Clinical Ophthalmology Dovepress

Taylor & Francis Group

ORIGINAL RESEARCH

Influence of Anti-VEGF Injections on Longitudinal
Changes in Vascular Metrics Measured by OCTA
in Age Related Macular Degeneration:

A Retrospective Real-World Study

Ying Zhu'*, Selin S Gumustop @"*, Leiyu Wang', Aurora Tong', Xinyi Ding', loanna Ploumi®',

Francesco Romano', Chong Chen®' Kayla N Nodecker', Shivesh H Shah', Sarah L Wagner',
Demetrios G Vavvas?, Deeba Husain Joan W Miller?, Nimesh A Patel?, Leo A Kim?,
David M Wu?, John B Miller®"?

'Harvard Retinal Imaging Lab, Massachusetts Eye and Ear Infirmary, Harvard Medical School, Boston, MA, USA; ZRetina Service, Massachusetts Eye
and Ear Infirmary, Harvard Medical School, Boston, MA, USA

*These authors contributed equally to this work

Correspondence: John B Miller, Retina Service, Massachusetts Eye and Ear Infirmary Harvard Medical School, 243 Charles Street, Boston, MA, 02114,
USA, Email john_miller@meei.harvard.edu

Purpose: To investigate the possible influence of repeated anti-VEGF injections on vascular metrics measured by optical coherence
tomography angiography (OCTA) in patients with age-related macular degeneration (AMD).

Methods: This retrospective longitudinal study included AMD patients with a follow-up time of at least 18 months from 2019 to
2024. Swept-source OCTA was performed on all eyes. Based on whether an eye received injections or not during follow-up, all eyes
were divided into two groups (non-injection group only included non-exudative AMD). Vessel density, Vessel skeleton density in the
superficial, deep, and retina slab, as well as foveal avascular zone (FAZ) size, circularity and perimetry of Angio 6mmx6mm were
calculated. Change in vascular metrics between baseline and last follow-up were compared between the two groups using #-test or
Mann—Whitney U-test. Correlation between change in vascular metrics and visual acuity was investigated by Spearman’s Rank
Correlation test.

Results: A total of 164 eyes from 107 patients were included. The average follow-up time was 34 months. No statistically significant
difference in baseline vascular metrics was detected between the injection group (57 eyes) and non-injection (107 eyes) group. The
injection group received 12.56 injections during follow-up. Among all the parameters, only change in FAZ size during follow-up
showed a statistically significant difference between the two groups (0.03 vs. 0.02 mm?, P=0.043). No correlation was found between
change in vascular metrics and change in visual acuity (P>0.05).

Conclusion: In this retrospective longitudinal study of 164 eyes, repeated intravitreal anti-VEGF injections were associated with no
relevant significant changes in OCTA vascular metrics over time.
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Introduction

Age-related macular degeneration (AMD) is a leading cause of vision loss and constitutes 6% to 9% of global legal

blindness.! Approximately 20 million individuals in the US were living with AMD in 2019, and 1.49 million with late-

stage AMD.” The social economic burden of late-stage AMD was estimated at $49.4 billion annually in the US.?
Intravitreal anti-vascular endothelial growth factor (anti-VEGF) injections are the first line treatment for exudative

AMD and long-term repetitive anti-VEGF injections are required to stabilize the disease.*> VEGF, a key regulator of
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angiogenesis, plays a pivotal role in normal development, wound healing, reproductive processes and maintenance of
adult organ homeostasis.®’ It remains unclear whether the long-term suppression of VEGF may alter the normal retinal
vasculature, which may raise concerns about possible side effects of repeated anti-VEGF injections over a long time.
As a powerful tool in visualizing retinal and choroidal vessels, optical coherence tomography angiography (OCTA)
has been widely used in ophthalmology research.*'* In a range of retinal disease, OCTA metrics served as potential

1713 and quantitative analysis.'*'® The non-invasive nature of OCTA makes it a vital tool

biomarkers for both qualitative
to follow up retinal vessel changes overtime, and changes in OCTA metrics serve as useful indicators of disease
progression.'” The present study aimed to investigate the possible influence of repeated anti-VEGF injections on vascular
metrics measured by swept-source OCTA in AMD patients. It may provide real-world evidence on possible vascular side

effects of the long-term anti-VEGF injections.

