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Abstract

Purpose: To assess intra- (repeatability) and inter-observer (reproducibility)
variability of laser speckle flowgraphy (LSFG) for retinal blood flow (RBF)
measurement in 20eyes of wild type (C57BL/6J) mice and effect of intravitreal
Aflibercept on RBF in optic nerve head (ONH) region of 10eyes of Ins2 (Akita)
diabetic mice.

Methods: ‘Mean blur rate (MBR)’ was measured for all quadrants of tissue area
(MT), vessel (MV) and total area (MA) of ONH region. Changes in MT were
analysed at each timepoint. Repeatability was evaluated by measuring MBR
variability without changing mouse head position, and reproducibility after re-
setting mouse head position by another operator. Coefficient of repeatability
(CR) through Bland—Altman plot method coefficient of variation (COV) and
Intraclass correlation coefficient (ICC) was calculated. Intravitreal Aflibercept
(1 pg) was administered to Akita eyes and intraocular pressure (IOP) was meas-
ured using a tonometer at baseline, day 7, 14, 21 and 28 post-injection. Hurvich
and Tsai's criterion was used.

Results: Coefficient of repeatability values of repeatability and reproducibil-
ity for all quadrants were within limits of agreement. Reliability was excellent
(ICC 0.98-0.99) and reproducibility was moderate to excellent (ICC 0.64—0.96).
There was a non-significant IOP increase in all Akita eyes at Day 28 (p>0.05),
and significant increase in M T in all quadrants at Day 21 and superior, inferior
and temporal quadrants at Day 28 (p<0.05).

Conclusion: Laser speckle flowgraphy demonstrates excellent repeatabil-
ity and moderate to excellent reproducibility in measuring RBF. Intravitreal
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1 | INTRODUCTION

Retinal disease, including diabetic retinopathy (DR) and
age-related macular degeneration (AMD), remains one
of the leading causes of blindness in the world (Flaxman
et al., 2017). Retinal blood flow (RBF) is often decreased
in these conditions (Bek, 2017; Harris et al., 1999; Pemp
& Schmetterer, 2008; Wei et al., 2018), accompanied
by an increase in vascular endothelial growth factor
(VEGF), which is released by retinal cells in response to
tissue damage and ischemia (Gupta et al., 2013). VEGF
activates endothelial cells, promotes cell proliferation
and migration and increases vascular permeability
(Bates, 2010). In recent years, anti-VEGF agents have
been used to reduce VEGF levels, which in turn im-
proves retinal blood flow and reduces both retinal and
choroidal ischemia (Cheung et al., 2014; Tah et al., 2015;
Yorston, 2014). They have been useful in treating reti-
nal diseases such as AMD and Vogt-Koyanagi-Harada
(VKH) disease (Takahashi et al., 2021; Yamaguchi
et al., 2022).

Several techniques have been employed in the study of
RBF, including bidirectional Laser Doppler Velocimetry
(LDV), Doppler Fourier-domain Optical Coherence
Tomography (D-OCT), Laser Doppler Flowmetry (LDF)
and Laser Speckle Flowgraphy (LSFG) (Doblhoff-Dier
et al., 2014; Garhofer et al., 2012; Haindl et al., 2016;
Luft et al., 2016; Nakazawa, 2016; Pechauer et al., 2018;
Riva et al., 2010; Sugiyama et al., 2010; Werkmeister,
Dragostinoff, et al.,, 2012; Werkmeister, Palkovits,
et al., 2012).

Laser speckle flowgraphy (LSFG) is an emerging non-
invasive imaging technique, which uses laser speckle
phenomenon to measure RBF and has been successfully
applied in both humans and animals to study blood flow
in different ocular diseases. Images of the speckle pat-
tern in the retina produced by random laser interference
are analysed, with the variation in these patterns corre-
sponding to the blood flow in the retina. Flow rate is as-
sessed as mean blur rate (MBR), with the MBR of tissue
area (MT) corresponding to blood flow in the retinal tis-
sue (Kunikata & Nakazawa, 2016).

The temporal retina is nourished by the short poste-
rior ciliary artery, and its blood flow was reported to be
usable for interindividual and intergroup comparisons
(Aizawa et al., 2014). Furthermore, in a normal popu-
lation, MV was reported to be affected by age and sex,
while MT was not (Aizawa et al., 2016). This makes MT
an important measurement that is stable and indepen-
dent of age or sex in assessing repeatability and repro-
ducibility of LSFG for RBF.

The first studies of using LSFG to measure RBF were
conducted in the early 1980s by imaging the retina on film

Aflibercept injection results in a significant increase in MT up to 28 days post-
injection without significant increase in IOP.
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and using high-pass spatial filtering optical techniques to
obtain speckle contrast images (Briers & Fercher, 1982;
Fercher & Briers, 1981). More recently, LSFG has been
used to assess with the aid of digital cameras and compu-
tational techniques to calculate speckle contrast images
(Srienc et al., 2010).

Currently, the gold standard for measuring retinal
blood flow is fluorescein angiography (FA), which re-
quires intravenous administration of fluorescein dye
and taking images of the retina at timed intervals. This
investigation has been reported in literature from as
early as the 1930s (Spaide et al., 2015). Other available
methods include intraocular probes, laser doppler flow-
metry, retinal oximetry and an adaptation of optical
coherence tomography (OCT) called OCT angiography
(OCTA). While FA remains the gold standard, it has its
limitations, including its inability to visualize all the
retinal capillaries and its inability to differentiate fluo-
rescence from overlapping structures (Madhusudhan &
Beare, 2014).

Laser speckle flowgraphy has the unique advantage
of having particularly high reproducibility. Even after
drug intervention, the same site and eye can be moni-
tored over time (Aizawa et al., 2011). LSFG also allows
for non-contrasted and non-invasive quantification of
the microcirculation in the optic disk, choroid and reti-
nal vessels (Kunikata & Nakazawa, 2016). Furthermore,
it is patient friendly and allows real-time measurements
of RBF. Lastly, it can evaluate the MBR of the optic disc
locally in the superior (S), temporal (T), inferior (I) and
nasal (N) quadrants and in both the vascular and tissue
area.

This study aims to:

1. Evaluate the repeatability and reproducibility of
LSFG for RBF measurements in the wild-type
(C57BL/6J) mouse model.

2. Evaluate the effect of anti-VEGF on RBF in Ins2
(Akita) diabetic mice using LSFG on the optic nerve
head (ONH) region.

2 | MATERIALS AND METHODS
This study was approved by the Institutional Animal
Care and Use Committee of SingHealth, Singapore.
All experiments were conducted according to the
guidelines of the Association for Research in Vision
and Ophthalmology (ARVO) for the use of animals in
research.

Twenty eyes of ten wild-type (C57BL/6J) mice
(Charles River Laboratory, Wilmington, MAJackson
Laboratory, USA) were used for repeatability and
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reproducibility arms of the study. Repeatability and
reproducibility were assessed on the same wild type
and disease mice model. This was done on few batches
for reproducibility.

