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Purpose: To describe the qualitative and quantitative changes in choroidal neovascula-
rization (CNV) flow pattern after anti–vascular endothelial growth factor therapy, by optical
coherence tomography angiography (OCTA).

Methods: Consecutive patients with neovascular age-related macular degeneration
underwent multimodal imaging, including OCTA at initial examination and at last visit. High-
flow networks in the choriocapillaris segmentation of OCTA were qualitatively and
quantitatively analyzed at baseline and at follow-up, to characterize vascular flow changes
after anti–vascular endothelial growth factor treatment and to correlate these changes with
final exudation signs on spectral domain optical coherence tomography.

Results: Seventeen eyes were included. Mean follow-up was of 11.7 ± 3.3 months.
Baseline images showed six medusa pattern (35.3%), four seafan pattern (23.5%), and
seven indistinct network patterns (41.2%). Mean CNV area at baseline was 1.58 ±
1.72 mm2. Final OCTA images revealed a decrease in CNV total area of 21.6%. In 6/17
eyes, the baseline neovascular pattern was unchanged; these cases were associated with
exudation at the final spectral domain optical coherence tomography examination (P =
0.034) and a decrease in CNV area of 34.1%. Conversely, in 11/17 eyes (64.7%), the initial
pattern had changed to a pruned vascular tree pattern, with variable exudative status on
spectral domain optical coherence tomography at the final visit and a decrease in total CNV
area of 0.07%.

Conclusion: The vascular flow remodeling induced by recurrent anti–vascular endo-
thelial growth factor treatment can be assessed by OCTA. Optical coherence tomography
angiography may help to accurately evaluate treatment response and to recognize patterns
usually associated with recurrent exudative activity.
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Exudative age-related macular degeneration (AMD)
is the first cause of vision impairment in western

countries.1,2 Choroidal neovascularization (CNV)
plays a key role in the pathogenesis of AMD. Classi-
cally, fluorescein angiography is the gold standard for
diagnosing CNV.3,4 Angiographic features of CNV
types associated with neovascular AMD have been
extensively described, to clearly delineate between
occult CNV (Type 1),3,5 classic CNV (Type 2),6 and

Type 3 neovascularization (retinoretinal or retinochor-
oidal anastomosis).7–9 Staining and leakage on late
frames of the fluorescein angiography examination
generate essential images for the diagnosis of exuda-
tive AMD. However, intravenous fluorescein injection
is known to have various side effects, ranging from
nausea to anaphylaxis.10 Thus, the advent of high-
resolution optical coherence tomography provided
a noninvasive structural imaging technique for patients
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with CNV. Currently, spectral domain optical coher-
ence tomography (SD-OCT) is widely used to assess
retinal and choroidal abnormalities in macular disease
in general and in AMD in particular because it pro-
vides fast, noninvasive information on recurrence, and
treatment response.11 On SD-OCT, CNV is character-
ized by subretinal (Type 2 CNV) or sub-RPE (Type 1
CNV) hyperreflective lesions.3 However, because of
similar reflectivity, a clear differentiation between vas-
cular and fibrous tissue is difficult. Both conventional
angiography and SD-OCT generate two-dimensional
images, enabling an indirect visualization of the
CNV either by late leakage or the presence of subre-
tinal and intraretinal fluid, but the actual location, mor-
phology, and area of the CNV are difficultly evaluated.
By detecting blood flow, optical coherence tomog-

raphy angiography (OCTA) is a noninvasive, innova-
tive approach in the detection of CNV associated with
neovascular AMD. This advanced motion contrast
imaging uses amplitude decorrelation technology and
high frequency scanning for an in vivo detection of
erythrocyte movement (and thus blood flow) inside the
retinal and choroidal vasculature.12–14 Thus, a precise
morphologic analysis of CNV flow is now achievable.
Optical coherence tomography angiography find-

