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Purpose: The purpose of this study was to evaluate specifically in type 1 diabetes melli-
tus (DM) individuals the relationship between perifoveal superficial capillary plexus
(SCP) parameters assessed by optical coherence tomography angiography (OCTA) and
diabetic retinopathy (DR) grade.

Methods: Cross-sectional analysis of a large scale prospective OCTA trial cohort (Clini-
calTrials.gov NCT03422965). A total of 1186 eyes (593 individuals), 956 type 1 DM eyes
(478 patients), and 230 control eyes (115 healthy volunteers) were included in this study.
DR stage was graded according to the International Classification. OCTA imaging was
performed with a commercially available device (Cirrus HD-OCT). Vessel density (VD),
perfusion density (PD), and foveal avascular zone (FAZ) area, perimeter and circularity
measurements were quantified in the SCP and receiver operating characteristic (ROC)
curves were constructed for each OCTA parameter.

Results: VD and PD (in both 3 x 3 and 6 x 6 mm captures) were inversely associated
with DR stage (P < 0.001 in all cases) in a multiple regression analysis after controlling by
age, gender, signal strength index, axial length, and DM duration. Greater FAZ area and
perimeter and conversely lower circularity measurements were observed as DR severity
increased in both scanning protocols (P < 0.05 in all cases).

Conclusions: In type 1 DM individuals, OCTA provides an objective, continuous, and
reliable method for accurate quantification of VD, PD, and FAZ parameters in the SCP,
which ultimately correlate with DR stages.

Translational Relevance: Objective OCTA measurements of the retinal microvascula-
ture could substitute the clinical DR classification in patients with type 1 DM, identify
patients at risk of DR progression, and inform treatment decisions to modify the evolu-
tion of the disease.

the retinal vessels and affecting the retinal flow in a time

Introduction and Purpose

Diabetic retinopathy (DR) is a clinically diverse
entity originating from the alteration of small retinal
vessels. A selective loss of pericytes and endothelial
cells, as well as the thickening of the basal membrane in
retinal capillaries, occurs as a result of a long period of
exposure to elevated glucose levels in blood, damaging
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dependent manner.! Until recently, the only technique
that permitted the evaluation of vascular flow in the
retina of patients with diabetes mellitus (DM) was
fluorescein angiography (FA), a test that requires an
intravenous injection of dye.> Because this technique
cannot visualize or quantify separately the main two
major networks of capillaries, the superficial capillary
plexus (SCP) and deep capillary plexus (DCP), its role
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in the understanding of selective vessel plexus implica-
tion in DR appears limited. For these two reasons, in
the research setting, FA has been relegated by optical
coherence tomography angiography (OCTA), a novel
noninvasive retinal imaging procedure.’

OCTA represents an interesting opportunity to
evaluate the perifoveal vascular network at different
moments of the disease, with the potential of being
an excellent tool to identify early changes (capillary
dilatation, foveal avascular zone [FAZ] enlargement,
impaired capillary perfusion in paramacular areas, or
presence of microaneurysms) in a noninvasive way.>*
Many studies have been carried out in the last years to
evaluate the perifoveal vascular flow and FAZ features
in patients with diabetes using OCTA. However, the
vast majority represent a relatively short series of
patients, they rarely have a control group, and, more
importantly, almost all of them have been performed in
patients with type 2 DM. Type 2 DM has a completely
different pathophysiology than type 1 DM, and it
commonly affects older patients with other comorbidi-
ties, such as hypertension or dyslipidemia, that may
affect the quantification of OCTA images.

With this aim, we designed a prospective research
project directed to study the retinal vascular network
through OCTA in a large cohort of patients
with type 1 DM’ (registered in ClinicalTrials.gov,
NCT03422965). In agreement with the Diabetes Unit
of the Endocrinology Department, the routine yearly
fundus retinography of patients with type 1 DM was
replaced by a comprehensive ocular examination,
which included an extensive battery of OCT and
OCTA image collection. Associations between ocular
data derived from this examination and demographic
and systemic data from current and last 5 years blood
test data were evaluated, with the objective to identify
possible biomarkers of the disease.

