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Original Article

Purpose: The present study aimed to quantify various factors of vessel morphology, including vessel diameter, length, and 
complexity (fractal dimension and lacunarity) of both choroidal neovascularization (CNV) and en face Haller vessels using op-
tical coherence tomography angiography (OCTA) and en face structural optical coherence tomography in typical neovascular 
age-related macular degeneration (nAMD) and polypoidal choroidal vasculopathy (PCV) and to identify factors associated 
with visual acuity (VA) loss and number of injections within a year after the day of OCTA.

Methods: We retrospectively analyzed 43 eyes of nAMD patients and 33 eyes of PCV patients whose OCTA was performed 
at least 12 months after an initial anti-vascular endothelial growth factor treatment. Quantitative parameters, including ves-
sel area, vessel diameter, vessel length, fractal dimension, and lacunarity were analyzed from en face images of CNV and 
Haller vessels. Clinical information, including logarithm of the minimum angle of resolution visual acuity and injection number 
of anti-vascular endothelial growth factor were acquired after 12 months from OCTA date. Using logistic regression analyses, 
parameters associated with logarithm of the minimum angle of resolution VA loss of 0.2 or more (VA loss group) and a num-
ber of injections of four or more (unstable group) after 12 months were analyzed.

Results: In typical nAMD, the VA loss group was associated with a smaller number of intersections of Haller vessels. The un-
stable group was associated with an increased lacunarity of CNV in typical nAMD. In PCV, both VA loss and unstable groups 
were associated with a higher maximal diameter of Haller vessels.

Conclusions: VA loss and injection number of nAMD and PCV 12 months after OCTA imaging were associated with different 
morphological parameters of CNV and Haller vessels. Therefore, quantitative analyses of both CNV and Haller vessels from 
OCTA and en face optical coherence tomography might provide prognostic information about visual outcome and injection 
frequency within 12 months after OCTA imaging.

Key Words: Choroidal neovascularization, Haller vessel, Neovascular age-related macular degeneration, Optical coherence 
tomography angiography, Polypoidal choroidal vasculopathy
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Neovascular age-related macular degeneration (nAMD) 
is emerging as a major cause of blindness in adults [1]. Pol-
ypoidal choroidal vasculopathy (PCV) is considered a 
variant of nAMD, characterized by a network of branch-
ing choroidal vessels with polyp-like aneurysmal dilations, 
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and is also known to be common in Asians [2,3]. PCV 
presents as a form of pachychoroid spectrum disease 
which is characterized by a thickened choroid, and is also 
known to exhibit a locally thickened choroidal vessel 
(pachyvessel) even in the absence of increased choroidal 
thickness [4].

The recently introduced optical coherence tomography 
angiography (OCTA) has enabled non-invasive detailed 
observation of choroidal neovascularization (CNV) mor-
phology. Researchers have identified various quantitative 
factors for vessel morphology, including vessel area, frac-
tal dimension, and endpoint density, and have linked these 
factors with visual acuity or the number of injections [5-9]. 
However, the difference in CNV morphology between 
typical nAMD and PCV has not been well studied.

The CNV is originated form choroid, therefore, consid-
ering the status of both choroid and CNV might be impor-
tant to understand the pathologic environment. Pachyves-
sels are believed to be closely associated with the atrophy 
of choriocapillaris and the development of focal disrup-
tions in the retinal pigment epithelium and Bruch’s mem-
brane, which lead to the development of CNV [2]. En face 
optical coherence tomography (OCT) is a method for ob-
serving Haller vessels in frontally, making it possible to 
obtain a detailed vascular morphology of Haller vessels, 
including locally changed vascular thickness, branch 
length, and complexity [9-11]. A previous study which used 
both OCTA and en face structural OCT showed that CNV 
morphology and en face images of Haller vessels were as-
sociated with visual prognosis and the need for additional 
injection of anti-vascular epithelial growth factor (VEGF) 
after 6 months [11]. However, this previous study was lim-
ited by its included patients with short-term follow-up as 6 
months.

Hence, in the present study we aimed to quantify vari-
ous factors of vessel morphology, including vessel diame-
ter, length, and complexity (fractal dimension and lacunar-
ity) of both CNV and Haller vessels using OCTA and en 
face OCT which were performed at least 12 months after 
an initial treatment in typical nAMD and PCV. Then we 
identified morphologic factors of both CNV and Haller 
vessels associated with visual acuity (VA) loss and number 
of injections within a year after the day of OCTA.

