Turkish Journal of Computer and Mathematics Education Vol.11 No.01 (2020), 862-867
DOI: https://doi.org/10.17762/turcomat.vi1i1.13569

Research Article

Medical Data Analytics: Techniques, Challenges, and Opportunities

Aditya Agnihotri
Department of Computer Science & Information Technology,
Graphic Era Hill University, Dehradun Uttarakhand India 248002

Abstract. The use of medical data analytics has evolved into an indispensable tool in the healthcare industry, with the goals
of enhancing patient outcomes, lowering costs, and accelerating medical research. This article gives an overview of the
many methods, problems, and possibilities that are involved in medical data analytics. The diagnosis of diseases, the search
for new medications, and the treatment of patients are just some of the areas of medicine that have benefited from the use of
a variety of data mining and machine learning methods, such as clustering, decision trees, and deep learning. Yet, there are
still obstacles to overcome, such as issues around privacy and the interpretability of the data. Possibilities for medical data
analytics include the combination of human and artificial intelligence in medical treatment as well as the incorporation of
large-scale data analysis into clinical practise. Moreover, case studies on medical data analytics as well as future
developments in the area are presented in this study. Overall, medical data analytics has a great deal of untapped potential to
revolutionise healthcare; nevertheless, more work is required to surmount existing obstacles and fully capitalise on the
opportunities it presents.
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. Introduction

The topic of medical data analytics is one that is expanding at a rapid rate in the field of healthcare. This field
makes use of a variety of methodologies in order to analyse and understand massive amounts of data that are
created by medical equipment, patients, and healthcare practitioners[1]. The application of medical data
analytics offers the potential to improve patient care, cut expenses, and increase the overall quality of treatment.
In light of the fact that the industry is always undergoing change, it is essential to investigate the processes,
obstacles, and possibilities related with medical data analytics[2].

This article's goal is to present an overview of medical data analytics, which will cover a variety of topics, such
as the various methods that are utilised in the field, the challenges that arise when implementing these methods,
and the opportunities that arise from using medical data analytics in healthcare [3]. In addition, this article will
cover past, present, and potential future developments in the medical data analytics sector, as well as evaluate
real-world instances of the use of medical data analytics [4].

This study's overarching objective is to draw attention to the significance of medical data analytics in the field of
healthcare and to shed light on the opportunities and challenges presented by the deployment of this technology.
Healthcare providers and policymakers can make informed decisions regarding the implementation of these
technologies if they have a solid understanding of the methodologies, challenges, and opportunities associated
with medical data analytics. This will ultimately lead to improved patient outcomes and enhanced healthcare
operations.

1. Literature review

Work Objective Methodology Key Findings
Data mining techniques such as clustering,
classification, and association rule mining have
[5][6] RevieV\_/ (_)f medica_l Lit(?rature peen a_pplie_d to vari_ous he_althcare (_iomains
data mining techniques | review including disease diagnosis, drug discovery, and
patient management. Challenges include data
quality and privacy concerns.
Review of data mining Literature Data mining techniques such as decision trees,
[7] and analytics in . artificial neural networks, and support vector
healthcare review machines have been used for predictive
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modeling and risk assessment in healthcare.
Challenges include data integration and
standardization.
Clinical decision support systems (CDSS) can
Roadmap for clinical Expert improve patient outcomes and reduce costs by
[81[9] decision support providing clinicians with relevant information at
implementation CONSENSUS the point of care. Challenges include data quality
and user acceptance.
Machine learning techniques such as deep
Review of machine . learning and .reinf.orcement Iea'rning have been
[10] learning in healthcare therature ueed for. medical image analysis, dlseaee
informatics review diagnosis, and treatment recommendation.
Challenges include interpretability and ethical
concerns.
Data-driven medicine, which integrates large-
Future trends in Literature scale data analysis with clinical practice, has the
[11] translational review potential to improve patient outcomes and
bioinformatics advance medical research. Challenges include
data privacy and regulatory issues.
The convergence of human and artificial
intelligence in healthcare, such as through the
[12][13] Review of high- N Literature use of d.eep learning and natural Ianguage .
performance medicine | review processing, can lead to more accurate diagnosis
and personalized treatment. Challenges include
data privacy and ethical concerns.
Machine learning techniques such as logistic
Evaluation of machine regression and random forest can improve
[14][15] Ieareing for . Retrospective cerd_iovascular risk predietion using rc_Jut_ine
cardiovascular risk analysis clinical data. Challenges include the limited
prediction availability of data and the need for further
validation.