The purpose of this specific report is to determine
objectively in a cross-sectional analysis the characteris-
tics of the perifoveal capillary network in patients with
type 1 DM and to study their relationship with the DR
grade compared to those observed in a control group
of healthy volunteers. We aim to evaluate the poten-
tial of OCTA as a new tool to detect objective param-
eters of DM status in the perifoveal vascular network
in a large series of patients with type 1 DM, which may
have direct implications in the systemic management of
these patients.

Study Design and Study Protocol

A cross sectional, exploratory study was conducted
in a large cohort of patients with type 1 DM recruited

TVST | September 2020 | Vol.9 | No. 10 | Article 34 | 2

from the Diabetes Unit of Hospital Clinic in a
24-month period (May 2017-May 2019), with prospec-
tive collection of OCTA images and relevant ocular
and systemic clinical data. The study protocol has been
described elsewhere.” This project was approved by
the Institutional Review Board of Hospital Clinic of
Barcelona (study protocol version 0.2, 23/11/2016) and
it is registered in the Clinical Trials website (Clinical Tri-
als.gov NCT03422965). Written informed consent was
obtained for all participants.

Inclusion and Exclusion Criteria

Patients with type 1 DM undergoing yearly follow-
up visits, as per routine clinical care at the Diabetes
Unit of our center, were invited to participate in
the study. Those willing to participate were referred
for a comprehensive ocular examination. Controls
were collected from healthy volunteers recruited in
the general population after social media campaigns
supported by the Communications department of the
hospital. Exclusion criteria include concomitant ocular
pathologies, macular edema, presence of macular cysts,
previous ocular surgery, previous macular laser, previ-
ous ocular treatment, including intravitreal therapies,
media opacities, and inability to perform complete
ocular examinations, including retinal imaging (OCT,
OCTA, fundus retinographies, biometry, etc.), as well
as inability to give written informed consent to partici-
pate in the study. A consolidated standard of reporting
trials (CONSORT)-style flow chart describing included
and excluded eyes in the study and each individual
OCTA analysis is presented in Figure 1.

Interventions: Ocular and Systemic Data

All participants underwent a complete ocular
examination. Clinical data collected included: best-
corrected visual acuity (BCVA), slit-lamp biomi-
croscopy, intraocular pressure measurement, retinal
fundus examination, and biometry (IOL Master, Carl
Zeiss Meditec, Dublin, CA). Diabetic retinopathy stage
was graded in all study eyes using the International
Clinical Diabetic Retinopathy Disease Severity Scale.®
A comprehensive battery of OCT and OCTA images
was performed as described below.

Systemic status of the diabetic disease was evalu-
ated in routine clinical care examinations in the
Diabetes Unit of the Endocrinology service, and
clinical data collected included: age, gender, smoking
habit, duration of the disease, type of treatment
(insulin doses, lipid-lowering, antihypertensive, and
antiplatelet drugs), concomitant pathology (hyperten-
sion, dyslipidemia, and macrovascular complications),
body mass index (BMI), hemogram, HbAlc, lipid
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Total evaluated eyes
(n=1186)

Exclusion criteria (n= 177)*
Macular edema (n=9)
Previous ocular surgery (n=93)
Previous ocular treatment (n=24)
Previous macular laser (n=21)
Concomitant ocular pathology (n=71):
- Glaucoma (n=19)
Amblyopia (n=16)
Myopia (n=8)
Retinal Vein Occlusions (n=3)
Uveitis (n=3)
Others (n=22)

Total included eyes
(n= 1009, 100%)

|
l }

| 3x3 OCTA | | 6x6 OCTA |
Artifacts . Artifacts
(n=58, 5.7%) (n=60, 5.9%)
SSI <7 SSI <7
(n=71, 7.0%) (n=82,8.1%)
VD, PD VD, PD

(n=938, 92.9%) (n=927, 91.8%)
Incorrect FAZ Incorrect FAZ
(n=77,7.6%) (n=87, 8.6%)

FAZ a,p,c
(n=861, 85.3%)

FAZ a,p,c
(n= 840, 83.2%)

Figure 1. Consolidated standard of reporting trials (CONSORT)-
style flow chart describing included and excluded eyes in the study
and each individual optical coherence tomography angiography
(OCTA) analysis. (*1 eye = > 1 criteria for exclusion; VD = vessel
density; PD = perfusion density; FAZ = foveal avascular zone; a =
area; p = perimeter; ¢ = circularity; SSI = signal strength index).

profile (total cholesterol, triglycerides, high-density
lipoprotein [HDL] cholesterol, low-density lipoprotein
[LDL] cholesterol), and kidney function tests (creati-
nine and urinary albumin excretion).