Materials and Methods 

Participants 

This study adhered to the tenets of the Declaration of 
Helsinki and was approved by the ethics committee of the 
institutional review board of Konkuk University Medical 
Center (2020-07-048). This study is a retrospective study 
based on the medical records of patients who visited the 
Konkuk University Medical Center between January 1, 
2017 and December 31, 2019 and were diagnosed with 
AMD and monitored for at least 1 year from the time of 
the initial treatment. Informed consent was waived due to 
the retrospective nature of the study using medical re-
cords. Patients received anti-VEGF treatments, including 
ranibizumab or af libercept, following a pro re nata regi-
men, which was administered at the discretion of the treat-
ing physician. Furthermore, the included patients had both 
OCTA and en face structural OCT images at least 1 year 
after the time of the initial treatment and should have re-
ceived further follow-up for at least 1 year from the day of 
OCTA imaging (OCTA date), and had information on VA 
after 1 year and the number of injections during the 1-year 
follow-up.

In all subjects, fluorescent angiography and indocyanine 
green angiography (ICGA) were performed at the initial 
visit and visual acuity, intraocular pressure, best-corrected 
visual acuity, fundus examination, and fundus photogra-
phy were performed at each visit. OCTA and en face 
structural OCT was performed after 1 year from the initial 
visit. Typical nAMD was defined as nAMD including any 
type of CNV (type 1 or 2) confirmed by fluorescent angi-
ography and ICGA. The diagnosis of PCV was based on 
the detection of elevated orange-red lesions on fundal ex-
amination and the presence of polypoidal lesions on ICGA. 
We excluded patients with high myopia (<-6 diopters), im-
ages obscured by media opacity, significant cataract pro-
gression without surgery during follow-up, other com-
bined retinal diseases, or geographic atrophy. We also 
excluded patients with poor OCTA images that had projec-
tion artifacts and artifacts from eye movement that result-
ed in the breakage of vessel morphology. Additionally, 
poor images of en face Haller vessels were excluded when 
vague demarcation of vessels from the stroma was ob-
served.
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Acquisition of CNV and Haller vessel images from 
OCTA and en face OCT

OCTA images and en face structural OCT images were 
acquired using Spectralis OCT (Spectralis OCT2+HRA; 
Heidelberg Engineering, Heidelberg, Germany), and the 
scanned area was set as 6 × 6 mm. To obtain en face imag-
es of CNV, the choriocapillaris slab was adjusted to cover 
the upper and lower borders of the CNV to depict the 
whole CNV morphology, as much as possible, with mini-
mal noise signals. When the branches of the CNV were 
discontinuous or abruptly cut off, the lower border of the 
preset CC slab was moved to include the intact CNV. 
When the proper boundary of the slab was ambiguous, B-
scan images were obtained to ensure the integration of the 
entire CNV complex between the two slabs. The gathered 
images were then additionally reviewed to determine 
whether they were of sufficient image quality for further 
image analyses.

En face images of the Haller’s layer were obtained by 
adjusting the thickness of the choriocapillaris slab to 10 
μm and locating the slab to span the center of the Haller 
vessel in B-scans (Fig. 1A-1H). When the contour of the 
slab could not span the central line of the entire Haller ves-
sel, the priority was set as the macular area.

Image processing of acquired images of CNV and 
Haller vessel

 The outer boundary of CNV was manually outlined by 
the researcher (SK) and confirmed by retinal physicians 
(HL and HCK) using ImageJ (National Institute of Health, 
Bethesda, MD, USA) and the area inside the boundary was 
measured to calculate ‘CNV area’ [12]. After binarization 
of the CNV vessels by the Otsu method, the vessel area 
was calculated using ImageJ. After skeletonization of the 
binarized vessels, the mean and standard deviation of the 
total length and the branch vessel length were obtained. To 

