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Abstract: Objectives: In the current study, we investigated the correlations between retinal microvas-
cular parameters using optical coherence tomography angiography (OCTA) and clinical parameters
for a group of 69 young patients with type 1 diabetes mellitus (T1DM). Materials and Methods: This
retrospective, exploratory study enrolled 69 patients between 5 years old and 30 years old who met
the inclusion criteria. All the study participants underwent a comprehensive ophthalmic examination
and OCTA scans for the evaluation of the retinal microcirculation. The retinal OCTA parameters
were correlated with the following clinical parameters: the patient’s age at the onset of the disease,
the duration of T1DM, the BMI at the time of enrollment in the study, the HbA1C values at onset,
the mean values of HbA1C over the period of monitoring the disease and the degree of DKA at
onset. Results: For the study group, the foveal avascular zone (FAZ) area and perimeter correlated
positively with the mean value of HbA1C (Pearson correlation, Sig.2-Tailed Area: 0.044; perimeter:
0.049). The total vessel density in the superficial capillary plexus (SCP) correlated negatively with
the duration of T1DM, based on the superior and inferior analyzed areas (Spearman correlation,
Sig.2-Tailed SCP in total region: 0.002; SCP in the superior region: 0.024; SCP in the inferior region:
0.050). The foveal thickness also correlated negatively with the levels of diabetic ketoacidosis (DKA)
at onset (Spearman correlation, Sig.2-Tailed: 0.034) and the levels of HbA1C at onset (Spearman
correlation, Sig.2-Tailed: 0.047). Further on, the study patients were distributed into two groups
according to the duration of the disease: group 1 included 32 patients with a duration of T1DM of
less than 5 years, and group 2 included 37 patients with a duration of T1DM of more than 5 years.
Independent t-tests were used to compare the OCTA retinal parameters for the two subgroups. While
the FAZ-related parameters did not show significant statistical differences between the two groups,
the vessel densities in both the SCP and DCP were significantly lower in group 2. Conclusions: Our
data suggest that specific alterations in OCTA imaging biomarkers correlate with various clinical
parameters: the FAZ area and perimeter increase with higher mean values of HbA1C, leading to
poor metabolic control. Moreover, the SCP total vessel density decreases as the duration of T1DM
increases. Regarding the vessel densities in the SCP and the DCP, they decrease with a duration of
the disease of more than 5 years.

Keywords: optical coherence tomography angiography; non-invasive retinal imaging; biomarkers;
type 1 diabetes mellitus; diabetic retinopathy
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1. Introduction

Diabetes mellitus (DM) is a major chronic health condition, as it has one of the world’s
fastest-growing incidences [1]. It is currently affecting approximately 460 million people
worldwide, with an estimated increase to approximately 642 million people by 2040 [2], with
a subsequent significant increase in both microvascular and macrovascular complications.
Therefore, identifying new imaging biomarkers and novel therapeutic targets for improving
the management of DM and its complications has become essential. [3].

Type 1 diabetes mellitus (T1DM) represents one of the most common chronic diseases
during childhood, with a significantly increasing incidence [4] of approximately 3 new
cases per 100,000 people under 18 years old yearly [5]. This metabolic condition occurs
through the autoimmune destruction of the pancreatic beta cells and a subsequent severe
impairment of insulin production [6]. Insulin administration represents the only effective
treatment for patients with T1DM [7]. Although multiple insulin delivery systems, such
as daily subcutaneous injections, continuous subcutaneous insulin infusions or insulin
pumps, are available, most T1DM patients fail to achieve effective management of their
blood glucose levels [8].

According to recent research, children who initially present with severe diabetic
ketoacidosis (DKA) at the onset of T1DM have poorer long-term blood sugar management,
as indicated by glycated hemoglobin (HbA1C) levels. Consequently, they require more
intensive treatment and more frequent monitoring [9].

Diabetic retinopathy (DR) is the most common microvascular complication of T1DM
and the leading cause of irreversible visual loss [10] for diabetic patients. The clinical
diagnosis of DR also represents a strong predictor of macrovascular dysfunction [11]. In the
early stages of DR, hyperglycemia and altered metabolic pathways lead to vascular endothe-
lial damage, with the development of microaneurysms and intraretinal hemorrhages [12].
As DR progresses, hard exudates occur due to the disruption of the blood–retinal barrier
and leakage of inflammatory cytokines and plasma proteins. Further vasoconstriction
and capillary occlusions lead to retinal ischemia with the characteristic presence of ‘cotton
wool spots’. In the advanced stages of DR, severe hypoxia leads to neovascularization,
vitreous hemorrhage and retinal detachment [13]. Given the significant rise in the inci-
dence of T1DM and the increased life expectancy for these patients, the vision impairment
associated with DR will unavoidably grow in the upcoming years.

