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Abstract

Purpose To evaluate quantitative parafoveal microvascular changes using Optical Coherence Tomography Angiography
(OCTA) by comparing the area of foveal avascular zone (FAZ) and vessel density (VD) between nondiabetic controls and
patients with different levels of Diabetic Retinopathy (DR).

Methods A systematic review was performed according to the recommendations of the “Cochrane Handbook for Systematic
Reviews of Interventions” and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines. Three electronic databases including PubMed, Web of Science and Cochrane Library were systemati-
cally retrieved by using key terms with Boolean operators. The data extracted from each study included: first author, year of
publication, study design, sample size and participant characteristics (mean age, type of diabetes mellitus and mean duration
of diabetic disease). Outcome variables included: VD and area of FAZ, in superficial and deep capillary plexuses of parafovea.
Results 355 articles were identified from our search of databases and 10 studies were included in this systematic review.
Patients with diabetes with or without clinical signs of DR have a significantly enlarged area of FAZ and decreased parafo-
veal VD compared to healthy controls, as well as an association between these microvascular changes and worsening DR.
Conclusion OCTA can provide valuable information about early and subtle microvascular changes of parafoveal capillary
plexuses in patients with diabetes and can identify preclinical DR before the manifestation of clinically apparent retinopathy.
The non-invasive nature of OCTA allows routine imaging of the retinal vasculature, so this approach may be a promising
tool for screening programmes of DR.
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Introduction

Diabetes Mellitus (DM) is considered an important pub-
lic health problem because it is one of the most common
chronic diseases and it is a cause of high morbidity and
mortality [1, 2]. The global prevalence of DM has reached
epidemic proportions [1]. According to WHO data, in 2014
around 422 million adults worldwide had diabetes [1] and
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it is estimated that in 2030, the number of people with DM
worldwide will reach 439 million people [3].

Diabetic retinopathy (DR), one of the most frequent
microvascular complication of DM, is the leading cause
of blindness in people of working aged in many developed
countries [4].

Multiple metabolic pathways induced by hyperglycemia
are implicated in the pathogenesis of DR. These include the
polyol and hexosamine pathways, advanced glycation end
products (AGEs) formation, oxidative stress and activation
of protein kinase C (PKC) isoforms [5]. Hyperglycemia
can activate protein kinase C & (PKCS) and p38a mitogen-
activated protein kinase (MAPK), increasing the expres-
sion of a protein tyrosine phosphatase, which in turn leads
to the dephosphorylation of platelet derived growth factor
receptor-p (PDGFR-) contributing to reduction in down-
stream signaling from this receptor, resulting in pericyte
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apoptosis [6]. PDGF plays an important role in the angio-
genesis cascade that is activated in retinochoroidal vascular
diseases and in the maintenance of retinal vasculature. Since
pericytes are responsible for providing structural support
for capillaries [6], and as the blood—retina barrier requires
proper pericyte function, loss of pericytes may contribute
to vascular permeability [7]. This process is associated with
microaneurysm formation, which is the earliest clinical sign
of DR. Pericyte loss, apoptosis of endothelial cells and thick-
ening of the basement membrane, collectively, contribute
to the impairment of the blood retinal barrier. Furthermore,
pronounced loss of pericytes and endothelial cells results in
capillary occlusion, ischemia [5], appearance of acellular
capillaries and neovascularization [7].

The major risk factors for DR have been reported from
epidemiologic studies. The most consistent risk factors for
the development of DR are long duration of diabetes, hyper-
glycaemia, hypertension, hyperlipidaemia, pregnancy and
puberty [8—17].

However, DR is described as a microcirculatory disease,
evidence suggests that retinal neurodegeneration is an early
event in the pathogenesis of DR, which may precede, and
also participates in the microcirculatory abnormalities that
occur in DR [18].