Wild-type C57BL/6J is a common strain of laboratory
mice and is often used as a wild-type control in experi-
ments. It has been extensively characterized, and its ge-
nome is well-sequenced. Researchers often use C57BL/6J
as a baseline for comparing the effects of genetic modi-
fications or experimental treatments. Hence, it was used
as a wild-type control in our experiments.

Ins2 Akita is a mouse model for type 1 diabetes. The
Ins2 Akita mouse carries a mutation in the insulin 2 gene,
leading to the development of diabetes. Hence, it was se-
lected to investigate the influence of hyperglycaemia on
ocular vascular changes and blood flow measurements.
It is crucial for understanding the disease mechanisms
and testing potential treatments.

Ten eyes of five Akita mice aged 12-19weeks were
included for evaluating the effect of anti-VEGF on the
RBF in the ONH region using LSFG. Both wild-type
(C57BL/6J) and Ins2 (Akita) diabetic mice were housed
in standard mouse cages, with 3—4 mice per cage, at 25°C
on a schedule of 12h dark: 12h light cycle, with mouse
pellet and 23°C water available ad libitum. All the mice
were anaesthetised using a combination of Ketamine
Hydrochloride (50mg/kg) and Xylazine Hydrochloride
(0.5mg/kg) (Troy Laboratories PTY. Limited, Australia)
according to schedule 1, under ARVO guidelines
(National Research Council, 2011). The pupils were di-
lated with 0.5% tropicamide and 2.5% phenylephrine hy-
drochloride solution. A few minutes after the induction
of anaesthesia, the mouse was positioned with one eye
facing downwards onto the stand of the LSFG. Vidisic
gel was applied onto the eye prior to placing the cover
glass and images were acquired over a 4s period and
then averaged to produce a composite map of ocular
blood flow.

One microlitre of intravitreal anti-VEGF Aflibercept
(Eylea 1pgleye) was administered to each eye of Ins2
(Akita) diabetic mice and the IOP and RBF were mea-
sured in each eye at baseline (pre-injection), day 7, 14,
21 and 28 post-injection. The IOP was measured in
each eye of each animal with a handheld tonometer
(TonolabTV02; M.E. Technica, Tokyo, Japan). A pair-
wise ¢-test was used to analyse longitudinal changes in
IOP. A 95% confidence interval was used for statistical
significance. For retinal blood flow, the relative blood
flow velocity ‘mean blur rate (MBR) was measured in
arbitrary units (AU) for the S, T, I and N quadrants of
the ONH region and the changes in mean blur rate of
tissue (MT) were analysed at each time point using a lin-
ear mixed model to adjust for the bilateral eyes and re-
peated measurements over time. This was done with the
IBM SPSS ver.24 statistics software (Released 2016. IBM
SPSS Statistics for Windows. Armonk, NY: IBM Corp.
USA). Hurvich and Tsai's criterion (AICC) was chosen
as the information criterion due to our small sample size.
First-order autoregressive, compound symmetry, diago-
nal and unstructured covariance structures were com-
pared to obtain the better information criterion for the
estimated marginal means (Chan, 2004).

The repeatability of LSFG was evaluated by RBF
variability in each eye without changing the Wild-type
(C57BL/6J) mouse's head position, performed by same
operator (intra-observer variability), and reproducibil-
ity was evaluated by another operator measuring the
RBF variability in each eye after resetting the mouse's
head position (inter-observer variability). Coefficient
of repeatability (CR) through the Bland-Altman plot
method (Bland & Altman, 1986) coefficient of vari-
ation (COV) and Intraclass correlation coefficient
(ICC) were calculated to evaluate the repeatability and
reproducibility of LSFG using MedCalc Statistical
Software version 16.8 (MedCalc Software bvba,
Ostend, Belgium) (Bland & Altman, 1986; Portney &
Watkins, 2000). The ICC criteria used for reliability
were based on the 95% confidence interval of the ICC
estimate. Values less than 0.5, between 0.5 and 0.75, be-
tween 0.75 and 0.9 and greater than 0.90 were taken as
indicative of poor, moderate, good and excellent reli-
ability, respectively.

3 | RESULTS

3.1 | Repeatability and reproducibility

Twenty eyes of ten wild-type (C57BL/6J) mice were
used to assess the repeatability and reproducibility of
RBF measurements using LSFG. The mean IOP of the
mice was 10.8+3.0mmHg. In the Bland and Altman
method, the coefficient of repeatability (CR) was de-
fined as 1.96x within subject standard deviation (Bland
& Altman, 1986). The CR values of intra- and inter-
observer variation for the MT, MV and MA in the supe-
rior, inferior, nasal and temporal quadrants of the ONH
region in both eyes of wild-type (C57BL/6J) mice were
within the limits of agreement (LoA) (Figures 1-3). These
are detailed in Tables 1 and 2, respectively. The COV of
intra-observer variability was 4.4%-6.59%, 6.1%—6.51%
and 4.14%-4.65% in MT, MV and MA, respectively
(Table 1). The COV of inter-observer variability was
16.26%-23.05%, 11.82%—16.58% and 13.27%—-41.07% in
MT, MV and MA, respectively (Table 2). The level of
reliability was excellent for intra-observer variability
(ICC values 0.98-0.99) (Table 1) and moderate to excel-
lent for inter-observer variability (ICC values 0.64-0.96)
(Table 2).

3.2 | Effect of anti-VEGF on blood flow

Ten eyes of five Ins2 (Akita) diabetic mice were used to
assess the longitudinal effects of anti-VEGF on RBF.
Table 3 shows the estimated marginal means of MT val-
ues following treatment. Based on estimated marginal
means®, Table 4 shows the statistical significance of dif-
ferences in mean MT values after treatment across dif-
ferent timepoints.

The longitudinal changes of retinal blood flow in
ONH region are shown in Figure 1. Figure 2 shows the
longitudinal changes in mean MT values across 28 days
of treatment. There was a statistically significant
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FIGURE 1 Representative LSFG images showing the longitudinal changes of retinal blood flow in optic nerve head region in the same
Akita mouse at pre-treatment, day 7, 14, 21 and 28 days post-treatment. I, inferior quadrant; N, nasal quadrant; S, superior quadrant; T,
temporal quadrant. The colour scale is shown at the bottom right.
TABLE 1 Repeatability of mean blur rate in the optic nerve head region of wild type (C57BL/6J) mice.
MT MV MA
Region of measurement COV % CR ICC COV % CR ICC COV % CR ICC
Superior 6.59 1.27 0.98 6.51 3.26 0.99 4.65 1.3 0.99
Inferior 5.81 1.08 0.99 6.45 3.54 0.99 4.31 1.2 0.99
Nasal 5.97 1.29 0.99 6.32 3.65 0.99 5.24 1.85 0.99
Temporal 44 0.8 0.99 6.1 3.07 0.99 4.14 1.03 0.99
Abbreviations: COV, coefficient of variation; CR, Coefficient of repeatability; ICC, Interclass correlation coefficient.
TABLE 2 Reproducibility of mean blur rate in the optic nerve head region of wild type (C57BL/6J) mice.
MT MV MA
Region of measurement COV % CR ICC COV % CR ICC COV % CR ICC
Superior 18.2 1.66 0.87 16.58 4.68 0.89 41.07 5.81 0.64
Inferior 14.35 1.34 0.95 14.74 4.57 0.84 14.16 2.19 0.9
Nasal 23.05 2.39 0.9 11.82 3.78 0.93 13.27 2.44 0.96
Temporal 16.26 1.69 0.94 14.21 4.53 0.87 13.75 2.61 0.95