ings in Type 1,15 Type 2,16 Type 3,17 and fibrotic
CNV18 associated with neovascular AMD have been
described in recent studies. Choroidal neovasculariza-
tion corresponds almost to a high-flow lesion on OC-
TA images, with variable sensitivity when compared
with multimodal imaging. Although CNV presented
with variable morphological features, in some cases,
CNV shared a similar microvascular organization.
Thus, different patterns were described and named
according to specific morphologic features. In Type
1 CNV, Kuehlewein et al15 described a “medusa” pat-
tern (with vessels radiating in all directions from the
center of the lesion), a “seafan” pattern (vessels radi-
ating in all directions from one side of the lesion) and

an indistinct pattern. Similar patterns were found in
Type 2 CNV by El Ameen et al16, with a peculiar
“seafan” pattern named “glomerulus-shaped” lesion.
The study of subretinal fibrosis in OCTA distinguished
three other patterns that were described by Miere
et al18 as pruned vascular tree, tangled network, and
vascular loop. The relevance of such morphologic de-
scriptions is still debated. One of the questions raised
by previous studies is whether one pattern remains the
same over time or progresses toward another pattern
during the follow-up.
Morphologic changes of neovascular membranes

during anti–vascular endothelial growth factor
(VEGF) treatment over time are not fully known yet.
This study aimed to assess, throughout a long-term fol-
low-up on OCTA, the morphologic changes in different
CNV patterns in patients with active CNV secondary to
neovascular AMD undergoing anti-VEGF therapy.

Methods

This retrospective monocentric case series included
consecutive patients with active Type 1, Type 2, and
mixed Type 1 and 2 CNV in AMD, both previously
treated and treatment naive, presenting at the Univer-
sity Eye Clinic of Creteil between October 2014 and
February 2015. All cases had a minimum follow-up
duration of 6 months. Eligibility criteria were a diag-
nosis of CNV based on the fluorescein angiography
international AMD classification,19 the absence of
important media opacities and a correct target fixation,
allowing for good quality OCTA images. Exclusion
criteria included other forms of neovascular AMD,
such as Type 3 neovascularization, idiopathic polypoi-
dal choroidal vasculopathy, ocular diseases associated
with pigment epithelial detachments, adult onset fo-
veomacular vitelliform dystrophy, history of highly
myopic CNV or pathologic myopia, and a history of
inherited macular dystrophies.
At baseline, each patient underwent a complete

clinical and paraclinical examination including best-
corrected visual acuity (BCVA) measured with the Early
Treatment Diabetic Retinopathy Study chart, fundus
examination, fluorescein angiography, indocyanine green
angiography, SD-OCT (HRA, Heidelberg Engineering,
Heidelberg, Germany), and OCTA imaging (AngioVue
RTVue XR Avanti; Optovue, Inc, Freemont, CA).
Included patients underwent either fixed or PRN

regimens of anti-VEGF treatment. The final examina-
tion included BCVA measurement, fundus examina-
tion, SD-OCT, and OCTA at least 6 months after the
baseline examination.
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Optical coherence tomography angiography is
a novel imaging technique using the split-spectrum
amplitude-decorrelation angiography algorithm to
generate amplitude-decorrelation angiography im-
ages. The instrument is designed to obtain amplitude
decorrelation angiography images. This instrument
has an A scan rate of 70,000 scans per second, using
a light source centered on 840 nm and a bandwidth of
50 nm. Each OCTA volume contains 304 · 304 A
scans with two consecutive B scans captured at
each fixed position before proceeding to the next sam-
pling location. Split-spectrum amplitude-decorrela-
tion angiography was used to extract the OCTA
information. Each OCTA volume is acquired in 3
seconds, and 2 orthogonal OCTA volumes were
acquired to perform motion correction to minimize
motion artifacts arising from microsaccades and fixa-
tion changes. Angiography information displayed is
the average of the decorrelation values when viewed
perpendicularly through the thickness being evalu-
ated. The machine software provides an automatic
retinal and choroidal segmentation for image analysis.
In our study, the different morphologic patterns of
CNV that were previously described in the literature
were recognized at baseline and analyzed over time in
both outer retina and choriocapillaris automatic seg-
mentations. Moreover, microvascular flow changes
were noticed over time, such as enlarged vessels,
anastomosis vascular loops, sprouting capillaries,
and no flow areas.
For each eye, OCTA was performed using a 3 · 3