OCTA and OCT Imaging Protocols

All OCTA and OCT images were obtained using the
same OCT device (Cirrus HD-OCT model 5000; Carl
Zeiss Meditec, Dublin, CA). OCTA scanning protocols
included 3 x 3 mm and 6 x 6 mm cube scans centered
in the fovea by gaze fixation (Fig. 2). Structural OCT
protocol included a macular cube scan (512 x 128).
OCTA and OCT images with presence of artifacts,
segmentation errors, or a signal strength index (SSI)
< 7 were excluded from analysis. OCTA quantifica-
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tions were performed by the device built-in commer-
cial software (AngioPlex Metrix, Carl Zeiss Meditec,
Dublin, CA) only in the SCP of the study eyes, defined
as the layer between the internal limiting membrane
(ILM) and the inner plexiform layer (IPL) boundaries.
AngioPlex Metrix measurements included vessel and
perfusion density and FAZ parameters (area, perime-
ter, and circularity) displayed for 3 x 3 mm and 6 x 6
mm scans. Vessel density is the total length of perfused
vasculature per unit area in the region of measure-
ment; perfusion density is the total area of perfused
vasculature per unit area in the region of measure-
ment. No manual adjustments of the segmentation slab
boundaries were performed during the conduction of
this study. A detailed description of OCTA images
included and excluded from analysis is presented in
Figure 1.

Statistical Analysis

In order to describe the qualitative variables,
absolute frequencies and percentages were used. The
description of quantitative variables was performed
using the mean, standard deviation (SD), median, and
quartiles. The Kolmogorov-Smirnov test was used to
assess the normality of distributions. Clinical variables,
OCTA, and structural parameters according to the DR
grade were compared using a Generalized Estimat-
ing Equation (GEE) in order to control the poten-
tial bias of bilaterality and adjusted by age, gender,
SSI, axial length, and DM disease duration from
diagnosis. ANOVA or Kruskal-Wallis test (if normal-
ity was not assumed) with Bonferroni correction
was used in multiple comparisons between groups
in the case of quantitative variables. The analysis at
the patient level was analyzed using linear regres-
sion for continuous variables or Mantel-Hansel test
for categorical variables. Receiver operating curves
(ROC) were constructed to evaluate the area under the
curve (AUC) of each OCTA parameter by subgroups
(controls, no diabetic retinopathy, diabetic retinopa-
thy). For all the tests, P values < 0.05 were consid-
ered statistically significant. The statistical package
R Studio (version 2.5) was used for the statistical
analyses.

A total number of 1186 of eyes of 593 individu-
als were originally included in the study. Four hundred
seventy-eight patients with type 1 DM (956 eyes)
and 115 healthy controls (230 eyes) underwent a
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Figure 2. Optical coherence tomography angiography images of the superficial capillary plexus in study eyes. Examples of 3 x 3 mm
(top row) and 6 x 6 mm (bottom row) OCTA captures of the control group (left) and different diabetic retinopathy (DR) stages showing
progressively lower vessel density (VD) and perfusion density (PD), greater foveal avascular zone (FAZ) area. and perimeter and lower FAZ

circularity in greater DR stages.

complete ocular examination during the predeter-
mined timeframe. Exclusion criteria were applied and
181 eyes were excluded due to previous ocular surgery
(93 eyes), previous ocular treatment (24 eyes), previ-
ous macular laser (21 eyes), macular edema (9 eyes),
or concomitant ocular pathology (71 eyes), such as
glaucoma (19 eyes), amblyopia (16 eyes), myopia
magna, or axial length > 27 mm (8 eyes), and other
causes (28 eyes), such as retinal vein occlusions or
uveitis. OCTA images from 1009 eyes were analyzed.
A detailed description of OCTA images excluded due
to artifacts, poor OCTA image quality (defined as
SSI < 7), or incorrect FAZ delineation by the built-
in software for each OCTA parameter analysis is
presented in Figure 1.