Major neurodegenerative changes include an imbal-
ance in retinal production of neuroprotective mediators,
pro-inflammation cytokines, apoptosis and glial activation
[18]. Production of neurotoxic factors, such as glutamate,
oxidative stress, caspase-3 and nitrous oxide, which are all
neurotoxic mediators, result in neuronal cell dysfunction
as well as damage to pericytes and endothelial cells [19].
Diabetes also induces activation of microglia cells, located
inside the retina, which migrate to the subretinal space and
release cytokines, contributing to neuronal cell death [18].

Glutamate is the major excitatory neurotransmitter in the
retina and is involved in neurotransmission from photore-
ceptors to bipolar cells and from bipolar cells to ganglion
cells. There is evidence that the ganglion cell death in DR
occurs via glutamate-mediated toxicity [20]. Elevated lev-
els of glutamate are implicated in neurodegeneration in DR
because it leads to cell death due to an intracellular increase
in calcium [19, 20].

DR can be classified into two stages: nonproliferative
(NPDR) and proliferative (PDR) [21].

In NPDR, which is sub-divided as mild, moderate or
severe, symptoms may be mild or non-existent, and it is
defined by early intra-retinal microvascular findings associ-
ated with damage to the structures of blood vessels [22]. The
earliest clinically observable signs in NPDR are microaneu-
rysms, dot and blot hemorrhages [23]. Progressive capillary
nonperfusion is accompanied by development of hard exu-
dates, cotton-wool spots, venous dilation and beading, and
intraretinal microvascular abnormalities IRMAs) [4, 23].
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Microaneurysms appear as small circular red lesions on
the fundus and represent saccular vascular weakness and
typical focal point of vascular leakage, representing early
signs of DR [24, 25]. The intraretinal hemorrhages can be
flame-shaped or dot-blot—like in appearance, reflecting the
architecture of the layer of the retina in which they occur [24,
25]. Flame-shaped hemorrhages occur in inner retina closer
to the vitreous, and dot-blot hemorrhages occur deeper in the
retina [24, 25]. Hard exudates are yellow irregular shaped
lesions; represent intra-retinal lipids and protein deposition
[24, 25]. When accompanied by retinal thickening, represent
feature of diabetic macular edema (DME) [24, 25]. Cotton-
wool spots are superficial feather-bordered white lesions;
represent nerve fiber layer infarctions from capillary occlu-
sion [24, 25]. IRMAs appear as large calibre tortuous vessels
in areas of ischaemia and may represent attempted vascular
remodelling [24, 25].

As the severity of DR progresses, capillary non-perfusion
leads to retinal ischaemia, which, in turn, causes upregu-
lation of pro-angiogenic cytokines that drive pathological
intra-retinal and intravitreal neovascularization [24, 25].

Neovascularization (angiogenesis) and DME are the two
major and sight threatening complications of DR [26].

PDR is characterized by the growth of new blood vessels
on the surface of the retina or the optic disc [4, 23]. These
abnormal vessels may bleed, resulting in vitreous hemor-
rhage, subsequent fibrosis, tractional retinal detachment and
neovascular glaucoma, which are the main reasons for loss
of vision [4, 23].

DME is the main cause of vision loss in persons with
diabetes, which can occur at any stage of DR [27]. DME
is characterized by increased vascular permeability and the
deposition of hard exudates at the central retina [27].

In early stages DR may causes no symptoms but advances
in retinal imaging and image processing techniques have
allowed researchers to detect earlier signs of disease preced-
ing classic NPDR [28, 29].

A variety of techniques have been developed to detect and
classify DR. Dilated fundus examination, in daily clinical
practice, is the gold standard tool to detect vascular changes
in diabetic eye disease [30-34]. Colour fundus photography
(CFP) has also proved useful as a complementary screen-
ing tool and current is the gold standard in DR screening
programmes, which permits the detection of disease and
monitoring of progression and treatment response [30-34].

