PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Chang C-J, Huang Y-M, Hsieh M-H, Li A-
F, Chen S-J (2020) Flow signal change in polyps
after anti-vascular endothelial growth factor
therapy. PLoS ONE 15(10): e0241230. https://doi.
org/10.1371/journal.pone.0241230

Editor: Alfred S. Lewin, University of Florida,
UNITED STATES

Received: April 7, 2020
Accepted: October 9, 2020
Published: October 23, 2020

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0241230

Copyright: © 2020 Chang et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript.

Funding: The authors received no specific funding
for this work.

RESEARCH ARTICLE
Flow signal change in polyps after anti-
vascular endothelial growth factor therapy

Chia-Jui Chang'®, Yi-Ming Huang'®, Ming-Hung Hsieh?®, An-Fei Li'**®, Shih-
Jen Chen@ '3+

1 Department of Ophthalmology, Taipei Veterans General Hospital, Taipei, Taiwan, 2 Hoping Branch, Taipei
City Hospital, Taipei, Taiwan, 3 National Yang-Ming University School of Medicine, Taipei, Taiwan,
4 Department of Ophthalmology, Cheng Hsin General Hospital, Taipei, Taiwan

® These authors contributed equally to this work.
* sjchen96 @ gmail.com

Abstract

Optical coherence tomography angiography (OCTA) is a novel, non-invasive imaging tool
used to detect vascular flow. The absence of a flow signal in OCTA in polyps revealed by
indocyanine green angiography (ICGA) in patients with polypoidal choroidal vasculopathy
(PCV) may indicate slow or compromised filling of blood flow from choroidal vessels. Naive
patients with PCV treated with intravitreal injections of aflibercept (IVI-A) were enrolled in
this study to validate the hypothesis that baseline flow may affect the outcome of polyp
regression in ICGA. The flow signal of polyps in OCTA was detected by manual segmenta-
tion in the corresponding location by ICGA. Polyps were defined as high-flow if both OCTA
and ICGA showed positive findings, and low-flow if OCTA showed a negative flow signal in
3 consecutive horizontal scans at the polyp area shown in ICGA. A total of 24 polyps were
identified in 13 PCV patients at baseline. Of these 24 polyps, 22 (91.7%) were high-flow and
2 (8.3%) were low-flow. After 3 monthly IVI-A, all low-flow polyps had complete regression in
ICGA. Among 17 (77%) high-flow polyps at baseline that had regression after treatment, 10
(58.8%) became low-flow, while 5 (22.7%) persistent polyps remained high-flow. Flow signal
of polyps as detected by OCTA could be a predictive factor for treatment response in
patients with PCV. Monitoring changes in flow signal after treatment is clinically relevant.

Introduction

Optical coherence tomography angiography (OCTA) is a new and non-invasive imaging tool
used to detect vascular flow by computing signal decorrelation from moving blood in vessels
between consecutive cross-sectional scans. Compared to the gold standard of indocyanine
green angiography (ICGA) [1], OCTA has a greater branching vascular network (BVN) detec-
tion rate of 80~100% but lower polyp detection rate of 45~85% [2-10]. Applying OCTA in
addition to fundus color imaging, fluorescein angiography and structural OCT has been
shown to increase the sensitivity but not the specificity of diagnosing polypoidal choroidal vas-
culopathy (PCV) [11]. This may be due to the over diagnosis of occult choroidal neovasculari-
zation (CNV) as PCV caused by the low polyp detection rate of OCTA.
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Potential reasons for the low detection rate of polyps in OCTA include the extra-macular
location of polyps outside the central 6x6 mm area, segmentation errors, especially when there
is highly elevated retinal pigment epithelium (RPE) detachment, and low vascular flow within
the polyps [12]. Several studies have reported that the polyp detection rate of OCTA can be
improved by adjusting the segmentation manually [5-7, 9, 10]. OCTA can detect flow with a
velocity as low as 0.2~0.3 mm/s using a 70k-Hz A-scan within seconds [13-15]. In contrast,
ICGA takes at least 5 minutes to identify polyps from the first 30 seconds of video recorded by
a confocal scanning laser ophthalmoscope in the filling phase of the polyps, and 5 minutes to
picture hyper-fluorescent polyps in the early phase [16, 17]. Rebhun et al. found that the flow
velocity not only varied from patient-to-patient but also polyp-to-polyp [10]. Huang et al. used
OCTA to characterize the morphology of BVN, and found that different BVN patterns had dif-
ferent recurrence and response rates to the treatment [8]. Since different polyps may have dif-
ferent flow velocities and filling times as reflected by the detection ability of OCTA in
comparison to ICGA, we hypothesized that polyps with different flow rates may have different
responses and outcomes to anti-vascular endothelial growth factor (anti-VEGF) treatment.
Based on this hypothesis, this study first aimed to categorize polyps into high flow, which
could be detected by both ICGA and OCTA, and low flow, which could only be detected by
ICGA. The second aim was to evaluate the outcomes of the polyps after anti-VEGF treatment
based on their flow type.

