluorescein leakage than in those without fluorescein 
leakage, suggesting homogeneous CNV in OCTA, the 
mean lacunarity was significantly lower in lesions with 
fluorescein leakage. After IAI, not only were tiny capillary 
and anastomosis morphologically decreased but also total 
NV length, total number of junctions, and total number of 
endpoints were quantitatively reduced in this study. A decrease 
of junction or endpoint presented a decrease of vascular 
network[23]. The lacunarity presenting vascular non-uniformity 
was high in L-C+ lesion (CNV without leakage) or after IAI, 
because the relatively irregular branching capillaries decreased 
and only large vessels or core vessels remained, indicating 
uniformity. Therefore, an increase in lacunarity might show 
that the activity of CNV is small or stable[16]. These results 

suggest the association between morphologic features of CNV 
and quantitative analysis of CNV. The CNV network could be 
quantitatively analyzed using the AngioTool software program. 
The activity of CNV was evaluated between the active and 
quiescent states or good and poor responses in some previous 
studies[11,16]. However, no study has assessed the quantitative 
change in the CNV network between before and after anti-
VEGF injection using the AngioTool software program; further, 
we analyzed quantitative features of CNV matched with 
fluorescein leakage using the AngioTool software program.
In this study, unlike tiny capillaries and anastomosis, the 
presence of core vessels was not different between the lesions 
with fluorescein leakage and those without fluorescein leakage 
prior to IAI. In addition, the core vessels remained unchanged 
after IAI. The size and density of CNV were reduced after 
anti-VEGF treatment in type 1 or type 2 CNV but the central 
vessel trunk remained unchanged and resistant to anti-VEGF 
treatment[24]. Elsewhere, large prominent vessels were not 
changed by anti-VEGF treatment, while tiny vessels were 
attenuated and reduced[5]. The results confirmed that large 
prominent vessels like core vessels did not demonstrate 
CNV activity. Although the presence of CNV on OCTA was 
highly correlated with the presence of fluorescein leakage that 
demonstrated the clinical activity of CNV, the clinical activity 
varied according to the morphologic characteristics of CNV on 
OCTA[25]. Therefore, CNV on OCTA was not exactly matched 
with fluorescein leakage and we highlighted differences in 
CNV morphology between L+C+ and L-C+ lesions. 
We analyzed whether leakage on FA image and the CNV on 
OCTA image were matched through overlaid images of FA and 
OCTA; we identified an L+C- lesion. Therefore, we evaluated 
the features of OCT in L+C- lesion and SHRM, IRF, and SRF 
were usually detected in L+C- lesion. The presence of fluid 
in the retinal, subretinal, and sub-RPE spaces demonstrated 
exudation of nAMD and could reveal dye leakage on FA[26-27]. 
SHRM, IRF, and SRF were predominantly found in L+C- 
lesions and could be presented without CNV. These lesions 
showed the large leakage on the FA compared to the actual 
CNV. Especially, nonvascularized SHRM was observed in 
56.0%. Giani et al[28] reported that SHRM and SRF were 
more significantly located in conjunction with fluorescein 
leakage than was PED or IRF. IRF was mostly associated with 
impairment of the neurosensory retina and might represent the 
earliest manifestation of recurrent CNV[27-28]. The presence of 
PED was not associated with fluorescein leakage[28]; indeed, 
PED was found irrespective of the occurrence of fluorescein 
leakage. Instances of nonvascularized PED such as serous or 
drusenoid PED presented a variety of features of fluorescein 
status[29]. Therefore, the presence of PED did not imply active 
CNV[26]. The activity of CNV could be evaluated by the 
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presence of fluid in subretinal, sub-RPE or intraretinal space 
shown on OCT images[4,26]. However, fluid could be placed 
in no CNV lesion. Therefore, multimodal image analysis 
is required to analyze nAMD exactly because it is initially 
difficult to diagnose nAMD and to detect the presence of CNV 
with OCT alone. FA is still the one of gold standard method for 
diagnosing nAMD.
There were some limitations to this study. First, there was 
a small number of patients and selection bias due to the 
retrospective study design. However, enrolled patients had 
no treatment history of nAMD and received IAI only. The 
patients with best-corrected visual acuity of less than 20/200 
were excluded from this study because they could show 
fibrotic scar or atrophic change in the macula[4]. In Korea, 
treatment-naïve patients, excluding those mentioned here, 
can receive intravitreal aflibercept or ranibizumab injections, 
rather than bevacizumab, as insurance system[30]. Because 
aflibercept has low injection frequency due to high percentage 
of fluid absorption and high affinity, it is used more favorably 
in our clinic[31]. Therefore, relatively few patients received 
ranibizumab injection, and this resulted in difficulties or errors 
in statistical analysis and interpretation, or it was also difficult 
to sub-analyze. Therefore, we included only patients treated 
with aflibercept. Also, the patients with polypoidal choroidal 
vasculopathy were excluded because the segmentation error 
in OCTA was frequently due to polyps, and patients with 
retinal angiomatous proliferation were excluded because the 
size of NV was often too small to be quantitatively analyzed. 
Therefore, although not many patients were included, the 
results could be clearly linked to typical nAMD. Second, 
ICGA was only used to check CNV or not, and to exclude 
other types than typical nAMD and the features of ICGA were 
not compared with those of FA or OCTA in this study. There 
are already several previous studies comparing ICGA and 
OCTA. Because the characteristics of ICGA and OCTA were 
similar, such as revealing no dye leakage and demonstrating 
the entire morphology of CNV, the overlap of lesions in 
ICGA and OCTA might not yield more meaningful results 
that FA and OCTA comparisons based on the purpose of 
the present study. Third, in case of wet AMD with CNV 
that occurs beneath the RPE layer, FA could not reveal the 
leakage. However, although CNV was beneath the RPE layer, 
the features of exudation such as SRF, IRF, and PED were 
accompanied by disruption of RPE at the CNV and showed 
hyperfluorescein on FA. Fourth, errors in quantitative analysis 
of CNV could have occurred because CNV was not completely 
extracted or choriocapillaries was included in CNV. Some 
researchers have reported that OCTA shows a slightly lower 
sensitivity in delineating CNV that occurs beneath the RPE 
layer[32]. To overcome this limitation, we tried to correct the 

segmentation of OCTA for fully detecting CNV in OCTA and 
choriocapillaries were removed as much as possible through 
projection removal and threshold method of software programs 
used in previous studies.
In summary, the characteristics of CNV were morphologically 
and quantitatively different according to the leakage status 
on FA. Tiny capillaries and anastomosis were especially 
associated with leakage on FA images and changed after 
treatment. Therefore, it is necessary to carefully examine 
both the morphological and quantitative changes of CNV on 
OCTA before and after treatment. By assessing the CNV on 
OCTA quantitatively and qualitatively, the activity of nAMD 
is expected even though CNV on OCTA was not completely 
matched with fluorescein leakage.
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