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Purpose: This study evaluates the effect of anti-vascular endothelial growth factor (anti-
VEGF) therapy on microaneurysm changes and foveal avascular zone (FAZ) using optical
coherence tomography angiography (OCTA) in patients with diabetic macular edema
(DME).

Design: Prospective observational study.

Materials and Methods: This study involved patients with DME undergoing anti-VEGF
treatment (aflibercept, ranibizumab, and bevacizumab). Macula OCTA images were obtained
before (visit 0) and 1 month after (visit 1) anti-VEGF injection. Microaneurysm counts were
performed, and the FAZ was evaluated in the superficial capillary plexus (SCP) and deep
capillary plexus (DCP). The differences in microaneurysms, FAZ, and clinical correlations
were analyzed.

Results: A total of 152 eyes were analyzed. The patients’ mean age was 59 years.
Bevacizumab was used in 69.7%, ranibizumab in 15.1%, and aflibercept in 15.1%. There
was a significant reduction in the FAZ in the SCP and DCP between visits 0 and 1. All anti-
VEGF medications reduced the number of microaneurysms (p<0.01). After treatment,
changes in the FAZ in SCP and DCP corresponded with changes in visual acuity (p<0.01).
Conclusion: Microaneurysms as detected by OCTA might serve as a biomarker for
a clinical response to anti-VEGF treatment in the short term. The FAZ might also predict
visual acuity improvement after anti-VEGF injection.

Trial Registration: Thai Clinical Trials Registry (TCTR20161010005).

Keywords: diabetic macular edema, diabetic retinopathy, foveal avascular zone,
microaneurysms, anti-VEGF, OCT-A

Background

Pericyte loss and endothelial cell proliferation in patients with diabetic retinopathy
(DR) weaken the vascular walls, resulting in the formation of microaneurysms
(MAs) and increased vascular permeability by upregulation of inflammatory cyto-
kines. These changes lead to the development of diabetic macular edema (DME)."
Early detection and close follow-up can diminish the progression of DME. An MA
itself is one imaging biomarker used to detect the progression of DR and assess the
pathophysiological treatment response of central-involved macular edema in
patients with type 2 diabetes.” Vascular endothelial growth factor (VEGF) is the
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main factor associated with the development of retinal
vascular hyperpermeability; thus, anti-VEGF agents are
used as the primary treatment for DME, effectively
improving macular edema and vision in most patients.
The efficacy of different anti-VEGF medications has
been compared in many randomized controlled trials in
terms of visual acuity and reduction of macular thickness
shown by optical coherence tomography (OCT).?

OCT angiography (OCTA) is able to show changes
in patients with DR and is noninferior to fundus fluor-
escein angiography (FA). In a swept source OCTA (ss-
OCTA) study of patients with diabetic maculopathy,
41% showed enlargement of the foveal avascular zone
(FAZ) on OCTA, and 100% of microvascular lesions,
DME, and neovascularization of the optic disc seen on
fundus FA were also detected on OCTA.* OCTA can
demonstrate MAs, vascular nonperfusion, vascular
loops, microvascular abnormalities, neovascularization,
some intraretinal fluid patterns, and cotton wool spots
consistent with fundus FA findings.” Salz et al.°
reported that the sensitivity and specificity of detection
of MAs by ss-OCTA versus fundus FA were 85% and
75%, respectively, and that the retinal depth of 100%
of MAs could be located by ss-OCTA. Patients with
DR exhibit FAZ enlargement, and with the ability to
determine the microvascular lesion depth by OCTA,
the superficial capillary plexus (SCP) and deep capil-
lary plexus (DCP) have been found to differ in patients
with DR.” The DCP plays an important role in oxyge-
nation of the outer retina and has been shown to be
related to macular photoreceptor disruption, which
leads to deterioration of visual acuity.>” OCTA also
helps in DME in terms of the differentiation of cystoid
space and nonperfused area by the location of the flow
void area; this is not correlated with the distribution
around the foveal capillary, and an irregular border can
be shown in the nonperfused area.”'’ In comparison
with the standard ophthalmic clinical examination,
OCTA can detect foveal microvascular changes that
are missed by the clinical fundus examination.'!