scanning area. Baseline OCTA imaging was compared
with the final one. Based on recent literature,15–18,20

two experienced readers (P.B. and A.M.) described the
presence or the absence of six specific morphologic

features of CNV high-flow networks (in the chorioca-
pillaris segmentation) over time, as follows:

1. A high-flow vascular network;
2. A visible feeder vessel (a larger vessel from where

the other vascular trunks seemed to emerge) either
at the center or peripheral to the high-flow neovas-
cular membrane;

3. The presence of thin branches (defined as tiny,
numerous capillaries sprouting from larger vascular
trunks) within the high-flow neovascular lesion;

4. Presence of a circular surrounding anastomosis or
of margin loops at the lesion’s extremity;

5. Persistence of solely large vascular trunks with
filamentous flow and without any secondary
ramifications;

6. A dark halo.

These 6 characteristics throughout literature15–18,20

generated 4 patterns of high-flow, neovascular mem-
branes (Figure 1 and Table 1). First, “medusa” pattern,
including a central feeder vessel, circular peripheral
anastomosis, thin branches, and a surrounding hypo-
intense halo in the choriocapillaris segmentation.
Second, a “seafan” pattern, harboring a peripheral/

eccentric feeder vessel associated with thin branches,
a hypointense halo, and no circular peripheral anasto-
mosis. Furthermore “indistinct network” pattern was
characterized by no visible feeder vessel, thin
branches, and a hypointense halo. Finally, “pruned
vascular tree” pattern is defined by a filamentous flow,
with persistence of main vascular trunks but no thin
ramifications and a variable visualization of a feeder
vessel. Moreover, flow void was described in cases
presenting a low flow or no flow area, without a dis-
cernible high-flow vascular network.

Fig. 1. Illustrative drawing showing different CNV patterns in OCTA. A. “Medusa” pattern, consisting of a central feeder vessel (1), centrifugal
vascular trunks (2), tiny capillaries (3), and a circular peripheral anastomosis (4). A surrounding dark halo (5) can be observed. B. “Seafan” pattern,
consisting of an eccentric feeder vessel (1), main vascular trunks (2), tiny capillary ramifications (3), and an optional dark halo (5). C. “indistinct
network” pattern was characterized by the visualization of only main vascular trunks (2) and thin branches (3) but with no detectable feeder vessel;
a dark halo and/or a circumferential peripheral anastomosis may be observed (5). D. “pruned vascular tree” pattern is defined by a variable visualization
of feeder vessel (1), with persistence of main vascular trunks (2) but no thin ramifications.
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Images corresponding to the choriocapillaris seg-
mentation of the OCTA, obtained at baseline and at
the final visit, were masked and analyzed by two
experimented readers (P.B. and A.M.). A senior reader
(S.Y.C.) adjudicated contentious cases in both instan-
ces. Comparison between the type of pattern and
presence/absence of exudation observed on B scans of
the optical coherence tomography was also performed.
To measure CNV area on OCTA images, we used

the AngioAnalystics System provided by the AngioVue
software (AngioVue RTVue XR Avanti; Optovue, Inc,
Freemont, CA). The incorporated flow area draw tool
allowed a user-defined quantification of vascular area at
the automatic choriocapillaris segmentation, followed
by an automatic computation or “select area” and “ves-
sel area.” “Select area” corresponds to the total area
manually measured, whereas “vessel area” corresponds
to the total area of vessels with detectable flow within
the manually selected total area. For clarity, we will
refer to “select area” as “total area.”
Statistical analysis was performed using STATA

