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IMPLEMENTATION OF BIG DATA IN HEALTHCARE

The paper highlights Big Data application in medicine and biomedical research. It provides
examples how analysis of Big Data can significantly reduce problems in healthcare. Perspectives
of implementation of Big Data in healthcare are shown.
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Introduction

Informatization of healthcare has recently received remarkable attention to improve of the
efficiency and quality of delivering medical services. The quality of services provided to patients,
the transparency of the health system and the efficiency of the medical staff is largely dependent
on the applied technology. High quality medical aid - leads to improved quality of life and
increases longevity.

Outdated methods of analysis and data collection do not meet modern requirements,
subsequently, now, there are a strong interest in IT solutions in Big Data. There is a need for
modern equipment that allows creating new medicines much easier and faster. Therefore, it is time
for the devices that read the quantitative data and do not need further decoding. Now, an increasing
number of decisions would not be based on experience and intuition, but on the data and analysis.
The constant accumulation and analysis of large-scale data sets allows creating a model with which
experiments can be carried out. Thus, the researchers, benefiting from the data, obtain the findings
of scientific value as the result. By analyzing large amounts of data, and setting the pattern, it is
possible to create an object model that will be used for various purposes. With the help of the
model, we can study the properties already described the real object, and make probabilistic
forecasts. The development of big data technologies and adaptation to new challenges is the
purpose of studying Big Data. The efficiency of using large-scaled data will improve the operation
of healthcare system, particularly selecting appropriate ways of treatment, diagnosis, etc. [1].

In order to cope with the huge amount of data, there is a need for new solutions. Big data is
one of such sources that provides new solutions to old problems and creates new questions. Big
Data is a variety of approaches to solving problems with the use of specific tools of artificial
intelligence (Al) on the large volumes of data. Big data analysis can improve the planning of the
healthcare services. Big Data requires a review of the current approach to the new technologies.
Big Data is the “new generation technology and architecture for an economic extraction of value
from large volume of multiple data through rapid capture, processing and analysis.” Many
industries use these technologies.

The following questions should be solved in order to improve the performance of the
healthcare system:

e whether big data is something new in medicine?

e what are the benefits of analytics of health information systems?

e what can be said about the new field of medical research?

e how accurate the forecasting must be with the application of Big Data technologies, in
order to use them as criteria to assess the data management models, in comparison with
the existing criteria?

e how to realistically assess, and what constitutes a “significant” contribution to the
healthcare system?

Medicine is one of the branches, which is becoming the consumer of Big Data technologies.

Www.jpit.az 83


http://gularamu.aztu.edu.az/

Problems of information technology, 2016, Ne2, 83-90

Numerous scientific conferences are widely publicizing scientific significance and prospects of
big data technologies. Big Data challenges have been discussed at the IEEE 20th International
Conference on Web Services (2013). Big Data in Healthcare Conferences (April 2015) held in Boston
discussed the predictive analytics techniques. Moreover, the Conference on Big Data (2014), organized
at Harvard University, mainly focused on the data confidentiality. The 20th ACM SIGKDD
Conference on Knowledge Discovery and Data Mining (KDD 2014) covered the issues of predictive
analytics in the era of Big Data: Workshop on Connected Health at Big Data Era.

Leading foreign journals describe advanced technology and efficient management solutions
in a wide range of fields to handle big data. The Journal of Policy Analysis and Management
(2014), a monthly journal Nature Biotechnology and many other medical journals are paying a
great attention to big data in medicine. The Journal of Big Data Intelligence shows that Big Data
analytics (BDA) in medicine has a great future. Information systems, such as electronic health
records (EHR), computerized physician order entry (CPOE), picture archiving communications
system (PACS), clinical decision support systems (CDSS) and Laboratory information systems,
are being widely used in medical institutions, hospitals, clinics and health centers. Online
magazines Data for Good, Journal of Electronic Resources in Medical Libraries, and others discuss
the sources of data, methods of its storage and processing, the essence of analytical processing of
Big Data and the areas of its practical application.

Computer technologies, particularly, large-scaled data technologies, are fundamentally
changing the current medicine and creating a new systematic approach to diagnosis and treatment
of patients. The case study aims at examining the current status of the use of Big Data technologies
in the healthcare system throughout the world.