Fig. 1. Quantitative measurement of choroidal neovascularization and Haller vessels. (A) Optical coherence tomography angiography 
image showing choroidal neovascularization. (B) From binarized image using Otsu filter, vessel area was measured. (C) Binarized im-
age was processed to skeletonized image using ImageJ, and following parameters were calculated using DiameterJ plugin; total length, 
branch length, and the number of intersections. (D) En face image of Haller vessel was obtained by adjusting the thickness of the cho-
riocapillaris slab to 10 μm and locating the slab (red dashed line) to span the center of Haller vessel in B-scans. (E) Acquired en face im-
age of Haller vessel. (F) In the same manner used in choroidal neovascularization, Otsu filter was applied to make binarized image and 
Haller vessel area was measured. (G) Binarized Haller vessel image was skeletonized, and the total length, branch length, and the num-
ber of intersections were calculated using DiameterJ plugin. (H) Finally, the diameter-associated parameters of vessel (mean, median, 
and maximum) were calculated from the binarized image of (F). 
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quantify diameter-related characteristics of vessels, the Di-
ameterJ plugin of ImageJ was applied to the binarized im-
age of CNV, and the mean, standard deviation, and maxi-
mum diameters of a CNV were calculated (Fig. 1) [13]. To 
quantify vessel complexity such as fractal dimension and 
lacunarity, we used the FracLac plugin of ImageJ [14]. 
While fractal analysis assesses the complexity of a fractal 
object, lacunarity provides an indication of the empty 
space and degree of vessel inhomogeneity [15].

Grouping patients according to visual loss and number 
of injections

 Clinical outcomes were assessed according to two major 
criteria: (1) visual loss and (2) number of injections after 12 
months from the day of OCTA and en face OCT. Regard-
ing visual loss, patients were divided into two groups: a vi-
sual loss group, including patients whose logarithm of the 
minimum angle of resolution (logMAR) was aggravated 
by more than 0.2 from baseline, and other patients (“no 
VA loss group”). Regarding the number of injections, pa-
tients were divided into two groups: the “unstable group” 
who had received four or more injections for 1 year after 
the OCTA date, while the other patients were defined as 
the “stable group.”

Statistical analysis

PASW Statistics ver. 18.0.0 (SPSS Inc., Chicago, IL, 
USA) was used for all statistical analyses. The Mann-
Whitney test was performed to compare mean values be-
tween the two groups, and the chi-square test was used to 
compare the ratios of men to women. The associations of 
morphologic parameters with visual loss and number of 
injections were analyzed using univariate logistic regres-
sion analysis. Age, sex, and VA on OCTA data were ad-
justed in the regression analysis for the VA loss versus no 
VA loss group. Age and sex were adjusted in the regression 
analysis for the unstable versus stable group. Results with 
p-values less than 0.05 were considered statistically signifi-
cant. Since only one statistically significant parameter was 
found among multiple parameters in univariate regression 
analysis, multivariate regression analysis was not per-
formed.

Results 

A total of 76 eyes of 71 patients diagnosed with the wet 
form of AMD were included in this study (43 eyes of 39 
patients were diagnosed with typical nAMD and 33 eyes 
of 32 patients were diagnosed with PCV). Patients with 
typical nAMD had a mean age of 73.09 ± 8.47 years, while 
those with PCV had a mean age of 67.33 ± 6.10 years. The 
mean initial logMAR VA and the mean logMAR VA on 
the OCTA day were 0.56 ± 0.55 and 0.58 ± 0.50, respec-
tively, in typical nAMD patients, and 0.41 ± 0.45 and 0.43 
± 0.47, respectively, in PCV patients. The mean logMAR 
VA 1 year after the OCTA day was 0.62 ± 0.49 in typical 
nAMD patients and 0.46 ± 0.54 in PCV patients, both 
groups did not show statistical difference in the change in 
VA. Clinical characteristics according to the subgroups 
based on VA change (VA loss vs. no VA loss) and injection 
number (unstable vs. stable) are also shown in Table 1. 
Age, sex, VA on the OCT date, and total follow-up period 
were not different between the subgroups (Table 1).

Morphological parameters from CNV and Haller vessels 
according to VA loss and injection number during 1 year 
of follow-up are depicted in Table 2. Regarding VA loss 
after 1 year, the mean branch length of Haller vessel was 
statistically longer in the typical nAMD group than in the 
no VA loss group, while CNV showed no difference (Table 
2 and Fig. 2A-2H). Regarding the number of injections 
within 1 year in typical nAMD patients, the unstable 
group showed higher lacunarity of CNV, while there was 
no difference in Haller vessel morphology between stable 
and unstable groups (Table 2 and Fig. 3A-3H). Concerning 
PCV, there was no significant difference in either CNV or 
Haller vessels between VA loss and no VA loss groups 
(Table 2 and Fig. 4A-4H). Regarding the number of injec-
tions within 1 year in PCV patients, the unstable group 
showed a shorter total length of the Haller vessel, while 
CNV showed no difference between stable and unstable 
groups (Table 2 and Fig. 4).