The development of DR is mainly correlated with the duration of diabetes, hyper-
glycemia and subsequently elevated HbA1c levels. However, despite these well-known
risk factors, there is a considerable variation in the development and progression of DR in
T1DM patients, which cannot be fully explained by these factors alone. Thus, identifying
imaging biomarkers to stratify the risk of developing DR is essential, especially in children
with T1DM.

Currently, for the diagnosis and staging of DR, multiple imaging protocols are used,
including dilated fundus examination, fundus fluorescein angiography (FFA) and optical
coherence tomography (OCT) [14]. FFA has been considered the most valuable method for
diagnosing and monitoring DR for many years, providing detailed information about the
vascular integrity of the retina. FFA is an invasive test using a contrast technique associated
with multiple risks for T1DM patients [15]; therefore, it is rarely used for this category of
patients and is not suggested for eyes without visible signs of DR [16].

Over the past few years, non-invasive and fast imaging methods like optical coherence
tomography angiography (OCTA) have provided improved visualization of the retinal and
choroidal vascular networks without the need for contrast agents. The OCTA technique
analyzes the retinal superficial capillary plexus (SCP) and the deep capillary plexus (DCP)
separately [17], providing a deeper understanding of the pathophysiological changes in
DR; it also provides detailed three-dimensional information about early microcirculatory
disturbances [18].

The OCTA system implemented in our current study utilizes a split-spectrum amplitude-
decorrelation angiography algorithm. This allows for both qualitative and quantitative
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evaluation of microvascular alterations within the various layers of the retina, focusing on
a 6 mm × 6 mm area centered around the fovea. [19].

Although multiple clinical studies have focused researching correlations between
microvascular retinal alterations and clinical parameters in adult type 2 diabetic patients,
only a few have researched these possible correlations in young patients with T1DM
without signs of DR. The purpose of our current study was to identify the correlations
between the retinal microvascular alterations quantifiable on retinal OCTA scans and
clinical parameters of young T1DM diabetic patients without clinical signs of DR.

2. Materials and Methods

This retrospective, exploratory enrolled 69 patients aged between 5 years old and
30 years old diagnosed with T1DM and monitored in the Department of Pediatrics of the
Clinical Emergency Hospital and ATB Ophthalmology Medical Center, Craiova, Romania.
The duration of the study was 2 years, starting from 2021 until 2023. All the study partici-
pants were receiving exogenous insulin treatment via insulin pumps or insulin pens. The
study protocol was approved by the Ethics Committee of the University of Medicine and
Pharmacy Craiova (Project Identification Code 8612/07/06/2021) and was carried out in
accordance with the rules of the Declaration of Helsinki, revised in 2013. Written informed
consent was obtained from all the patients included in the study and the legal guardians of
patients younger than 18 years old.

The study’s inclusion criteria were as follows: patients with T1DM diagnosis based on
the International Society for Pediatric and Adolescent Diabetes (ISPAD) guidelines, absence
of clinical signs of DR, a minimum disease duration of one year from onset to the time of the
study, no other ocular or systemic conditions, except for refractive errors up to 1.5 spherical
or cylindrical diopters. T1DM disease duration was determined by medical record review.
Exclusion criteria consisted of: patient’s age above 30 years old, inability to stay still while
the OCTA scans were taken, history of significant ocular injury or ocular disease, as well as
any other systemic pathology that could affect the retinal microvasculature.

All the study participants underwent a comprehensive ophthalmic examination which
included: best-corrected visual acuity (BCVA) (LogMAR), intraocular pressure measure-
ment using the IC 100 ICare tonometer, (ICare, Vantaa, Finland), slit-lamp biomicroscopy
examination and dilated fundus examination using tropicamide 1% eye drops. Refractive
measurements were carried out with the help of a Nidek Ark-1 refractor–keratometer device.

The OCTA scans for the evaluation of the retinal microcirculation were taken with
the help of the RevoNX 130 OCTA device (Optopol, Zawiercie, Poland). The scans were
performed on dilated eyes using 1% tropicamide eye drops.

The OCTA software 10.0.1 automatically analyzed the following parameters: foveal
avascular zone (FAZ) area, perimeter and circularity, overall foveal thickness, SCP and
DCP vessel densities.

FAZ represents the capillary-free area located at the center of macula and surrounded
by the foveal capillary circles [20]. The physiological FAZ parameters in healthy subjects are
considered to be the following: FAZ area 0.28 ± 0.23 mm2 [21], FAZ perimeter 3.3 ± 1.0 mm
and FAZ circularity index 0.46 ± 0.1 [22]. The normal shape of the FAZ in healthy subjects
is circular or slightly elliptical, with a mean circularity index of 0.8 or more [23].

The SCP is located in the nerve fiber and ganglion cell layers, at the same level as the
arterioles and major venules, while the DCP is located between the inner nuclear layer and
the outer plexiform layer.