Big Data and medicine

Healthcare Institutes daily use large amounts of data related to health care, such as images,
video, monitoring in real time. They require new methods of data collection, storage and
processing. The first computer applications solved the problem of simple digital data generation.
The minutely generation of a huge amount of new data from a single phone call to the doctor to
the information load through social networks requires the modernization of health care, and
suggests a close association of IT, science and clinical treatment to achieve the best clinical or
preventive results. Decisions on the implementation of Big Data solutions are provided through
the initial plan of action. Awareness of opportunities through extracting new knowledge from
accumulated data includes “cultural level”. Scientific level is established by mathematical methods
of data analysis that contribute to the discoveries in medicine, chemistry, biology and other
disciplines. Technological level implies the reorientation of IT with the tasks as the main
application for the collection, storage, processing of large amounts of data to support analytical
methods [2, 3].

In this context, the following data groups can be distinguished:

1. Clinical data (recording of clinical institutions)

Genotype data

Social media data

Environmental data

Data recorded by a wearable device

6. Mobile data (from mobile devices of individuals).

Working with big data involves the following steps:

Step 1. Statement of the analysis problem. The vast amount of data requires new approaches
in the control and analysis, since the use of traditional methods of data processing, in some cases,
Is even impossible.

Step 2. Accumulation of data from different sources discussed above.
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Step 3. Initial Data processing. Data is checked for consistency and reliability. To provide
data access of the analysts, the companies develop and maintain so-called storage. The data is
stored in a database for subsequent analysis.

Step 4: Data Analysis. A large number of applications are used to gather statistics, which
systemize the obtained data.

Step 5. Analytical results are presented to the end user as reports, charts, graphs, online
recommendations or decisions.

Step 6. If the results do not make sense, the problems are reformulated, and the first step is
started again.

Electronic form of work in health care facilities has made it possible to monitor the
relationship between drug taking, its efficiency, and other factors that are also vital for the
pharmaceutical companies. The main objectives of the use of big data are the reduction of time
and costs spent for the development of new products and their delivery to the market by multifactor
analysis of their effectiveness. Now, a doctor may rely not only on their own knowledge by
studying the data obtained from a variety of professionals in real-time, who are involved in the
treatment of patients with sporadic disease. This will enable much better analysis of the
effectiveness of appointed treatments. The development of registers of patients with hereditary
diseases to calculate the volume and the need for drugs, and the simplification of the diagnostics
and search for hidden dependencies can be cited as the examples of using big data technologies.
Many existing restrictions on the distribution of patient data impose certain restrictions on the
possibility of such analysis [4].

Our lives will soon be filled with a variety of devices that constantly monitor our health.
People are becoming more self-medicated. Many public information systems for self-diagnosis are
developing. More and more people own wearable devices, and a variety of mobile devices are
constantly evolving and increasing their functions (diabetic level, heart rate, pressure, activity,
diagnostic tests, etc.). USB-ports may be embedded on healthy people for diagnostic purposes. In
western countries, the tests have been already taken at home by the patients themselves. The
clinical description is stored in the cloud, and the communication with a physician takes place
remotely - via the Internet. Technological innovations — the gadgets enable the patients to save on
costly post-operative rehabilitation [5]. With the help of a special headset that sends
electrocardiogram data to the doctor, the patients, who have had a stroke or brain injury, may be
provided with all-day consultations and testing sessions at home. Large amounts of data imply
new demands on health care transformation.

Application areas of Big Data technologies in medical research

Big data allows implementing innovative solutions at low cost by providing coverage of a
large virtual medium [6].

Modern medicine is becoming a science, in which large amounts of information about the
patient provides the experts to conduct personalized treatment. This is a new model of organization
of medical care, which is based on the selection of diagnostic, therapeutic and preventive
medicines. These medicines are optimal for an individual patient, taking into account their genetic,
physiological, biochemical, behavioral and other characteristics. On this basis, we can say that,
now, any process taking place in the human body can be observed and measured. Medicine needs
convenient tools for data processing, storage and transmission. Organization of medical care for
people through rational drug selection is one of the vital areas of Big Data technologies. Big data
analysis may facilitate the determination of the most effective and cost-effective treatment
methods in the clinical aspect. Detection of the disease at an early stage makes it possible to
simulate the future demand for the products of the pharmaceutical and medical sectors. Using large
data capacity, the pharmaceutical companies are reducing the time and money spent for the
development of new drugs when launching them at the market. These companies are also reducing
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the costs spent to verify obviously unpromising components in the course of development of
medicines. This is the basis for making decisions on the investments in research and development.
The most important task of increasing the health rate is the analysis of the global patterns of disease
in order to identify the trends of these patterns at an early stage [7, 8].

A 4-level examination with the use of bioinformatics, neuroinformatics, clinical informatics
and informatization of the population is defined by the author [9] for each patient and the public
as a whole to be better covered by the healthcare.