software (version 13.0; StataCorp LP, College Station,
TX) and included descriptive statistics for main clinical
features. Chi-square or Fisher exact tests were used to
compare qualitative variables, and the Wilcoxon test
was used to compare quantitative data. To quantify the
interuser agreement, a Kappa coefficient was computed.
For quantitative variables, interclass correlation and
95% confidence interval were evaluated for lesion
measurements between Readers 1 and 2. For all
findings, the chosen level of statistical significance
was P , 0.05. Optical coherence tomography angiog-
raphy findings at baseline and follow-up were compared
with SD-OCT imaging, to establish an association
between different patterns and SD-OCT exudative signs.
This study was performed in accordance with the

Declaration of Helsinki and current French legislation
and with approval of our local ethics committee.

Results

Seventeen eyes from 16 patients with exudative
AMD were included. Patients were 4 men and 12

women aged from 68 to 89 years (mean: 81 ± 6.5
years). Type 1 CNV was diagnosed in 5/17 cases
(29.4%), Type 2 CNV in 9/17 cases (52.9%), and
mixed Type 1 and 2 CNV in 3/17 cases (17.6%). At
initial examination, eyes were naive of treatment in
9/17 cases (52.9%), whereas the 8/17 previously trea-
ted eyes had received an average of 8.4 ± 5.5 intra-
vitreal injections. The mean duration of follow-up
between initial and final examination was 11.7 ± 3.3
months (6–17 months). The initial mean BCVA was
0.38 ± 0.49 logMAR (Snellen equivalent: 20/50). At
final examination, all patients had received from an
average of 7.3 ± 2.3 intravitreal injections during the
follow-up duration. The final mean BCVA was 0.28 ±
0.38 logMAR (Snellen equivalent: 20/40). Demo-
graphic and clinical features are described in Table 2.

Changing Patterns Versus Constant Patterns

At baseline, OCTA images depicted seven indistinct
network patterns (41.2%) (Figures 1 and 2), six
medusa patterns (35.3%) (Figures 1 and 3) and four
seafan patterns (23.5%) (Figure 1). Mean total CNV
area at baseline was 1.58 ± 1.72 mm2, whereas vessel
area averaged 0.88 ± 0.95 mm2. Corresponding initial
SD-OCT images showed exudative signs, such as in-
traretinal and/or subretinal fluid, in 16/17 cases
(94.1%).
At the last visit, OCTA images revealed that the

mean total CNV area on OCTA choriocapillaris
segmentation decreased to 1.31 ± 1.92 mm2, with
a mean vessel area of 0.71 ± 0.98 mm2. Therefore,
a decrease of 21.6% in total area and of 19.1% in
vessel area was found on our overall cohort after
anti-VEGF treatment.
In 6/17 (35.3%) cases, the pattern remained

unchanged, corresponding to 2 medusas, 2 seafans,
and 2 indistinct networks. In these six cases, patterns
presented exudative signs on SD-OCT at final exam-
ination (P = 0.034). The main duration of follow-up of
these 6 cases presenting constant patterns were 13.2 ±
4.1 months. These patients received an average of
7.5 ± 2.8 injections between both visits. Mean total

Table 1. Characterization of the Four Different Patterns of CNV High-Flow Networks Using SpecificMorphologic OCTA Features

Thin Branches Circular Peripheral Anastomosis Feeder Vessel Filamentous Flow Dark Halo*

Immature patterns
Medusa Yes Yes† Yes, central† No Yes
Seafan Yes No Yes, peripheral No Yes
Indistinct Yes No Not visible No Yes

Mature pattern
Pruned vascular tree No No Yes or no Yes Yes or no

*This inconstant feature is not indispensable to classify a high-flow network in an immature pattern.
†One of these two features is sufficient to classify in a medusa pattern.
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Table 2. Demographic and Clinical Features