Only high-quality scans without blink artifacts, motion artifacts or low signal strength
were taken into consideration for statistical interpretation. The scans focused on an area of
6 × 6 mm centered around the fovea, and they were “en face superficial” and “en face deep”
reports. In the context of OCTA, the term “en face” refers to a view of the retina that is seen
from above. This view contrasts with cross-sectional views typically seen in traditional OCT
imaging. While cross-sectional (B-scan) images provide detailed information about the
different layers of the retina in a slice-like fashion, “en face” OCT images allow observation
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of the retinal structures in a planar view, which can be particularly useful for visualizing
the layout of retinal blood vessels and microvasculature [24].

We created a customized software which uses OCR technology to automatically extract
data from the PDF reports generated by the OCTA software 10.0.1.

In our previous research, we compared the OCTA retinal parameters of this study
group with a control group of healthy subjects of the same age group and observed the
following statistically significant differences: decreased FAZ area and circularity, increased
FAZ perimeter, decreased foveal thickness and vessel density in the SCP for the T1DM
group. Further on, for the current study, we chose to explore if there were any specific
clinical characteristics of the T1DM group that could be correlated with alterations of the
above-mentioned OCTA parameters.

The following clinical parameters were analyzed for this study: the patient’s age at
the onset of the disease, the duration of T1DM, BMI at the time of enrollment in the study,
the HbA1C values at onset and the mean values of HbA1C over the monitorization to the
disease and the degree of DKA at onset.

Statistical Analysis

The data gathered from the OCTA reports was processed using Microsoft Excel 2019
(San Francisco, CA, USA). For the statistical analysis of the results, Pearson’s and Spear-
man’s correlation coefficients were used for correlation analysis with p < 0.05 considered
statistically significant and unpaired t-tests were used to compare the study subgroups.
The analysis was produced using a commercial software (SPSS version 26.0; IBM, Armonk,
NY, USA).

3. Results

The present study included 69 patients ranging in age from 5 to 30 years old, with an
average age of 12 years and 4 months old. The mean duration of the disease was 5 years
old. The study patients began showing symptoms of T1DM at ages ranging from 1 year
and 3 months up to 15 years old, with the average age at onset being 7 years and 4 months.
There were no statistically significant differences in the age of onset between male and
female patients.

Top of Form

The average weight of the T1DM patients at the time of entering the study was 50.47 kg
and the average height was 153 cm, with an average BMI value of 21.4 kg/m2. The average
HbA1C values at the onset of the disease were 12.4% and the mean HbA1C values when
entering the study were 7.4% as described in Table 1.

Table 1. Clinical characteristics of the study patients.

Minimum Maximum Mean

Age (years) 4 20 12.4
Duration of T1DM (years) 1.50 23.83 5.04

Age onset (years) 1.25 15.16 7.40
Height (cm) 100 176 153.10
Weight (Kg) 15 115 50.47

BMI (kg/m2) 12.57 37.55 21.40
HbA1C onset (%) 7.54 18.60 12.41

HbA1C Mean Value (%) 5.20 13.90 7.43

The metabolic control of the study patients was evaluated with the following pa-
rameters: HbA1C at onset and the mean value of HbA1C for the duration of the disease
calculated by the average value of 4 measurements per year since onset. The grade of ketosis
and ketoacidosis (DKA) at the onset of T1DM was also analyzed with DKA being defined
as mild by a pH level of 7.25–7.3 and a serum bicarbonate level between 15–18 mEq/L,
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moderate DKA when pH levels reach 7.0–7.24 and a serum bicarbonate level of 10 to less
than 15 mEq/L and severe DKA when pH levels drop lower than 7.0 and bicarbonate levels
lower than 10 mEq/L.

At the onset of the disease, the percentage of patients with ketosis was 13.4%, mild
DKA 11.9%, medium DKA 44.8% and severe DKA 29.9%, as described in Table 2.

Table 2. Degree of DKA at T1DM onset.

Frequency Percent Valid Percent

Mild DKA 30 43.5 43.5
Moderate DKA 20 29.0 29.0

Severe DKA 10 14.5 14.5
Ketosis 9 13.0 13.0

Total 69 100 100

Family history of DM was also analyzed and 52.2% of patients had no family history
of DM, 37.3% had at least one grandparent with DM, 9% had at least one parent with DM
and 1.5% had one brother with DM.

Our assessment focused on the relationships between various OCTA parameters—including
the FAZ area, perimeter, circularity, overall foveal thickness, and vessel density in both the SCP
and DCP within a 6 × 6 mm area centered on the fovea (as shown in Figures 1 and 2)—and
the clinical characteristics of the study patients.

Figure 1. OCTA scan of a T1DM 12-year-old patient with altered FAZ parameters, foveal thickness
and vessel densities.

For our study group, the FAZ area and perimeter correlated positively with the
mean values of HbA1C (Table 3). There was no significant correlation between the OCTA
parameters and T1DM duration and patient’s age at onset.



Diagnostics 2024, 14, 317 6 of 12

Figure 2. Angio wide OCTA scan of the same T1DM 12-year-old patient showing retinal vasculature
of the SCP.

Table 3. Correlations between FAZ Parameters and HbA1C Mean Values.