The present study was performed to evaluate the effect
of anti-VEGF agents on MA changes using OCTA in
patients with DME. The secondary main objective was to
compare structural changes of DME in patients treated
with aflibercept, bevacizumab, and ranibizumab and
describe the OCTA findings in association with the visual

outcome.

Materials and Methods

This prospective descriptive analytic study was conducted
at King Chulalongkorn Memorial Hospital (KCMH),
Bangkok, Thailand. The institutional review board of the
Faculty of Medicine, Chulalongkorn University approved
the study (IRB number 395/59). All patients were given
a full explanation of the study, and written informed con-
sent was obtained prior to enrollment. The study protocol
adhered to tenets of the Declaration of Helsinki. The study
was registered with the Thai Clinical Trials Registry
before its commencement (TCTR20161010005).

Among patients with a diagnosis of DME who pre-
sented to the outpatient clinic of KCMH, those who under-
went a comprehensive eye examination and routine
diagnostic evaluation and who planned to undergo treat-
ment with an intravitreal anti-VEGF agent (aflibercept,
ranibizumab, or bevacizumab) were included in the study
from June 2016 to July 2017. The exclusion criteria were
an age of <18 years, severe media opacity, prior macular
laser or intravitreal steroid treatment of DME (including
focal/grid laser therapy or intravitreal steroid injection/
implantation), other eye diseases that cause retinal micro-
vascular changes (including eye injuries, retinal detach-
surgery,
glaucoma, uveitis, retinal vascular disease, hereditary and

ment previous surgery within 3 months,
degenerative macular disease, and retinal and choroidal
detachment), and outer retinal structural changes defined
by OCT (large drusen, large retinal pigment epithelium
detachment, or loss of the ellipsoid layer). Demographic
data were recorded. Information on visual acuity, OCTA
imaging findings, central macular thickness (CMT), and
the FAZ area were collected and compared between two
time points: prior to intravitreal injection (Week 0) and
approximately 4 weeks (Week 4) after injection. The CMT
is obtained by center volumetric 1000 microns of auto-
mated ETDRS grid from OCT machine.

OCTA images were obtained using an ss-OCT device
(DRI OCT Triton; Topcon Corporation, Tokyo, Japan) with
a central wavelength of 1050 nm. Image scans were taken
from 3 x 3-mm cubes, with each cube containing 320
clusters of four repeated B-scans centered on the fovea. En
face images of the retinal vasculature were generated from
the superficial retinal layer and deep retinal layer based on
the automated layer segmentation performed by IMAGEnet
6 software (Topcon Medical Systems, Inc., Tokyo, Japan).
The en face images of the SCP layer were derived from an
en face slab that extended from the internal limiting
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membrane to the border between inner plexiform layer and
inner nuclear layer in the automated software. The auto-
mated en face images of the DCP were derived from
a slab that extended from the border between the inner
plexiform layer and inner nuclear layer to the border of the
outer plexiform layer and outer nuclear layer. All automated
images were checked for correction of the retina slab with
manual adjustment before sending for analysis.

For subgroup analysis between naive case and non-
naive case (have had previous anti-VEGF injection),
MAs changes was compared between Week 0 (Visit 0)
and Week 4 (Visit 1) in only the center area (area 9), then
the changes were categorized as improved or non-improve
d. Improvement is defined as MAs count at Week 0 is
higher than MAs count at Week 4. Non -improvement is
defined as the MAs count from Week 0 is equal or lower to
Week 4. The association of improvement of MAs count
between naive and non-naive was calculated in each layer
(SCP and DCP) and reported in odds ratio. Figure 1
demonstrates the MAs labels.