Cases
Age

(Years) Sex

Naive or
Treated
State

CNV
Type

Initial
BCVA

(Snellen)

Final
BCVA

(Snellen)

Exudative Signs
at Baseline
SD-OCT*

Exudative Status
at Final SD-

OCT*

No. of
Injections at
Baseline

No. of Injections
During Follow-

up

Follow-up
Duration
(Months)

Changers
(Yes/No)†

1 83 M Naive 1 20/25 20/20 + 2 0 6 11 Yes
2 85 M Naive 2 20/64 20/25 + 2 0 6 9 Yes
3 86 F Naive 2 CF 20/250 + + 0 5 6 No
4 86 F Naive 2 20/160 20/100 + 2 0 8 9 Yes
5 86 F Treated 2 20/25 20/25 + + 3 3 6 No
6 77 F Naive Mixed

1
and
2

20/25 20/20 + + 0 8 10 Yes

7 73 F Naive Mixed
1
and
2

20/32 20/20 + 2 0 5 11 Yes

8 83 F Treated 2 20/50 20/40 + 2 9 4 15 Yes
9 85 F Treated 2 20/80 20/200 + + 6 11 16 No

10 89 M Naive 2 20/100 20/80 + + 0 11 11 Yes
11 77 F Treated 2 20/20 20/25 + + 8 11 14 No
12 88 F Treated 2 20/25 20/20 2 + 6 11 13 No
13 83 F Naive 1 20/50 20/32 + 2 0 6 12 Yes
14 68 F Naive 1 20/20 20/25 + + 0 9 11 Yes
15 68 F Treated Mixed

1
and
2

20/32 20/25 + + 9 8 11 Yes

16 80 M Treated 1 20/25 20/40 + 2 21 6 17 Yes
17 80 M Treated 1 20/25 20/20 + + 5 6 17 No

*Exudative status at baseline and final SD-OCT examination refers to the presence or absence of intraretinal and/or subretinal fluid.
†Changers refer to the pattern between baseline and final follow-up visit of each patient. Patients marked with “Yes” correspond to the changing pattern group, whereas patients

marked with “No” belong to the constant pattern group.
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area for the 6 eyes with constant pattern at final visit
was 1.04 ± 0.95 mm2, whereas mean vessel area was
0.61 ± 0.56 mm2.
Conversely, at the last visit, the pattern changed on

OCTA images in 11/17 (64.7%) eyes, revealing
a pruned vascular tree pattern (Figures 1D and 2C),
associated to flow void in 3 eyes. Final exudation was
a variable, present in 4/11 (36.4%) eyes but absent in
7/11 eyes. In this group, the mean number of injections
during the follow-up was 7.2 ± 2.5, during an average
follow-up duration of 10.9 ± 2.7 months. Mean total
area for the 11 eyes with changing pattern at final visit

was 1.57 ± 2.68 mm2, whereas vessel area averaged
0.82 ± 1.35 mm2. Although the mean area at the final
visit did not decrease in the “changing pattern” group
(0.07%), it did decrease in the “constant pattern”
group by 34.1% (1.04 mm2 vs. 1.58 mm2 at baseline).
In terms of “vessel area,” for the “changing pattern”
group, we noted a mild decrease of 6.09%, whereas for
the “constant pattern” group, we noted a decrease of
30.31%. No statistically significant difference was
found between constant and changing pattern groups
and final CNV area (P = 0.13 and P = 0.09, Mann–
Whitney test).