Mean age for patients with diabeteswas 40 + 12.4
(standard deviation [SD]) years and the mean disease
duration was 20 £ 10.8 years. Mean age for healthy
controls was 43 + 14.1 years. All demographic charac-
teristics are shown in Supplementary Table S1. The
distribution of DR grades was no DR in 53.4% (n
= 539) of the examined eyes, mild non-proliferative
diabetic retinopathy (NPDR) in 21.2% (rn = 214),
moderate NPDR in 3.3% (n = 34), severe NPDR in
0.4% (n = 5), and finally proliferative DR (previously
treated with panretinal photocoagulation in all cases)
in 1.3% (n = 14) of the study eyes. All baseline charac-
teristics of study eyes according to DR stage distribu-
tion are summarized in Supplementary Table S2. All
OCTA measurements were controlled and adjusted by
diabetic retinopathy grade baseline characteristics in a
multivariate analysis.

Vessel Density, Perfusion Density, and
Diabetic Retinopathy Grade

Figure 2 depicts examples of 3 x 3 mm and 6 x 6
mm OCTA images of control eyes and different DR
stages. The mean values of VD, perfusion density (PD),
FAZ area, perimeter, and circularityin 3 x 3and 6 x 6
mm captures in both diabetic and control patients are
shown in Figure 3 and Figure 4 and in Table 1.

In 3 x 3 mm captures, a significant association was
observed between VD and DR stage, showing lower
VD with greater levels of DR stage and statistically
significant differences between the different disease
severity groups and controls (P < 0.001), after adjust-
ing data by age, gender, SSI, axial length, and duration
of DM disease. Differences between each different DR
groups are detailed in Figure 3. PD also showed signif-
icant differences (P < 0.001 in all cases) between the
DR stage groups with lower PD in greater levels of DR
severity. Similar findings were observed with the 6 x 6
mm captures, as shown in Figure 3 and Table 1.

Foveal Avascular Zone Measurements and
Diabetic Retinopathy Grade

FAZ parameters showed different results in 3 x 3
and 6 x 6 mm scans, as shown in Figure 4. In 3 x
3 mm scans, significant differences were observed in
the FAZ area (P = 0.029), FAZ perimeter (P < 0.001),
and FAZ circularity (P < 0.001) between controls
and the different DR severity groups. Statistically
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Figure3. Vesseldensity (VD) and perfusion density (PD) measurements and diabetic retinopathy (DR) grade, after adjusting for age, gender,
signal strength index (SSI), axial length and duration of diabetes mellitus disease. Top: VD (left) and PD (right) measurements in the complete
scanned area using the 3 x 3 mm scanning protocol. Bottom: VD (left) and PD (right) measurements in the complete scanned area using the
6 x 6 mm scanning protocol. Generalized Estimating Equation (GEE) adjusted for age, gender, signal strength index (SSI), axial length, and
duration of diabetes mellitus disease for global P value; pairwise comparisons by Kruskal-Wallis test with Bonferroni correction. P < 0.05: (a)
vs. Control; (b) vs. No DR; (c) vs. Mild DR; (d) vs. Moderate DR; (e) vs. Severe DR; (f) vs Proliferative DR (Total number of eyes [3 x 3/6 x 6]:
control 189/183, no DR 504/503, mild NPDR 202/198, moderate NPDR 29/30, severe NPDR 4/3, PDR 10/10).
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Figure 4. Foveal Avascular Zone (FAZ) measurements and diabetic retinopathy (DR) grade after adjusting for gender, age, SSI, axial length,
and duration of diabetes mellitus disease. Top: FAZ area (left), perimeter (middle), and circularity (right) measurements in the complete
scanned area using the 3 x 3 mm scanning protocol. Bottom: FAZ area (left), perimeter (middle), and circularity (right) measurements in
the complete scanned area using the 6 x 6 mm scanning protocol. Generalized Estimating Equation (GEE) adjusted for age, gender, signal
strength index (SSI), axial length, and duration of diabetes mellitus disease for global P value; pairwise comparisons by Kruskal-Wallis test
with Bonferroni correction. P < 0.05: (a) vs. Control; (b) vs. No DR; (c) vs Mild DR; (d) vs Moderate DR; (e) vs Severe DR; (f) vs Proliferative DR.
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significant differences (P < 0.05) were found in 2 x
2 comparisons between controls and some of the DR
groups, as well as between some of the DR groups,
as detailed in Figure 4. Similarly, in 6 x 6 mm scans
significant differences between controls and the DR
groups were observed for FAZ area (P = 0.005), FAZ
perimeter (P = 0.002), and FAZ circularity (P < 0.001).
Statistically significant differences were found in 2 x
2 comparisons between controls and some of the DR
groups (P < 0.05), as well as between some of the
different DR groups. All these results are summarized
in Figure 4 and Table 1.

