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Purpose: In this study, we aimed to evaluate and compare the effects of intravitreal aflibercept (IVA) and intravitreal faricimab (IVF)
injections on the blood flow of retinal vessels in the peripapillary region and optic nerve head (ONH) in eyes with diabetic macular
edema (DME) using laser speckle flowgraphy (LSFG).

Patients and Methods: This study included 20 eyes of 18 patients treated with IVA and 15 eyes of 11 patients treated with IVF for DME.
The mean blur rate (MBR) of the ONH and retinal artery and vein of the peripapillary region were measured using LSFG at baseline and 1
month after injection. Central retinal thickness (CRT) and best-corrected visual acuity (BCVA) were measured for all patients.

Results: CRT decreased significantly in both IVA-treated (p = 0.0003) and IVF-treated groups (p = 0.0004). Some of the MBR-related
parameters of the ONH, such as MBR of all areas (MA), MBR of vascular areas (MV), and MBR of tissue areas (MT), decreased significantly 1
month after IVA and IVF compared to baseline values (MA of IVA, p <0.0001; MT of IVA, p = 0.0220; MA of IVF, p = 0.0002; MT of IVF,
p =0.0461). MBR of the retinal artery (MBR-A) and vein (MBR-V) also decreased significantly 1 month after IVA and IVF compared with
baseline values (MBR-A of IVA, p = 0.0002; MBR-V of IVA, p = 0.0010; MBR-A of IVF, p = 0.0368). No significant difference in ocular
perfusion was observed between the IVA-treated and IVF-treated groups.

Conclusion: Intravitreal injection led to a reduction in ocular blood flow in both retinal peripapillary vessels and the ONH in both IVA-treated
and IVF-treated groups. No significant difference was observed in MBR reduction between the IVA-treated and IVF-treated groups. Our
findings warrant further long-term investigations to reveal differences between aflibercept and faricimab.

Keywords: diabetic macular edema, diabetic retinopathy, laser speckle flowgraphy, vascular endothelial growth factor, observational
study

Introduction
Diabetic retinopathy (DR) is the primary cause of visual impairment among working-age populations in industrialized nations.
Vision loss may result from various mechanisms, but the most prevalent cause is diabetic macular edema (DME)."

The treatment landscape for DME has advanced significantly over the past decade. Previously, focal or grid macular argon
laser photocoagulation was the standard treatment.> However, its use is now primarily limited to cases of non-center-involved
DME.? Currently, the most frequently employed therapeutic approach involves intravitreal administration of anti-vascular
endothelial growth factor (VEGF) agents, and the prognosis of patients with DME has markedly improved.*

There are various commercially available anti-VEGF agents. Older options include monoclonal antibodies such as
ranibizumab and bevacizumab. While ranibizumab and bevacizumab alone inhibit VEGF-A,>° aflibercept, a recombinant
fusion protein, inhibits VEGF-A, VEGF-B, and placental growth factor (Plgf),” and faricimab, a bispecific antibody,
inhibits both VEGF-A and angiopoietin-2 (Ang-2).®
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Angiopoietin (Ang) and tyrosine kinase with immunoglobulin-like and epidermal growth factor homology domain
(Tie) signaling pathways play crucial roles in regulating vascular stability within the retinal vasculature.” Under normal
physiological conditions, Ang-1 facilitates endothelial cell survival and maintains cell junction integrity by interacting
with the Tie2 receptors. However, in retinal vascular diseases, upregulation of Ang-2 competitively inhibits Ang-1
binding to Tie2 receptors, thus diminishing the protective effects of the Ang-1 and Tie2 signaling pathways. Additionally,
Ang-2 binding to Tie2 stimulates pericyte apoptosis and enhances leukocyte adhesion and transmigration, both of which
render the endothelium more susceptible to other pro-inflammatory and angiogenic cytokines, including VEGF-A.'°
Consequently, the combined action of Ang-2 and VEGF-A exacerbates vascular leakage and inflammation in DME."" In
this context, simultaneous inhibition of both pathways may enhance vascular stability and improve outcomes beyond the
effects of current anti-VEGF therapies, potentially extending the duration of therapeutic efficacy.

In recent years, retinal imaging techniques have undergone significant advancements that have enabled the evaluation
of retinal morphology, including visualization of the capillary network and assessment of retinal thickness.'?