The fovea was defined as the area within the central 1-mm
ring of the Early Treatment Diabetic Retinopathy Study
(ETDRS) grid. The parafoveal region was defined as the
area between the central 1- and 3-mm ring of the ETDRS
grid. We superimposed the ETDRS grid on the OCTA image.
The FAZ area and MAs in the SCP and DCP were indepen-
dently graded by two trained experienced graders (intraclass
correlation coefficient [ICC], 0.99) according to each segment
from ETDRS circles. Figure 2 shows the ETDRS circle and
area segment. Only high-quality images (<80% segmentation
artifact from entered images and no involvement of the center

of the images by the artifact) were selected for analysis.

Definitions
e DME was diagnosed when retinal thickening was
noted by slit-lamp biomicroscopy or OCT by an
ophthalmologist.
e The FAZ area was defined as the area inside the
central border of the capillary network, which was
outlined manually for the superficial and deep retinal

Figure | Demonstrates the OCTA image of visit 0 and visit | in the same patient. Blue circle shows the microaneurysm count. (A and B) shows OCTA image of superficial
capillary plexus at visit 0 and visit | respectively. (C and D) shows B-scan of the OCTA in foveal area of A and B respectively.
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N: nasal, T: temporal, I: inferior, S: superior and C: center

Figure 2 Demonstrates ETDRS grid of the left eye and area labeled in each
segment which use for image analysis.

layers in accordance with our previously described
technique.

e MAs were defined as distinctly round, saccular, or
fusiform hyperfluorescent spots with an estimated
diameter of 20-90 pum that appeared to be connected
to the retinal capillaries.

e The capillary nonperfused area was defined as an
area devoid of flow signal that would normally be
a vascular area.

Image Processing

OCTA images (3 x 3-mm scans) were exported as JPEG
files for analysis. To locate the border of the FAZ in the
SCP and DCP, the pen function in the Snipping Tool soft-
ware of Microsoft Windows 10 (Microsoft Corp.,
Redmond, WA, USA) was used to outline the border of
the FAZ area in both the SCP and DCP. To obtain the MA
count, MAs were manually selected by the examiner
according to the definition of MAs in this study. The
FAZ area which includes the foveal avascular zone con-
nected to the capillary non-perfused area of its border were
measured manually in the same fashion.* The two exam-
iners were blinded to the outcome of the study.

Statistical Analysis
Paired #-test were used to compare the mean change in the
FAZ between each visit and between different layers. The

Wilcoxon signed rank test was used to compare the MA
count in different regions and at different visits. Mixed-
effects Poisson regression with the random effect as indi-
vidual patient with calculation of the rate ratio was used to
analyze the MA changes. A linear mixed model with
propensity score adjustment for age, sex, duration of dia-
betes, diabetes treatment, use of antiplatelet agents, HbAlc
level, grade of DR, and lens status was used to evaluate
the changes in MAs and CMT between anti-VEGF. The
patients’ baseline demographics and CMT were recorded
and analyzed. For subgroup analysis between the change
of MAs between naive and non-naive cases, mixed effect
logistic regression analysis was used. We used both the
R program (R Foundation for Statistical Computing,
Vienna, Austria) and STATA® version 15.1 (StataCorp,
Texas, USA). P value of <0.05 was considered statistically
significant. The sample size calculation based on the one-
sample testing mean with Z,=1.96 (two-sided test), o=
(1.2)%, and d=4.9 gave rise to at least 50 patients needed
for study. The ICC with 95% confidence interval (CI) was
calculated to assess interexaminer agreement. Our esti-
mated reliability between examiners was 0.997 (95% CI:
0.993-0.998) for the FAZ area. The ICC for the MA
between examiners was 0.994 (95% CI: 0.987-0.997).
Repeatability of the measurements of the pre- and post-
treatment parameters between the examiners was excellent
for the SCP and DCP.