Other imaging modalities such as fluorescein angiogra-
phy (FA) can provide a more sensitive examination of the
posterior pole detecting primary microvascular lesions,
e.g. microaneurysms and advanced vascular abnormalities
such as venous beading and IRMA [30-34]. Retinal non-
perfusion, which represents intra-retinal capillary occlu-
sion or dropout, can be visualized and neovascularization
can be identified too [30-34]. However, FA is an invasive
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procedure, costly, time-consuming, the images have lim-
ited depth resolution and it is not able to clearly visualize
small capillary vessels within various retinal layers and the
images of the superficial capillaries and deep capillaries
overlap because FA images are limited to two dimensions
[30-34]. Furthermore, even in healthy subjects, dye injec-
tions can also occasionally cause nausea and, rarely but
critically, anaphylaxis [35].

The introduction of optical coherence tomography
(OCT) and its evolution has revolutionized retinal imaging
[30] and supports the recent international expert grading of
diabetic maculopathy [36]. Optical Coherence Tomogra-
phy Angiography (OCTA) is a relatively new non-invasive
imaging technique that visualizes retinal capillary blood
flow without the need for intravenous dye and provides
rapid scanning by newer spectral domain or swept source
OCT, high-resolution 3-D images from the retinal and cho-
roidal vasculature [22, 30, 33]. In contrast to FA, OCTA
enables visualization of the microvasculature at different
depths and uniquely visualizes individual retinal capillary
plexuses, including the superficial capillary plexus (SCP)
that includes capillary network located in the ganglion cell
layer and/or the nerve fiber layer, deep capillary plexus
(DCP) that consists of the capillary network in the inner
nuclear layer, the choriocapillaris (CC) slab, and more
recently, the middle capillary plexus (MCP)[30, 32, 37].

Some cross-sectional studies have identified alterations
in OCTA metrics in diabetic patients without clinical DR
signs where the most reported indices are the enlargement
of the foveal avascular zone (FAZ) and reduced vessel
density (VD)[30, 32, 33, 35].

FAZ, a capillary-free area enclosed by foveal capillary
circles, is located at the center of macula and it is widely
accepted that the FAZ size reflects the health of the micro-
circulation in the retina and in case of abnormalities in the
structure or perfusion of this area profoundly affect vision
[30, 38]. A common feature of DR is the enlargement of
FAZ that results from the occlusion of retinal capillaries
and loss of precapillary arterioles near the fovea. This can
occur in patients with diabetes without clinical DR [39].
So, FAZ measurement could serve an important role in the
diagnosis and management of DR [38].

VD is defined as the percentage or proportion of blood
vessels area over the total measured area [28]. Generally,
VD values gradually become lower from healthy controls
to patients with DM without DR to NPDR to PDR, but
results vary based on the methods used to obtain the VD
value [39].

This suggests that OCTA metrics could reflect early
microvascular alterations in individual capillary plexuses
and are potential biomarkers for DR [30, 33, 35]. The hope is
that these markers will allow clinicians to diagnose disease
and stratify patients according to their risk of complications

earlier. This is important, since earlier treatment is associ-
ated with better outcomes [29].

So, the aim of this systematic review was to evaluate
quantitative parafoveal microvascular changes using OCTA
by comparing the area of FAZ and VD between nondiabetic
controls and patients with DM with different levels of DR.

Materials and methods

We used the PICO strategy [40]; Participants/ population:
Subjects with DM type 1 or 2 of all ages with no DR (NDR),
NPDR and PDR were included; Intervention: We conducted
areview aiming to collect all evidence related to quantifica-
tion of retinal vascular changes in subjects with diabetes
mellitus using OCTA; Comparator/ control: quantification
of retinal vascular changes in subjects without DM and
with healthy eyes; Outcome(s): To investigate differences
in quantitative measurements of retinal vascular changes
with OCTA such as FAZ area and VD in superficial and
deep plexuses and where possible, in choriocapillaris plexus.

Literature search

This systematic review was performed according to the rec-
ommendations of the “Cochrane Handbook for Systematic
Reviews of Interventions” [41] and reported according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [42]. Three electronic
databases including PubMed, Web of Science and Cochrane
Library were systematically retrieved by using key terms
with Boolean operators.