Laser speckle flowgraphy (LSFQG) facilitates two-dimensional, non-invasive measurements of perfusion at the optic
nerve head (ONH), retina, and choroid by utilizing the laser speckle phenomenon and has proven instrumental in
quantifying ocular blood flow in patients with DR, retinal vein occlusion, age-related macular degeneration, or central
serous chorioretinopathy.'* '®

In this study, we aimed to evaluate and compare the effects of intravitreal aflibercept (IVA) versus intravitreal
faricimab (IVF) on blood flow in the optic nerve head and retinal vessels of the peripapillary region using LSFG in
patients with DME. To the best of our knowledge, this is the first study to investigate the effect of intravitreal faricimab
on ocular perfusion and compare the effects of different anti-VEGF agents on ocular blood flow one month after

injection.

Material and Methods
Setting and Design

This was a retrospective observational clinical study and data were obtained between December 2022 and February 2024.
Subjects were Asian individuals treated at Fuchu Hospital, [zumi, Osaka, Japan.

Patients

This study included 20 eyes of 18 patients (33.3% female; mean age 68.7 £ 10.8 years) treated with IVA and 15 eyes of
11 patients (63.6% female; mean age 69.7 + 12.3 years) treated with IVF for DME. The mean blur rate (MBR) of the
ONH and retinal artery and vein of the peripapillary region were measured using LSFG at baseline and 1 month after
injection. Central retinal thickness (CRT) and best-corrected visual acuity (BCVA) were measured for all patients. The
study protocol adhered to the guidelines of the Declaration of Helsinki and was approved by the ethical committee of
Fuchu Hospital (No. 2023007). Given the retrospective nature of this study, the requirement for informed consent was
waived and this was approved by ethic committee. The inclusion criteria were (1) age > 18 years, (2) best-corrected
visual acuity (BCVA) greater than 0.7 logMAR (logarithm of the minimum angle of resolution) in the study eye at
baseline examination, (3) presence of DME, and (4) central macular thickness (CMT) > 280um as measured using swept-
source optical coherence tomography (SS-OCT) at the baseline examination. The exclusion criteria were as follows:
(1) any previous ocular surgery in the last 3 months, (2) history of glaucoma, (3) vascular retinal diseases, and (4) medium
lens opacities (according to the Lens Opacities Classification System). Pretreatment with intravitreal anti-VEGF was not
an exclusion criterion, but the last treatment had to have been received at least three months prior to study inclusion.

Study Protocol

At baseline, all subjects underwent comprehensive ophthalmic evaluation including BCVA, tonometry, slit-lamp biomicro-
scopy, and indirect fundus ophthalmoscopy. Visual acuity data were obtained in decimal BCVA using Landolt C charts and
converted to logarithm of the minimum angle of resolution (logMAR) units for analysis. An SS-OCT device (DRI OCT
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Triton; Topcon Inc., Tokyo, Japan) was used to measure CRT, which was obtained from the central subfield of the macular
thickness map.

The systolic blood pressure (SBP) and diastolic blood pressure (DBP) in the upper arm were assessed using a manometer
while the subject was seated. The mean arterial pressure (MAP) was determined using the formula MAP = DBP + 1/3
(SBP — DBP), and the ocular perfusion pressure (OPP) was calculated as OPP = 2/3 MAP — IOP, where IOP represents the
intraocular pressure.'”

Laser Speckle Flowgraphy

Laser speckle flowgraphy is a noninvasive technique based on the laser speckle phenomenon induced by an 830-nm near-
infrared laser, enabling the simultaneous assessment of blood flow in the vessels of the optic nerve head, choroid, and
retina.'® The technical principles of LSFG have been explained in detail elsewhere.?

LSFG measurements were performed using an LSFG (LAFG-NAVI, Softcare Co. Ltd., Fukutsu, Japan) with dilated pupils
(0.5% tropicamide and 0.5% phenylephrine hydrochloride; Mydrin-P™; SantenPharmaceutical Co. Ltd., Osaka, Japan).

The main output parameter of the LSFG is the mean blur rate (MBR), which represents ocular blood flow and is expressed
in arbitrary units (AU). This measurement was derived from the scattering pattern generated when the ocular fundus was
exposed to the laser light. MBR represents the velocity of blurring in the speckle pattern caused by the blood flow.”'

Analysis of the ONH provides additional capabilities for analyzing data within the rubber band. This software can
differentiate between vessels and tissues, enabling the display of mean bloodstream values separately within the elliptical
rubber band surrounding the optic nerve head. Using on-board software, the MBR in each composite map was calculated
as follows:

MYV: mean of vascular area (higher MBR area).
MT: mean of tissue area (lower MBR area).
MA: mean of all areas.