Materials and methods

This study was reviewed and approved by the Institutional Review Board of Taipei Veterans
General Hospital (Taipei, Taiwan, approval ID: 2018-09-006BC), and it was performed accord-
ing to the relevant guidelines and regulations. Informed consent was obtained from all partici-
pants in this study. Patients with naive PCV diagnosed by ICGA were consecutively enrolled
from September 2018 to August 2019 at a tertiary medical center in Taiwan. Patients who had
ever received treatment including intravitreal anti-VEGF injections or photodynamic therapy
(PDT) before enrollment were excluded. In addition, patients with poor image quality due to
fixation loss, medium opacity, massive hemorrhagic PED or submacular hemorrhage obscur-
ing the polyp were also excluded. ICGA (Heidelberg Engineering Inc., Heidelberg, Germany)
was performed at baseline and after 3 monthly intravitreal injections of aflibercept (IVI-A).
Early and mid-phase ICGA were read by two retinal specialists separately (AFL and SJC), who
were blinded to each other’s diagnosis and the clinical information of the patients. Lesions
were enrolled only when they were considered to be polyps by both retinal specialists. The
response after three IVI-A were determined only when there was consensus between the two
retinal specialists. The response in ICGA was classified as complete regression when the nodu-
lar hyperfluorescence of the polyp disappeared, partial regression when the polyp shrunk in
size, and persistent when the polyp remained at the pre-treatment size. If there was any dis-
agreement on the diagnosis or response of the polyps in ICGA, the 2 retinal specialists dis-
cussed and if a consensus could not be reached, the polyp was excluded for the OCTA study.
Polyps beyond the central 6x6 mm image of ICGA were also excluded.

The patients underwent spectral domain-OCT (SD-OCT) (Optovue, Fremont, CA) to eval-
uate double layer signs of BVN, bumps or notches of pigment epithelium detachment (PED)
for the polyps, and subretinal fluid (SRF) at baseline and after treatment. OCTA (Avanti;
Optovue, Fremont, CA) was performed after the structural OCT to evaluate the polyps and
BVN. Polyps within 3x3 or 6x6 mm of the central macula were counted and compared to the
flow signal beneath the RPE by OCTA. The flow signal was detected by manual segmentation
from the superficial retinal layer to choriocapillaries in the corresponding location appearing
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Fig 1. ICGA and OCTA of high-flow polyp and low-flow polyp. (A) ICGA revealed one polyp (arrow). (B~D) The
polyp (arrow) was identified by en face flow OCTA, and flow signal (arrow) was identified by en face flow OCTA, and
flow signal was detectable in all 3 consecutive horizontal scans at the center of the polyp. The polyp was then defined as
“high flow.” (E) Two polyps identified on ICGA (arrow and dotted arrow). (F~H) En face OCTA and 3 consecutive
horizontal scan of the 2 types of polyps. The flow signal of “high flow” polyp (arrow) was detectable in en face and all 3
consecutive horizontal scans, while the flow signal of the “low flow” polyp (dotted arrow) could not be detected in en
face and all 3 horizontal scans.