FAZ Parameter
HbA1C

Pearson Correlation Sig. (2-Tailed) N

Area 0.246 * 0.044 68
Circularity −0.093 0.449 68
Perimeter 0.248 * 0.041 68

* Correlation is significant at the 0.05 level (2-Tailed).

Regarding the vessel density parameters, the total vessel density in the SCP correlated
negatively with the duration of T1DM, based on the superior and inferior analyzed areas
as shown in Table 4. The foveal thickness also correlated negatively with the levels of DKA
at onset and the levels of HbA1C at onset as shown in Table 5.

Table 4. Spearman correlation between Vessel Density Parameters and Duration of T1DM.

Duration of T1DM

Spearman
Correlation Coefficient Sig. (2-Tailed) N

SCP Region Total −0.365 ** 0.002 69
SCP Region Superior −0.272 * 0.024 69
SCP Region Inferior −0.237 * 0.050 69

* Correlation is significant at the 0.05 level (2-Tailed). ** Correlation is significant at the 0.01 level (2-Tailed).

Table 5. Spearman correlation between Foveal Thickness and metabolic parameters at onset of T1DM.

Foveal Thickness

Spearman
Correlation Coefficient Sig. (2-Tailed) N

DKA at onset −0.256 * 0.034 69
HbA1C at onset −0.240 * 0.047 69

* Correlation is significant at the 0.05 level (2-Tailed).
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Further on, the study patients were distributed in two groups according to the dura-
tion of the disease: group 1 with a duration of T1DM of less than 5 years, which included
32 patients and group 2 with a duration of T1DM of more than 5 years, which included
37 patients. Independent unpaired t-tests were used to compare the OCTA retinal parame-
ters for the two groups.

While the FAZ related parameters didn’t show significant statistical differences be-
tween the two groups, the vessel densities in both SCP and DCP were significantly lower
in group 2, which had a duration of the disease of longer than 5 years (Figures 3 and 4).
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These parameters were located in the SCP in the superior and inferior outer region,
as well as the superior and inferior inner region. In the DCP, the statistically significant
differences were found in the outer inferior region and deep inner superior region as shown
in Table 6.

Table 6. Unpaired T Test Descriptive for the 2 groups.

OCTA Parameter Group 1/Group 2 Mean Std. Deviation Std. Error Mean

Area
1 0.3822 0.12795 0.02262
2 0.3984 0.12751 0.02096

Circularity 1 0.4466 0.11418 0.02018
2 0.4368 0.11003 0.01809

Perimeter
1 3.3303 0.80315 0.14198
2 3.4351 0.79128 0.13009

SCP Total Region 1 38.8438 * 1.24303 0.21974
2 37.0919 * 1.96601 0.32321

SCP Superior Region 1 39.2813 * 1.78370 0.31532
2 37.6676 * 1.90876 0.31380

SCP Inferior Region 1 38.2281 * 1.71167 0.30258
2 36.3973 * 3.40412 0.55963

SCP Center Region 1 14.8031 5.32556 0.94144
2 12.8405 4.93674 0.81159

SCP Inner Region 1 37.2438 * 2.83150 0.50054
2 35.1703 * 2.87797 0.47314

SCP Superior Inner Region 1 37.9688 * 2.95410 0.52222
2 35.6243 * 3.52620 0.57970

SCP Inferior Inner Region 1 36.4469 * 3.06257 0.54139
2 34.6703 * 3.08643 0.50741

DCP Total Region 1 41.7906 * 1.36957 0.24211
2 40.8838 * 2.00562 0.32972

DCP Superior Region 1 41.8406 1.85383 0.32771
2 41.2081 2.11389 0.34752

DCP Inferior Region 1 41.6188 * 1.41066 0.24937
2 40.5108 * 2.95642 0.48603

DCP Center Region 1 29.6438 4.67808 0.82698
2 30.0757 4.77641 0.78524

DCP Inner Region 1 43.3969 * 0.99336 0.17560
2 42.6703 * 1.37313 0.22574

DCP Superior Inner Region 1 43.5750 * 1.05678 0.18681
2 42.7784 * 1.57218 0.25846

DCP Inferior Inner Region 1 43.1969 1.18580 0.20962
2 42.5622 1.59659 0.26248

Foveal thickness
1 224.50 15.100 2.669
2 220.30 18.625 3.062

* Significant statistical difference between Group 1 and Group 2.

4. Discussion

One of the main risks of T1DM in young patients is the development of microvascular
complications at an earlier stage of life [25]. For these patients, the development of DR
which is considered a neurodegenerative disease of the retina [26], leads to a higher risk for
vision loss as the duration of diabetes increases. However, vision loss due to DR is largely
preventable in patients with T1DM, with early diagnosis and appropriate treatment. As
FFA is not a routine investigation for patients without visible retinopathy, especially not for
young T1DM patients, OCTA represents a valuable noninvasive alternative which can be
used to identify retinal microvascular changes in T1DM patients before clinically visible
retinopathy occurs [27].