All selected images were meticulously examined by two retinal specialists (T.I. and T.M). To accurately
identify arteries and veins by comparing the LSFG image with a color fundus image. As shown in Figure 1, we
measured three regions: the optic nerve head (ONH) (1), a selected retinal artery (2), and a selected retinal vein
(3). Arteries and veins were selected from locations near the ONH (within 1.5 cm). A rectangular rubber band was
used to analyze the blood flow along a single vessel, whereas an elliptical rubber band was placed on the outline
around the ONH to assess the flow around the optic nerve head. In this study, we measured the MA, MV, and MT
of the ONH: MBR of the retinal artery (MBR-A) and retinal vein (MBR-V) before and 1 month after each
injection, as shown in Figure 1. The measurement conditions were kept constant as follows: angle of view, 21°;
number of pixels measured, 750%360 pixels. The MBR was calculated automatically using LSFG Analyzer
software (version 3.3.30 Softcare Co. Ltd., Fukutsu, Japan). A single measurement is performed for each region.

Figure | Representative composite color maps of the MBR measured using LSFG. In these maps, red indicates a high MBR and blue indicates a low MBR. A circle was set
around the ONH to measure the MBR of the blood flow in the ONH. Measurements of the retinal artery and vein were taken from sites within 1.5 papilla diameters. LSFG
images (a) before and (b) after intravitreal injection. In the color LSFG maps, number | indicates the circular scanning area for the optic nerve head, while numbers 2 and 3
indicate the rectangular scanning areas for the retinal artery and vein, respectively. Characteristics of the IVA-treated and IVF-treated groups before and after injection.
Abbreviations: S, superior; N, nasal; T, temporal; |, inferior.
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Intervention

Aflibercept 2.0 mg/0.05 mL (Eyler™, Bayer HealthCare) or faricimab 6.0 mg/0.05 mL (Vabysmo™; Roche/Genentech,
Basel, Switzerland) was injected into the vitreous cavity of all patients. After instillation of the topical anesthetic (0.4%
oxybuprocaine hydrochloride; Benoxil™), all injections were conducted in a procedure room following the standard aseptic
intravitreal technique. Aflibercept or faricimab was injected into the vitreous cavity using the standard pars plana approach
(3.5 mm posterior to the limbus) with a 30-gauge needle under sterile conditions. Following the treatment, patients were
prescribed 0.5% moxifloxacin ophthalmic solution (Vigamox™; Alcon Japan Ltd., Tokyo, Japan) for 3 days.

Follow-Up

Baseline measurements were performed immediately before initial aflibercept or faricimab injections. The patients
underwent re-evaluation one month after the first injection. At each follow-up visit, the patients underwent evaluation
with LSFG and simultaneous measurement of blood pressure along with IOP measurement, best-corrected visual acuity,
and SS-OCT acquisition. Outcome measures included perfusion of the retinal vessels, ONH, and CRT changes.
A representative eye with DME is shown in Figure 2.

Statistical Analysis
Descriptive statistics were used to describe the sample in terms of mean and standard deviation (SD). Within-group
comparisons were performed using the Wilcoxon signed-rank test and between-group comparisons were performed using
the Mann—Whitney U-test. Sex, stage, and phakic eyes were compared using the Fisher’s exact test.

To evaluate the relative changes in the MBR, we used the dMBR, expressed as the rate of change from the baseline
values; dMBR was defined as follows:

dMBR (%) = 100 — (MBR before injection/MBR after injection x 100)

p <0.05 were considered statistically significant in all analyses. All analyses were performed using JMP Pro 17
software (SAS Institute, Cary, NC, USA).

Results
The demographics at baseline (before the injection) are shown in Table 1. MAP, IOP, and OPP were stable throughout the
follow-up period, as shown in Table 2.

CRT decreased significantly in the IVA-treated (p = 0.0003) and IVF-treated (p = 0.0004) groups (Table 3). BCVA
improved significantly during follow-up (IVA-treated group, p = 0.0178; IVF-treated group, p = 0.0459) (Table 3). Some of
the MBR-related parameters of the ONH, such as MBR of all areas (MA), MBR of vascular areas (MV), and MBR of tissue
areas (MT), decreased significantly 1 month after IVA and IVF compared to baseline values (MA of IVA, p <0.0001; MT of
IVA, p = 0.0220; MA of IVF, p = 0.0002; MT of IVF, p = 0.0461) (Table 3). MBR of the retinal artery (MBR-A) and vein
(MBR-V) decreased significantly 1 month after both IVA and IVF compared to the baseline values (MBR-A of IVA, p =
0.0002; MBR-V of IVA, p =0.0010; MBR-A of IVF, p = 0.0368) (shown in Table 3). There were no significant differences in
dMA, dMV, dMT, dMBR-A, or dMBR-V between the [VA-treated and IVF-treated groups (Figure 3).