Materials and Methods

Participants

A retrospective, longitudinal study was conducted at Massachusetts Eye and Ear from 2019 to 2024. AMD patients with
a follow-up time of at least 18 months were included. Based on whether an eye received anti-VEGF injections or not
during follow-up, all eyes were divided into two groups (injection and non-injection group). Stable exudative AMD eyes
receiving no injections during follow-up were excluded, so the non-injection group only included non-exudative AMD
eyes. Other exclusion criteria included eyes with concomitant retinal diseases, severe media opacities, and low image
quality preventing accurate image processing. This study was approved by the institutional review board of
Massachusetts General Brigham (2019P001863), and informed consent was obtained from all subjects. All procedures
adhered to the tenets of the Declaration of Helsinki and Health Insurance Portability and Accountability Act regulations.

Image Acquisition

For each visit, all participants underwent ophthalmic examination including Snellen best-corrected visual acuity (BCVA),
slit-lamp examination, intraocular pressure and dilated fundus examination. All subjects were imaged with a 100 kHz
swept source OCTA instrument (Plex® Elite 9000, Carl Zeiss Meditec Inc., Dublin, CA). Multiple scan protocols were
performed for each patient: Angio (3 mm X 3 mm), Angio (6 mm x 6 mm) and Angio (12 mm X% 12 mm) centered on
fovea. Vascular layers were segmented automatically using the built-in custom segmentation of the device.

Image Analysis

All images were screened for possible segmentation error and all segmentation error were manually corrected before
image analysis. Vessel density (VD), Vessel skeleton density (VSD) in the superficial, deep, and retina slab, as well as
foveal avascular zone (FAZ) size, circularity and perimetry of Angio 6 mmx6 mm were calculated with algorithm
(Macular Density v0.7.3.3) provided by Advanced Research and Innovation (ARI) Network. VD is defined as the total
area of perfused vasculature per unit area in a region of measurement (range: 0~1). VSD is defined as the total length of
perfused vasculature per unit area in a region of measurement to treat all vessels equally (unit: 1/mm). Representative
original images and processed images are shown in Figure 1.

Statistical Analysis

Statistical analyses were performed using R version 4.4.2. Change in vascular metrics between baseline and last follow-up
were compared between the two groups using #-test (for normally distributed data) or Mann—Whitney U-test (for non-normally
distributed data). Correlation between change in vascular metrics and visual acuity was investigated by Spearman’s Rank
Correlation test. A 2-tailed p value of less than 0.05 was considered statistically significant for all analysis.

Results
A total of 164 eyes from 107 patients were included. The average follow-up time was 34 months with a range of 18 to 69
months. Patients in the non-injection group were slightly younger than those in the injection group (71.36+6.38 vs. 74.26
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Figure | Representative original OCTA images (A—C) and processes images by Advanced Research and Innovation (ARI) Network for vascular metrics calculations (D-1)
were shown. (A-C) Original Angio 6mmx6émm OCTA en face images showing the Superficial (A), Deep (B), and Retina (C) slabs, respectively. The foveal avascular zone
(FAZ) was delineated in red in the Retina slab (C). (D-F) Binarized perfusion maps generated by the Advanced Research and Innovation (ARI) Network, where white pixels
represent perfused vasculature, utilized for calculating vessel density (VD). (G-1) Corresponding skeletonized vessel maps (vessel trace) used to calculate vessel skeleton
density (VSD) by reducing vascular segments to |-pixel width, thereby minimizing the influence of vessel diameter on density metrics.