The globalization of the world has led the population to become more mobile, and
geographic borders — to be increasingly blurred. Besides, for health professionals it is increasingly
important to be able to access the data of visiting patients. The analysis and processing of large-
scaled data, which is related to the specific regions and populations, will improve the planning of
health services. Previously, medical facilities mainly dealt with individual companies, which
developed and distributed hardware and software to them, and created “local” application
solutions. Now, public institutions are actively invading this area, and they need access to patients’
data anywhere and anytime. The US have a program for the development of a regional healthcare
infrastructure. InterSystems has participated in this program in New York. The established system
includes the records of all interactions of 25-30 million patients with doctors. It is also important
to recognize unstructured information of the human voice and its conversion into text. And, the
data becomes very large, since a human speaks about three or four times more than he/she writes.
InterSystems offers the technology to filter the raw data by extracting valuable information from
it [10, 11]. This technology is also applicable to mentally disabled people. For example, it is
possible to detect depression, as the depressive people tend to speak more slowly.

There is a huge interest in proteomics, both for early detection and monitoring of diseases,
and for the development of more effective treatments throughout the world. The main challenge
in this fast-growing area is to understand the mechanism of interaction of about 300,000 proteins
in the human body. However, the amount of work to be implemented requires the use of high
performance and informative methods and devices [1]. The use of Big Data technologies can
provide a quick breakthrough in proteomics.

An analysis of the literature [11-27] identifies the following medical projects existing in the
field of medicine:

Personal genome projects - a study in the field of personal genomics and personalized
medicine.

Massachusetts Technical University - analysis of geodata for the prediction of socially
significant diseases (vascular and heart disease).

InterSystems — a program for the development of a regional health infrastructure (quick
access to 30 million patients’ data).

GenePool - sequencing and identifying biomarkers and systematizing received data stream.

Microsoft Research in Cambridge — technology for analysis and search of massive
databases in the form of graphs.

Proteus Digital Health - research on the effectiveness of medicines, control over their
intake, remote monitoring of the patient’s condition.

StationX - software for the genome decoding by searching site-markers, which are
responsible for the definition of pathology.

Watson IBM Big Data system - analysis of specific symptoms, history of hereditary
diseases, the synthesis of this data with the available unstructured and structured medical
information, including medical books and articles.

Analysis of Big Data possibilities and prospects

Big Data analytics (BDA) is aimed at understanding the course of treatment of each patient.
Progress can be expected in the field of genomics and personalized medicine for making medical
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and control decisions. On the proposal of the US President Barack Obama to the leading scientific
institutions of the USA adopted a ten-year research program, which is called “brain activity
mapping”. 3.8 billion USD was spent on the mega-project “Human Genome”, and according to
the government study, 800 billion USD has already returned to the state economy [12].

Genomics deals with decoding and determining the sequence of nucleotides in the DNA
(deoxyribonucleic acid). This data is very immense and received in a variety of formats that are
traditionally handled by different programs. BDA requires the allocation of supercomputer
capacity and the creation of a specialized environment, which can “convert” the information into
different omics data, integrate and analyze them on a single screen [13]. Automation of the main
stages of “reading” DNA will provide people with cancer to undergo specialized tests that will
help to appoint appropriate treatment in a short time [14, 15]. “Personal genome project” (PGP)
developed at the Harvard Medical School uses a large data and sets the goal of sequencing and
publishing the completed genomes and medical records of 100,000 volunteers to focus on the
research of personalized genomics and personalized medicine [16]. The project is scheduled to
perform decoding the personal genomes of volunteers’ sets. Their genetic data along with the
medical records will be available for further analysis [17].

Computer analysis methods in comparative genomics technologies of Big Data is also used
in bioinformatics. GenePool project involves sequencing and identification of biomarkers and
systemizes all the huge data flow [18, 19]. Application of Big Data Technology, which decrypts
this data set, also identifies the patterns in genomic world. Benefiting from Big Data technology,
researchers have analyzed the genomes of many thousands of sick and healthy people. The system
picks up the treatment based on the analysis of vast amounts of genetic code information. Thus,
for example, Alzheimer’s disease depends on the genes involved in the development of multiple
sclerosis and Parkinsonism [20-22].

In biomedicine, new big data technologies are used for the genetic architecture sequencing
and aimed at improving personal health and the health of the population in general [23-25].