No complications stemming from intravitreal injections, such as endophthalmitis, ocular hypertension, retinal
detachment, or vitreous hemorrhage, were observed in any of the patients included in this study.

Discussion

In this study, we explored and compared the short-term effects of IVA and IVF on ocular perfusion in DR patients with
DME by using LSFG. Additionally, we evaluated changes in central retinal thickness and visual acuity following
treatment. Both IVA and IVF led to a significant reduction in perfusion one month later, as measured by LSFG.

The LSFG has been widely used in several ocular disorders to analyze ocular blood flow. Many studies have analyzed
the effects of anti-VEGF agents on ocular perfusion in various retinal vascular diseases. Our results are in accordance
with those of other published studies of intravitreally administered anti-VEGF agents. IVA for the treatment of
neovascular age-related macular degeneration leads to a reduction in perfusion of the ONH and choroid in the treated
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Figure 2 Swept-source optical coherence tomography (SS-OCT) images (horizontal scan, vertical scan, and thickness map) showing diabetic macular edema (a) before and
(b) after intravitreal injection.
Abbreviations: N, nasal; T, temporal.

eye, with no apparent effect on the fellow eye.'® Intravitreal injection of bevacizumab notably reduced blood flow in the
ONH, retinal vessels, and choroid in patients with DME, both one week and one month after injection.21 Intravitreal
ranibizumab leads to a decrease in ocular blood flow in the ONH and peripapillary retinal vessels, which is related to
a reduction in CRT and an improvement in BCVA."
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Table | Comparison of Baseline Demographics of the IVA-Treated and
IVF-Treated Groups

IVA-Treated Group | IVF-Treated Group | p value
(n=20) (n=15)

Age (years) 68.7£10.8 69.7£12.3 0.5279
Sex (Female/Male) 8/12 10/5 0.1756
HbAIc (%) 6.840.9 7.8%1.1 0.0892
Stage (SDR/PPDR) 7113 5/10 1.0000
Phakic eye, n (%) 9 (45.0%) 3 (20.0%) 0.1629
SBP (mmHg) 153.5+184 146.9+20.7 0.0610
DBP (mmHg) 75.1%12.1 77.7%13.1 0.6824
MAP (mmHg) 101.2+13.0 100.8+14.5 0.2363
IOP (mmHg) 14.9+1.9 14.0+2.8 0.0925
OPP (mmHg) 51.849.1 55.9£10.3 0.9025
BCVA (logMAR) 0.28+0.24 0.30+0.28 0.2729
CRT (um) 438.8+108.7 408.7+132.7 0.1666

Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness; DBP, diastolic
blood pressure; IOP, intraocular pressure; logMAR, logarithm of the minimum angle resolution;
MAP, mean arterial pressure; OPP, ocular perfusion pressure; SBP, systolic blood pressure; SDR,
simple diabetic retinopathy; PPDR, pre-proliferative diabetic retinopathy.

Table 2 Characteristics of the IVA-Treated and IVF-Treated Groups at Before and After Injection

IVA-Treated IVA-Treated p value | IVF-Treated IVF-Treated p value
Group Group Group Group
(n =20) (n =20) (n=15) (n=15)
Before I Month After Before I Month After
Injection Injection Injection Injection
SBP (mmHg) 153.5+£18.4 147.4£20.6 0.6523 146.9+£20.7 145.9+£20.8 0.8429
DBP (mmHg) 75.1x12.1 72.3x13.4 0.3542 77.7x13.1 80.9+15.1 0.3498
MAP (mmHg) 101.2£13.0 97.3+14.8 0.5705 100.8+14.5 102.6£15.9 0.2828
IOP (mmHg) 14.9+1.9 14.7£3.2 0.3714 14.0£2.8 14.3£3.8 0.791
OPP (mmHg) 51.89.1 50.69.6 0.6373 55.9+10.3 54.1£11.9 0.5693

Abbreviations: DBP, diastolic blood pressure; IOP, intraocular pressure; logMAR, logarithm of the minimum angle resolution; MAP, mean
arterial pressure; OPP, ocular perfusion pressure; SBP, systolic blood pressure.