+5.71, p=0.005). No other statistically significant difference in demographics or baseline vascular metrics was detected
between the injection group (33 participants, 57 eyes) and non-injection (74 participants,107 eyes) group (Table 1). For

the non-injection group, 25 were early AMD, 74 were intermediate AMD and 8 were late-stage non-exudative AMD at

Table | Demographics and Baseline Vascular Metrics Between Injection and Non-Injection

Group
Injection Group | Non-Injection Group | p value

Age (years), Mean (SD) 74.26 (5.71) 71.36 (6.38) 0.003
Gender, Female (%) 24 (72.7%) 57 (77.0%) 0.814
Race 0314

White 31 (93.9%) 71 (95.9%)

Non-White 2 (6.0%) 3 (2.8%)
Follow-up Time (Months), Mean (SD) 36.28 (12.64) 3241 (11.36) 0.268
VD Superficial, Median (IQR) 0.42 (0.04) 0.42 (0.03) 0.486

(Continued)
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Table | (Continued).

Injection Group | Non-Injection Group | p value
VD Deep, Median (IQR) 0.24 (0.10) 0.22 (0.14) 0.877
VD Retina, Median (IQR) 0.44 (0.03) 0.45 (0.02) 0.652
VSD Superficial, Median (IQR) 18.7 (2.12) 18.9 (1.31) 0.436
VSD Deep, Median (IQR) 12.0 (4.81) 1.1 (6.51) 0.970
VSD Retina, Median (IQR) 20.0 (1.51) 20.2 (1.30) 0.479
FAZ Raw Length, Median (IQR) 1.99 (0.70) 2.06 (0.78) 0.644
FAZ Circularity, Median (IQR) 0.73 (0.17) 0.74 (0.13) 0.339
FAZ Raw Size, Median (IQR) 0.24 (0.14) 0.25 (0.16) 0.967

Abbreviations: VD, vessel density; VSD, vessel skeleton density; FAZ, foveal avascular zone.

Table 2 Comparison of Change in Vascular Metrics from Baseline to Follow-Up
Between Two Groups

Injection Group | Non-Injection Group | p value
Change in VD Superficial —0.03 (0.07) —0.02 (0.06) 0.333
Change in VD Deep —0.07 (0.14) —0.05 (0.14) 0.295
Change in VD Retina —0.02 (0.05) —0.02 (0.04) 0.561
Change in VSD Superficial —0.93 (3.13) —1.02 (2.52) 0.455
Change in VSD Deep —3.60 (6.35) —2.54 (6.36) 0.296
Change in VSD Retina —0.84 (2.24) —0.80 (1.85) 0.699
Change in FAZ Raw Length 0.14 (0.48) 0.09 (0.40) 0.099
Change in FAZ Circularity 0.00 (0.12) —0.02 (0.12) 0.719
Change in FAZ Raw Size 0.03 (0.08) 0.02 (0.07) 0.043

Notes: Values were presented as Median (IQR).

baseline. Majority of the injection group were exudative AMD at baseline and a total of eight eyes turned from
intermediate AMD to exudative AMD during follow-up were included in the injection group. The injection group
received 12.56 (95% CI: 10.31 to 14.81) injections during follow-up on average.

The differences between follow-up and baseline vascular metrics of Angio 6 mmx6 mm were compared between the
two groups using Mann—Whitney U-test (Table 2). Among all the parameters, only FAZ size showed a statistically
significant difference between the two groups (0.03 (0.01,0.09) vs. 0.02 (—0.02,0.06) mm?, p=0.043). The injection group
showed a slightly larger change in FAZ area during follow-up. Slight deterioration in logarithm of the minimum angle of
resolution (LogMAR) visual acuity from 0.156 (0.203) to 0.206 (0.291) was observed but not statistically significant
(95% CI: —0.004 to 0.105, p=0.07). In addition, no correlation was found between change in vascular metrics and change
in visual acuity (p>0.05) (Table 3).

Discussion
The present retrospective longitudinal study included 164 AMD eyes and investigated the possible influence of repeated anti-
VEGEF injections on OCTA vascular metrics. Only FAZ size change over time showed a statistical difference between the
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Table 3 Correlation Analysis Between Change in
Vascular Metrics and Change in Visual Acuity

Coefficient p | p value
Change in VD Superficial —0.105 0.180
Change in VD Deep —0.032 0.684
Change in VD Retina 0.023 0.775
Change in VSD Superficial —0.104 0.185
Change in VSD Deep —0.029 0.711
Change in VSD Retina —0.048 0.540
Change in FAZ Raw Length 0.133 0.089
Change in FAZ Circularity —-0.079 0315
Change in FAZ Raw Size 0.062 0.427

injection group and the non-injection group, yet the difference was small to likely not be clinically important. The results
provided more evidence for the safety of long-term, repeated anti-VEGF injections in the real-world setting.