Abbreviations: COV, coefficient of variation; CR, Coefficient of repeatability; ICC, Interclass correlation coefficient.

increase in RBF in all quadrants of MT region of ONH
at day 21 post-injection compared to pre-injection
(p<0.05). On the other hand, no statistically signifi-
cant differences in IOP were observed longitudinally
(p>0.05). Table 5 shows the mean IOP values of mice in
right and left eyes throughout the period of treatment.
Figure 3 represents the mean IOP changes through-
out treatment. Although increased IOP was observed
in both eyes of each animal at day 28 post-injection
compared to pre-injection (Figure 3), the difference
from the baseline IOP was not statistically significant
(p>0.05) at all timepoints.

4 | DISCUSSION

Laser speckle flowgraphy appears to be a precise
method of measuring RBF across various types of tis-
sue (MT, MV, MA) and regions (superior, inferior, nasal,
temporal) of ONH. The level of reliability was found to
be excellent for repeatability measurements (ICC val-
ues 0.98-0.99). Similar findings were observed by Luft
et al. (2016), where measurements of RBF via LSFG
were successfully obtainable, reproducible and not in-
fluenced by pharmacological pupil dilation in 20 eyes of
20 healthy Caucasian subjects. Wada et al. (2016) also



TABLE 3 Table showing the estimated marginal means of MT values in diabetic mice at pre-treatment, day 7, 14, 21 and 28 days
post-treatment.
MTS (AU) MTN (AU) MTI (AU) MTT (AU)
Mean (AU) Std. error Mean (AU) Std. error Mean (AU) Std. error Mean (AU) Std. error
Baseline 4.541 0.588 4.943 0.618 4.905 0.549 4.692 0.643
Day 7 4724 0.576 4.899 0.603 4.974 0.536 5.030 0.630
Day 14 5.914 0.606 6.675 0.639 6.316 0.566 6.527 0.662
Day 21 6.629 0.620 7.298 0.656 7.351 0.581 7.401 0.677
Day 28 6.922 0.606 6.722 0.639 6.700 0.566 7.012 0.662

Note: Adjustment for multiple comparisons: Bonferroni.

TABLE 4 Table showing statistical significance of the differences in mean MT values in diabetic mice at pre-treatment, day 7, 14, 21 and

28 days post-treatment.

Univariate
Pairwise comparisons® analysisb
95% confidence interval for
difference
Mean Lower Upper
ONH region Timeline difference Std. error  bound bound p value® p value
Akita MT-S (AU) Baseline Day 7 —0.183 0.606 —-1.957 1.591 1.000 0.001
Day 14 -1.373 0.635 —3.230 0.484 0.350
Day 21 —2.087* 0.650 —3.989 —0.186 0.022
Day 28 —2.381* 0.635 —4.237 —-0.524 0.004
Akita MT-N (AU) Baseline Day 7 0.043 0.691 -1.979 2.066 1.000 0.003
Day 14 —-1.733 0.723 —3.845 0.379 0.199
Day 21 =255+ 0.740 —4.518 —0.192 0.024
Day 28 -1.779 0.723 —-3.891 0.333 0.170
Akita MT-1 (AU) Baseline Day 7 —-0.069 0.591 -1.799 1.662 1.000 0.001
Day 14 —1.411 0.619 —3.220 0.398 0.265
Day 21 —2.446* 0.634 —4.299 —0.594 0.003
Day 28 -1.795 0.619 —3.604 0.014 0.053
Akita MT-T (AU) Baseline Day 7 -0.339 0.654 —2.251 1.574 1.000 0.000
Day 14 —1.835 0.685 —3.837 0.167 0.097
Day 21 —2.709* 0.701 —4.759 —0.659 0.003
Day 28 —2.320* 0.685 —4.322 —0.318 0.013

Note: Day 7, 14, 21 and 28 are post injection readings.Abbreviations: Baseline, pre-treatment; I,

ONH, optic nerve head region; S, superior quadrant; T, temporal quadrant.

This test is based on the linearly independent pairwise comparisons among the estimated marginal means (Bland & Altman, 1986).

"This test is based on the linearly independent pairwise comparisons among the estimated marginal means.

“Adjustment for multiple comparisons: Bonferroni.

showed good reliability of LSFG in measuring longitudi-
nal changes in optic nerve head blood flow in 9 rats over
60weeks. LSFG appears to be able to produce consistent
results in RBF measurements during similar experimen-
tal conditions.

Laser speckle flowgraphy appears also to consistently
produce similar RBF measurements across indepen-
dent operators. Our study revealed moderate to excel-
lent reliability for reproducibility measurements (ICC
values 0.64-0.96). Shiga et al. (2014) showed that LSFG
is a fast and reproducible method of measuring ocular
blood flow in 65 eyes of 65 patients with normal tension
glaucoma (NTG) and 22 eyes of healthy control subjects.
Reproducibility analysis demonstrated that the COV for
RBF was 5.9%+3.6%. Excellent reproducibility of LSFG
was also reported by Calzetti et al. (2018), where ICC for

inferior quadrant; MT, mean blur rate of tissue; N, nasal quadrant;

choroidal vessel diameter (CVD) and relative flow vol-
ume (RFYV) in choroidal vessels of 31 eyes of 31 healthy,
non-smoking subjects was greater than 0.8.

There were minimal differences in measurements
when examining for both repeatability of MV (ICC
values 0.99) and MT (ICC values 0.98-0.99), as well as
reproducibility of MV (ICC values 0.84-0.93) and MT
(ICC values 0.87-0.95). However, the reproducibility of
MBR in the superior optic nerve head region appears to
be lowest (ICC value 0.64) compared to other regions.
Tomita et al. (2020) reported that the MBR was signifi-
cantly greater in the superior retina than the inferior ret-
ina. A greater retina flow may result in greater variability
in results upon resetting the position of mice's head as
LSFG is dependent on average flow velocity, which is in-
creased with greater flow (Sugiyama et al., 2010).
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FIGURE 2 Representative diagram showing longitudinal changes of mean MT values in diabetic mice at pre-treatment, day 7, 14, 21 and
28 days post-treatment. I, inferior quadrant; N, nasal quadrant; PI, Post injection; S, superior quadrant; T, temporal quadrant.

