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	Abstract:
	The volume of diagnostic medical research, which is increasing from year to year and has grown exponentially due to the need for the healthcare system to comprehensively respond to the global challenge of the COVID-19 epidemic and the need to provide mass screening of the population, including X-ray examinations of the population, has created problems of burnout of doctors and an increase in medical diagnostic errors. The current pace of training new doctors and retraining of existing specialists, which remains at the same level, has given rise to a reasonable industry desire to develop and implement new technologies in the field of diagnostics and analysis of medical data, and the development of Medical Decision Support Systems (MDSS). One of the most promising solutions to these problems, which have proven themselves in the course of mass practical use, has become medical artificial intelligence (mAI) algorithms.

In the course of the three-year experiment of the Moscow government to determine the best mAI products, the developers participating in and the organizers of the experiment managed to develop methodologies and successful practices for the implementation and use of mAI within the regional healthcare systems. An experience that has become invaluable, both for doctors and healthcare organizers, and for developers of mAI systems. In this document, the authors want to share their experience in the development and implementation of medical AI using the example of the PHTHISISBIOMED mAI service.

Participants are invited to consider this document, especially in thematic groups:
19. Radiology (TG- Radiology) and 22. Tuberculosis (TG-TB).


Formulation of the problem
With the development of healthcare in the world and an increase in the number of medical services provided, primarily mass screening of the population and primary medical care for the population, the amount of diagnostic data inevitably increases, which must be taken into account by a modern doctor when making a diagnosis and prescribing effective treatment.
In the Russian Federation, according to the Ministry of Health, since 2017 the number of annual fluorographic examinations has increased from 70 to 82 million, while the total number of radiologists (phthisiatricians) has decreased by an average of about 100 people per year.
Such trends signal inevitably emerging new challenges for healthcare in general and diagnostic medicine in particular, which cannot be solved without a real transition to digital healthcare and the creation of medical decision support systems (MDSS) to help the attending physician in choosing a method of treating a particular patient (the principle of personalization). and evidence-based medicine) and using big data analytics to optimize the organization of medical care.
The experience of creating medical Artificial Intelligence (mAI) products with deep machine learning and high technical characteristics has shown that this is possible only with the close cooperation of physicians and IT specialists.
This contribution describes the results of the implementation and mass exploitation of the mAI MDSS in the context of a specific AI-based intelligent medical service, as well as in the light of a large dynamically developing project, unique in the world healthcare, implemented by the Moscow Department of Health, part of which the said service is. The Ministry of Health of Russia, with the participation of the Ministry of Digital Development, Communications and Mass Media of Russia, is implementing similar systems throughout Russia.
Proposal for study in the Focus Group
Model and architecture
AI service is a complex multi-block structure.
The medical AI service or mAI PHTHISISBIOMED (PBM) began to be developed in 2014 by PHTHISISBIOMED LLC and went through several long cycles of development, improvement and operation. Version 3.2 is currently in effect.
A medical AI service is a complex multi-block structure that basically contains neural network algorithms adapted for the analysis of medical images. The core of such a system is an intellectual unit.
Intellectual unit
The mAI PBM intellectual unit is based on a deep fully convolutional neural network (FCN) model adapted for detection and localization of lung pathologies. The basic architecture for the NN mAI PBM was the U-net architecture, which was later modified to better suit the task. At the moment, the intellectual unit is formed by three NN ResUnet, forming an ensemble.
An additional element is a multilayer classifier, which is also a deep learning model. The classifier performs the function of separating and recognizing the types (classes) of pathologies detected and localized in images analyzed by an ensemble of localizers. The base classifier model is DenseNet201.
Currently, the mAI classifies 10 different pathologies of the chest organs and indicates the detected pathological signs in the MDSS.
Extension unit
One of the problems with medical image analysis is the lack of standardization in the creation of the images themselves. Even if formal regulations exist, they are often framework.
Lung images taken while the patient is standing, lying or sitting have various specific properties, in addition, the current clinical condition is also important.
An important circumstance that affects the parameters of mAI operation is the fact that X-ray and fluorographic devices from different manufacturers have different properties and options. All this complicates the analysis of images using neural network (NN) models alone to search for pathologies and requires the provision of the service with additional algorithms that take into account these features of the equipment.
The Extension unit is used to pre-process the image before sending it for analysis. This implies the following image manipulations:
•	Search for an area of interest in the image, in this case, the lungs. Which implies intellectual and algorithmic segmentation of the lungs.
•	Preliminary analysis of the properties of the image itself, i.e. algorithmic definition - a picture is presented in a negative or positive. As well as neural network analysis, is the image itself a correct sample for analysis (in fact, is the image an x-ray image of the chest in anterior-posterior or posterior-anterior projection).