Next, we identified the morphologic factors of CNV and 
Haller vessels associated with VA loss and injection num-
ber from the univariate logistic regression analysis (Table 
3). Regarding VA loss in typical nAMD, the VA loss group 
was associated with a lower intersection number of Haller 
vessels (Table 3). Concerning PCV, the VA loss group was 
associated with a thicker maximum diameter of the Haller 
vessel (Table 3). Regarding the injection number in typical 
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nAMD, the unstable group was associated with a higher 
lacunarity of CNV (Table 3). Concerning PCV, the unsta-
ble group was also associated with a thicker maximum di-
ameter of the Haller vessel (Table 3).

 

Discussion 

In this study, we quantified the morphological character-
istics of CNV and Haller vessels in the pretreated patients 
with typical nAMD and PCV whose follow-up periods 
were at least 1 year, and analyzed their association with 
VA loss and injection number after a year. In a previous 
study which employed both OCTA and en face OCT, the 

follow-up duration was short (6 months); thus, in the previ-
ous study, we attempted to determine vascular parameters 
associated with longer prognosis, 1 year after OCTA and 
en face OCT.

In this study, the VA loss group in typical nAMD 
showed a longer mean branch length of Haller vessels than 
the no VA loss group (Table 2). According to Poiseuille’s 
rule, longer blood vessels have higher resistance, resulting 
in decreased blood flow [16]. Therefore, the longer branch 
length of Haller vessels might have hampered sufficient 
blood supply and aggravated the ischemia, eventually con-
tributing to visual loss. When the association was analyzed 
by logistic regression analysis, the VA loss group in typical 
nAMD was associated with a lower intersection number of 

Fig. 2. Choroidal neovascularization (CNV) and Haller vessel morphology in eyes with visual acuity loss (A-D) and no visual acuity 
loss (E-H) in the typical neovascular age-related macular degeneration group. (A) Optical coherence tomography angiography (OCTA) 
image obtained in the right eye of a 75-year-old male with visual acuity loss. The follow-up period from the initial visit was 0.76 years. 
The best-corrected visual acuity (BCVA) on the day of imaging (OCTA date) was 20 / 30 and the BCVA 1 year after the OCTA date 
was decreased to 20 / 63. The total injection number was 2, 1 year after the OCTA date. The CNV area was 1.22 mm2 and the vessel 
area was 0.44 mm2. (B) Binarized image of the eye is shown in (A). CNV fractal dimension was 1.57 and lacunarity was 0.64. (C) En 
face image of Haller vessel obtained in the same patients. The vessel area was 7.11 mm2. The mean diameter was 94.62 μm and the 
maximal diameter was 340.00 μm. The total length of Haller vessel was 35.46 mm and the branch vessel length was 271.36 μm. (D) 
Binarized image of the eye shown in (C). The number of intersections was low as 65. (E) OCTA image obtained in the left eye of a 
61-year-old male without visual acuity loss. The follow-up period from the initial visit was 1.38 years. The BCVA on the OCTA date 
was 20 / 25 and the BCVA 1 year after the OCTA date was 20 / 25. The total injection number was 0, 1 year after the OCTA date. The 
CNV area was 2.13 mm2 and the vessel area was 0.53 mm2. (F) Binarized image of the eye shown in (E). CNV fractal dimension was 1.53 
and lacunarity was 0.79. Number of intersections was 49. (G) En face image of Haller vessel obtained in the same patients. The vessel 
area was 18.14 mm2. The mean diameter was 112.72 μm and the maximal diameter was 380.00 μm. The total length of Haller vessel was 
62.21 mm and the branch vessel length was 232.52 μm. (H) Binarized image of the eye shown in (G). The number of intersections was 
high as 282. 
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Haller vessels (Table 3). Different parameters were found 
in the results of mean comparison (longer mean branch 
length of Haller vessels) and regression analysis (lower in-
tersection number of Haller vessels), and this result might 
have originated from the different statistical methods be-
tween the studies, and the additional adjustment of age, 
sex, and VA on the OCTA data in the regression analysis. 
Regarding the prognostic value, the results of regression 
analysis adjusted for confounding factors are considered 
more reliable. Concerning the connection between a lower 
intersection number of the Haller vessel and VA loss, for a 
Haller vessel at a lower intersection, there might be a lower 
chance of communication with other vessels. When isch-
emic threat to the choriocapillaris occurs, the higher inter-