Results

In total, 152 eyes of 124 patients were included in the
study. The mean age of the patients was 59 years, and 73
(48%) were male. The mean HbAlc level was 7.62%
+0.82%. PDR was present in 45.4%, severe non-
proliferative DR (NPDR) in 25.7%, moderate NPDR in
25%, and mild NPDR in 3.9%. The anti-VEGF agents
comprised bevacizumab (69.7%), ranibizumab (15.1%),
and aflibercept (15.1%), and 50% of the study eyes were
treatment-naive. The baseline clinical characteristics are
shown in Table 1. The visual acuity at visit 0 (before anti-
VEGF injection) and visit 1 (1 month after anti-VEGF
injection) is shown in Table 2. The overall mean FAZ
area in the SCP and DCP at visit 0 was 0.41+£0.08 and
0.47+0.09 mm?, respectively. The overall mean FAZ area
in the SCP and DCP at visit 1 was 0.35+0.10 and 0.4
+0.10 mm?, respectively. The mean CMT at visits 0 and 1
was 397.64+91.17 and 364.59+84.3 um, respectively. The
FAZ area in the DCP layer at visits 0 and 1 was larger than
that in the SCP with a mean difference of 0.05 mm?> (95%
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Table | Baseline Clinical Characteristics

Table | (Continued).

Total (n = 152)
Total (n = 152)
Characteristics N %
Characteristics N %
Gender
Number of Naive case
Male 73 48.0% Aflib " 14,45
t 4%
Female 79 52.0% bercep
Bevacizumab 57 75%
Age, yrs Ranibizumab 8 10.5%
Mean#S.D. 59.29 + 7.81
) Intraocular pressure
Min-Max 41-85
<12 51 33.6%
Duration of DM, yrs. 12-20 101 66.4%
<5 74 48.7% Mean + S.D. 132 £2.83
5-10 56 36.8% Min-Max 8-20
> 10 22 14.5%
Lens status
Diabetes mellitus complication Phakia 99 65.1%
Mild NPDR 6 3.9% Pseudophakia 53 34.9%
Moderate NPDR 38 25.0%
PRP*
Severe NPDR 39 25.7%
Not done 83 54.6%
PDR 69 45.4%
Done 69 45.4%
Alcohol 38 25.0%
Smoking 14 9.2% Vitrectomy
. . Not done 144 94.7%
Positive history of
X Done 8 5.3%
Hypertension 78 51.3%
Dyslipidemia 45 29.6%
Kidney disease 12 7.9%
None 17 112% | CI, 0.05-0.06, p<0.01) and 0.05 mm? (95% CI, 0.04—0.05,
HbAIC, % p<0.01), respectively.
Mean % S.D. 7.62+0.82 In a comparison of visits 0 and 1, a significant reduc-
Min-Max 6-10 tion in the FAZ area in the SCP and DCP was noted, with
Current Antiplatelet a mean difference of 0.064 mm* (95% CI: 0.07-0.05,
Aspirin 88 57.9% p<0.01) and 0.067 mm* (95% CI: 0.07-0.05, p<0.01),
Plavix 60 39.5%
Warfarin 4 2.6% . . .
Table 2 Visual acuity before and one month after treatment with
DM treatment intravitreal anti-VEGF
Medication 95 62.5%
Snellen Total (n =152)
Insulin 20 13.2%
Combined 37 24.3% N %
Number of previous injection Visit 0
0 76 50.0% LogMAR 0.10-0.50 20/25 - 20/63 76 50.0%
| | 0.7% LogMAR 0.51-1.00 20/70 — 20/200 70 46.1%
2 39 25.7% LogMAR >1.00 > 20/200 6 3.9%
3 25 16.4% MeanzS.D(LogMAR). 0.57+0.21
4 9 5.9% Median (min-max) 0.55 (0.22-1.30)
6 2 1.3% N
Visit |
Type of Anti-VEGF LogMAR 0 20/20 | 0.7%
Aflibercept 23 15.1% LogMAR 0.10-0.50 20/25 - 20/63 110 72.4%
Bevacizumab 106 69.7% LogMAR 0.51-1.00 20/70 - 20/200 41 27.0%
Ranibizumab 23 15.1% Mean+S.D (LogMar) 0.47+0.18
Median (min-max) 0.50(0-1.00)
(Continued)
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Table 3 Comparison of Microaneurysm Changes in Superficial Capillary Plexus and Deep Capillary Plexus Between 3 Anti-VEGF

