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1. Summary of the study

The aim of this study is to investigate the role of OCTA in the evaluation of the
perifoveal capillary network in a large cohort of diabetes mellitus (DM) patients and to
investigate the existing relationship between advanced OCTA image analysis
parameters and the demographic characteristics and systemic clinical parameters of
interest, such as the metabolic control and the duration of the disease. The working
hypothesis is that OCTA allows the detection of preclinical changes that are related to
systemic factors such as the time of diabetes mellitus duration or the metabolic
control, and that these changes reflect the microvascular alterations that present
elsewhere in the body caused by diabetic microangiopathy. If the detection of these
early abnormalities were possible, OCTA would lead us to modify the pharmacological
treatment of these patients to avoid future microvascular complications at the retina

level as well as in other organs such as the kidney glomerules or the brain capillaries.

The aim of this study is to evaluate the role of OCTA as a non-invasive method for the
detection of early changes in the perifoveal capillary network and their relationship

with the systemic factors in a cohort of type 1 diabetes mellitus patients.

The specific aims of this Project are:

1) To evaluate the OCTA characteristics of the perifoveal capillary network in:
a. type 1 DM patients and healthy controls

b. type 1 DM patients with and without diabetic retinopathy

c. type 1 DM patients in different moments of disease progression (evolution time)

2) To study the correlations between perifoveal capillary network characteristics and
the systemic factors, such as demographic factors, metabolic control and

cardiovascular risk factors in type 1 DM.

2. Results achieved

To summarize the results obtained, according to the objectives described in the original

project we have demonstrated the different characteristics of the perifoveal capillary

network in type 1 DM patients compared to healthy controls'-? (objective 1A) and more



concisely the differences in type 1 DM patients with and without diabetic retinopathy3
(objective 1B), as well as the relationship between the perifoveal capillary network and
the DM evolution time (objective 1C). We also demonstrated an existing relationship
between the perifoveal capillary network and some systemic factors such as the
metabolic control (HbA1c) #° or the cardiovascular risk factors® in type 1 DM patients
(objective 2). Additionally, we have demonstrated the existing relationship between
the measurements obtained in the different scanned areas, both with the built-in

commercial software’-8° and research software.0:11,12,13

After the formal 3-year period an extension was requested to present the final memory
of the project, as several articles were still under review and some of the doctoral
theses were in the final phase for presentation. In the last year, one additional original
article has been published in an indexed journal with impact factor and one doctoral
thesis (PhD) has been presented in the University of Barcelona (Marina Barraso-
Rodrigo, presentation date 12/3/2021). Currently, three more articles are under review
and two more doctoral theses are being developed, one in the final phase with

estimated presentation date in the third quarter of 2021 and another one in 2022.

3. Relevance and future implications

The results of the study have allowed us to accomplish all the objectives detailed in the
original project. Beyond these achieved objectives, the main result of the project is the
creation of a high-quality data biobank, which is a unique cohort worldwide for the
study of microvascular complications of type 1 DM. This dataset comprises a vast
repository of retinal images of type 1 DM patients and healthy controls, linked to the
corresponding systemic blood data that allows the identification of groups at risk of
disease progression, the investigation of novel disease biomarkers, and the detection
of microvascular damage in early stages, with prospective follow up data started in the
2" and 3™ years of the project. Currently, we are submitting further grant applications
to continue the longitudinal prospective follow-up of the study cohort, which would

provide additional value to the project.



The implications of this research results are important in three areas, representing
improvements in the diagnosis and management of type 1 DM patients and the

development of new research lines.

First, the objective identification of the status of the vessel density and other perifoveal
vascular network parameters assessed by OCTA overcomes the limitations of the
traditional clinical diabetic retinopathy classification. This classification is not
continuous (it has 5 categorical levels: no retinopathy, mild, moderate and severe non-
proliferative retinopathy and proliferative retinopathy), it is subjective and depends on
the identification of changes seen in funduscopy by the ophthalmologist, which
represents a problem for standardization and benchmarking of results between
cohorts. As we demonstrated with our results, OCTA allows the objective continuous
quantification of different parameters (vessel density, perfusion density, changes in the
foveal avascular zone) that is independent of the evaluating physician, being applicable
in all study cohorts and sites of the world. Due to the novelty of the imaging technique
there are very few data repositories of OCTA worldwide, and the existing ones are
often much smaller (n<200 eyes) and frequently of type 2 DM patients (the most
common type of disease, accounting for 85-90% of cases) studies in type 1 DM cohorts
being rare. Our study cohort is the largest published OCTA series in type 1 DM
worldwide (n=1200 eyes), and has allowed us to establish the cut-off points for each of
these OCTA parameters with a corresponding diagnostic probability of presenting
diabetic retinopathy objectively, with a single OCTA image. In this research line, a new
project has been designed to implement the capture of OCTA images locally as part of
the routine check-up in the diabetes unit, with the aim of avoiding unnecessary false
positive referrals to the ophthalmology service in the routine screening program with

non-mydriatic cameras.

Second, a new research line is directed to identifying novel biomarkers in OCTA

images, beyond the usual parameters incorporated in the built-in commercial software
of the OCT devices. With this aim, we are processing the OCTA images with MatLab®-
based software to evaluate novel parameters and assess whether any of these present
greater sensitivity or specificity to classify patients with diabetic retinopathy compared
to standard OCTA parameters. We are also evaluating 3D reconstructions of the OCTA
macular cubes to identify novel biomarkers of DM such as the surface or volume of the

retinal vessels as a way to quantify these and evaluate how they are associated to the



conventional OCTA parameters, the usual clinical classifications and other systemic
parameters of interest. For these advanced analyses, we are developing collaborations
with other academic centers such as the University of Washington (Seattle,
Washington, USA), the Institute of Molecular and Clinical Ophthalmology (IOB) of Basel
(Switzerland), and specialized companies in the retinal imaging sector such as
Voxeleron LLC (Pleasanton, CA, USA) and RetinAl (Bern, Switzerland), in order to

maximize the results of the project.

Finally, the third research line derived from the project is centered in the application of
artificial intelligence algorithms for the study of associations between retinal images
(retinographies, OCT and OCTA) and clinical data of interest collected during the study.
In the preliminary studies we developed methods to identify the diagnostic capacity of
each of these imaging techniques to identify diabetic retinopathy cases using single,
sequential or combined techniques, with the aim of developing the optimal circuit to
identify cases in a populational screening program. Additionally, we are evaluating the
ability of the algorithms to identify blood parameters of interest from the retinal
images to explore the use of OCTA images as a non-invasive monitoring tool of the
systemic disease. To further develop our investigations in these fields we are
developing collaborations with academic centers such as the Intelligent Data Science
and Artificial Intelligence (IDEAI) Research Center of Universitat Politecnica de
Catalunya (UPC), as well as centers of excellence such as the Moorfields Eye Hospital

(London, United Kingdom).
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