Currently, fundamental research in medicine focuses on the study of pathological processes
of human diseases, and on the identification of new methods of diagnosis and the treatments of
these diseases. Telemedicine is the use of telecommunications and information technologies to
provide remote health care services. Telemedicine is convenient for the people living in remote
regions. The author of [26] discusses how Big Data is transforming the telemedicine. The data
obtained from smart devices allow real-time monitoring of chronic diseases to optimize the dosage
of drugs and to improve the patients’ treatment results. The development of systems biology and
molecular biomedicine, including hybrid and cellular technologies, has led to the need for
organizing and developing the procedural aspects of the introduction (translation) of accumulated
knowledge in the practice of the attending physician on the one hand, and in the field of
pharmacobioeconomics - on the other [27-29]. Analysis of mHealth applications shows that
mobile telemedicine has been implemented in healthcare systems. mHealth is realized in the cases
of emergency response to the deterioration of the patient’s condition and when urgent measures
are required [30].

Watson system of IBM Big Data platform defines the diagnosis basing on all the studied
data. Watson for Clinical Trial Matching narrows the scope of all possible research and quickly
identifies potential matches. It also performs the synthesis of incoming data containing available
unstructured and structured medical information, and analyzes natural language [31].

Big Data technologies are also used for geopositioning the data processing, when analyzing
human movement and comparing the general laws of motion for the entire population and when
comparing to the health risks [32].

The main objective of the three-dimensional digital medical systems is providing the works
with parameterized, tissue and cellular levels of 3D-models of normal and pathological human
organs and systems [33]. The process of biomechanical analysis of any biological system, based
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on the developed physical and mathematical model, requires the inclusion of the data on the spatial
geometry of an object. Advanced computer tomography is equipped with special software used in
the field of radiotherapy and oncology to work with obtained images [34]. The development of
three-dimensional modeling for biomedical engineering is actively supported, and there are
prospects for the implementation of the technologies based on supercomputing platforms [35]. The
problems of clinical decision support systems, biomedical imaging, high-performance computing
and biomedical modeling, analysis of bioinformatics of big data are discussed in this article [36].

Currently, healthcare organizations generate and store vast amounts of data. The amount of
information that requires analysis is steadily growing. Conversion of this large data into vital
practical information is challenging enough. Processing of such unstructured information reveals
unique knowledge. Society of Actuaries (SOA) conducted a study, in which the leaders of the US
health facilities and health insurance companies were interviewed. This report states that 66% of
executives believes in a big potential of Big Data technologies in health care [37-39].

The potential benefits of big data analytics in the field of medicine have resulted in the public
policy initiatives in the United Kingdom. The Prime Minister David Cameron announced the
opening of the medical data of each test the patient for research. He also emphasized that the
patients have the right to privacy conscious. The Prime Minister added: “it does not threaten the
privacy and neither does mean that anyone can see your medical records. This implies the use of
anonymous data for new medical discoveries. It is very important for research and innovation,
since the healthcare sector is an arena for innovative use of big data” [40].

Conclusion

Modernization of the healthcare as one of the key priorities of the government involves the
consolidation of the efforts of information technology and medical institutions. Big Data
technologies offer great opportunities to combine all biological centers worldwide. The use of Big
Data may contribute to addressing the problems such as investigating the structure of proteins to
identify new methods for diagnosing cancer, diagnosing congenital diseases, and predicting
potential growth of the population’s fertility, delivering drugs directly to the certain cell and many
other problems. The forecast accuracy increases with the dimension of the data available for
analysis. Analysis of large data flows from self-reports and personal medical records, including
medical tests, drug prescriptions, as well as scanners, and various sensors may lead to dramatic
improvements in health care. The use of up-to-date Big Data technical solutions allows us to solve
complex research problems in the field of genomic, cellular and proteomic technologies. Big data
solutions also turn received biomedical products and technologies into practical use as quickly as
possible. Big Data technologies provide new opportunities for advanced analysis of the causes,
symptoms and possible manifestations of diseases if the patient does not change the way of life.
Being aware of the disease risks, we are exposed to under the supervision of a doctor, it will be
possible to adjust the patient’s condition. The disease will not simply occur if the treatment is
regarded this way. Availability, continuity, usability, scalability, ability to manage at different
levels, privacy and security of solutions, including data quality control are essential for effective
data control.

The use of big data technologies is in high demand, since they can solve urgent problems in
medical and a number of related fields. The exponential growth in data volumes and new tools for
their advanced analysis may transform the health care system. The use of modern computer
methods for solving these problems will significantly increase the longevity of people in the future.
Consequently, big data has a big future in the field of medicine.
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