section of the Haller vessel might have various routes to 
supply blood to those areas, even if some interconnecting 
Haller vessels have a lower ability to convey blood. There-
fore, the lower intersection number of Haller vessels might 
be associated with VA loss after 1 year, as indicated in our 
study. In a previous study of the patients with the 6 months 
follow-up, VA loss in typical nAMD was associated with 
higher lacunarity of Haller vessels [11]. This factor was not 
significant in the present study. Although the study popu-
lation in the present study and that in the previous study 
are different, the common finding is that the Haller vessel 
was an associated factor, not CNV. Additionally, higher la-
cunarity implies an inhomogeneous distribution of the gap 
between Haller vessels. Although a lower intersection 

Fig. 3. Choroidal neovascularization (CNV) and Haller vessel morphology in eyes in the unstable group which required four or more 
injections within 1 year (A-D) and eyes in the stable group (E-H) in the typical neovascular age-related macular degeneration group. 
(A) Optical coherence tomography angiography (OCTA) image obtained in the left eye of a 72-year-old male with frequent injections. 
The follow-up period from the initial visit was 2.11 years. The best-corrected visual acuity (BCVA) on the day of imaging (OCTA date) 
was 20 / 63 and the BCVA, 1 year after the OCTA date was 20 / 63. The total injection number was 7, 1 year after the OCTA date. The 
CNV area was 5.84 mm2 and the vessel area was 1.11 mm2. (B) Binarized image of the eye shown in (A). CNV fractal dimension was 
1.53 and lacunarity was high as 1.16. Number of intersections was 122. (C) En face image of Haller vessel obtained in the same patients. 
The vessel area was 12.31 mm2. The mean diameter was 106.16 μm and the maximal diameter was 380.00 μm. The total length of Haller 
vessel was 57.26 mm and the branch vessel length was 235.31 μm. (D) Binarized image of the eye shown in (C). The number of intersec-
tions was 186. (E) OCTA image obtained in the left eye of an 82-year-old male without frequent injections. The follow-up period from 
the initial visit was 3.72 years. The BCVA on the OCTA date was 20 / 400 and the BCVA, 1 year after the OCTA date was 20 / 200. The 
total injection number was 1, 1 year after the OCTA date. The CNV area was 5.84 mm2 and the vessel area was 1.21 mm2. (F) Binarized 
image of the eye shown in (E). CNV fractal dimension was 1.54 and lacunarity was 0.77 which was smaller than that of unstable group. 
Number of intersections was 125. (G) En face image of Haller vessel obtained in the same patients. The vessel area was 8.97 mm2. The 
mean diameter was 84.52 μm and the maximal diameter was 260.00 μm. The total length of Haller vessel was 56.00 mm and the branch 
vessel length was 226.34 μm. (H) Binarized image of the eye shown in (G). The number of intersections was 144. 
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number and inhomogeneous gaps do not indicate exactly 
the same status, higher interconnection might contribute to 
morphology, such as close stitches, decreasing the chance 
of an inhomogeneous gap between Haller vessels. Further 
studies with larger populations might reveal a more repre-
sentative network structure of Haller vessels associated 
with VA loss.

Regarding PCV, the VA loss group showed no morpho-
logical difference compared to the no VA loss group, but 
the VA loss group was associated with a thicker maximum 
diameter of Haller vessel in the regression analysis. 
Pachyvessels are dilated outer choroidal vasculature struc-
tures observed in pachychoroid spectrum diseases, includ-
ing PCV. Dilated choroidal vessels are considered to be as-

sociated with pathological changes in the overlying thin 
choriocapillaris [17]. Therefore, the thicker maximum di-
ameter of the Haller vessel might indicate poorer function 
of the choriocapillaris, eventually decreasing vision. Be-
cause change in the choriocapillaris was not investigated 
in this study, further studies combining the Haller vessel 
and choriocapillaris status are needed. In a previous study 
of the 6 months follow-up, no factor related to CNV and 
Haller vessels was associated with VA loss [17]. Although 
a direct comparison is inappropriate, the morphologic 
analysis in PCV might be associated with longer term 
prognosis. Because VA loss measures the deterioration of 
visual acuity during specific period, previous study re-
stricted to 6 months follow-up could not reveal the possible 