TABLE 5 Table showing mean IOP values of mice at pre-treatment, day 7, 14, 21 and 28 days post-treatment.

Day 14 Day 21 Day 28
11.3 12.0 11.6
10.4 10.5 12.2

Baseline Day 7
IOP OD (mmHg) 11.2 10.6
IOP OS (mmHg) 10.5 9.9
201
-= JOP OS
154 -»- |IOP OD
& 10-
5.
0 T T T T r
x N N N N
&&o ‘{\Q u”‘q q."Q q?’Q
> X4 ) ) )
0 ’ée Q o o° o°
<

FIGURE 3 Longitudinal changes in mean IOP in Akita mice
(n=8) pre-treatment and post-treatment. PI, post injection.

Vascular endothelial growth factor increases the ex-
pression of intercellular adhesion molecule-1 (ICAM-
1) on capillary endothelial cells (Lu et al., 1999). This
causes the binding of leukocytes to retinal vessels,
triggering apoptosis, cell death (Ferrara & Davis-
Smyth, 1997) and resulting in retinal ischaemia. VEGF
also increases vascular permeability (Ku et al., 1993),
causes endothelial cell migration and vasodilation,
and reduces pericyte function, resulting in a leakage
of fluid and protein from the vasculature (Greenberg
et al., 2008).

Anti-VEGF therapy inhibits the above pathological
processes, limits leukocyte recruitment and improves
retinal ischemia. Our study demonstrates a signifi-
cant increase in RBF at days 21 and 28 post-injection
of intravitreal anti-VEGF. The rapid efficacy of anti-
VEGF I month post injection is similarly noted in the
RESOLVE, RESTORE, RISE and RIDE studies for

diabetic macular oedema where a single-agent ranibi-
zumab gained the best BCVA when compared to laser
treatment alone or in association with laser treatment
itself (Kimoto & Kubota, 2012; Massin et al., 2010;
Nguyen et al., 2009, 2012; Simha et al., 2020). Patients
treated with aflibercept were also noted to show im-
provements in BCVA from 1 month post injection based
on the VISTADME and VIVIDDME trials (Korobelnik
et al., 2014). Although different markers and types of
anti-VEGF may be used, these studies are in keeping
with ours of the rapid efficacy of intravitreal anti-VEGF
therapy.

In our study, the superior quadrant of the retina
demonstrated the lowest RBF compared to all other
quadrants. This is in contrast to a study by Tomita
et al. (2020), where blood flow was measured in sitting
position of 68 healthy subjects. Retina flow volume was
noted to be greater in the superior retina than in the in-
ferior retina. The results may be explained by the wide
difference in duration of measurements — 30min total
in Tomita et al.'s (2020) study, compared to 28days in
our study. There may also be blood flow differences in
humans compared to diabetic Akita mice. For exam-
ple, tissue oxygenation was noted to be decreased by
40% after approximately 6 months of diabetes in mice
(Bakri et al., 2008), suggesting that most of the decrease
in RBF in these mice may be attributed largely or solely
to diabetes.

While there was an increase in the IOP after anti-
VEGF therapy, this increase was not statistically sig-
nificant when observed longitudinally. The mechanism
for the initial increase in IOP after anti-VEGF therapy
is not yet well understood. Direct damage of trabecu-
lar meshwork cells by anti-VEGF has been postulated
(Bakri et al., 2008) but could not be demonstrated in
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cultured human cells (Kernt et al., 2007). Another pos-
tulation suggests that inflammation caused by anti-
VEGTF treatment in the form of trabeculitis (Adelman
et al., 2010) causes damage to the trabecular meshwork
and increases IOP. Recent studies have shown that the
risk of developing sustained high IOPs after anti-VEF
therapy is uncommon (Atchison et al., 2018; Nariani
et al.,, 2016). In a study by Nariani et al. (2016) regard-
ing the long-term effect of anti-VEGF on IOP, the aver-
age pre-injection IOP for patients with DME was 15.7
and 14.4mmHg after 7-9 injections. Similarly, in an
analysis of the American Academy of Ophthalmology
Intelligent Research in Sight Registry (IRIS) by
Atchison et al. (2018), patients receiving bevacizumab,
aflibercept and ranibizumab injections showed a mean
decrease of 0.9 mmHg compared to 0.2mmHg in un-
treated eyes. Our study results support prior real-life
data, which suggests that anti-VEGF therapy may not
have a sustainable effect on IOP.

The good reliability and repeatability of LSFG in
RBF measurements have implications for its potential
for screening, diagnosis, monitoring and management
of various retinal diseases. An investigative tool with
minimal inter- and intra-observer variability may have
further potential for screening and diagnosis as it allows
for more consistent results while reducing observer bias
(Popovi¢ & Thomas, 2017). This study is not without
limitations. Firstly, the anaesthesia used for the mice
(ketamine hydrochloride and xylazine hydrochloride) in
this study may cause blood pressure reductions, which
in turn reduces RBF, and this may affect the accuracy
of our results (Moult et al., 2017). The mean heart rate of
both types of mice measured while awake were 550—-669
beats per minute and the mean systolic blood pressure
was 100-110mmHg. However, these values dropped to
370-450 beats per minute and 70-80mmHg after the
mice were anaesthetised. Secondly, although the ocular
beds are autoregulated (Iester et al., 2007; Pournaras
et al, 2008; Schmidl et al., 2011, Venkataraman
et al., 2010), blood pressure may fall outside the auto-
regulatory range. Autoregulation is achieved by the
adaptation of the vascular tone of the resistance vessels
(arterioles, capillaries) to changes in the perfusion pres-
sure or metabolic needs of the tissue. It attempts to keep
the retinal blood flow constant despite changes in ocular
perfusion pressure within a set range of blood pressure
changes. Autoregulation may fail to work outside of this
autoregulatory blood pressure range, and this may affect
retinal perfusion. Finally, while pupil dilatation deter-
mines the image quality obtained by LSFG, it is difficult
to ensure that the pupil width remains the same for each
operator despite administration of topical tropicamide.
No study has systematically explored the relationship
between pupil size and NBR (Sugiyama et al., 2010).
Tropicamide itself has also been shown to reduce retinal
capillary blood flow (Harazny et al., 2013), and this may
further contribute to the variability of blood flow in var-
ious regions of the eye.