Table.1 literature review on Medical Data Analytics

I1. Techniques

Medical data analytics analyses and interprets healthcare data using a range of methodologies. These
methodologies are divided into three categories: descriptive analytics, predictive analytics, and prescriptive
analytics.

A. Descriptive Statistics

Descriptive analytics entails evaluating historical data to determine what happened and how it happened. To
generate insights and detect trends, this approach comprises summarising, organising, and displaying data.
Descriptive analytics may be used in healthcare to find trends in patient data, such as the prevalence of certain
medical diseases, demographic data, and treatment results. This data may be utilised to help shape healthcare
policy and enhance patient care.

B. Analytics Predictive

Predictive analytics is the process of examining previous data to detect trends and forecast future events. To
discover trends and patterns in data, this approach use statistical models and machine learning algorithms.
Predictive analytics in healthcare may be used to forecast patient outcomes, identify high-risk patients, and
enhance treatment regimens. Predictive analytics, for example, may be used to identify patients who are at high
risk of hospital readmission, allowing healthcare practitioners to intervene early and avoid readmission.
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C. Analytics for Prescription

Prescriptive analytics is the application of data analytics tools to determine the optimal course of action in a
particular circumstance. Based on the available facts, it recommends the optimum action using optimization
algorithms and decision-making models. Prescriptive analytics can be used in healthcare to optimise treatment
strategies and enhance patient outcomes. Prescriptive analytics, for example, can be used to determine the most
successful treatment plan for a patient with a given medical condition, taking into consideration aspects such as
the patient's medical history, lifestyle, and other pertinent information.

D. Techniques Compare and Contrast

While each approach has advantages and disadvantages, they may be used in tandem to give a more thorough
examination of healthcare data. Descriptive analytics may give insights into historical trends and patterns, and
predictive analytics can forecast future occurrences. Based on these predictions, prescriptive analytics may
subsequently be utilised to propose the optimal course of action. With these strategies, healthcare practitioners
may make data-driven decisions that lead to better patient outcomes and more efficient healthcare operations.

V. Challenges

Notwithstanding the potential benefits of medical data analytics, there are significant hurdles to its deployment
in healthcare.

A. Data Accuracy

Ensure the quality of the data being examined is one of the most difficult tasks in medical data analytics.
Medical data is frequently complicated and cluttered, making it difficult to clean and prepare for analysis. Also,
errors in the data may exist owing to variances in data collection techniques, coding standards, and other
variables. Inadequate data quality can lead to erroneous results and faulty conclusions, causing patients to suffer.
B. Confidentiality and Security

Maintaining patient privacy and data security is another difficulty in medical data analytics. Medical data is
extremely sensitive and personal, and rigorous restrictions are in place to safeguard patient privacy. Yet, as the
volume of healthcare data created grows, there is an increased danger of data breaches and illegal access to
patient information. This can have major ramifications, including identity theft, financial fraud, and other types
of cybercrime.

C. Information Integration

Medical data is frequently fragmented and kept in many locations, making integration and analysis challenging.
This might result in inadequate or erroneous analysis, which can have ramifications for patient care and
healthcare operations. Moreover, healthcare providers may utilise multiple electronic health record systems,
making data exchange and integration even more difficult.

D. Analysis of Each Challenge

To solve these issues, healthcare providers and governments must place a premium on data quality and invest in
data cleaning and preparation processes. To secure patient data, they must also employ strong security measures
like as encryption and access limits. Lastly, in order to provide a more thorough analysis of healthcare data,
efforts must be taken to standardise data collecting and combine data from diverse sources.

Overall, overcoming these obstacles is critical to ensuring the effective application of medical data analytics in
healthcare. By overcoming these obstacles, healthcare practitioners will be able to use medical data analytics to
improve patient outcomes, save costs, and improve overall quality of care.

V. Opportunities

Notwithstanding the limitations connected with medical data analytics, healthcare practitioners and
policymakers may use this technology to improve patient care and healthcare operations.