The search string used in PubMed was: “optical coher-
ence tomography angiography” OR “OCT angiography” OR
“OCTA” AND “diabetic retinopathy” OR “diabetes” OR
“diabetes mellitus” OR “diabetes retinopathy”.

In Web of Science was: (TI=(optical coherence tomogra-
phy angiography OR OCTA OR Angio OCT OR OCT Angi-
ography) AND (diabetic retinopathy OR diabetes mellitus)).

The search used in Cochrane Central Register of Con-
trolled Trials (CENTRAL) was: ("optical coherence tomog-
raphy angiography":ti,ab,kw OR "Angio OCT":ti,ab,kw OR
"OCTA":ti,ab,kw OR "OCT angiography":ti,ab,kw) AND
([Diabetic Retinopathy] explode all trees OR [Diabetes Mel-
litus] explode all trees). The electronic databases were last
searched on May 4, 2020.

Eligibility criteria
The search was performed with the aim of identify all stud-
ies in which OCTA imaging had been used in patients with

DM with specified stage of DR (NDR, NPDR or PDR) for
measurement of FAZ area and VD in each study group.
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The clinical application of OCTA was first reported
in 2014, thus, the initial year of publication was confined
between January 2014 and May 2020. Studies included were
limited to those published in English and in human subjects.

The literature review was limited to original studies that
aimed to quantify retinal vascular changes. The following
types of studies will be included in the review: randomised
controlled trials, controlled trials, prospective and retrospec-
tive cohort studies, observational studies and case-controlled
studies.

The inclusion criteria were: (i) English used as language,
(i1) human subjects, (iii) patients with DM as the investi-
gated group, (iv) patients without DM and with healthy eyes
as the control group, (v) specified stage of DR, (vi) OCTA
as method for investigation, (vii) outcome measures in each
study group (e.g. VD and FAZ area at SCP, DCP and in
CC layer if information was available) and (viii) full article
online.

The exclusion criteria were as follows: (1) conference
abstracts, editorials, case reports, letters and reviews; (2)
animal subjects; (3) full text of published articles was not
written in English; (4) studies that did not report FAZ area
and VD in diabetic and nondiabetic controls as an outcome
measure; (5) studies that quantifies these retinal vascu-
lar changes by other imaging methods rather than OCTA
technology.

Data collection process and data synthesis

Two reviewers (FP and PC) independently screened all
acquired studies based on information found in the titles
and abstracts.

Then we evaluated the full text of the selected articles for
eligibility and any discrepancies were discussed and resolved
by consensus. A data extraction form was prepared, and data
were extracted, documented and entered into a formatted
MS Excel® database by one researcher (FP) and verified
by another (PC).

Data extraction

The data extracted from each study included: first author,
year of publication, study design, sample size and partici-
pant characteristics (mean age with standard deviation or
range, type of diabetes mellitus and mean duration of dia-
betic disease).

Outcome variables included: VD of parafovea (% or ratio)
in superficial and deep capillary plexuses, (measurements in
coriocapillary layer were included if information was avail-
able), FAZ area (mm?) in superficial and deep capillary
plexuses of parafovea and other factors that have impact on
measurements (e.g.: type of OCTA).
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Quality assessment

We assessed the methodological quality of the included
studies in the review with the National Heart, Lung, and
Blood Institute of the National Institutes of Health (NIH)
Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies [43]. The choice for the applied
tool was based on the study designs (cross-sectional). The
two authors applied these tools; we independently evaluated
the items of the tools as “yes”, “no”, “not applicable” (NA),
“cannot determine” (CD) or “not reported” (NR). This was
used to guide the overall rating for the quality of each study
as “good”, “fair” or “poor”.

Results
Screening and selection of literature

We identified 355 articles from our search of the PubMed
(n=247), Web of Science (n=105) and CENTRAL (n=23)
databases. We removed 92 duplicate articles and then
we screened 263 articles based on its abstract. Then, we
assessed the full text of 62 studies and included 10 studies
in our systematic review. The selection process is shown in
Fig. 1.