Our experiments for repeatability and reproduc-
ibility were conducted in wild-type mice with normal
RBF. However, inter- and intra-observer variability in
RBF measurements may be influenced by pathological

characteristics in ocular disease. For example, Pechauer
et al.'s (2018) study showed that total RBF was signifi-
cantly reduced in more severe DR compared with control
or early NPDR, consistent with previous reports of RBF
in proliferative DR using Doppler OCT. However, laser
Doppler studies have reported both decreased and in-
creased retinal blood flow in PDR. These conflicting re-
sults show that DR is not a linear disease with predictable
clinical manifestations. The haemodynamics of vessels
and genetic and cellular factors may affect retinal blood
flow measurements. Experimental models have also
shown that bolus hyperglycaemia can increase retinal
blood flow (Sullivan etal., 1990). Further studies involving
the use of LSFG in diseased or genetically modified mice
with retinal pathologies may be necessary to assess the
repeatability of LSFG in RBF measurements. Secondly,
the mice in this study were anaesthetised, so any move-
ment was artificially removed. Involuntary movements
from the subjects were completely negated and hence did
not affect the reliability and repeatability measurements
of LSFG. While in real-life application of the LSFG pa-
tient movements may be minimized by standardizing the
distance of patient's eyes to the LSFG machine and with
other mechanical restraints, it will not be possible to en-
tirely replicate these experimental conditions.

5 | CONCLUSIONS

In conclusion, LSFG is a reliable non-invasive method
of determining RBF in wild-type C57BL/6J mouse with
excellent repeatability and good reproducibility. These
findings may aid in diagnosing diseases associated with
RBF changes, as well as in monitoring progression and
response to therapy. This study is one of the first of its
kind to examine the effect of anti-VEGF on RBF in dia-
betic mice using LSFG. Early RBF data may be particu-
larly beneficial in patients with high visual requirements
or with an only-seeing eye, where a change in treatment
regimen or drug may be required early to prevent further
damage to the eye. Because of LSFG's high reproduc-
ibility even after drug intervention, the same site and eye
may be monitored non-invasively without contrast over
time. It was also noted that intravitreal anti-VEGF injec-
tion causes a significant increase in RBF (MT values)
at ONH region in Ins2 (Akita) diabetic mice, without
demonstrating a sustainable increase in IOP. Anti-VEGF
therapy may prevent retinal ischaemia and improve
blood circulation without increased risk of developing
glaucoma. These findings may play a crucial role in reti-
nal cell therapy in patients with DR.

FUNDING INFORMATION

This study was supported by NMRC/CNIGI14NOV005
and NMRC/CG-INCEPTOR/Pre-Clinical Core
Platform/2017_SERI.

ORCID

Leopold Schmetterer (® https://orcid.
org/0000-0002-7189-1707

Rupesh Agrawal (© https://orcid.
org/0000-0002-6662-5850


https://orcid.org/0000-0002-7189-1707
https://orcid.org/0000-0002-7189-1707
https://orcid.org/0000-0002-7189-1707
https://orcid.org/0000-0002-6662-5850
https://orcid.org/0000-0002-6662-5850
https://orcid.org/0000-0002-6662-5850

SU ET AL.

€933

REFERENCES

Adelman, R.A., Zheng, Q. & Mayer, H.R. (2010) Persistent ocular hy-
pertension following intravitreal bevacizumab and ranibizumab
injections. Journal of Ocular Pharmacology and Therapeutics,
6(1), 105-110. Available from: https://doi.org/10.1089/j0p.20009.
0076

Aizawa, N., Kunikata, H., Nitta, F., Shiga, Y., Omodaka, K.,
Tsuda, S. et al. (2016) Age- and sex-dependency of laser speckle
Flowgraphy measurements of optic nerve vessel microcircula-
tion. PLoS One, 11(2), ¢0148812. Available from: https://doi.org/
10.1371/journal.pone.0148812

Aizawa, N., Nitta, F., Kunikata, H., Sugiyama, T., Ikeda, T., Araie, M.
et al. (2014) Laser speckle and hydrogen gas clearance measure-
ments of optic nerve circulation in albino and pigmented rabbits
with or without optic disc atrophy. Investigative Ophthalmology
& Visual Science, 55(12), 7991-7996. Available from: https://doi.
org/10.1167/iovs.14-15373

Aizawa, N., Yokoyama, Y., Chiba, N., Omodaka, K., Yasuda, M.,
Otomo, T. et al. (2011) Reproducibility of retinal circulation
measurements obtained using laser speckle flowgraphy-NAVI
in patients with glaucoma. Clinical Ophthalmology, 5, 1171-1176.
Available from: https://doi.org/10.2147/OPTH.S22093

Atchison, E.A., Wood, K.M., Mattox, C.G., Barry, C.N.,, Lum, F. &
MacCumber, M.W. (2018) The real-world effect of Intravitreous
anti-vascular endothelial growth factor drugs on intraocular
pressure: an analysis using the IRIS registry. Ophthalmology,
125(5), 676—-682. Available from: https://doi.org/10.1016/j.ophtha.
2017.11.027

Bakri, S.J., McCannel, C.A., Edwards, A.O. & Moshfeghi, D.M.
(2008) Persisent ocular hypertension following intravitreal
ranibizumab. Graefe's Archive for Clinical and Experimental
Ophthalmology, 246(7), 955-958. Available from: https://doi.org/
10.1007/s00417-008-0819-2

Bates, D.O. (2010) Vascular endothelial growth factors and vascular
permeability. Cardiovascular Research, 87(2), 262-271. Available
from: https://doi.org/10.1093/cvr/cvql05

Bek, T. (2017) Diameter changes of retinal vessels in diabetic retinopa-
thy. Current Diabetes Reports, 17(10), 82. Available from: https:/
doi.org/10.1007/s11892-017-0909-9

Bland, J.M. & Altman, D.G. (1986) Statistical methods for assess-
ing agreement between two methods of clinical measurement.
Lancet, 1(8476), 307-310.

Briers, J.D. & Fercher, A.F. (1982) Retinal blood-flow visualization by
means of laser speckle photography. Investigative Ophthalmology
& Visual Science, 22, 255-259.

Calzetti, G., Fondi, K., Bata, A.M., Luft, N., Wozniak, P.A.,
Witkowska, K.J. et al. (2018) Assessment of choroidal blood
flow using laser speckle flowgraphy. The British Journal of
Ophthalmology, 102(12), 1679-1683. Available from: https://doi.
org/10.1136/bjophthalmol-2017-311750

Chan, Y.H. (2004) Biostatistics 301 A. Repeated measurement analysis
(mixed models). Singapore Medical Journal, 45(10), 456—-460.