Influence of Diabetes Mellitus Duration on
OCTA Metrics

Subgroup analysis was performed by duration of
DM and groups were defined as A (< 5 years), B (5-
15 years), and C (> 15 years). Significant differences
were observed in the 3 x 3 mm scans for VD (20.8
+ 1.5vs. 207 £ 1.5vs. 193 £ 1.9, P < 0.001) and
PD (0.37 + 0.02 vs. 0.37 & 0.03 vs. 0.36 + 0.03, P <
0.001) for these 3 subgroups in a lineal regression model
adjusted for age, gender, SSI, axial length, and DR
grade. With regard to the FAZ parameters, no differ-
ences were observed for FAZ area (0.24 &+ 0.08 vs. 0.23
£ 0.1 vs. 0.23 £ 0.1, P = 0.52) or FAZ perimeter (2.1
+ 0.38 vs. 2.01 + 0.47 vs. 2.11 £ 0.53, P = 0.146), but
significant differences were observed in FAZ circularity
(0.67 £ 0.08 vs. 0.67 £ 0.07 vs. 0.64 £ 0.09, P = 0.01).
Similar results were observed in the 6 x 6 mm scans,
and differences were observed for VD (18.1 4+ 1.2 vs.
18.0 £ 1.2vs. 17.3 £ 1.4, P < 0.001), PD (0.44 £ 0.03
vs. 0.44 4+ 0.03 vs. 0.43 £ 0.04, P < 0.001) for these 3
subgroups, in a lineal regression model adjusted for age,
gender, SSI, axial length, and DR grade. No differences
were observed for FAZ area (0.24 £ 0.09 vs. 0.23 £ 0.09
vs. 0.24 + 0.11, P = 0.541) and FAZ perimeter (1.96
+ 0.4 vs. 1.94 £ 0.43 vs. 1.97 £ 0.51, P = 0.537) but
FAZ circularity showed significant differences between
groups (0.76 + 0.07 vs. 0.74 £ 0.08 vs. 0.73 £ 0.08, P =
0.016). All these results are presented in Table 2.

Receiver Operating Curve Analysis of OCTA
Parameters

ROC were constructed to calculate the AUC for
each one of the OCTA parameters in controls, patients
with DM with no diabetic retinopathy, and patients
with DM with diabetic retinopathy (non-proliferative
and proliferative). The ROC curves for OCTA parame-
tersin the 3 x 3 mm scans are presented in Figure 5. For
VD, the AUC was 0.65, 0.61, and 0.75 in controls, no
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DR and DR. Proposed cut off points for VD in these
subgroups are 19.85, 19.15, and 20.35, respectively. For
PD, the AUC was 0.59, 0.58, and 0.67 in controls, no
DR and DR. Proposed cut off points for PD in these
subgroups are 0.37, 0.37, and 0.37, respectively. FAZ
parameters were also evaluated with ROC curves. For
FAZ area, the AUC was 0.52,0.47, and 0.48 in controls,
no DR and DR. Proposed cut off points for FAZ area
in these subgroups are 0.36, 0.41, and 0.11, respectively.
For FAZ perimeter, the AUC was 0.51, 0.55, and 0.57
in controls, no DR and DR. Proposed cut off points
for FAZ perimeter in these subgroups are 2.59, 2.14,
and 2.44, respectively. For FAZ circularity, the AUC
was 0.57, 0.56, and 0.63 in controls, no DR and DR.
Proposed cut off points for FAZ circularity in these
subgroups are 0.70, 0.63, and 0.63, respectively.

This study highlights the role of OCTA as an objec-
tive tool to obtain reliable measurements of the foveal
vessel status specifically in patients with type 1 DM,
the rarest type of disease. These objective, quanti-
tative, and continuous OCTA-derived measurements
ultimately correlate with DR severity, showing gradu-
ally lower VD and PD, and greater FAZ changes in the
SCP as DR progresses to greater levels of disease.