Treatments
Aflibercept Bevacizumab Ranibizumab Total
N 23 106 23 152
Superficial capillary plexus
Visit 0 (MeanzS.D) 5.22+3.33 5.24+2.52 5.26%2.77 5.24+2.67
Visit 1(Mean#S.D) 2.56+2.52 2.24+1.83 2.04+1.52 2.26%1.90
Differences(Mean£S.D) 2.65+2.50 3.01%2.75 3.22+2.19 2.99+2.62
p-value <0.01* <0.01* <0.01* <0.01*
Deep capillary plexus
Visit 0 (MeanzS.D) 18.7414.61 18.48+3.84 19.78+4.36 18.72+4.04
Visit 1(Mean#S.D) 12.04+3.94 12.91£3.66 12.22+4.56 12.67+3.84
Differences(MeanS.D) 6.70+2.30 5.58+3.92 7.57+3.41 6.05+3.71
p-value <0.01* <0.01* <0.01* <0.01*

Note: *Statistically significant.
Abbreviation: S.D, standard deviation.

respectively. A reduction in the number of MAs in SCP
and DCP was also noted in association with all anti-VEGF
medications (p<0.01) as shown in Table 3. This finding
was correlated with the changes in the CMT with a rate
ratio reduction of 0.64 (95% CI: 0.6-0.68), 0.61 (95% CI,
0.53-0.7), and 0.57 (95% CI, 0.5-0.65) for aflibercept,
bevacizumab, and ranibizumab treatment, respectively.
The CMT changes among the three groups were not sig-
nificantly different (p=0.7). The overall MAs were reduced
by 40% relative to baseline. Ranibizumab induced the
highest MA reduction among the three treatment groups
(p<0.01). MA reduction in the ranibizumab group was
44% lower (rate ratio, 0.56; 95% CI: 0.5-0.65; p<0.001).
There is no statistically significant association of the MA
reduction and changes of VA. Alteration of the FAZ area

after treatment corresponded with the changes in visual

acuity (p<0.01) in both the SCP (Bz=0.25; f=0.33; 95%
CL: 0.10-0.56) and DCP (Bz=0.25; pB=0.37; 95% CI:
0.10-0.56).

The overall amount of MAs was counted in
locations related to fovea reference by ETDRS section
which has 9 areas as shown in Figure 2, the highest
number of MAs was located in area 9 in the foveal and
parafoveal areas. The distribution of MA counts at visit 0
is shown in Figure 3. There were no significant differences
in the amount of MAs in each quadrant according to
ETDRS segment related to the center of fovea, where
areas 2 and 6 were superior, areas 7 and 3 were temporal,
areas 1 and 5 were nasal, areas 8 and 4 were inferior, and
area 9 was central. At visit 0, the amount of MAs in the
DCP was higher than that in the SCP with median differ-

ences in the superior, temporal, inferior, nasal, and center
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Figure 3 Demonstrates the count of microaneurysm in area according to location by ETDRS grid super impose on OCTA image. The area is shown in Figure 2.
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Table 4 Microaneurysm Counts in Location According to ETDRS Grid

Distribution of Microaneurysm at Superficial Layer by Area

MA Count | 2 3 4 5 6 7 Total
n % n % n % n % n % n | % n | % n %

Area | 52 | 342 | 4 2.6 60 7.53%
Area 2 28 184 | 40 | 263 6 39 126 | 15.81%
Area 3 21 138 | 2 1.3 | 0.7 28 351%
Area 4 20 132 | 13 | 86 | 0.7 50 6.27%
Area 5 10 | 6.6 3 2.0 | 0.7 | 0.7 25 3.14%
Area 6 4 2.6 2 1.3 | 0.7 I 1.38%
Area 7 37 | 243 | 10 | 66 | 0.7 | 0.7 64 8.03%
Area 8 41 27.0 | 57 | 375 19 12.5 59 | 14 9.2 5 1331 0.7 | 355 | 44.54%
Area 9 24 158 | 17 1.2 4 2.6 2 1.3 78 9.79%
Distribution of Microaneurysms at Deep Layer by Area
MA Count | 2 3 4 6 7 8 9 Total