Fig. 2. Changes in CNV morphology from immature to mature pattern with persistence of exudative signs. Optical coherence tomography angiography
imaging of an 86-year-old woman with an active Type 2 CNV at initial visit and 6 months later. The patient underwent 3 ranibizumab injections before
baseline OCTA imaging and 3 other ranibizumab injections during the 6-month follow-up. Upper row (A, B, C) represents baseline visit OCTA flow
images and corresponding B scans of the choriocapillaris segmentation (31–59 mm below the RPE). A. Reveals a high-flow network with a circum-
ferential peripheral anastomosis (white arrows) and tiny capillary ramifications (thin branches) but no visualization of a feeder vessel. This criterion
suggests that this high-flow network belongs to an “indistinct network” pattern. B. Corresponds to image (A) with projection artifact removal. C. The
manual delineation and automatic measurement of the neovascular membrane: mean area at baseline averaged 0.58 mm2. Lower row (D, E, F)
represents the final follow-up visit OCTA flow images and corresponding B scans of the choriocapillaris segmentation. D and E. (with artifact removal)
show the regression of tiny ramifications and persistance of the main vascular trunks with margin loops (white arrows). The enlarged caliber of the
vessels is suggestive for arteriogenesis. Nonetheless, sprouting of new vessels can be observed in the superior part of the lesion (white arrowhead).
E. The manual delineation and automatic measurement of lesion size. Mean area at follow-up was 0.65 mm2, whereas at the baseline visit, mean area
was 0.58 mm2. Note that, while the mean area increased by 12.54%, vessel area diminished by only 4% (0.42 mm2 at baseline vs. 0.40 mm2 at the final
visit).
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Moreover, there was no significant difference in
terms of initial and final BCVA between the “constant
pattern” versus the “changing pattern” group (P = 0.24
and P = 0.22, respectively, Mann–Whitney test).
On the overall cohort, final OCTA images also

revealed an increased caliber of main vascular trunks in
13/17 cases compared with the initial morphology. A dark
halo was observed in 11/17 cases at initial examination
(64.7%) and in 7/17 cases at final presentation (41.2%).

Treatment-Naive Versus Previously Treated Eyes

An additional analysis comparing treatment-naive
and treated eyes in terms of pattern switching and area

modifications was performed. Of the 9 treatment-naive
eyes included in this study, 8 (88.88%) belonged to the
“changing pattern” group at final follow-up visit. In
terms of lesion area, a decrease in 21.34% of total area
and 23.47% of vessel area was noted in these initially
treatment-naive patients. Only one of nine treatment-
naive eyes (11.11%) at baseline did not switch patterns
after anti-VEGF therapy, being thus included in the
“constant pattern” group. In this patient, the lesion area
had increased by 15%, and vessel area increased by
2.3% at the final visit.
Of 8 previously treated eyes at study inclusion, 3

(37.5%) had changed patterns after anti-VEGF treat-
ment, thus belonging to the “changing pattern” group

Fig. 3. Constant active pattern over time despite recurrent anti-VEGF treatment, associated with a persistent exudative activity in SD-OCT. Optical
coherence tomography angiography imaging of an 83-year-old woman with a Type 2 CNV, previously treated by 9 anti-VEGF intravitreal injections at
initial visit and 15 months later. The patient underwent four anti-VEGF injections between both examinations. Upper row (A, B, C) represents baseline
visit OCTA flow images and corresponding B scans of the choriocapillaris segmentation. On (A), showing the unfiltered image, a central feeder vessel
is visible (red arrow), together with a circular peripheral anastomosis, thin branches within and adjacent (white arrows) to the high-flow network, and
a surrounding dark halo are present in the choriocapillaris segmentation. B. corresponds to image (A) with projection artifact removal. Note that the
adjacent thin branches (white arrows), corresponding to capillary sprouting, are slightly less visible. C. The manual delineation and automatic mea-
surement of the neovascular membrane. Mean area at baseline averaged 2.21 mm2. Lower row (D, E, F) represents the final follow-up visit OCTA flow
images and corresponding B scans of the choriocapillaris segmentation. D and E. (with artifact removal) show the persistence of thin branches and
enlarged vascular trunks. E. Reveals the manual delineation and automatic measurement of the neovascular membrane. Mean area at final follow-up visit
was 2.87 mm2. Note that while the mean area increased by 23%, vessel area increased by only 29% (1.18 mm2 at baseline vs. 1.66 mm2 at the final visit).
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at the final examination, whereas 5/8 (62.5%) eyes had
had a constant pattern throughout study period. In pre-
viously treated eyes belonging to the “changing pat-
tern” group, there was an increase in 17.5% of total
area and 1.33% of vessel area, respectively. On the
contrary, treated eyes that had a constant pattern at
final follow-up visit had a decrease in vessel area by
9.23%, whereas the vessel area decreased by 10%.
Interuser agreement for the qualitative variables,