Fig. 4. Choroidal neovascularization (CNV) and Haller vessel morphology in eyes with visual acuity loss as well as unstable which re-
quired four or more injection within 1 year (A-D), and no visual acuity loss with stable (E-H) in the polypoidal choroidal vasculopathy 
group. (A) Optical coherence tomography angiography (OCTA) image obtained in the left eye of a 65-year-old male with visual loss and 
frequent injections. The follow-up period from the initial visit was 0.92 years. The best-corrected visual acuity (BCVA) on the day of 
imaging (OCTA date) was 20 / 100 and the BCVA on the 1 year after the OCTA date was decreased to 20 / 200. The total injection num-
ber was four, 1 year after the OCTA date. The CNV area was 5.43 mm2 and the vessel area was 1.15 mm2. (B) Binarized image of the eye 
shown in (A). CNV fractal dimension was 1.58 and lacunarity was 0.68. Number of intersections was 174. (C) En face image of Haller 
vessel obtained in the same patients. The vessel area was 14.63 mm2. The mean diameter was 97.97 μm and the maximal diameter was 
high as 680.00 μm. The total length was 37.75 mm and the branch vessel length was 227.69 μm. (D) Binarized image of the eye shown in 
(C). The number of intersections was 164. (E) OCTA image obtained in the right eye of a 69-year-old male without significant visual loss 
and infrequent injections. The follow-up period from the initial visit was 2.47 years. The BCVA on the OCTA date was 20 / 20 and the 
BCVA, 1 year after the OCTA date was 20 / 25. The total injection number was 2, 1 year after the OCTA date. The CNV area was 1.13 
mm2 and the vessel area was 0.32 mm2. (F) Binarized image of the eye shown in (E). CNV fractal dimension was 1.52 and lacunarity was 
0.66. Number of intersections was 26. (G) En face image of Haller vessel obtained in the same patients. The vessel area was 10.83 mm2. 
The mean diameter was 110.32 μm and the maximal diameter was low as 420.00 μm. The total length of Haller vessel was 51.75 mm and 
the branch vessel length was 320.71 μm. (H) Binarized image of the eye shown in (G). The number of intersections was 141.
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effect from the dilated Haller vessel. VA loss is directly af-
fected by the activity of CNV—the formation of fluid and/
or hemorrhage. This activity of CNV is thought to be also 
affected by the pathologic change of choriocapillaris, and 
the dilated Haller vessel is thought to be associated of the 
thinning and atrophic change of choriocapillaris [17]. 
Therefore, the VA loss from the dilated Haller vessel 
seems to be ‘indirectly’ associated via dysfunctional cho-
riocapillaris and more active CNV, and longer period is 
needed. 

Concerning the injection number, the unstable group in 
typical nAMD showed higher lacunarity of CNV than the 
stable group, and unstable group was also associated with 
higher lacunarity of CNV in the regression analysis. As 
discussed earlier, higher lacunarity implies an inhomoge-
neous distribution of gaps between vessels, implying in-
creased complexity of CNV. As the activity of CNV might 
contain more tiny capillaries and budding vessels, lacu-
narity is expected to increase. Choi et al. [9] showed in-
creased lacunarity in a subgroup of patients among nAMD 
patients that needed more injections for 1 additional year, 
but this parameter was not found to be significant in the 
univariate regression analysis. Although in the study by 
Choi et al. [9], patients were not divided into typical 
nAMD and PCV groups, this common finding of higher 
lacunarity in the unstable group might suggest the prog-
nostic value of CNV lacunarity on injection number. In a 
previous study of the 6 months follow-up study, CNV-as-
sociated factors were not found, but a thinner Haller vessel 
diameter was associated with at least one injection [11]. 
Because the previous study defined poor response as at 
least one injection within 6 months, it might be more sen-
sitive than our study in which the definition of the unsta-
ble group was patients who received four or more injec-
tions. To elucidate injection number-associated parameters, 
a study with a larger population and long-term follow-up 
might be needed. 