n % n % n % n % % n| % n % n | % n | % n %
Area | 76 50.0 | 57 | 375 |7 | 46 4 2.6 227 | 7.98%
Area 2 44 289 | 35 | 23.0 | 26 | 17.1 37 | 243 3.9 370 | 13.01%
Area 3 6l 40.1 | 62 | 408 | 21 | 13.8 2 1.3 | 0.7 261 | 9.18%
Area 4 63 414|149 | 322 |21 | 138 12179 1|07 278 | 9.77%
Area 5 67 44.1 | 59 | 388 | 15|99 2 1.3 3 20 | 0.7 260 | 9.14%
Area 6 79 520 [ 63 | 414 | 4 2.6 2 1.3 | 0.7 230 | 8.09%
Area 7 57 375 | 41 27.0 | 35| 23.0 10 | 6.6 | 0.7 1|07 295 | 10.37%
Area 8 70 46.1 | 26 17.1 ] 15199 18| 118 |4 2.6 1107 265 | 9.32%
Area 9 - - 6 3.9 41 | 27.0 56 | 36.8 | 2 138195913 86 |5 331 0.7 | 658 | 23.14%

Abbreviations: MA count, microaneurysm count; n, number of microaneurysms in the area.

areas of 2, 2, 1, 1, and 2 MA counts, respectively. The
center had the highest amount of MAs, followed by the
superior and inferior areas. The nasal area had the least
amount of MAs as shown in Table 4.

In subgroup analysis of naive and non-naive changes of
MAs, there were 76 naive eyes and 76 non-naive eyes.
Among those who were naive, there was non-improvement
in 23 eyes (30.2%). In those who were non-naive, there
was non-improvement for 38 eyes (50%). When the
improvement between naive and non-naive groups in
the center area is compared (area 9), the improvement in
number of MAs in naive group was higher when
compared with non-naive group in both SCP and DCP,
but this was not statistically significant, with odds ratio
2.03 (95% CI: 0.70 —5.83) and odds ratio 2.31 (95% CI:
0.76 —7.00) respectively.

Discussion
The presence of microaneurysms is a biomarker that pre-
dicts the response to anti-VEGF therapy, the severity of

DME,"'? and progression of DR."? Pappuru et al.'* per-
formed a 2-year large observational study and found that
an MA turnover rate of >6 was highly associated with the
progression of the disease to center involvement of DME
in the patients who were initially diagnosed with NPDR
without DME. In this study, we investigated the number of
MAs in the retinal SCP and DCP in patients with DR
complicated by macular edema at baseline and after an
intravitreal anti-VEGF injection using OCTA, and we
found a significant reduction in the number of MAs and
the FAZ area after short treatment. Carneiro et al.'’
reported marked differences in systemic pharmacokinetics
and pharmacodynamics among these three anti-VEGF
treatments  following  intravitreal  administration.
Ranibizumab is available for the treatment of DME and
has been shown to not only affect visual acuity and CMT
but also to reduce the severity of DR.'® Therefore, we may
assume that this fact is also reflected in MA turnover.
However, not all retinal thickening in patients with DME

is caused by MAs; fluid imbalance, loss of tissue integrity,
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and cytotoxic edema in response to tissue injury can pro-
duce retinal thickening which leads to the absence of FA
leakage.'” Accordingly, in the present study we found that
the average total number of MAs decreased the most in the
ranibizumab group. However, because the nature of this
observational study resulted in a different sample size in
each treatment group and the lack of a control factor, this
finding is not conclusive. Regardless, MAs are thought to
be dynamic structures.'®

Moore et al.'? used immunohistochemistry to perform
a postmortem examination of human diabetic eyes and
found that most of the MAs (approximately 80%) were
derived from the inner nuclear layer and therefore were in
the deeper part of the inner retinal capillary plexus. MAs
are usually located in the inner-most portion of the inner
plexiform layer, extending to the junction of the inner
nuclear layer and outer plexiform layer.'”** Couturier
et al. reported OCTA of DR and demonstrated that the
mean number of MAs located in the DCP and SCP was 4.4
and 2.9, respectively. Although these previous studies
included diabetic eyes without DME, their findings were
harmonious with our current results; they showed that 78%
of the MAs were in the DCP, which is consistent with the
result of this study in which MAs also are in this layer. Lee
et al. also reported that the SCP in patients with DME was
not different between anti-VEGF responders and nonre-
sponders. Furthermore, the VEGF nonresponders showed
greater damage in the FAZ and more MAs in the DCP.
However, although DCP abnormality played a role in the
development of DME, it was not significantly associated
with the clinical severity of DR.'?