that is, neovascular patterns mentioned above was
assessed using Cohen’s Kappa coefficient. For the
medusa pattern, Cohen’s Kappa = 0.87 (standard error
0.24), for the seafan pattern, Cohen’s Kappa = 0.82
(standard error = 0.24), whereas for indistinct network
and pruned vascular tree pattern, Cohen’s Kappa = 1
(standard error = 0.24), suggesting an almost perfect
agreement between the 2 masked readers of the cate-
gorical variables used in this study. Interclass correla-
tion was 0.99 for both total CNV area and vessel area,
with a 95% confidence interval between 0.98 and 0.99.

Discussion

In our study, we aimed to describe long-term
remodeling of CNV flow qualitatively and quantita-
tively in eyes undergoing anti–angiogenic therapy.
Recent imaging studies have focused predominantly
on short-term CNV flow remodeling when describing
morphologic and quantitative changes of CNV flow in
response to anti-VEGF treatment.21–24 First of all,
anti-VEGF therapy seems to induce a quantitative
regression with a variable decrease in size and vessel
density of the neovascular membrane, which has been
described from 2 to 9.5 weeks after treatment.9,21 A
close OCTA monitoring between two anti-VEGF
intravitreal injections has allowed other authors to con-
firm this “cyclic” flow remodeling hypothesis23,24:
a pruning of smaller vessels occurred 24 hours after
injection, increased and reached a maximum of flow
regression between 6 days and 12 days, followed by
a reproliferation (reopening or new sprouting of the ves-
sels) 20 days to 50 days later.24 Moreover, in a qualitative
approach, Spaide depicted vascular “abnormalization” in
treated CNV, called “arteriogenesis,” characterized by
the appearance of large-diameter vessels, loss of thin
capillaries, and prominent anastomoses of vessels.25 Fur-
thermore, anti-VEGF treatment seems to be effective
against newly formed capillaries from preexisting vascu-
lar trunks, a high VEGF dependent phenomenon called
angiogenesis.25

In our study, OCTA images showed at baseline
either the “medusa,” “seafan,” or “indistinct” pattern
in all eyes included (17/17), with a mean total area of

1.58 ± 1.72 and 0.88 ± 0.95 mm2 vessel area. At the
final visit after anti-VEGF therapy, although there were
slight, intrinsic changes in each high-flow CNV, the
same flow pattern as at baseline was found in only
6/11 (35.3%) eyes, whereas 11/17 eyes (64.7%) of our
series presented with morphologically different patterns.
Thus, by pooling baseline and final OCTA images

and based on quantitative and qualitative data, our
study identifies two types of progression of CNV
morphology after anti-VEGF treatment: constant pat-
terns, which conserve their rather disorganized mor-
phology, with tiny capillaries and loops, are suggestive
for immature CNV; changing patterns, however, are
subject to arteriolization, with thicker, dilated vascular
trunks and absence of tiny ramifications, ultimately
suggestive for a mature neovascular lesion. Thus,
morphologic changes within the CNV (and the
corresponding “changing pattern” group) are evocative
for the conversion from immature to mature features of
the neovascular membrane.
Total area and vessel area were not correlated in

