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Abstract. Diabetic Retinopathy (DR) is a common complication of diabetes that
may lead to blindness if not treated. However, since DR evolves without any
symptoms in the initial stages, early detection and treatment can only be achieved
through routine checks. This article presents the collaborative platform of the
SCREEN-DR project that promotes partnership between physicians and researchers
in the scope of a regional DR screening program. The role of researchers is to create
classification algorithms to evaluate image quality, discard non-pathological cases,
locate possible lesions and grade DR severity. Physicians are responsible for
annotating datasets, including the visual delineation of lesions. The collaborative
platform collects the studies, indexes the images metadata, and manages the creation
of datasets and the respective annotation process. An advanced searching
mechanism supports multimodal queries over annotated datasets and exporting of
results for feeding artificial intelligence algorithms.
Keywords. Diabetic Retinopathy, Computer-Aided Diagnosis, Image Annotation

1. Introduction
DR is a leading cause of blindness in the industrialized world [1]. A survey conducted
by the Portuguese North Health Administration (ARSN 2), the clinical partner of this
work, estimated that 75% of a population of 250.000 diabetic patients who were screened
did not show the presence of the disease. The introduction of Computer-Aided Diagnosis
(CAD) tools in the current ARSN screening program has the potential of leveraging gains
in terms of time-to-decision and resource efficiency. The aim of the SCREEN-DR
project is to research and develop an image analysis and machine learning (ML) platform
for innovation in DR screening. ML algorithms acquired a significant importance in the
radiology field [2]. However, the main difficulty is to find good annotated datasets for
developing supervised ML techniques [3]. ARSN manages a centralized repository
containing images acquired during the screening program, namely eye fundus images
that are a significant source of information for clinical decision. However, those images
are not annotated. SCREEN-DR project targets the collaboration between physicians and
researchers in the scope of a regional DR screening program and has two main goals.
The first is to serve as a platform where ophthalmologists can grade image quality,
diagnose cases, and pinpoint lesions present on the images. The second goal is to enable
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the creation of CAD algorithms that prioritize pathological cases in the patient's waiting
list to be observed by doctors. This is supported by content discovery and retrieval
mechanisms that allow researchers to gather annotated datasets to feed their ML
algorithms. This article is focused on the solution for the first goal.
Regarding the DR automatic analysis, although there are positive results in the
literature, the majority of the research is highly optimized for small datasets [4,5],
compromising the generalization and the required standards for mass screening
applications. Projects with larger datasets require the extensive participation of
ophthalmologists in the annotation phase [6], and an online accessible platform for them
to use. There are already several attempts to construct such platforms such as
CrowdFlower3 or RectLabel4. Yet in some cases we need the annotation protocol to be
highly optimized for working with thousands of images [7]. Google has created an
annotation tool [6] to support the development of automatic DR diagnosis algorithms,
but it was designed for annotating a single dataset. Furthermore, it does not allow the
annotation of lesions, and therefore it is not possible to validate if their algorithms can
identify the regions where lesions are present.
This article describes the software architecture of a collaborative platform that tries
to comply with previous demands. The platform collects anonymized studies from the
ARSN repository, indexes the images metadata, and allows the creation and management
of distinct datasets and respective annotation process (including visual annotation of
lesions), according to researchers needs. Moreover, it supports the creation of new
datasets based on multimodal selection criteria that may include image metadata as well
as information from previous annotations. For instance, a researcher may want a
complementary visual annotation on images containing lesions of a specific type. Finally,
physicians can have distinct annotation datasets assigned to them.