For data pre-processing: the PBM-service uses several mechanisms: filtering, determining the brightness characteristics of the image, segmentation of the area of interest.
In addition, an important element is the detection of foreign bodies on the chest X-ray images, such as pacemakers (pacers) or surgical sutures, as well as any foreign objects caught on the image, such as body chains. These objects often lead to false positives of the neural networks of the intellectual unit. To minimize such activations, false activations formed as a result of the excitation of the neural network of the intelligent block are recognized and eliminated by a special extension model.
Interaction unit
The interaction unit is a set of measures, algorithms and interaction protocols for automating the work of the service with clients (clinics, medical institutions and organizations) in a real clinical process.
In general, the unit ensures the creation of uninterrupted lines for processing studies performed in parallel and remotely relative to the physical location of the service server itself. The block also provides the possibility of remote parallel analysis and real-time support for doctors, which allows supporting doctors not only in individual medical institutions, but also in medical infrastructures of a regional scale.
This approach to the organization of the service made it possible to create a "cloud service" that can be used by any medical specialist whose diagnostic radiology machine is connected to the Internet.
Train dataset
It is impossible to achieve high accuracy in diagnosing IMI without a training sample labelled with high reliability. Obviously, the primary dataset should be collected from diversified sources and labelled by a group of qualified specialists. Screening of images of poor quality and others that do not meet technical criteria should also be carried out.
Actually, to train the PBM service in its basic version, a dataset of about 300,000 medical images was used, however, further research and practical testing of the service showed the inconsistency of the non-selective approach to training samples and it was decided to switch to the quality over quantity approach. Therefore, 9593 images were obtained from the initial sample by automated methods, and then by manual selection methods, which were then sent for re-marking to qualified radiologists with at least 14 years of experience. 4533 out of 9593 were assessed as non-pathological, 5060 as with the possible presence of pathologies. Then some of the images were removed from the sample, as causing controversy among experts. The final basic training sample was 8662 images, of which 2904 are normal and 5758 pathologies. Highly qualified specialists of the leading specialized medical centres of Russia took part in the work on the labelling of the images: the Central Research Institute of Tuberculosis of the Ministry of Health of the Russian Federation, the National Medical Research Center for Phthisiopulmonology and Infectious Diseases of the Ministry of Health of the Russian Federation, Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of Moscow Health Care Department (Moscow Radiology), Republican Clinical Tuberculosis Dispensary (RСPD) of the Ministry of Health of the Republic of Tatarstan (Kazan) and other radiologists of polyclinics in Moscow and the Republic of Tatarstan.
Validation
We have developed and used the following validation procedure.
Validation (internal) is a test on a sample of images selected in a special way.
Firstly, such a sample should include all pathologies recognized by the mAI. Second, include pictures of healthy patients (normal). The ratio of norms and pathologies by default should be close to 50/50. Or, correspond to a known ratio in the population for which mAI services will be provided.
Doctors-experts marking the sample must express a consolidated opinion on each of the images of the sample. At the same time, they must develop the labelling of the images together. All images on which opinions differ must be discarded and replaced. After that, the approval procedure should also be carried out for replacement images. The team of physician samplers should not overlap with training samplers. Work experience in the specialty of compilers must be at least 14 years.
For internal validation of the PBM service, a sample of 115 images with 52 images without signs of pathologies and 63 images with various signs of pathologies was used (Types of labelled pathologies: Infiltration - 35 pcs., Pneumothorax - 4 pcs., Pleural effusion - 23 pcs., Nodule - 4 pcs., Dissemination - 2 pcs., Calcifications - 13 pcs., Violation of the integrity of the cortical layer - 3 pcs.).
To evaluate the effectiveness of the service, a set of standard metrics was taken, such as AUC - the area under the characteristic curve, accuracy, sensitivity, specificity.
The obtained indicators for internal validation: AUC - 0.95; accuracy - 0.94; sensitivity - 0.90; specificity - 0.98.
Use case. Moscow experiment and external validation
In the context of the outbreak of the COVID-19 epidemic, on February 18, 2020, the Moscow Health Department announced the acceptance of applications for participation in the "Experiment on the use of innovative computer vision technologies for medical image analysis and subsequent applicability in the healthcare system of Moscow" (hereinafter - the Experiment). The purpose of the Experiment: "Scientific research on the possibility of using clinical decision support systems in the Moscow healthcare system with data analysis based on advanced innovative technologies." The experiment was carried out on the basis of the Unified Radiological Information Service (URIS) platform of Moscow, which unites 162 medical institutions in Moscow. The URIS platform processes more than 20,000 medical examinations daily, including CT, MRI, radiography, fluorography, mammography and radionuclide diagnostics. More than 170 Russian and foreign IT companies participated in the Experiment. To date, more than 10 million images have been processed with the mAI products selected in the experiment.