The FAZ is a rod-free area located at the macula, crucial for central vision due to its
high density of cone photoreceptors [28]. This zone lacks vasculature and overlying inner
retinal tissue, enhancing optical quality by minimizing light scattering [2]. In DR, the FAZ
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undergoes significant changes, mainly due to the loss of capillaries in nearby vessels. The
mechanisms behind capillary loss are based on chronic hyperglycemia-induced damage,
such as: pericyte loss affecting the capillary walls, microvascular occlusions, endothelial
dysfunction, and breakdown of the blood-retinal barrier [29]. Capillary loss also leads to
decreased vessel density in the SCP and DCP, promoting local ischemia and subsequent
increase in vascular endothelial growth factor. Therefore, examining FAZ parameters and
retinal capillary vessel densities can provide comprehensive understanding of the systemic
microvascular alterations occurring in diabetic patients.

In recent years, OCTA retinal screening is preferred to FFA, due to its noninvasive
character [30], but also for the detailed imaging properties. Jung JJ et al. [31] demonstrated
that retinal OCTA imaging improves the visualization of retinal capillaries and increases the
clarity of the FAZ borders compared to FFA, therefore emphasizing the correlation between
retinal vessel density and FAZ-specific parameters to DR severity. Moreover, OCTA has
been proven to provide valuable information about early changes of parafoveal capillary
plexuses in patients without clinical signs of DR [32].

Until now, significant correlations between the OCTA microvascular retinal changes
and clinical parameters have not been sufficiently researched in T1DM young patients
without DR. The results of our current study focused in two directions. Firstly, the changes
in FAZ area and perimeter were found to correlate positively with the HbA1C mean value.
Although the FAZ related parameters did not correlate with the duration of the disease, the
SCP total vessel density correlated negatively with the duration of T1DM.

From the perspective of the FAZ changes, our results are in line with previous clinical
studies such as Wysocka-Mincewicz M et al. [33] who found that higher levels of HbA1c
corresponded to a larger FAZ area and decrease in foveal vessel density. Contradictory
to our results, in their study on OCTA vessel density in children with type 1 diabetes
Gołębiewska J et al. [34] did not find statistically significant correlations between FAZ area
or vessel densities of the SCP and DCP and the duration of the disease, age of onset or
mean levels of HbA1C.

Also, previous research conducted by Marwa Abdelshafy & Ahmed Abdelshafy [35]
found significant correlations between FAZ area and perimeter and T1DM duration.

Regarding the study of vessel density perfusion in the SCP, Jing Qian et al. [36] found
that the perfusion density was significantly decreased as the duration of DM increased.

Early detection of key clinical characteristics of the T1DM patients which lead to
preclinical microvascular retinal alterations identifiable with OCTA is essential, as DR is
one of the pathologies benefiting the most from significant advances in artificial intelligence
(AI) analysis. Deep learning-based OCTA image analysis has currently become accurate
and efficient regarding image quality control, segmentation, and classification, leading
towards probable changes in the DR staging system in the near future [37]. A consensus
regarding the correlations between OCTA retinal imaging biomarkers and clinical parame-
ters is essential and can facilitate the routine clinical use of OCTA for early detection and
management of DR for young T1DM patients.

The current study presents several limitations, such as: the current macular OCTA
protocol has a field of view of 6 × 6 mm centered on the fovea, therefore the peripheral
vascular layers were not evaluated. The accuracy of OCTA measurements is crucial for
proper interpretation of the results. However, algorithms in OCTA machines, like any
other automated system, can occasionally produce incorrect measurements due to various
factors such as image quality, motion artifacts, or segmentation errors. The OCTA device
that we used for the current study comes with a software that allows for some degree of
manual correction or editing of the retinal parameters. We aimed not to use these editing
and correction features, but rather to repeat the scans until proper quality and minimal
motion artifacts were obtained.

The final number of participants included in the study is relatively small because of the
reluctance of some of the patient’s parents for consenting to be part of scientific research on
one hand, on the other hand some T1DM patients also presented other ocular or systemic
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pathologies and we also encountered difficulties in obtaining high-quality images from
children younger than 5 years old. As the duration of the disease is considered one of the
critical risk factors for the progression towards DR, we decided to divide the T1DM group
into 2 subgroups based on this parameter, where group 1 had a duration of the disease of
up to 5 years and group 2 had a duration of more than 5 years. Ideally, a third group with a
duration of T1DM of more than 10 years would have added more statistical value to the
research, but out of the 69 study patients only 7 of them had a duration of the disease of
more than 10 years, therefore a valid comparison with the other groups could not be made.
We started performing the OCTA scans for the T1DM patients respecting the protocol for
retinal screening, which advises a duration of at least one year since the diagnosis of the
disease, but at the time we started the study most patients already had a duration of more
than 1 year since the onset of T1DM. The patients attended only one visit for the OCTA
assessment, meaning that, for now we have no follow up scans to enable us to further
evaluate the progression of the OCTA retinal alterations. We aim for further research of
this study group in order to obtain OCTA reports of progression for these patients and gain
dynamic insights on their clinical parameters as the duration of the disease increases.