2. Methods
2.1. Requirements
The software platform must support two main actors, researchers and
physicians/annotators. Physicians will be responsible for adding attributes to eye fundus
images in accordance with the Annotation Protocol. The platform must accept multiple
annotations from different physicians on the same image, to permit the evaluation of
agreement for different combinations of annotators and algorithms. Researchers must be
able to import/upload DICOM standard files, which should be automatically indexed for
future searches. The search mechanism will use indexed DICOM fields and also the
annotation fields, retrieving all the annotations for each image. Users should be able to
select, from the search results, the ones they want to use to create a dataset or to download
locally. For download, a ZIP containing the raw DICOM files and the annotations in
JSON format should be generated. To control the access to each feature, a Role-Based
Access Control (RBAC) system was implemented. The platform was developed with
pure web technologies so it can be accessed anywhere using distinct computing devices,
including mobile ones.
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2.2. Annotation Protocol
The annotation process follows the clinical pipeline from the DR Screening manual, and
is divided in three steps: Quality Assessment, Grading and Lesion Annotation. In terms
of quality assessment, the images will be assigned to one of the following three classes:
Bad - if the image contains noise or other distortions that prevent the annotator to grade
the image. These cases are discarded from the next steps of the pipeline; Partial - if the
image has some kind of distortion, but it does not jeopardize the physician’s grading;
Good - if the image does not contain distortions or noise.
Regarding the diagnostic grading step, the eye fundus image will be ranked with respect
to Retinopathy, Maculopathy and Photocoagulation levels, as well as any other suspected
comorbidities, which can be selected from a predefined list. The grading levels in this
regard are:
x Retinopathy: R0 - No DR, R1 - Mild non-proliferative DR, R2-M - Moderate
non-proliferative DR, R2-S - Severe non-proliferative DR and R3 - Proliferative
DR.
x Maculopathy: M0 - No Diabetic Macular Edema and M1 - Diabetic Macular
Edema.
x Photocoagulation: P0 - No Photocoagulation, P1 - Insufficient
Photocoagulation and P2 - Sufficient Photocoagulation.
Healthy classified images will have a pre-selection with the Retinopathy - R0 and
Maculopathy - M0 states. In the visual lesion annotation, physicians delineate the regions
of the lesions present in the image. In this last stage, only images that were labeled as
containing signs of DR (R1-3) will be used. Lesions are delineated directly in the
pathological images with Vector Graphic tools (ellipses, polygons and line paths),
identifying the following types: MA - Microaneurysms, HEM - Hemorrhages, HE - Hard
exudates, SE - Soft exudates and NV - Neovascularizations.
2.3. Architecture
A comprehensive architecture of the SCREEN-DR collaborative platform software is
depicted in Figure 1. The DR images will be stored and indexed using Dicoogle Open
Source [8], a Picture Archiving and Communication System (PACS) that replaces the
traditional relational database with a more agile process of indexing and retrieving
mechanism. This software has a plugin based architecture that facilitates the creation of
new PACS functionalities. We can take advantage of these features to create the
Retinopathy-PACS (R-PACS) plugin, that stores the DICOM model (DIM) in a
Relational Database Management System (RDBMS) and indexes it. Furthermore, the RPACS plugin can also extends the DIM with a generic annotation model, using the
PostgreSQL JSONB data type.
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Figure 2. The lesion annotation UI, showing the
several Vector Graphic tools available.

Figure 1. The SCREEN-DR overall architecture.

The layer of DR Services rests on top of the R-PACS. This layer is comprised of
five services: Annotation, Transfer, Index, Search and Dataset. The Annotation service
is responsible for fetching, creating and modifying annotations, based on the image
reference ID parameter. The Transfer service is used to download or upload DICOM
files, where the Index service uses selections of these previously uploaded files to index
them in the R-PACS. The Search service uses Lucene like queries5 using DICOM or
annotations fields to retrieve the images from the index. Finally, the Dataset service
creates datasets from selected images unique identifiers (UIDs), provides subscription
methods to datasets, and also selection of the default dataset to use in the annotation
protocol.
The Web Service Endpoints are implemented with an in-house service stack that we
call Reactive Through Services (RTS), and exposes asynchronous Java services available
at the DR Service layer. RTS can deliver reactive services (e.g. pub/sub messaging) and
also common REST services. Finally, an authentication and authorization mechanism
was implemented to control the access and permissions for each type of platform user
(researchers and annotators). A Single sign-on (SSO) is used to grant JSON Web Tokens
(JWT) 6 for the RBAC. These tokens are intercepted and validated in the RTS Pipeline.
The User Interface (UI) was separated in different groups for each required feature:
a search tab for querying the system and creating datasets from search results, a grading
tab where the annotators can grade the image based on textual annotations, a lesion
annotation tab where physicians delineate the regions of lesions in the image and a tab
for uploading new DICOM files into the platform. In Figure 2 is an example of the lesion
annotation UI.
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3. Conclusions
This article presents an innovative collaborative platform for supporting a DR research
project. It includes an annotation framework with a set of unique functionalities. The
platform is extremely important to support research on CAD mechanisms but can also
be used for providing teaching cases to undergraduate students. Step-by-step learning
protocols [9] can be constructed by reusing the index and search features. It is a Web
system for teams that what to experiment different methodologies, in datasets with
distinct characteristics. In the future, we plan to extend the platform functionalities and
processes for supporting any medical annotation procedure, as also adding other
interoperability features like providing annotations in DICOM-SR.
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