https://doi.org/10.1371/journal.pone.0241230.g001

in ICGA. Projection artifacts from the retinal vessels were carefully examined and excluded.
The OCTA manual segmentation of each polyp was then done by a third specialist (YMH).
This third specialist interpret the signal of OCTA at the polyps where the 2 specialists agreed
on. The En-face OCTA and horizontal OCTA scans were both used for flow signal detection.
The signal of En- face OCTA was studied for flow signal at areas of polyps and BVN shown in
ICGA. To confirm the flow signal, especially in equivocal signal after anti-VEGF, horizontal
OCTA scan were used line by line at polyps for confirmation. Three sequential horizontal
scans at the center of the corresponding area of the polyps in ICGA were performed for all pol-
yps. These 3 horizontal scans covered a vertical size of 30 um in 3x3 mm and 45 pm in 6x6 mm
OCTA. The flows were categorized into high flow (presence of flow signal in at least 3 consecu-
tive horizontal scans), low flow (absence of flow signal in all 3 consecutive horizontal scans)
(Fig 1), and equivocal flow (presence of flow signal in 1 or 2 of 3 consecutive horizontal scans).
The area of the post-treatment OCTA was evaluated according to the same area and size
(either 3x3 mm or 6x6 mm) at baseline, e.g., 3x3 mm at both baseline and after treatment. Pol-
yps accompanied with or without PED were also assessed.

Snellen visual acuity (VA) was transformed to logMAR for analysis. Statistical analyses
were performed using SPSS software version 12.0 (SPSS Inc., Chicago, IL, USA), using the Stu-
dent’s t-test. A p value < 0.05 was considered to be statistically significant.

Results

During this study time period, a total of 62 patients with PCV were initially enrolled. Twenty-
four of them were excluded because of the history of previous treatment with intravitreal anti-
VEGEF injections and PDT. Twenty-five patients were further excluded due to poor image
quality by massive hemorrhage, hemorrhagic PED, or poor fixation. In the end, 13 patients (8
males and 5 females) were enrolled with an average age of 66.69+9.22 years and average visual
acuity of 0.37£0.16 logMAR (Snellen equivalent of 0.45+0.176). A total of 24 polyps were iden-
tified by ICGA before IVI-A. The number of polyps ranged from 1 to 4 for each patient, with
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Table 1. Demographic data and clinical profile of the 24 polyps in 13 patients before and after treatment.

Before Treatment After Treatment
Case | Sex | Age | VA | SRF | Polyp | ICGA | Flow in OCTA | PED | BVN (size, DA) | VA | SRF | Outcome in ICGA | Flow in OCTA | PED | BVN (size, DA)
1| F 7316750 + | 1 | . L Positive 1. * ] 10 6/6 | .| Complete | . Equivocal | + | 0.75
2.t Rositive L] e Partial ] Rositive LE
3 + Positive + - Complete Positive +
2 M | 78 | 6/30 | + 4 + Positive + - 6/75| - Complete Negative + -
300M 750615 + | 5 | 4 | Negtive | + | 6/15 | + | Complete | Negative | - | :
6 + Positive + Partial Negative +
4 M| 69 | 6/15| + 7 + Positive + 2.0 6/8.6 | - Partial Equivocal + 2.0
M | 64 |6/8.6 8 + Positive + 2.0 6/7.5| - Partial Equivocal + 2.0
6 | F |57 615 + | EA - R Positive | .. +.] 10 6/86| - 1. Complete | Negative | - *.] 10
_____ 10 1.+ ], Positive | *+ ..o ). Persistent | Positive 1 ..l
_____ 1L 4] Positive |+ ..o ] Persistent | Positive 1 .l
12 + Positive + - Complete Negative
7 M | 57 | 6/15 | + 13 + Positive + 1.0 6/6.7 | - Persistent Positive + 1.0
8 (M 62620 + | 14 | + | Positive | + | 6/20| + |  Persistent | Positive | + :
15 + Positive + Partial Positive +
9 | F 61620 + | 16 | + | Positive | + | Lo 6/10 | - | Complete | Negative | + | 0.75
17 + Negative - - Complete Negative
10 | M | 58 | 6/10 | + 18 + Positive + 3.0 6/6.7 | - Persistent Positive + 3.0
11 F | 86 | 6/15| + 19 + Positive + - 6/10 | - Complete Negative + -
12 | M| 691610 + | 20 | + | Positive | . * L0 6/7.5] ... [Rartial | |[Positive | + | 10
O OO O Positive | S50 R R o Partial .. Positive | ]
22 + Positive + - Partial Positive +
13 | F |58 16151 + | 23 | + .. Positive | L 0.75 6/86| - | . Complete | Negative |+ 0.75
24 + Positive + - Partial Positive +