Cheung, N., Wong, L.Y. & Wong, T.Y. (2014) Ocular anti-VEGF ther-
apy for diabetic retinopathy: overview of clinical efficacy and
evolving applications. Diabetes Care, 37(4), 900-905. Available
from: https://doi.org/10.2337/dc13-1990

Doblhoff-Dier, V., Schmetterer, L., Vilser, W., Garhofer, G., Groschl,
M., Leitgeb, R.A. et al. (2014) Measurement of the total retinal
blood flow using dual beam Fourier-domain Doppler optical co-
herence tomography with orthogonal detection planes. Biomed.
Optics Express, 5(2), 630—-642. Available from: https://doi.org/10.
1364/BOE.5.000630

Fercher, A.F. & Briers, J.D. (1981) Flow visualization by means of
single-exposure speckle photography. Optics Communication,
37,326-330. Available from: https://doi.org/10.1016/0030-4018(81)
90428-4

Ferrara, N. & Davis-Smyth, T. (1997) The biology of vascular endo-
thelial growth factor. Endocrine Reviews, 18(1), 4-25. Available
from: https://doi.org/10.1210/edrv.18.1.0287

Flaxman, S.R., Bourne, R.R.A., Resnikoff, S., Ackland, P,
Braithwaite, T., Cicinelli, M.V. et al. (2017) Vision loss expert
Group of the Global Burden of disease study. Global causes
of blindness and distance vision impairment 1990-2020: a sys-
tematic review and meta-analysis. Lancet glob. Health, 5(12),

el221-el234. Available
109X(17)30393-5

Garhofer, G., Werkmeister, R., Dragostinoff, N. & Schmetterer, L.
(2012) Retinal blood flow in healthy young subjects. Investigative
Ophthalmology & Visual Science, 53(2), 698-703. Available from:
https://doi.org/10.1167/iovs.11-8624

Greenberg, J.I., Shields, D.J., Barillas, S.G., Acevedo, L.M., Murphy,
E., Huang, J. et al. (2008) A role for VEGF as a negative regulator
of pericyte function and vessel maturation. Nature, 456(7223),
809-813. Available from: https://doi.org/10.1038/nature07424

Gupta, N., Mansoor, S., Sharma, A., Sapkal, A., Sheth, J,
Falatoonzadeh, P. et al. (2013) Diabetic retinopathy and VEGF.
The Open Ophthalmology Journal, 7, 4-10. Available from:
https://doi.org/10.2174/1874364101307010004

Haindl, R., Trasischker, W., Wartak, A., Baumann, B., Pircher, M. &
Hitzenberger, C.K. (2016) Total retinal blood flow measurement
by three beam Doppler optical coherence tomography. Biomed.
Optics Express, 7(2), 287-301. Available from: https://doi.org/10.
1364/BOE.7.000287

Harazny, J.M., Schmieder, R.E., Welzenbach, J. & Michelson, G.
(2013) Local application of tropicamide 0.5% reduces retinal cap-
illary blood flow. Blood Pressure, 22(6), 371-376. Available from:
https://doi.org/10.3109/08037051.2013.782956

Harris, A., Chung, H.S., Ciulla, T.A. & Kagemann, L. (1999) Progress
in measurement of ocular blood flow and relevance to our un-
derstanding of glaucoma and age-related macular degeneration.
Progress in Retinal and Eye Research, 18(5), 669—-687. Available
from: https://doi.org/10.1016/s1350-9462(98)00037-8

Iester, M., Torre, P.G., Bricola, G., Bagnis, A. & Calabria, G. (2007)
Retinal blood flow autoregulation after dynamic exercise in
healthy young subjects. Ophthalmologica, 221(3), 180-185.
Available from: https://doi.org/10.1159/000099298

Kernt, M., Welge-Liissen, U., Yu, A., Neubauer, A.S. & Kampik, A.
(2007) Bevacizumab (2007): Wirkt nicht toxisch auf Zellen des
menschlichen Auge [bevacizumab is not toxic to human ante-
rior- and posterior-segment cultured cells] Ophthalmologe.
Germanica, 104(11), 965-971. Available from: https://doi.org/10.
1007/s00347-007-1569-y

Kimoto, K. & Kubota, T. (2012) Anti-VEGF agents for ocular angio-
genesis and vascular permeability. Journal of Ophthalmology,
2012, 852183. Available from: https://doi.org/10.1155/2012/
852183

Korobelnik, J.F., Do, D.V., Schmidt-Erfurth, U., Boyer, D.S., Holz,
F.G., Heier, J.S. et al. (2014) Intravitreal aflibercept for diabetic
macular edema. Ophthalmology, 121(11), 2247-2254. Available
from: https://doi.org/10.1016/j.ophtha.2014.05.006

Ku, D.D., Zaleski, J.K., Liu, S. & Brock, T.A. (1993) Vascular endo-
thelial growth factor induces EDRF-dependent relaxation in
coronary arteries. The American Journal of Physiology, 265(2 Pt
2), H586-H592. Available from: https://doi.org/10.1152/ajpheart.
1993.265.2.H586

Kunikata, H. & Nakazawa, T. (2016) Recent clinical applications
of laser speckle Flowgraphy in eyes with retinal disease. Asia-
Pacific Journal of Ophthalmology (Philadelphia), 5(2), 151-158.
Available from: https://doi.org/10.1097/AP0O.0000000000000160

Lu, M., Perez, V.L., Ma, N., Miyamoto, K., Peng, H.B., Liao, J.K.
et al. (1999) VEGF increases retinal vascular ICAM-1 expres-
sion in vivo. Investigative Ophthalmology & Visual Science, 40(8),
1808-1812.

Luft, N., Wozniak, P.A., Aschinger, G.C., Fondi, K., Bata, A.M.,
Werkmeister, R.M. et al. (2016) Ocular Blood flow measure-
ments in healthy white subjects using laser speckle Flowgraphy.
PL0oS One, 11(12), ¢0168190. Available from: https://doi.org/10.
1371/journal.pone.0168190

Madhusudhan, S. & Beare, N. (2014) Wide-field fluorescein
angiography in wet age-related macular degeneration.
ScientificWorldJournal, 2014, 536161. Available from: https://doi.
org/10.1155/2014/536161

Massin, P., Bandello, F., Garweg, J.G., Hansen, L.L., Harding, S.P,,
Larsen, M. et al. (2010) Safety and efficacy of ranibizumab in
diabetic macular edema (RESOLVE study): a 12-month, ran-
domized, controlled, double-masked, multicenter phase II study.
Diabetes Care, 33(11), 2399-2405. Available from: https://doi.org/
10.2337/dc10-0493