In the last few years, many OCTA studies have been
directed to assess the status of the perifoveal capillary
network in DM. However, the vast majority of studies
have been performed in patients with type 2 DM,’ 13
and many of them do not distinguish between patients
with type 1 DM and patients with type 2 DM.!6-20
The pathophysiology of both DM types is considerably
different, and patients present well-differentiated clini-
cal characteristics. Whereas type 1 DM is less frequent,
commonly affects younger patients, and it is a lifelong
standing disease, patients with type 2 DM are more
prevalent, they tend to be older, and frequently present
concomitant cardiovascular pathologies, such as blood
hypertension, metabolic syndrome, or dyslipidemia.
Given that age, duration of disease, and some of these
other comorbidities have been associated to changes in
OCTA metrics, these differences may affect either way
the VD or PD measurements in patients with type 1
and type 2 diabetes. For these reasons, there is a paucity
of data in the literature about OCTA measurements in
type 1 DM eyes.

Very few papers have studied this topic specifi-
cally in patients with type 1 DM,?!"2* and all of them
included only a limited number of patients, as shown in
Table 3. Carnevali et al. showed in a small series of
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(o) Figure 5. Receiver operating curves (ROC) of Optical Coherence Tomography Angiography (OCTA) parameters in 3 x 3 mm scans.
) Subgroup analysis by controls (left column), patients with type 1 diabetes mellitus with no diabetic retinopathy (middle column) and with
E diabetic retinopathy (mild, moderate, and severe nonproliferative and proliferative diabetic retinopathy)(right column). Top row: vessel
g density; Top-middle row: perfusion density; Middle row: Foveal Avascular Zone (FAZ) area; Middle-bottom row: FAZ perimeter; Bottom row:
© FAZ circularity. AUC, area under the curve; Cl, confidence interval.
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Type 1 Diabetes Mellitus OCTA Trial Report

25 eyes that OCTA was able to detect early vascu-
lar alterations even without any biomicroscopic signs
of DR.?* More recently, Sacconi et al. described a
series of 34 eyes where the only OCTA parameter
that was significantly different in patients with type 1
DM compared to controls was the PD of the DCP,
without differences in the rest of the studied param-
eters and plexuses.”” The largest series in type 1 DM
have been described in children, and they interestingly
have shown controversial results.’* 3 Golebiewska et
al. reported that no differences were seen in the VD
or FAZ area in any of the studied plexuses between
patients with type 1 DM and controls (# = 188 vs. 60);
however, Niestrata-Ortiz et al. described that FAZ area
was different between diabetic and healthy children (»
= 112 vs. 30).>7-2® In this last paper, a greater FAZ
area was also associated with a longer duration of the
disease. Obviously, the mean age of the study cohorts in
these pediatric series (15.3 and 13.8 years, respectively)
needs to be considered when interpreting these results,
in order to allow meaningful comparisons with adult
populations.

One of the key issues when interpreting quantita-
tive analysis of OCTA images is which retinal plexus
is being evaluated, a feature that is strongly related to
the OCT device used for the image capture and the
segmentation algorithm used by the software of the
machine. In this report, we have used an OCT device
that allows measurements only in the SCP with the
commercial built-in software. The role of the different
plexuses in the pathophysiology of DR is also a contro-
versial topic, and there are discrepancies in the litera-
ture. Again, for the reasons mentioned above, most of
the current evidence about which plexus and OCTA
parameter reflects better the status of the macula of
patients with diabetes needs to be taken from type 2
DM studies. Agemy et al. reported that VD measure-
ments were different in the SCP and DCP of diabetic
eyes, meanwhile Coscas et al. did not find any signifi-
cant differences between these two plexuses in patients
with diabetes.?!-*? These controversial findings may be
explained at least in part for the small sample size
of these studies, and it is still unclear whether both
plexuses are or are not affected simultaneously, limit-
ing the conclusions of these previous reports. Consis-
tently with our findings, several previous studies have
found a lower VD in patients with DR compared with
healthy controls, as well as an association between
lower VD and greater DR stages in both SCP and
DCP. 33 What is clinically meaningful is that OCTA
has demonstrated the ability to distinguish between
healthy eyes and eyes with different stages of DR sever-
ity, using automated algorithms to measure different
flow parameters in the macula.?*31:32:3-38 In order
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to provide helpful data for this differentiation, cut
off points for each individual OCTA parameter are
suggested in this paper, based on the ROC curves
presented for controls and patients with type 1 DM
without and with DR.