Characteristics and methodological aspects
of the included studies

The number of the included subjects, age, disease type, and
disease duration of the patients and OCTA software of each
study were summarized in Table 1. As shown in Table 1,
among the 10 included studies 6 analysed NPD eyes, 7
studied NPDR eyes (mild, moderate or severe NPDR) and
only 4 investigated PDR eyes. All included studies are cross-
sectional, 7 prospective observational case—control clinical
studies and 3 retrospective studies.

Quality assessment

Quality assessment tool from the NIH was used to assess the
methodological quality of the included studies (Table 3). 9
studies were rated fair and the remaining article was rated
poor. All included studies were considered to have enough
quality to be included in the systematic review.

Description of studies

The study of Al-Sheikh et al. [44] included 28 eyes of 18
diabetic patients with DR and 40 eyes of 22 healthy indi-
viduals. A swept-source OCTA device (DRI OCT Triton)
was used to obtain the images and the scans were taken from
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Fig.1 PRISMA flow diagram
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through other sources
(n=0)
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[

]

Records after duplicates removed
(n=263)

Eligibility Screening

Included

3% 3 mm cubes centered on the fovea. The mean age of the
patients with DR was 72 years (range, 54-93) and the aver-
age age of control subjects was 39 years (range, 30— 58)
[44]. The authors did not mention the diabetes duration or
even the type of DM. Of the eyes with DR, 10 had mild, 10
moderate, and 2 severe NPDR and 6 had PDR [44] (Table 1).

Table 2 shows the main results of the included stud-
ies and as we can see, in the study of Al-Sheikh et al.
[44] the mean FAZ area in the SCP was 0.339+0.118
mm? in the control group (p=0.003), 0.498 +0.401 mm?
(p=0.301), 0.444+0.191 mm? (p=0.199), 0.681 +0.006
mm? (p<0.001) and 0.619+0.119 mm? (p <0.001), in mild
NPDR, moderate NPDR, severe NPDR and PDR, respec-
tively [44]. Comparing the subgroups of diabetic patients
to healthy individuals, there was a statistically significant
difference in the FAZ area in the SCP in patients with severe
NPDR and PDR [44]. In the DCP, the mean FAZ area was
0.358 +0.105 mm? in healthy individuals (p <0.001), in
mild NPDR was 0.608 +0.187 mm? area (p<0.001), in
moderate NPDR was 0.546 +0.250 mm? (p=0.029), in
severe NPDR was 0.643 +0.086 mm? (p=0.001) and in
PDR was 0.734 +0.314 mm? (p=0.027) [44]. All subgroups
showed a statistically significant difference in the FAZ area
in DCP [44].

A 4

Records excluded
(n=201)

Records screened
(n=263)

A 4

A 4

Full-text articles excluded, with
reasons
(n=52)

Full-text articles assessed
for eligibility
(n=62)

Irrelevant Population: (n=2)
Irrelevant Intervention: (n=3)
Irrelevant or no comparator:
(n=10)

Irrelevant or incomplete
Outcomes: (n=37)

A 4

Studies included in
qualitative synthesis
(n=10)

VD was assessed as the ratio of area occupied by ves-
sels [44]. In the SCP, the mean parafoveal VD ratio was
0.709 +£0.038 in normal individuals (p <0.001) and
0.591 +£0.097 (p=0.004), 0.566+0.114 (p=0.003),
0.589+0.043 (p=0.148), 0.519+0.081 (p=0.002), in mild,
moderate, severe NPDR and PDR, respectively. Comparing
those subgroups to healthy individuals, there was a statisti-
cally significant difference in the parafoveal VD ratio in the
SCP in patients with mild or moderate NPDR as well as
PDR [44]. In the DCP, the mean ratio was 0.714 +0.049 in
normal individuals (p =0.028), in mild was 0.699 +0.076
(p=0.544), in moderate was 0.649+0.118 (p=0.122),
in severe was 0.704 +£0.079 (p=0.773) and in PDR was
0.636+0.017 (p=0.136) [44]. There was no statistically
significant difference in the parafoveal VD in the DCP com-
pared to healthy individuals [44] (Table 2).