BVN: branching vascular networks; DA: disc area; ICGA: indocyanine green angiography; OCTA: optical coherence tomography angiography; PED: pigment
epithelium detachment; SRF: subretinal fluid; VA: visual acuity.

https://doi.org/10.1371/journal.pone.0241230.t001

an average of 1.84 polyps per case. All patients had SRF at the fovea as detected by SD-OCT
before treatment (Table 1).

At baseline, among the 24 polyps identified by ICGA, 22 (91.7%) which had a detectable
flow in at least three horizontal scans were categorized as being high flow by OCTA. In addi-
tion, two (8.3%) polyps which had undetectable flow in all horizontal scans were categorized
as being low flow. None of the polyps were classified into the equivocal-flow group at baseline
(Fig 2).

All polyps were located beneath the RPE. All polyps had accompanying PED, except for 1
low-flow polyp (polyp 17). Nine among 13 patients had BVN before the treatment. The size of
BVN ranged from 0.75 to 3.0 disc area(DA) in ICGA (average of 1.42+0.75 DA).

After 3 consecutive intravitreal injections of aflibercept, the average visual acuity improved
to 0.17+0.15 logMAR (Snellen equivalent of 0.71+0.20) (p<0.001). In the structural OCT, 19
(79.2%) polyps showed no SRF after treatment on OCT, while 5 (20.8%) had persistent SRF.
For the 23 polyps with PED at the baseline, 21 (91.3%) showed persisted but smaller PED and
2 (8.7%) showed complete resolution of the PED after treatment. After treatment, the size of
the BVN remained unchanged (1.36+0.79 DA, p = 0.88) in our short term 3 months follow up.

As shown in Fig 2, ICGA revealed that 10 (41.7%) of the 24 polyps had complete regression,
9 (37.5%) had partial regression, and 5 (20.8%) remained persistent after treatment. While
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Pre-treatments Post-treatments
ICG OCTA ICG OCTA
|5 (22.7%) - .
Persistent 100% (5/5) High flow
66.7% (6/9) High flow
- 122 91.7%) 9 (40.9%) - .
. L . . 22.2% (2/9) Equivocal flow
High flow Partial regression 11.1% (119) Low flow
In 13 patients = . *(12.5% (1/8) Equivocal flow
Complete regression_| |55 (6/8) Low flow
L |2 (8.3%) 12 (100%) o :
Low flow Complete regression 100%2/2) Low flow

Fig 2. Outcomes of the 24 polyps detected in ICGA and flow signal changes in OCTA before and after 3 monthly
loading of intra-vitreal injections of aflibercept (IVI-A).

https://doi.org/10.1371/journal.pone.0241230.9002

OCTA revealed that 12 (50.0%) polyps showed high flow, 3 (12.5%) showed equivocal flow,
and 9 (37.5%) showed no flow signal (Figs 3-5).

Both of the low-flow polyps at baseline had complete regression in ICGA and the flow
remained undetectable in OCTA. For the 22 high-flow polyps at baseline, 8 (36.4%) had com-
plete regression, 9 (40.9%) had partial regression, and 5 (22.7%) remained persistent in ICGA.
Of these 22 high-flow polyps, 12 (54.5%) remained high-flow, 3 (13.6%) became equivocal-
flow, and 7 (31.8%) became low-flow in OCTA after treatment.