In PCV, the unstable group had a shorter total length of 
the Haller vessel. Logistic regression analysis adjusted for 
age and sex revealed that the unstable group was associat-
ed with a thicker maximum diameter of the Haller vessel. 
Notably, a thicker maximum diameter of the Haller vessel 
was significantly associated with VA loss in PCV. As dis-
cussed above, increased Haller vessel diameter is suggest-
ed to be closely associated with a devastating status of the 
overlying choriocapillaris and the development of CNV [4]. 

Therefore, the concomitant significance of thick Haller 
vessels in both the unstable and VA loss groups supports 
the pachychoroid hypothesis as the origin of CNV in PCV. 
On the other hand, in the previous study with short-term 
follow up with 6 months, we could not find associated 
morphologic factor in PCV [11]. As discussed in the typical 
nAMD section above, possible hypothesis is that the dif-
ference in the definition of treatment response—poor re-
sponse as at least one injection within 6 months in the pre-
vious study, and four or more injections for 1 year in this 
study. Furthermore, as discussed in the injection number, 
injection number and dilated Haller vessel are indirectly 
connected via dysfunctional choriocapillaris and active 
CNV, and therefore longer period might be needed.

Among the investigated morphologic factors, fractal di-
mension of both CNV and Haller vessel were not found to 
be associated with any clinical outcomes in both typical 
nAMD and PCV. Anti-VEGF treatment is known to prune 
small-caliber vessels; hence, reduction in the complexity of 
CNV is anticipated. In previously treated patients, signifi-
cant reduction in the fractal dimension was observed in 
quiescent CNV [18]. However, as in our result, fractal di-
mension might not be sufficient to anticipate the clinical 
outcomes, while it could explain the current status—qui-
escent or not. Further study with prospective, larger popu-
lation might reveal the prognostic value of fractal dimen-
sion. Additionally, diameter of CNV were not found to be 
associated with any clinical outcomes in both typical 
nAMD and PCV. We expected that the greater the vessel 
thickness, the more the vessels are matured and this status 
might lead to greater resistance to anti-VEGF treatment 
accompanying more injections. The diameter of CNV is 
much thinner than that of Haller vessel, and the current 
image binarization method and analysis tool (DiameterJ) 
might not be sufficient to catch the subtle change of CNV 
diameter. Further study with advanced image processing 
methodology might unveil the association of CNV diame-
ter with the clinical outcomes. 

Recently, Choi et al. [9] found that the density of CNV, 
an endpoint that was not measured in our study, was asso-
ciated with injection frequency in previously treated pa-
tients with nAMD. Further investigations of other mor-
phologic parameters representing the characteristics of 
CNV, such as density, may unveil additional predictors of 
the optimal number of injections required for patients with 
treatment-naïve nAMD.
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This study has several limitations. First, the device we 
used was SD-OCT; therefore, limitations exist in the depth 
of imaging when the choroid is extremely thick. Although 
we excluded Haller images with poor quality in this study, 
swept-source OCT might be used to obtain more accurate 
images of Haller vessels, even when the choroid is ex-
tremely thick. Second, whole CNV and Haller vessels 
could not be fully reflected in the acquired images because 
adjusting predefined slabs was not perfectly fit to contain 
the whole CNV or span the central line of the Haller ves-
sel. Further development of the algorithm may improve 
this limitation. In addition, this study did not include pa-
tients with retinal angiomatous proliferation; therefore, the 
interpretation of the results should be limited to patients 
with typical nAMD and those with PCV. Furthermore, 
this study was retrospectively designed and included a 
small number of patients. Further studies with a prospec-
tive cohort might elucidate the clinical implications of in-
formation on both CNV and en face Haller vessels in 
nAMD, including the nonsignificant factors in this study. 
Finally, our study design was based on the population who 
already had been treated by anti-VEGF. Because the ma-
jority of patients in the real-world clinic are taking OCTA 
and en face OCT in the cross-sectional setting, we thought 
that finding prognostic factor in this setting might be use-
ful. However, still the study on the treatment-naïve pa-
tients should be performed in further study because find-
ing the important morphologic factor in the early treatment 
phase might be crucial for the tailored treatment specific 
for each patient.

In conclusion, we found that visual loss and treatment 
number after 1 year were associated with the morphologi-
cal parameters of CNV and en face Haller vessels in typi-
cal nAMD and PCV. 
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