Bhanushali et al. [45] studied 209 eyes of 122 type 2 DM
patients with DR and 60 eyes of 31 normal subjects. The
DR patients were graded as having either NPDR or PDR
using Early Treatment Diabetic Retinopathy Study clas-
sification. The number of eyes was 35 with mild, 95 with
moderate, 57 with severe NPDR and 22 with PDR [45].
Mean age of control individuals was 38.7 + 1.68 years, in
mild NPDR group was 64.3 +2.16 years, 61.1 +0.99 years
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in moderate NPDR, 59.6 + 1.56 years in severe NPDR and
59.1 £ 1.75 years in PDR [45]. Mean duration of DM was
11.0+2.31 years in mild NPDR group, 15.8 +1.17 years
in moderate NPDR group, 26.7 +7.69 years in severe
NPDR group and 7.69 + 6.0 years in PDR group [45]. All
DR and normal subjects underwent imaging on a spectral-
domain OCTA system (AngioVue) [45]. Analyses were
performed on a scan area of 3 X3 mm generated from
the SCP and DCP around the fovea for all eyes [45]. The
authors assessed the FAZ area by projecting the entire
inner retina into one enface angiogram [45].

The FAZ area did not significantly change (p =0.82)
among the DR grades [45]. The mean FAZ area was
0.38 +0.01mm? in healthy individuals, 0.46 +0.03mm? in
mild NPDR subjects, 0.45 + 0.01mm? in moderate NPDR,
0.46 +0.02mm? in severe NPDR and 0.47 +0.02mm? in
PDR group [45].

Parafoveal VD in SCP was 49.7 +0.55% in normal eyes
of control group, 39.2 +1.21% in mild NPDR, 40.1 +0.58%
in moderate NPDR, 38.5+0.76% in severe NPDR and
38.9+1.38% in PDR group [45]. In DCP, VD in normal eyes
was 53.1+0.73%, 39.7+1.57%, 40.2 +0.53%, 39.4 + 0.68%
and 39.2 +0.94% in mild, moderate, severe NPDR and PDR,
respectively [45]. Among the DR grades, VD was similar
(p>0.05) in both superficial and deep retinal layers [45].

So, normal eyes had a lower FAZ area (p <0.001) and
higher VD (p <0.001) compared with DR grades [45].

Carnevali et al. [46] studied a total of 25 eyes of 25 type
1 diabetic patients (mean age: 22 + 2 years) without signs
of DR with mean duration of the DM disease 11 +4 years
[46]. They were compared to 25 healthy subjects (con-
trol eyes) with mean age of 23 + 2 years [46]. All patients
underwent Angioplex CIRRUS HD-OCT model 5000, and
in all patients, a scanning area of 3 X3 mm was adopted,
centered on the fovea [46] (Table 1). All acquisitions were
performed using FastTrac™ retinal-tracking technology to
reduce motion artifacts [46].

Mean FAZ area at SCP was 0.223 +0.100 mm? in
diabetic eyes and 0.251 +0.104 mm? in control eyes
(p=0.341) [46]. In DCP FAZ area was 0.747 +£0.199 mm?
and 0.762 +0.231 mm? in diabetic and healthy subjects,
respectively (p=0.808) [46]. So, no significant difference
was found in FAZ area at both SCP and DCP by comparing
diabetics with NDR and control group [46].

In the SCP, the parafoveal VD ratio in diabetic subjects
was 0.432 +0.023 and in control subjects was 0.430+0.020
(p=0.805), so no difference was disclosed in VD between
the two groups in SCP [46]. Parafoveal VD ratio in the DCP
significantly decreased in diabetic eyes compared to control
eyes of healthy subjects, 0.464 +0.016 and 0.477 +0.014,
respectively (p=0.005) [46]. Instead, regarding to CCP, no
difference was disclosed in VD ratio between two groups
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analysed (0.490+0.013 in diabetic eyes and 0.487+0.015,
in control eyes, p=0.359) [46].