from: https://doi.org/10.1016/S2214-


https://doi.org/10.1089/jop.2009.0076
https://doi.org/10.1089/jop.2009.0076
https://doi.org/10.1371/journal.pone.0148812
https://doi.org/10.1371/journal.pone.0148812
https://doi.org/10.1167/iovs.14-15373
https://doi.org/10.1167/iovs.14-15373
https://doi.org/10.2147/OPTH.S22093
https://doi.org/10.1016/j.ophtha.2017.11.027
https://doi.org/10.1016/j.ophtha.2017.11.027
https://doi.org/10.1007/s00417-008-0819-2
https://doi.org/10.1007/s00417-008-0819-2
https://doi.org/10.1093/cvr/cvq105
https://doi.org/10.1007/s11892-017-0909-9
https://doi.org/10.1007/s11892-017-0909-9
https://doi.org/10.1136/bjophthalmol-2017-311750
https://doi.org/10.1136/bjophthalmol-2017-311750
https://doi.org/10.2337/dc13-1990
https://doi.org/10.1364/BOE.5.000630
https://doi.org/10.1364/BOE.5.000630
https://doi.org/10.1016/0030-4018(81)90428-4
https://doi.org/10.1016/0030-4018(81)90428-4
https://doi.org/10.1210/edrv.18.1.0287
https://doi.org/10.1016/S2214-109X(17)30393-5
https://doi.org/10.1016/S2214-109X(17)30393-5
https://doi.org/10.1167/iovs.11-8624
https://doi.org/10.1038/nature07424
https://doi.org/10.2174/1874364101307010004
https://doi.org/10.1364/BOE.7.000287
https://doi.org/10.1364/BOE.7.000287
https://doi.org/10.3109/08037051.2013.782956
https://doi.org/10.1016/s1350-9462(98)00037-8
https://doi.org/10.1159/000099298
https://doi.org/10.1007/s00347-007-1569-y
https://doi.org/10.1007/s00347-007-1569-y
https://doi.org/10.1155/2012/852183
https://doi.org/10.1155/2012/852183
https://doi.org/10.1016/j.ophtha.2014.05.006
https://doi.org/10.1152/ajpheart.1993.265.2.H586
https://doi.org/10.1152/ajpheart.1993.265.2.H586
https://doi.org/10.1097/APO.0000000000000160
https://doi.org/10.1371/journal.pone.0168190
https://doi.org/10.1371/journal.pone.0168190
https://doi.org/10.1155/2014/536161
https://doi.org/10.1155/2014/536161
https://doi.org/10.2337/dc10-0493
https://doi.org/10.2337/dc10-0493

SU ET AL.

Moult, E.M., Choi, W., Boas, D.A., Baumann, B., Clermont, A.C.,
Feener, E.P. et al. (2017) Evaluating anesthetic protocols for func-
tional blood flow imaging in the rat eye. Journal of Biomedical
Optics, 22(1), 16005. Available from: https://doi.org/10.1117/1.
JBO.22.1.016005

Nakazawa, T. (2016) Ocular Blood flow and influencing factors for
glaucoma. Asia-Pacific Journal of Ophthalmology (Philadelphia),
5(1), 38-44. Available from: https://doi.org/10.1097/AP0O.00000
00000000183

Nariani, A., Williams, B. & Hariprasad, S.M. (2016) Long-term effect
of anti-vascular endothelial growth factor injections on intraoc-
ular pressure. Indian Journal of Ophthalmology, 64(9), 643—647.
Available from: https://doi.org/10.4103/0301-4738.194329

National Research Council (US) Committee for the Update of the
Guide for the Care and Use of Laboratory Animals. (2011)
Guide for the care and use of laboratory animals, 8th edition.
Washington (DC): National Academies Press (US). Available
from: https://doi.org/10.17226/12910

Nguyen, Q.D., Brown, D.M., Marcus, D.M., Boyer, D.S., Patel, S.,
Feiner, L. et al. (2012) Ranibizumab for diabetic macular edema:
results from 2 phase III randomized trials: RISE and RIDE.
Ophthalmology, 119(4), 789-801. Available from: https://doi.org/
10.1016/j.ophtha.2011.12.039

Nguyen, Q.D., Shah, S.M., Heier, J.S., Do DV, L.J., Boyer, D.,
Abraham, P. et al. (2009) Primary end point (six months) re-
sults of the Ranibizumab for edema of the mAcula in diabetes
(READ-2) study. Ophthalmology, 116(11), 2175-2181.el. Available
from: https://doi.org/10.1016/j.ophtha.2009.04.023

Pechauer, A.D., Hwang, T.S., Hagag, A.M., Liu, L., Tan, O., Zhang,
X. et al. (2018) Assessing total retinal blood flow in diabetic ret-
inopathy using multiplane en face Doppler optical coherence to-
mography. The British Journal of Ophthalmology, 102(1), 126-130.
Available from: https://doi.org/10.1136/bjophthalmol-2016-310042

Pemp, B. & Schmetterer, L. (2008) Ocular blood flow in diabetes

and age-related macular degeneration. Canadian Journal of

Ophthalmology, 43(3), 295-301. Available from: https://doi.org/
10.3129/i08-049

Popovié, Z.B. & Thomas, J.D. (2017) Assessing observer variability:
a user's guide. Cardiovascular Diagnosis and Therapy, 7(3), 317—
324. Available from: https://doi.org/10.21037/cdt.2017.03.12

Portney, L.G. & Watkins, M.P. (2000) Foundations of clinical research:
applications to practice. New Jersey: Prentice Hall.

Pournaras, C.J., Rungger-Briandle, E., Riva, C.E., Hardarson, S.H. &
Stefansson, E. (2008) Regulation of retinal blood flow in health
and disease. Progress in Retinal and Eye Research, 27(3), 284-330.
Available from: https://doi.org/10.1016/j.preteyeres.2008.02.002

Riva, C.E., Geiser, M. & Petrig, B.L. (2010) Beijing 100193, Pr China
ocular Blood flow research association. Ocular blood flow
assessment using continuous laser Doppler flowmetry. Acta
Ophthalmologica, 88(6), 622—629. Available from: https://doi.org/
10.1111/5.1755-3768.2009.01621.x

Schmidl, D., Garhofer, G. & Schmetterer, L. (2011) The complex inter-
action between ocular perfusion pressure and ocular blood flow
—relevance for glaucoma. Experimental Eye Research, 93(2), 141—
155. Available from: https://doi.org/10.1016/j.exer.2010.09.002

Shiga, Y., Asano, T., Kunikata, H., Nitta, F., Sato, H., Nakazawa,
T. et al. (2014) Relative flow volume, a novel blood flow index
in the human retina derived from laser speckle flowgraphy.
Investigative Ophthalmology & Visual Science, 55(6), 3899-3904.
Available from: https://doi.org/10.1167/iovs.14-14116

Simha, A., Aziz, K., Braganza, A., Abraham, L., Samuel, P. &
Lindsley, K.B. (2020) Anti-vascular endothelial growth factor
for neovascular glaucoma. Cochrane Database of Systematic
Reviews, 2(2), CD007920. Available from: https://doi.org/10.1002/
14651858.CD007920.pub3

Spaide, R.F., Klancnik, J.M., Jr. & Cooney, M.J. (2015) Retinal vascular
layers imaged by fluorescein angiography and optical coherence
tomography angiography. JAMA Ophthalmology, 133(1), 45-50.
Available from: https://doi.org/10.1001/jamaophthalmol.2014.3616

Srienc, A.L, Kurth-Nelson, Z.L. & Newman, E.A. (2010) Imaging
retinal blood flow with laser speckle flowmetry. Frontiers in
Neuroenergetics, 15(2), 128. Available from: https://doi.org/10.
3389/fnene.2010.00128

Sugiyama, T., Araie, M., Riva, C.E., Schmetterer, L. & Orgul, S.
(2010) Use of laser speckle flowgraphy in ocular blood flow re-
search. Acta Ophthalmologica, 88(7), 723-729. Available from:
https://doi.org/10.1111/j.1755-3768.2009.01586.x

Sullivan, P.M., Davies, G.E., Caldwell, G., Morris, A.C. & Kohner,
E.M. (1990) Retinal blood flow during hyperglycemia. A laser
Doppler velocimetry study. Investigative Ophthalmology & Visual
Science, 31(10), 2041-2045.