5. Conclusions

OCTA retinal scanning represents a reliable, noninvasive method to detect early
retinal microvascular alterations in young T1DM patients without clinical signs of DR.
These microvascular changes can be regarded as specific imaging biomarkers and are
correlated with various clinical parameters such as: the FAZ area and perimeter increased
with higher mean values of HbA1C, therefore with a poor metabolic control. Moreover,
the SCP total vessel density decreases as the duration of T1DM increases. Regarding the
vessel densities in the SCP and the DCP, we found that they decrease with a duration of the
T1DM of more than 5 years.

Early detection of retinal microcirculatory alterations with the help of OCTA as well
as proper management of the controllable clinical factors which lead to these alterations
may delay the clinical diagnosis of DR and orientate towards a different approach in the
overall clinical management of T1D patients.

OCTA is becoming an essential tool for monitoring the progression towards clinical
signs of DR in young T1DM patients. While we can not control some clinical factors which
lead to these alterations, like the duration of the disease, we can improve the metabolic
control and raise awareness regarding the onset clinical signs and diagnose children with
T1DM before severe DKA occurs.

Author Contributions: Conceptualization, A.O.D., A.T.B. and V.S.; methodology, A.O.D., I.P. and V.S.;
software, C.A.T. and A.E.T.; validation, A.T.B., C.L.M. and V.S.; formal analysis, A.T.B.; investigation,
I.P. and A.E.T.; resources, I.P. and A.T.B.; data curation, A.O.D.; writing—original draft preparation,
A.O.D. and A.E.T.; writing—review and editing, V.S.; visualization, C.A.T. and I.P.; supervision,
V.S. and C.L.M.; project administration, A.O.D. and V.S. All authors have read and agreed to the
published version of the manuscript.

Funding: The Article Processing Charges were funded by the Doctoral School of the University of
Medicine and Pharmacy of Craiova, Romania, 861/07/06/2021.

Institutional Review Board Statement: Ethics Committee of the University of Medicine and Phar-
macy of Craiova (project identification code 861/07/06/2021, date of approval 7 June 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors declare that the data for this research are available from
the correspondence authors upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2024, 14, 317 11 of 12

References
1. Moir, J.; Khanna, S.; Skondra, D. Review of OCT Angiography Findings in Diabetic Retinopathy: Insights and Perspectives. Int. J.

Transl. Med. 2021, 1, 286–305. [CrossRef]
2. Sun, Z.; Yang, D.; Tang, Z.; Ng, D.S.; Cheung, C.Y. Optical coherence tomography angiography in diabetic retinopathy: An

updated review. Eye 2021, 35, 149–161. [CrossRef] [PubMed]
3. Donoiu, I.; Târtea, G.; Sfredel, V.; Raicea, V.; T, ucă, A.M.; Preda, A.N.; Cozma, D.; Vătăs, escu, R. Dapagliflozin Ameliorates Neural

Damage in the Heart and Kidney of Diabetic Mice. Biomedicines 2023, 11, 3324. [CrossRef] [PubMed]
4. Lawrence, J.M.; Mayer-Davis, E.J. What do we know about the trends in incidence of childhood-onset type 1 diabetes? Diabetologia

2019, 62, 370–372. [CrossRef]
5. Alassaf, A.; Mohamed, K.; Al Otaiby, A.; Al Wraidat, M.; Nashwan, A.J. Optic Neuritis in a Child with Poorly Controlled Type 1

Diabetes Mellitus: A Case Report. Cureus 2023, 15, e33474. [CrossRef]
6. Elian, V.; Popovici, V.; Ozon, E.-A.; Musuc, A.M.; Fit,a, A.C.; Rusu, E.; Radulian, G.; Lupuliasa, D. Current Technologies for

Managing Type 1 Diabetes Mellitus and Their Impact on Quality of Life—A Narrative Review. Life 2023, 13, 1663. [CrossRef]
7. Urbano, F.; Farella, I.; Brunetti, G.; Faienza, M.F. Pediatric Type 1 Diabetes: Mechanisms and Impact of Technologies on

Comorbidities and Life Expectancy. Int. J. Mol. Sci. 2023, 24, 11980. [CrossRef] [PubMed]
8. Dan, A.O.; S, tefănescu-Dima, A.; Bălăs, oiu, A.T.; Puiu, I.; Mocanu, C.L.; Ionescu, M.; Tănasie, A.C.; Târtea, A.E.; Sfredel, V. Early

Retinal Microvascular Alterations in Young Type 1 Diabetic Patients without Clinical Retinopathy. Diagnostics 2023, 13, 1648.
[CrossRef]