Dimitrova et al. [47] included 62 patients in the study: 33
control subjects with healthy eyes and 29 diabetic patients
without DR. One eye of control subjects and of patients with
diabetes with NDR was included in the study [47]. Macular
blood flow parameters were obtained by using AngioVue
OCTA system (RTVue-XR Avanti) with an split-spectrum
amplitude decorrelation angiography (SSADA) software
algorithm [47]. Image quality was considered, and images
were categorized in three groups: good (absence of arti-
facts), fair (cumulative presence of artifacts in less than
1/3 of the image), and poor (cumulative presence of arti-
facts in more than 1/3 of the image) [47]. The mean age
was 65 + 11.35 years in control group and 69 +9.01 years in
NDR group. Mean duration of diabetes was 7.37 +5.96 years
[47].

FAZ area in the SCP was 0.37 +0.11 mm? in patients with
diabetes and 0.31+0.10 mm? in control subjects (p=0.02)
[47].

The VD in the SCP was 44.35+13.31% in patients with
diabetes and 51.39 + 13.05% in control subjects (p=0.04)
[47]. VD at SCP was significantly decreased, and FAZ
area at SCP was significantly increased in patients with
diabetes in comparison to control subjects [47]. VD in
the DCP significantly decreased in patients with diabe-
tes (31.03 +£16.33%) in comparison to control subjects
(41.53+14.08%, p<0.01) [47].

So, results from this study indicated that in the parafovea
of patients with NDR vessel density in the SCP and DCP
decreased, whereas FAZ area in the SCP increased when
compared to control subjects [47].

Lee et al. [48] analysed 30 healthy eyes and 121 eyes of
type 2 diabetic subjects (31 with NDR, 26 with mild NPDR,
31 with moderate to severe NPDR and 33 with PDR).
The mean age was 57.4+11.2 years, 58.5+12.1 years,
63.7 +8.5 years, 62.1 +7.4 years and 59.5+7.1 years in
healthy, NDR, mild, moderate to severe NPDR and PDR,
respectively. Mean duration of DM was 9.6 + 5.4 years in no
DR group, 15.8 +£11.0 years in mild NPDR, 11.6 + 8.8 years
in moderate to severe NPDR group and 20.6 + 14.6 years
in PDR subjects [48]. Spectral-domain OCTA data were
acquired with a Cirrus Angioplex (Carl Zeiss Meditec) and
a 3 x3 mm square image was cropped to make circular areas
with 3 mm and 1.5 mm diameter centered on the fovea [48].

FAZ area in the SCP was 0.325 +0.084 mm? in healthy
eyes, 0.354+0.137 mm? in NDR eyes, 0.350+0.114
mm? in mild NPDR group, 0.431 +0.654 mm? in moder-
ate to severe NPDR group and 0.492 +0.207 mm? in PDR
eyes [48]. In the DCP, FAZ area was 0.797 +£0.213 mm>,
0.822+0.249 mm?, 0.902 +0.294 mm?, 1.174 +0.685 mm?,
1.239+0.769 mm? in healthy, NDR, mild NPDR, moderate
to severe NPDR and PDR group, respectively [48]. FAZ
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Table 1 Characterization of the population in the included studies and type of OCTA software used