FAZ alterations are commonly seen in patients
with diabetes.’® 3% Previous studies in type 2 DM
have shown that diabetic eyes are more likely to
have an enlarged FAZ compared to healthy control
eyes.**3 Consistently with that, in our study, we found
that in patients with type 1 DM the FAZ perime-
ter and area were progressively larger in greater DR
stages but decreased in proliferative diabetic retinopa-
thy (PDR) cases, both in 3 x 3 and 6 x 6 mm captures.
We hypothesize that this finding in PDR cases may
be explained by the reduced retinal thickness of these
eyes and the fact that most of our PDR cases were
previously treated with laser PRP in the moment of
the scan, raising the interesting hypothesis of central
reperfusion after PRP laser treatment. However, this
is a controversial topic, as a significant variability in
the FAZ area has been described in healthy individu-
als, and, therefore, it is difficult to determine a thresh-
old between FAZ normality and pathological enlarge-
ment in retinal diseases.>® For this reason, the FAZ area
may not be a sensitive marker to establish whether a
study eye is normal or presents a retinal disease, but
in some retinal conditions, as in DR, it may be associ-
ated with greater DR stages. As previously described,
in this paper, we suggest potential cut offs for each
of the FAZ parameters in ROC curves for controls
and diabetic eyes without and with DR, in order
to provide clinically relevant data to the ophthalmic
community. Interestingly, Kim et al. showed a signif-
icant correlation between FAZ irregularity and visual
acuity (VA).!° This parameter, FAZ circularity, may be
helpful to objectively quantify the perifoveal capillary
ring disruption and may potentially be a better tool
to establish the degree of microvascular damage in the
FAZ, which is ultimately related to VA.

The main strength of this study is the large number
of type 1 DM eyes included, which to date is the largest
OCTA cohort published in these patients. Second,
the fact of obtaining the data with the device built-
in commercial software and no manual corrections
present two additional benefits: to obtain reliable and
objective data of the analyzed parameters and to
be reproducible and generalizable to other groups,
without the need to use a research software, unpractical
in daily practice, and unavailable to all medical teams.
Third, the inclusion of a relatively large number of
controls also add significant value to the OCTA analy-
sis performed and constitutes another strong point of
this study. As previously mentioned, a potential limita-
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tion of the study is the inability of the commercial
software of the device used to quantify vascular flow
parameters of the DCP, which, according to some
authors, may be affected earlier in the development of
DR. Future analysis of our dataset using an automated
research software will shed some light on this specific
issue. Nevertheless, our results have already detected
flow alterations in the SCP indicating that this plexus
has a determining role in the DR pathophysiology from
early stages of the disease. Another possible limita-
tion of the study may be the small number of patients
with DM with severe NPDR, due to the efficacy of the
public DR screening program in Spain. As the major-
ity of the study cohort presented the milder forms of
the disease, the results of this study are especially repre-
sentative of early DR stages with a relatively spared
macular anatomy. This may have had a positive effect in
the reliability of the OCTA-derived metrics obtained,
with a low rate of artifacts compared to other reported
series in pathological eyes.* However, the early stages
of DR are the ones that may present subclinical signs
that are worth detecting as soon as possible, in order to
allow early interventions and to stop the progression of
the disease.

In conclusion, OCTA is able to detect microvas-
cular changes in type 1 DM diabetic eyes, which are
correlated with the DR stage independently of age
and duration of DM disease. Quantitative parameters
as VD, PD, and FAZ area, circularity, or perimeter
may be objectively quantified in diabetic eyes with
this noninvasive technology. This automated analysis
reveals details of the perifoveal vascular network status
in an objective way, translating subjective qualitative
findings into objective data, a significant step forward
to allow ophthalmologists the integration of meaning-
ful retinal vascularity data in daily clinical practice.
These findings suggest a major role of OCTA in the
next future, as these microvascular changes may be
detected in their preclinical status, before the first clini-
cal signs of DR appear in direct fundus examination.
Future studies will focus on the possibility of defining
OCTA-derived parameter ranges for DR severity stage
classification, risk assessment, and, maybe, response to
treatment and monitorization based on these objective
grounds.
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