9. Nevo-Shenker, M.; Phillip, M.; Nimri, R.; Shalitin, S. Type 1 diabetes mellitus management in young children: Implementation of
current technologies. Pediatr. Res. 2020, 87, 624–629. [CrossRef]

10. Danielescu, C.; Moraru, A.D.; Anton, N.; Bilha, M.-I.; Donica, V.-C.; Darabus, D.-M.; Munteanu, M.; Stefanescu-Dima, A.S. The
Learning Curve of Surgery of Diabetic Tractional Retinal Detachment—A Retrospective, Comparative Study. Medicina 2023,
59, 73. [CrossRef]

11. Prasad, R.; Floyd, J.L.; Dupont, M.; Harbour, A.; Adu-Agyeiwaah, Y.; Asare-Bediako, B.; Chakraborty, D.; Kichler, K.; Rohella, A.;
Calzi, S.L.; et al. Maintenance of Enteral ACE2 Prevents Diabetic Retinopathy in Type 1 Diabetes. Circ. Res. 2023, 132, e1–e21.
[CrossRef] [PubMed]

12. Lin, K.Y.; Hsih, W.H.; Lin, Y.B.; Wen, C.Y.; Chang, T.J. Update in the epidemiology, risk factors, screening, and treatment of
diabetic retinopathy. J. Diabetes Investig. 2021, 12, 1322–1325. [CrossRef] [PubMed]

13. Wong, T.Y.; Cheung, C.M.; Larsen, M.; Sharma, S.; Simó, R. Diabetic retinopathy. Nat. Rev. Dis. Primers 2016, 17, 16012. [CrossRef]
[PubMed]

14. Nanegrungsunk, O.; Patikulsila, D.; Sadda, S.R. Ophthalmic imaging in diabetic retinopathy: A review. Clin. Exp. Ophthalmol.
2022, 50, 1082–1096. [CrossRef] [PubMed]

15. Silva, P.S.; Marcus, D.M.; Liu, D.; Aiello, L.P.; Antoszyk, A.; Elman, M.; Friedman, S.; Glassman, A.R.; Googe, J.M.; Jampol,
L.M.; et al. Association of Ultra-Widefield Fluorescein Angiography–Identified Retinal Nonperfusion and the Risk of Diabetic
Retinopathy Worsening Over Time. JAMA Ophthalmol. 2022, 140, 936–945. [CrossRef] [PubMed]

16. Kołodziej, M.; Waszczykowska, A.; Korzeniewska-Dyl, I.; Pyziak-Skupien, A.; Walczak, K.; Moczulski, D.; Jurowski, P.; Młynarski,
W.; Szadkowska, A.; Zmysłowska, A. The HD-OCT Study May Be Useful in Searching for Markers of Preclinical Stage of Diabetic
Retinopathy in Patients with Type 1 Diabetes. Diagnostics 2019, 9, 105. [CrossRef]

17. Inanc, M.; Tekin, K.; Kiziltoprak, H.; Ozalkak, S.; Doguizi, S.; Aycan, Z. Changes in Retinal Microcirculation Precede the Clinical
Onset of Diabetic Retinopathy in Children with Type 1 Diabetes Mellitus. Arch. Ophthalmol. 2019, 207, 37–44. [CrossRef]

18. Zhang, L.; Van Dijk, E.H.C.; Borrelli, E.; Fragiotta, S.; Breazzano, M.P. OCT and OCT Angiography Update: Clinical Application
to Age-Related Macular Degeneration, Central Serous Chorioretinopathy, Macular Telangiectasia, and Diabetic Retinopathy.
Diagnostics 2023, 13, 232. [CrossRef]

19. Yang, D.; Ran, A.R.; Nguyen, T.X.; Lin, T.P.H.; Chen, H.; Lai, T.Y.Y.; Tham, C.C.; Cheung, C.Y. Deep Learning in Optical Coherence
Tomography Angiography: Current Progress, Challenges, and Future Directions. Diagnostics 2023, 13, 326. [CrossRef]

20. Kim, K.; Kim, E.S.; Kim, D.G.; Yu, S.-Y. Progressive retinal neurodegeneration and microvascular change in diabetic retinopathy:
Longitudinal study using OCT angiography. Acta Diabetol. 2019, 56, 1275–1282. [CrossRef]

21. Soules, K.A.; Wolfson, Y.; Hsiao, Y.-S.; Jang, B.K.; Zhou, Q. Assessment of Foveal Avascular Zone (FAZ) Area in Normal and
Diabetic Retinopathy Eyes using OCT Angiography (OCTA). Investig. Ophthalmol. Vis. Sci. 2016, 57, 5497.

22. Eldaly, Z.; Soliman, W.; Sharaf, M.; Reyad, A.N. Morphological Characteristics of Normal Foveal Avascular Zone by Optical
Coherence Tomography Angiography. J. Ophthalmol. 2020, 2020, 8281459. [CrossRef]

23. Anvari, P.; Najafi, A.; Mirshahi, R.; Sardarinia, M.; Ashrafkhorasani, M.; Kazemi, P.; Aghai, G.; Habibi, A.; Falavarjani, K.G.
Superficial and Deep Foveal Avascular Zone Area Measurement in Healthy Subjects Using Two Different Spectral Domain Optical
Coherence Tomography Angiography Devices. J. Ophthalmic. Vis. Res. 2020, 15, 517–523.