Among the 17 polyps that showed complete or partial regression in ICGA, the flow could
still be detected in 58.8% (10/17) in OCTA.

For the 12 polyps that remained high flow after treatment, 9 (75.0%) showed resolved SRF
and 3 (25.0%) showed persistent SRF. Although PED persisted in all 12 polyps, 10 (83.3%)
showed an improvement in the size of the PED.

SREF resolved in all 3 polyps that changed from high flow to equivocal flow after treatment.
Although PED persisted in all 3 polyps, all of them became smaller after treatment.

Of the 7 polyps that changed from high to low flow after treatment, SRF resolved in 6
(85.7%) but persisted in 1 (14.3%). PED persisted but improved in all 7 of these polyps.

Discussion

Our results showed that the presence or absence of a flow signal in the polyps in OCTA may
have been associated with different treatment responses after intravitreal anti-VEGF injec-
tions. Both of the 2 low-flow polyps in OCTA had complete regression in ICGA after treat-
ment, while 77.3% of the 22 high-flow polyps had complete or partial regression in ICGA.
Among these polyps with complete or partial regression, 58.8% had no detectable or equivocal
flow signal in OCTA. All of the 5 (22.7%) persistent polyps in ICGA had a detectable flow,
although SRF resolved in 4 (80%) of them. Differences in flow rate between polyps may indi-
cate the heterogeneity of polyps in response to anti-VEGF or even to photodynamic therapy.
Furthermore, our study also found that the size of the BVN in ICGA remained unchanged
after treatment in our short term 3 months follow up. This was in accordance with previous
studies that the BVN had poorer response to anti-VEGF than the polyps did [16, 18-22].
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Fig 3. ICGA and OCTA of case 1. (A) ICGA before treatment showed 3 polyps, labeled as polyp 1 (long arrow), polyp
2 (short arrow), and polyp 3 (arrowhead). (B) ICGA after treatment showed complete regression of polyp 1 and 3, but
partial regression in the size of polyp 2 (short arrow). (C) OCTA of polyp 1 before and (D) after treatment showed the
presence of flow signal (long arrow). (E) OCTA of polyp 2 before and (F) after treatment showed the presence of flow
signal (short arrow). (G) OCTA of polyp 3 before and (H) after treatment showed the presence of flow signal
(arrowhead).

https://doi.org/10.1371/journal.pone.0241230.g003

Polyps regression as a treatment goal for PCV management remained controversial since
recent clinical trials had shown improved visual acuity with inactive but persisted polyps [18,
22]. A recent study with up to 11 years of follow-up showed that the long-term risk for massive
submacular hemorrhage was significantly higher in patients with persistent polyps than those
without [23]. The 2 years EVEREST II and the 2 years PLANET studies reported that the per-
centage of complete polyp regression as assessed by ICGA was around 34.7% after intravitreal
injections of ranibizumab and 38.9% after aflibercept monotherapy at 12 months [18, 22]. The
number of injections in the monotherapy arm ranged from 3 to 12, indicating that a high vari-
ety of polyps responded to anti-VEGF treatment. Even with combination therapy, 30% of the
polyps remained present at 12 months [18]. Although several studies reported that single pol-
yps, a smaller polyp area, and non-cluster type polyps had a better response after anti-VEGF
monotherapy [19-21], it remained unknown whether the flow rate played a role in the treat-
ment response. Our study showed that flow signal in OCTA, which may be attributed to the
blood flow rate from the choroid to the polyps [12], could be a possible reason for the variable
response to anti-VEGF treatment.
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Fig 4. ICGA and OCTA of case 3. (A) ICGA before treatment showed 2 polyps, labeled as polyp 5 (arrowhead) and
polyp 6 (arrow). (B) ICGA after treatment showed complete regression of polyp 5, but partial regression of polyp 6
(arrow). (C) OCTA of polyp 5 before and (D) after treatment showed the absence of flow signal (arrowhead) in this
low-flow polyp. (E) OCTA of polyp 6 before treatment showed the presence of flow signal (arrow) but (F) the absence
of flow signal (arrow) after treatment. Note the decrease in subretinal fluid and height of pigment epithelial
detachment after treatment.