Considering the important role of VEGF in physiological angiogenesis,'® the concern over potential side-effects of long-
term anti-VEGF treatments persists for both patients and clinicians. Among the variety retinal diseases receiving anti-VEGF
injections, exudative AMD generally requires high frequency and long-term treatment regimen.*'*>' Not being a retinal
vascular disease itself, the pathophysiology of AMD does not affect most OCTA vascular metrics directly. These advantages
make AMD a good candidate to investigate the possible influence of anti-VEGF injections on retinal perfusion.

Several cross-sectional studies reported decreased vessel density in macular or peripapillary area in anti-VEGF
treated AMD eyes compared to control.”>**> Immediate decrease of retinal and choroidal perfusion after injections were
observed with OCTA and laser speckle flowgraphy.>* 2® However, in Lee’s cross-sectional study, a total of 9 injections
on average did not impact retinal vascular measurements.”’ Short-term longitudinal studies revealed mixed results of
vessel density change in superficial, deep and choriocapillaris slabs.** ' The conflicting results might be attributed to
different follow-up time, scan protocol, slab chosen for analysis, control group design (including but not limited to fellow
eye, healthy control eye, nonexudative AMD control). The present study provided results from a relatively large cohort
with long follow-up duration. Among all the vascular metrics from superficial, deep and retina slab of Angio 6 mm x
6 mm, no vessel density or skeleton vessel density showed statistically significant differences between the injection and
non-injection group. The results supported the theory that decreased perfusion due to anti-VEGF injections appears to be
transient and no long-term effects were observed in a real-world clinical setting.

No differences in FAZ size, perimeter or circularity were detected between exudative and non-exudative AMD in
a cross-sectional study.®” In a retrospective cohort study, FAZ size and perimetry increased over two years and no
difference was found between exudative and non-exudative eyes.*> Our study echoed their findings with comparable
baseline vascular metrics between the two groups. The injection group showed a statistically larger FAZ size change
during follow-up compared to the non-injection group; however, the difference was only 0.01 mm?, which we do not
think is clinically meaningful. Larger prospective studies are needed to further validate the differences.

No relationship between change in visual acuity and change in vascular metrics was observed during the follow-up. In
the case of exudative AMD, the presence of macular neovascularization and its response to treatment were the dominant
determining factor for vision, which might outweigh the vascular metrics. However, the subgroup analysis of non-
exudative AMD showed no correlation either (data not shown). In Shin’s cross-sectional study for dry AMD, BCVA was
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correlated with vessel density in univariate linear regression, but the correlation was no longer valid in multi-variate
analysis.*> Due to the retrospective nature of the current study, visual acuity was BCVA measured by Snellen chart
instead of ETDRS chart, which makes it less sensitive to detect early vision change in intermediate AMD patients that
constituted the majority of our non-injection group. Lee et al found BCVA could affect the repeatability of vessel density
measurement in OCTA,** which may contribute as a confounding factor in our study too.

There were several limitations of the study: 1) retrospective nature; 2) limited sample size (esp. the injection
group); 3) potential selective bias due to OCTA image quality control; 4) BCVA was measured by Snellen chart instead
of ETDRS chart; 5) majority of eyes in the injection group received aflibercept and not suitable for comparison between
different anti-vegf agents; 6) axial length data were not acquired for calculation correction; however, the influence was
limited since the key outcome measures focused on longitudinal change of the same eye.

Conclusion

In summary, this retrospective longitudinal study showed repeated intravitreal anti-VEGF injections do not impact OCTA
vascular metrics significantly through the treatment course. Only FAZ size change over time showed a statistical
difference between the injection group and the non-injection group, yet the difference was too small to be considered
clinically relevant. Future prospective, randomized controlled clinical trials would help confirm our findings.
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