a statistically significant manner with constant or
changing pattern groups (P = 0.13 and P = 0.09,
Mann–Whitney test). Although the neovascular
membranes are immature, their response to anti-VEGF
treatment can be translated into an important fluctua-
tion in total and vessel areas, the two parameters being
nonetheless proportional (34.1% decrease in total area
vs. 30.31% decrease in vessel area); however, as the
pattern changes and it matures, we notice a smaller
variability of total area (0.07% decrease) and a larger
decrease of vessel area (6.09%), correlated with anti-
VEGF resistance in these patients.
Interestingly, when performing an additional analy-

sis to see whether the changes (both morphologic and
in size) were similar in treatment-naive and treated
patients, 8 of 9 treatment-naive eyes had switched
pattern over time, with a mean decrease in total area of
21.34%. Thus, the “changing pattern” group consisted
majoritarily of initially naive eyes. This confirms our
hypothesis on immature patterns having a higher fluc-
tuation of total and vessel area in response to anti–
angiogenic treatment. It is noteworthy to mention
that most of the previously treated eyes included be-
longed at final visit in the “constant pattern” group
(62.5%), with a modest decrease of mean area and
vessel area (9.23 and 10%, respectively). Total area,
although not being correlated to CNV activity, is in
fact correlated with the immaturity or maturity of the
neovascular membrane. Moreover, these findings also
suggest that vessel area could provide important
information on the therapeutic response to anti-VEGF.
In this study, there was no statistically significant

correlation between one group and changes in the
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neovascular membrane total area and vessel area,
probably because of our small sample size. However,
constant patterns over time (immature) had a higher
vessel area and were correlated in a statistically
significant manner with exudative signs on SD-OCT
imaging (P = 0.034). However, exudation on SD-OCT
was present in CNV patterns classified as mature in
36.4% cases, suggesting that, even when the tiny ram-
ifications corresponding to neoformed capillaries
disappear, mature, large vascular trunks within CNV
may generate exudative features on SD-OCT. More-
over, Ichiyama et al26 have recently demonstrated that
better functional outcomes were correlated with an
increased vascularity of the CNV, thus an increased
vessel area, in eyes that had not been treated by anti-
VEGF in more than 6 months. Consequently, there are
still many unknown variables in the relationship
between anatomical and functional outcomes after
anti-VEGF therapy.
Additional morphologic changes at the final visit,

such as signal voids, were observed at the final visit in
3/17 cases, all of which belonged to the changing
pattern group. Absence of CNV visualization in
OCTA was previously associated with clinical and
SD-OCT exudative inactivity.18,27 Nonetheless, the
absence of CNV visualization in the choriocapillaris
segmentation may be due to other reasons, such as the
masking effect generated by a high PED, media opac-
ities, or the presence of hemorrhages.28

The limits of our study are related to technical
limitations of OCTA technology. Our small sample
size and the heterogeneous nature (treatment-naive and
treated eyes) of our cohort, with variable follow-up
durations, are also among the limitations of this study.
Moreover, we used the instrument’s automated seg-
mentation for image analysis and quantitative meas-
urements, regardless of the particularities in
segmenting mixed and Type 2 CNV. The automated
segmentation may also explain, in part, the good
intergrader agreement obtained. Concerning OCTA
limitations, projection, motion, and image processing
artifacts are still an important issue in current OCTA
technology, which can essentially alter image
interpretation.28

In conclusion, this study reveals flow remodeling
occurring with anti-VEGF treatment in neovascular
AMD patients. Indeed, the initial CNV pattern
observed frequently switched toward a mature pattern
after anti-VEGF therapy. Despite the complexity of
vascular phenomena involved in neovascular recur-
rence and remission,29 OCTA suggests that there is
a strong correlation between the morphology (and
not the size) of CNV and their structural response
(or lack thereof) to treatment. Optical coherence

tomography angiography thus highlights the strengths
and weaknesses of current therapies, helping to under-
stand the pathophysiological implications of neovas-
cular AMD and to monitor disease progression in
treated eyes.

Key words: anti–vascular endothelial growth fac-
tor, choroidal neovascularization, age-related macular
degeneration, flow remodeling, high-flow network,
optical coherence tomography angiography.
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