A recent study compared the effects of different intravitreal injections on ocular perfusion using an LSFG. A decrease
in ocular blood flow at the ONH and choroid was observed 30 min after intravitreal injection of brolucizumab and
aflibercept. However, there was no significant difference in the rate of decrease in ocular blood flow between the two

treatments.”” However, there is currently no research available that compares the mid-term effects of different agents on

ocular perfusion, such as one to several months after injections.

In our study, some MBR-related parameters of the ONH, such as MA, MV, MT, MBR-A, and MBR-V, decreased
significantly 1 month after IVA and IVF compared to baseline values. As no significant changes in the OPP were
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Table 3 Baseline characteristics of LSFG and OCT measurements in IVA-treated and IVF-treated groups before and

after Injection

IVA-Treated IVA-Treated p value IVF-Treated IVF-Treated p value
Group Group Group Group
(n=20) (n =120) (n=15) (n=15)
Before I Month After Before I Month After
Injection Injection Injection Injection
MA 22,7457 19.8+5.4 <0.0001 20.5+6.3 18.1+4.6 0.0002
MV 40.5+8.8 37.1£10.5 0.0992 38.6+8.2 36.8+8.9 0.2706
MT 12.1£3.0 11.2+3.3 0.022 10.7£2.1 9.8+2.7 0.0461
MBR-A 13.6+3.1 11.7£3.0 0.0002 14.7£6.1 13.0+4.6 0.0368
MBR-V 16.7+3.5 14.6+3.8 0.001 16.3+5.5 152428 0.6361
CRT (um) 438.8+108.7 320.8+84.5 0.0003 408.7£132.7 31574824 0.0004
BCVA (logMAR) 0.28+0.24 0.22+0.28 0.0178 0.25+0.28 0.19£0.31 0.0459

Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness; logMAR, logarithm of the minimum angle resolution; MBR-A, MBR
of retinal artery; MBR-V, MBR of retinal vein; MA, mean of all areas; MT, mean of tissue area; MV, mean of vascular area.

observed before and after the injections, ocular perfusion did not affect our findings regarding retinal circulation. Our

study indicates that both IVA and IVF resulted in a reduction in retinal blood flow within the vessels of the optic nerve

head and peripapillary artery and vein following anti-VEGF injection and that the reduction in retinal microcirculation

led to the improvement of macular edema and vision. VEGF is known to act as a vasodilator by activating endothelial

nitric oxide synthase.”> Hence, anti-VEGF injections potentially diminish retinal circulation, resulting in alterations in

blood vessel caliber via vasoconstriction. Consequently, this process leads to regression of macular edema.’
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Figure 3 Changes in (a)MA, (b)MV, (c)MT, (d) MBR-A, (e)MBR-V and (f)CRT from baseline to | month after injection. Mann—Whitney U-test. * p <0.05.
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The effects of intravitreal injection were sustained for up to 30 days; however, we did not observe significant
differences in MBR parameter changes between the [VA-treated and IVF-treated groups. A decrease in ocular perfusion
was observed 30 days after the ranibizumab injection. Subsequently, an increase in these parameters was noted at 2
months, indicating the temporary nature of anti-VEGF drug action.”® Faricimab simultaneously binds and neutralizes
Ang-2 and VEGF-A. By targeting both Ang-2 and VEGF-A, faricimab displays improved and sustained efficacy over
longer treatment intervals.”® By following a longer duration, it was possible to observe differences in the IVF-treated
group, such as an extended duration of decreased blood flow.

Our study has some limitations, including its retrospective design, short follow-up time, and small sample size. A longer
follow-up with a larger cohort of patients is needed to confirm and elucidate any differences in the effects of aflibercept and
faricimab injections on ocular perfusion as well as to understand the underlying mechanisms. Most patients had previously
undergone anti-VEGF treatment before being enrolled in the trial, and there is a possibility that previous injections had some
influence on the effect. Furthermore, we could not include a control group that received intravitreal injections of buffered saline
solution or similar fluids due to ethical considerations. It appears highly improbable that the injection procedure itself has a lasting
effect on the ocular perfusion. The study population consisted entirely of Asian individuals, which may limit the generalizability of
the results to larger DME populations. In addition, the LSFG itself has a notable limitation in that it cannot provide absolute values.

Conclusion

In conclusion, our findings demonstrated that both IVA and IVF resulted in a decrease in ocular blood flow to the optic
nerve head and peripapillary retinal vessels, as evaluated using the LSFG. This decrease was associated with a reduction
in CRT and improvement in BCVA. No significant difference was observed in MBR reduction between the IVA-treated
and IVF-treated groups. Our findings warrant further long-term investigations to reveal differences in ocular circulation
modifications between aflibercept and faricimab.
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