Tah, V., Orlans, H.O., Hyer, J., Casswell, E., Din, N., Sri
Shanmuganathan, V. et al. (2015) Anti-VEGF therapy and
the retina: an update. Journal of Ophthalmology, 2015, 627674.
Available from: https://doi.org/10.1155/2015/627674

Takahashi, N., Kunikata, H., Yasuda, M., Hariya, T., Nishiguchi,
K.M. & Nakazawa, T. (2021) Polypoidal choroidal vasculopathy
in a case of retinitis pigmentosa, successfully treated with in-
travitreal aflibercept. American Journal of Ophthalmology Case
Reports, 24(23), 101123. Available from: https:/doi.org/10.1016/j.
ajoc.2021.101123

Tomita, R., Iwase, T., Ueno, Y., Goto, K., Yamamoto, K., Ra, E. et al.
(2020) Differences in Blood flow between superior and infe-
rior retinal hemispheres. Investigative Ophthalmology & Visual
Science, 61(5), 27. Available from: https://doi.org/10.1167/iovs.
61.5.27

Venkataraman, S.T., Flanagan, J.G. & Hudson, C. (2010) Vascular
reactivity of optic nerve head and retinal blood vessels in glau-
coma-a review. Microcirculation, 17(7), 568—581. Available from:
https://doi.org/10.1111/j.1549-8719.2010.00045.x

Wada, Y., Higashide, T., Nagata, A. & Sugiyama, K. (2016)
Longitudinal changes in optic nerve head Blood flow in Normal
rats evaluated by laser speckle Flowgraphy. [Investigative
Ophthalmology & Visual Science, 57(13), 5568-5575. Available
from: https://doi.org/10.1167/i0vs.16-19945

Wei, X., Balne, P.K., Meissner, K.E., Barathi, V.A., Schmetterer, L.
& Agrawal, R. (2018) Assessment of flow dynamics in retinal
and choroidal microcirculation. Survey of Ophthalmology, 63(5),
646-664. Available from: https://doi.org/10.1016/j.survophthal.
2018.03.003

Werkmeister, R.M., Dragostinoff, N., Palkovits, S., Told, R., Boltz,
A., Leitgeb, R.A. et al. (2012) Measurement of absolute blood
flow velocity and blood flow in the human retina by dual-beam
bidirectional Doppler fourier-domain optical coherence tomog-
raphy. Investigative Ophthalmology & Visual Science, 53(10),
6062-6071. Available from: https://doi.org/10.1167/iovs.12-9514

Werkmeister, R.M., Palkovits, S., Told, R., Groschl, M., Leitgeb,
R.A., Garhofer, G. et al. (2012) Response of retinal blood flow
to systemic hyperoxia as measured with dual-beam bidirectional
Doppler Fourier-domain optical coherence tomography. PLoS
One, 7(9), €45876. Available from: https://doi.org/10.1371/journal.
pone.0045876

Yamaguchi, C., Kunikata, H., Hashimoto, K., Yoshida, M.,
Ninomiya, T., Hariya, T. et al. (2022) De novo Vogt-Koyanagi-
Harada disease after vaccination for COVID-19, successfully
treated with systemic steroid therapy and monitored with laser
speckle flowgraphy. American Journal of Ophthalmology Case
Reports, 11(27), 101616. Available from: https://doi.org/10.1016/j.
ajoc.2022.101616

Yorston, D. (2014) Anti-VEGF drugs in the prevention of blindness.
Community Eye Health, 27(87), 44-46.

How to cite this article: Su, Z.Z.S., Ang, BC.H,,
Balne, PK., Tun, S.B.B., Htoon, H.M., Schmetterer,
L. et al. (2024) Effect of anti-VEGF on retinal
blood flow in diabetic mice using laser speckle
flowgraphy. Acta Ophthalmologica, 102, €926—e934.
Available from: https://doi.org/10.1111/a0s.16672


https://doi.org/10.1117/1.JBO.22.1.016005
https://doi.org/10.1117/1.JBO.22.1.016005
https://doi.org/10.1097/APO.0000000000000183
https://doi.org/10.1097/APO.0000000000000183
https://doi.org/10.4103/0301-4738.194329
https://doi.org/10.17226/12910
https://doi.org/10.1016/j.ophtha.2011.12.039
https://doi.org/10.1016/j.ophtha.2011.12.039
https://doi.org/10.1016/j.ophtha.2009.04.023
https://doi.org/10.1136/bjophthalmol-2016-310042
https://doi.org/10.3129/i08-049
https://doi.org/10.3129/i08-049
https://doi.org/10.21037/cdt.2017.03.12
https://doi.org/10.1016/j.preteyeres.2008.02.002
https://doi.org/10.1111/j.1755-3768.2009.01621.x
https://doi.org/10.1111/j.1755-3768.2009.01621.x
https://doi.org/10.1016/j.exer.2010.09.002
https://doi.org/10.1167/iovs.14-14116
https://doi.org/10.1002/14651858.CD007920.pub3
https://doi.org/10.1002/14651858.CD007920.pub3
https://doi.org/10.1001/jamaophthalmol.2014.3616
https://doi.org/10.3389/fnene.2010.00128
https://doi.org/10.3389/fnene.2010.00128
https://doi.org/10.1111/j.1755-3768.2009.01586.x
https://doi.org/10.1155/2015/627674
https://doi.org/10.1016/j.ajoc.2021.101123
https://doi.org/10.1016/j.ajoc.2021.101123
https://doi.org/10.1167/iovs.61.5.27
https://doi.org/10.1167/iovs.61.5.27
https://doi.org/10.1111/j.1549-8719.2010.00045.x
https://doi.org/10.1167/iovs.16-19945
https://doi.org/10.1016/j.survophthal.2018.03.003
https://doi.org/10.1016/j.survophthal.2018.03.003
https://doi.org/10.1167/iovs.12-9514
https://doi.org/10.1371/journal.pone.0045876
https://doi.org/10.1371/journal.pone.0045876
https://doi.org/10.1016/j.ajoc.2022.101616
https://doi.org/10.1016/j.ajoc.2022.101616
https://doi.org/10.1111/aos.16672

	Effect of anti-­VEGF on retinal blood flow in diabetic mice using laser speckle flowgraphy
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	3|RESULTS
	3.1|Repeatability and reproducibility
	3.2|Effect of anti-­VEGF on blood flow

	4|DISCUSSION
	5|CONCLUSIONS
	FUNDING INFORMATION
	REFERENCES