Article Type of Study OCTA Software Type of Diabetes Duration of Diabetes Age (years) Mean +SD or
(years) Mean + SD range
Al-Sheikh et al. [44] Cross-sectional DRI OCTA Triton (Top- NR Control: NA Control: 39 (range 30-58)
(2016) con Corporation) Patients with DR: NR Patients with DR: 72
(range 54-93)
Bhanushali et al. [45] Cross-sectional AngioVue Avanti OCTA Type 2 Control: NA Control:38.7 +1.68
(2016) system (Optovue, Inc., Mild NPDR: 11.0+2.31 Mild NPDR: 64.3+2.16
Fremont, CA, USA) Moderate NPDR: Moderate NPDR:
15.8+1.17 61.1+£0.99
Severe NPDR: Severe NPDR: 59.6+1.56
26.7+7.69
PDR: 7.69+6.0 PDR: 59.1+1.75
Carnevali et al. [46] Cross-sectional AngioPlex CIRRUS HD- Type 1 Control: NA Control:23 +2 (range
(2017) OCT model 5000 (Carl 18-26)
Zeiss Meditec, Inc., NDR: 11+4 NDR: 22 +2 (range 7-18)
Dublin, USA)
Dimitrova et al. [47] Cross-sectional AngioVue RTVue-XR Type 2 Control: NA Controls: 65+11.35
(2017) Avanti OCTA (Opto- NDR: 7.37+5.96 NDR: 69+9.01
vue, Inc., Fremont,
CA, USA)
Lee et al. [48] (2016) Cross-sectional Cirrus Angioplex (Carl ~ Type 2 Control: NA Control: 57.4+11.2
Zeiss Meditec, Dublin, NDR: 9.6+5.4 NDR: 58.5+12.1
CA) Mild NPDR: 15.8+11.0 Mild NPDR: 63.7 +8.5
Moderate to severe Moderate to severe NPDR:
NPDR: 11.6 +8.8 62.1+7.4
PDR: 20.6+14.6 PDR: 59.5+7.1
Nesper et al. [49] (2017)  Cross-sectional AngioVue RTVue-XR Type 1 and 2 Control: NA Control: 50+ 18
Avanti OCTA (Opto- NDR: 11+15 NDR: 57+ 10
;’J“S"’A;“C" Fremont, CA, NPDR: 1712 NPDR: 54+ 12
PDR: 19+10 PDR: 49+ 14
Simonett et al. [50] Cross-sectional AngioVue RTVue-XR Type 1 Control: NA Control: 39.6 +10.1
(2017) Avanti OCTA (Opto- Diabetic patients: Diabetic patients:
vue, Inc., 21.3+10.6 42.3+8.6
Fremont, CA, USA)
Alam et al. [51] Cross-sectional AngioVue RTVue-XR Type 2 Control: NA Control:42+9.8
(2018) Avanti OCTA (Opto- Mild NPDR: Mild NPDR: 50.1 +12.61
vue, Inc., Fremont, CA, 19.64+13.27
USA) Moderate NPDR: Moderate NPDR:
16.13+10.58 50.8+£8.39
Severe NPDR: Severe NPDR:
23.40+£11.95 57.84+10.37
Cao et al. [52] (2018) Cross-sectional AngioVue RTVue-XR Type 2 Control: NA Control:53.7+9.4
Avanti OCTA (Opto- NDR: 6.6+ 1.9 NDR: 57.4+13.5
vue, Inc., Fremont, CA,
USA)
Ciloglu et al. [53] (2019) Cross-sectional AngioVue RTVue-XR Type 2 Control: NA Control:54.09 +1.49

Avanti OCTA (Opto-
vue, Inc., Fremont, CA,
USA)

NDR: 13.65+0.66

NDR: 56.61+1.33

DR Diabetic Retinopathy, NA not applicable, NDR No Diabetic Retinopathy, NPDR Nonproliferative Diabetic Retinopathy, NR not reported,

OCTA Optical Coherence Tomography Angiography, PDR Proliferative Diabetic Retinopathy, SD Standard Deviation

area increased as DR progressed in both SCP and DCP [48].
However, a statistically significant change from healthy eyes

was observed only in DCP of PDR (p=0.029) [48].

VD ratio in the SCP with 3 mm area was 0.425+0.028,
0.408 +0.039, 0.399 +0.043, 0.386+0.043 and
0.355+0.046 in healthy, NDR, mild, moderate to severe
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