According to the rules established by the organizers, the participants in the Experiment were IT companies that provide services (software) based on computer vision technologies designed to analyse medical images for the following types of studies:
1)	Computed tomography and low-dose computed tomography of the chest to detect lung cancer;
2)	Mammography to detect breast cancer;
3)	X-ray of the lungs to determine the pathology of the lungs;
4)	Computed tomography of the chest to detect a new coronavirus infection.
On July 27, 2020, the PHTHISISBIOMED service was admitted to URIS and put on stream analysis of studies.
The URIS architecture involves the interaction of mAI services with two interfaces: the Unified Notification System for External Interactions (UNSEI) and the DICOM standard medical image transmission and archiving system (PACS server).
UNSEI is a URIS subsystem designed for interaction and information exchange between URIS nodes, built on the Apache Kafka platform. This subsystem in real time publishes for all subscribers connected to it tasks for processing newly received studies in URIS.
The studies processing process is organized as follows. UNSEI publishes tasks for processing studies for all subscribers connected to it. In order for the service to process only relevant studies intended for it, a filtering module is used. The software module reads messages from the UNSEI, parses them, register the identifiers of studies, firstly, not outdated, and secondly, intended for the service, taking into account the modality (type of diagnostic equipment) and the patient's age group.
After parsing by the study ID, the hardware-software gateway requests and downloads the study from the PACS server of the URIS.
The resulting study in the DICOM format may contain a series of images of different projections both in the negative and in the positive. In order for the correct image to be processed by the mAI, it is necessary to perform a number of sequential checks:
1)	Analysis of DICOM tags characterizing the modality of the image;
2)	Intelligent image analysis using an auxiliary neural network that determines whether the presented image is valid for analysis (i.e., in the case of the PBM service, is the presented image an X-ray image of the lungs in direct projection);
3)	Image classification according to the negative/positive criterion using a deterministic algorithm and negative image inversion.
A positive x-ray/fluorogram is transferred to processing in AI, as well as to processing by a neural network that solves the problem of segmenting the contours of the lungs.
Further, if the mAI made a conclusion about the presence of a pathology, the contours of the pathologies identified in the image are built. The result of constructing the contours is superimposed on the original image. Otherwise, the service issues a conclusion that no pathologies were detected in the image.
The last stage of medical image processing is the stage of classification of pathological features.
The classifier solves the problem of classification according to 9 pathological features:
–	pleural effusion;
–	pneumothorax;
–	atelectasis;
–	nodule;
–	infiltration/consolidation;
–	dissemination;
–	cavity;
–	calcification;
–	violation of the integrity of the cortical layer.
Based on the results of study processing by the service, 3 reports are sent to the radiological information system:
1)	DICOM SC - which is a source image processed by mAI with applied contours that localize areas with the possible presence of pathological signs in the Secondary Capture format.
2)	DICOM SR - Structured Report format text report
3)	Two messages in UNSEI (Kafka) notifying that each of the DICOM reports has been sent.
At the final stage of integration into URIS, employees of Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of Moscow Health Care Department performed a calibration test (external validation), based on the results of which on 06/02/2020, it was decided to admit the service to URIS. The values of service accuracy metrics based on the results of calibration testing: AUC - 0.80; accuracy - 0.79; sensitivity - 0.90, specificity - 0.69.
In the process of working within the Experiment, the PBM AI service has been improved many times. Below are the results of the external validation dated March 22, 2021. Basic accuracy metrics: AUC - 0.95; accuracy - 0.92; sensitivity - 0.92, specificity - 0.92.
The current version of the service showed the following results on external validation: AUC - 0.965; accuracy - 0.93; sensitivity - 0.92, specificity - 0.94.
During the Experiment, the PBM AI service analysed more than 1 million real medical images online. For 2 years of work with more than 150 clinics in Moscow, the service has received high marks from doctors and continues to operate, processing thousands of medical images every day.
mAI PBM is recognized as the leader of the Experiment.
Time to get expected results
The integration time of the PBM mAI service will be determined individually each time and will depend on the technical equipment of a particular medical institution. With the appropriate technical equipment, the service integration process takes 1-3 days, in non-standard cases, the time for service integration can be increased. Image processing is performed automatically by connecting the PBM client application to the PACS of a medical organization, the doctor does not need to perform any additional actions, he sees two images at his workplace at once - the original and processed by the service. Accordingly, to work with the service in the normal mode, the medical specialist does not need additional training.
Costs
Service integration does not entail huge capital investments from the medical institution. For integration, you need a computer in the local network of a medical institution that has access to the DICOM research repository and the Internet. It can be either a separate computer or a radiologist's computer.
Localizations
The PBM cloud service has an API that has access to neural networks that analyse medical images. This makes it possible to remotely integrate the service via the Internet and process digital images of medical institutions from any country in the world.
____________________________
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