https://doi.org/10.1371/journal.pone.0241230.9004

The presence of flow signal in OCTA could also be associated with clinical signs. Of the pol-
yps with no flow signal or with an equivocal flow signal in OCTA after treatment, 83% (10/12)
had complete polyp regression and anatomical improvement with disappearance of the SRF
and decreased height of the PED. Moreover, of the polyps that still had high-flow in OCTA,
42% (5/12) persisted without becoming smaller, and 25% (3/12) had persisted SRF at the
fovea. In addition to the activity of the polyps as revealed by the presence of SRF after 3 initial
loading injections of anti-VEGF, a change in flow signal from high to low in OCTA may have
predicted a better response with regards to polyp regression and clinical improvement. More-
over, the responses of the naive polyps with no flow signal at baseline were even better. Our
results suggest that flow signal of individual polyps in OCTA at baseline and follow-up after
anti-VEGF treatment could be a prognostic factor for treatment outcomes and may alleviate
the need for frequent ICGA studies.

It should be noted that 2 among 8 completely regressed polyps in ICGA after treatment still
had flow signal in OCTA. Theoretically, the OCTA scan could detect very slow flow signal
with velocity of 0.2 to 3 mm/s [13-15]. Therefore, though the ICGA after the treatment
revealed complete regression of the polyp, there might be slow flow remaining in the area that
could be defected by the OCTA but not visualized in ICGA.

There are several limitations to this study. First, the numbers of patients and polyps were
small, especially for the low flow polyps, and the follow-up time was short. Because of the wide
detection of flow signal by OCTA, the low flow polyps may indeed the polyps with very low
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Fig 5. ICGA and OCTA of case 6. (A) ICGA before treatment showed 4 polyps, labeled as polyp 9 (long arrow), polyp
10 (short arrow), polyp 11 (dotted arrow) and polyp 12 (arrowhead). (B) ICGA after the treatment showed complete
regression of polyp 9 and 12, but the persistence of polyp 10 (short arrow) and polyp 11 (dotted arrow). (C) OCTA of
polyp 9 before treatment showed the presence of flow signal (arrow) but (D) the absence of flow signal (arrow) after
treatment. Note that the adjacent signal was projection artifacts from the retinal vessels. (E) OCTA of polyp 10 before
and (F) after treatment showed the presence of flow signal (short arrow). (G) OCTA of polyp 11 before and (H) after
treatment showed the presence of flow signal (dotted arrow). (I) OCTA of polyp 12 before treatment showed the
presence of flow signal (arrowhead) but (J) the absence of flow signal (arrowhead) after treatment.

https://doi.org/10.1371/journal.pone.0241230.9005

filling flow of the polyps and the number may be quite few in symptomatic patients with PCV.
It will be interesting to see if there are more low flow polyps in asymptomatic patients with
PCV. Second, inaccuracies in flow signal detection were possible due to the manual measure-
ments. However, by excluding the polyps with an equivocal diagnosis, meaning that suspicious
lesions were considered to be polyps by one retinal specialist but not by another retinal special-
ist who interpreted the same ICGA separately, we believe that the rate of inaccurate detection
was decreased. Third, we only recorded the presence or absence of flow signal in the polyps,
but we did not quantify the flow intensity in the polyps or BVN in OCTA as this would have
involved more sophisticated analysis of a 3-D structure of the lesions. And lastly, this classifica-
tion of flow and response of polyps might not be applied to all kinds of patients with PCV due
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to the exclusion of patients with previous treatment of anti-VEGF or PDT or patients without
good image quality of OCTA such as massive hemorrhage or poor fixation.

In conclusion, flow signal in polyps as revealed by OCTA could be associated with the
response to anti-VEGF treatment in patients with PCV, and a low flow signal in polyps may
indicate a good response. In addition, monitoring changes in the signal after treatment is clini-
cally relevant and could be considered in the management of patients with PCV in the future.
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