DME-associated MAs are usually found adjacent to
the cystoid space; only 10 —20% are found to protrude
into the cystoid space.”’ The cystoid spaces are also much
more apparent on OCTA images of the DCP than SCP,
which is consistent with the location of intraretinal fluid in
histopathological studies of DME.?* In some patients with
DME, central visual loss may not only be due to the
macular edema itself but also to changes in the FAZ and
retinal capillary alterations in the macula.”® However, FA
cannot show the pathology in a layer-by-layer manner.
The dye leakage pattern may obscure the details of the
macular vessels.”* In addition, the effect of the appearance
and disappearance of intraretinal fluid on the anatomy of
the FAZ in eyes with DME is unclear because FA is
invasive and thus difficult to perform at consecutive visits.
Freiberg et al.>> and Takase et al.*® examined both the
SCP and DCP and found more prominent changes in the

FAZ area in the DCP of patients with DME than in healthy
eyes. The enlarged FAZ area in the DCP could occur
because (a) vascular changes secondary to DME occur
more prominently in the DCP or (b) fluid accumulation
in DME may cause a reflection effect on OCTA and loss
of the OCT signal in the deeper layers. This may cause the
FAZ to appear larger in the DCP, but the apparent enlarge-
ment in the FAZ might also be due to artifact. Our data are
also consistent with recent studies. Several types of arti-
facts may affect the OCTA measurements, especially in
eyes with ocular pathology. The findings of this study
support those of previous studies in terms of the patho-
physiologic finding of MAs in the retinal layer and help to
understand the pathophysiology of different MA locations.
Anti-VEGF treatment helped to reduce the number of
MAs in conjunction with the reduction of CME and
improvement of visual acuity. This study found no statis-
tically significant changes of MAs in center area after
treatment with VEGF when comparing between naive
DME and non-naive DME (previous anti-VEGF injec-
tion). However, the sample size of this study does not
give enough power to detect this association between
these 2 subgroups.

The main limitation of this study is that it was an
observational study which led to small and unequal num-
bers of treated eyes in the aflibercept and ranibizumab
groups. The treatment selection was dependent upon the
doctor’s preference and some patients had previous treat-
ment which might interfere with the response to anti-
VEGF treatment. The short follow-up period may not
have been long enough to detect the magnitude of the
efficacy of different drugs by OCTA findings. A longer
prospective observation period and larger sample size
might be needed to obtain more data to support our find-
ings and compare the different between naive and non-
naive DME OCTA characteristics. Furthermore, this study
included only patients with DME who required treatment,
which might explain why the highest number of MAs was
located in the central area and caused foveal/perifoveal
involvement of retinal thickening. Additionally, OCTA
images themselves result from an automated algorithm
might cause several artifacts that lead to misinterpretation
of images.

Conclusion

OCTA can be used to detect MAs, which might serve as
a biomarker for a clinical response to anti-VEGF treatment
within a short follow-up duration. The FAZ area can also be
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used to predict improvement in visual acuity after anti-VEGF
injection. Understanding the quantity of MAs withnon-
invasive OCTA imaging can help in predicting the outcome
of DME treatment. However, the present study did not show
significant differences in the CMT or visual acuity among
aflibercept, ranibizumab, and bevacizumab. We found that
the most prominent changes in the FAZ area over time
occurred in the DCP, which is consistent with the pathogen-
esis of DME and the current literature. We believe that MA
analysis by OCTA may play an important therapeutic role in
the management of DME.
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