24. Le, P.H.; Patel, B.C. Optical Coherence Tomography Angiography. In StatPearls [Internet]; StatPearls Publishing: Treasure Island,
FL, USA, 2023.

25. Song, S.H. Complication characteristics between young-onset type 2 versus type 1 diabetes in a UK population. BMJ Open Diabetes
Res. Care 2015, 3, e000044. [CrossRef] [PubMed]

https://doi.org/10.3390/ijtm1030017
https://doi.org/10.1038/s41433-020-01233-y
https://www.ncbi.nlm.nih.gov/pubmed/33099579
https://doi.org/10.3390/biomedicines11123324
https://www.ncbi.nlm.nih.gov/pubmed/38137545
https://doi.org/10.1007/s00125-018-4791-z
https://doi.org/10.7759/cureus.33474
https://doi.org/10.3390/life13081663
https://doi.org/10.3390/ijms241511980
https://www.ncbi.nlm.nih.gov/pubmed/37569354
https://doi.org/10.3390/diagnostics13091648
https://doi.org/10.1038/s41390-019-0665-4
https://doi.org/10.3390/medicina59010073
https://doi.org/10.1161/CIRCRESAHA.122.322003
https://www.ncbi.nlm.nih.gov/pubmed/36448480
https://doi.org/10.1111/jdi.13480
https://www.ncbi.nlm.nih.gov/pubmed/33316144
https://doi.org/10.1038/nrdp.2016.12
https://www.ncbi.nlm.nih.gov/pubmed/27159554
https://doi.org/10.1111/ceo.14170
https://www.ncbi.nlm.nih.gov/pubmed/36102668
https://doi.org/10.1001/jamaophthalmol.2022.3130
https://www.ncbi.nlm.nih.gov/pubmed/35980610
https://doi.org/10.3390/diagnostics9030105
https://doi.org/10.1016/j.ajo.2019.04.011
https://doi.org/10.3390/diagnostics13020232
https://doi.org/10.3390/diagnostics13020326
https://doi.org/10.1007/s00592-019-01395-6
https://doi.org/10.1155/2020/8281459
https://doi.org/10.1136/bmjdrc-2014-000044
https://www.ncbi.nlm.nih.gov/pubmed/25713725


Diagnostics 2024, 14, 317 12 of 12

26. Tănasie, C.A.; Dan, A.O.; Ică, O.M.; Mercut, , M.F.; Mitroi, G.; Taisescu, C.-I.; Sfredel, V.; Corbeanu, R.I.; Mocanu, C.L.; Danielescu,
C. Retinal Functional Impairment in Diabetic Retinopathy. Biomedicines 2024, 12, 44. [CrossRef] [PubMed]

27. Dan, A.O.; Bălăs, oiu, A.T.; Puiu, I.; Tănasie, A.C.; Târtea, A.E.; Sfredel, V. Retinal Microvascular Alterations in a Patient with
Type 1 Diabetes Mellitus, Hemoglobin D Hemoglobinopathy, and High Myopia—Case Report and Review of the Literature.
Diagnostics 2023, 13, 2934. [CrossRef] [PubMed]

28. Chui, T.Y.P.; Zhong, Z.; Song, H.; Burns, S.A. Foveal avascular zone and its relationship to foveal pit shape. Optom. Vis. Sci. 2012,
89, 602–610. [CrossRef]

29. Gui, F.; You, Z.; Fu, S.; Wu, H.; Zhang, Y. Endothelial Dysfunction in Diabetic Retinopathy. Front. Endocrinol. 2020, 11, 591.
[CrossRef] [PubMed]

30. Park, Y.G.; Kim, M.; Roh, Y.J. Evaluation of Foveal and Parafoveal Microvascular Changes Using Optical Coherence Tomography
Angiography in Type 2 Diabetes Patients without Clinical Diabetic Retinopathy in South Korea. J. Diabetes Res. 2020, 2020, 6210865.
[CrossRef]

31. Jung, J.J.; Yu, D.J.G.; Zeng, A.; Chen, M.H.; Shi, Y.; Nassisi, M.; Marion, K.M.; Sadda, S.R.; Hoang, Q.V. Correlation of Quantitative
Measurements with Diabetic Disease Severity Using Multiple En Face OCT Angiography Image Averaging. Ophthalmol. Retin.
2020, 4, 1069–1082. [CrossRef]

32. Palma, F.; Camacho, P. The role of Optical Coherence Tomography Angiography to detect early microvascular changes in Diabetic
Retinopathy: A systematic review. J. Diabetes Metab. Disord. 2021, 20, 1957–1974. [CrossRef]
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