A. Personalized Medicine

By providing healthcare practitioners with insights into patient-specific characteristics that impact health
outcomes, medical data analytics can enable personalised therapy. Healthcare practitioners can design
individualised treatment regimens that are suited to each patient's specific needs by examining patient data such
as genetic information, lifestyle variables, and medical history.
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B. Disease Control

Chronic disorders such as diabetes and heart disease can also benefit from medical data analytics. Healthcare
practitioners can uncover patterns and trends in patient data that may signal the need for intervention or
adjustments to treatment plans by evaluating patient data. This can aid in the prevention of problems and
improve patient outcomes.

C. Healthcare Management

Medical data analytics may also be used to enhance hospital administration and resource allocation, among
other things. Healthcare providers may discover areas for improvement and optimise operations to improve
efficiency and minimise costs by examining data on patient flow, resource use, and staff performance.

D. Monitoring in Real Time

Real-time monitoring of patient data can be enabled via medical data analytics, allowing healthcare personnel to
respond promptly in the case of a medical emergency or other urgent circumstance. Healthcare practitioners can
use real-time monitoring to detect changes in patient data that may suggest the need for action, such as a rapid
spike in blood pressure or heart rate.

E. Development and Research

Lastly, medical data analytics may be utilised to promote medical research and development by offering insights
into treatment efficacy and finding new study areas. Healthcare professionals and researchers can detect patterns
and trends in vast amounts of patient data, which may lead to novel treatments and cures for illnesses.

Overall, medical data analytics gives healthcare practitioners and policymakers several chances to improve
patient care and healthcare operations. Healthcare practitioners may use this technology to establish
individualised treatment regimens, manage chronic illnesses, optimise healthcare operations, monitor patients in
real time, and advance medical research and development.

Topic Techniques Challenges Opportunities
. - . . Data privacy, data .
Medical Data mining, machine learning, natural ualitp dat;/ Improved patient outcomes,
data language processing, clinical decision q y,_ cost reduction, personalized
analytics | support systems integration, lack of medicine
y pport sy standardization
Predictive analytics for cardiovascular . -
. y . . Limited availability of . .
risk assessment, sentiment analysis of Improved diagnosis, more
Case . . . data, lack of - .
. social media data for public health . . efficient treatment, disease
studies . . . interpretability, .
monitoring, deep learning for medical . prevention
) . ethical concerns
image analysis
. . . Improved patient care, more
Integration of 10T and blockchain, Security concerns, p . P
. e . efficient healthcare
Future increased use of artificial intelligence, regulatory challenges, . .
. . - . operations, increased
trends improved interoperability of healthcare need for specialized .
. collaboration and knowledge
systems skills .
sharing
Table.2 Medical Data Analytics: Techniques, Challenges, and Opportunities
VI. Case Studies

We offer two case studies that highlight the benefits and limitations of using these technologies in practise to
demonstrate the promise of medical data analytics in healthcare.

A. Case Study 1: Hospital Readmission Predictive Analytics

Hospital readmissions are a major problem in healthcare, with one out of every six Medicare beneficiaries being
readmitted within 30 days of release. To address this issue, a group of University of Pennsylvania researchers
created a predictive analytics engine that may identify individuals at high risk of hospital readmission.

To train the prediction model, the scientists collected data from electronic health records, including
demographic information, medical history, and clinical data. The algorithm was then used to predict the
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likelihood of readmission for patients who were discharged within 30 days. The model successfully predicted
readmission risk, according to the researchers, with an area under the curve (AUC) of 0.71.

Healthcare practitioners were able to identify patients at high risk of readmission using the prediction model and
give targeted interventions such as care coordination, medication management, and follow-up consultations. As
a consequence, the hospital was able to minimise readmissions by 18%, saving more than $3 million
[15][16][17].

Case Study 2: Data Integration Challenges in Cancer Care

Cancer therapy is a complicated and fast growing area with a plethora of data sources and therapeutic
possibilities. Researchers and healthcare practitioners are using medical data analytics to generate individualised
treatment regimens and enhance patient outcomes in order to improve cancer care.

Yet, there are significant hurdles to applying medical data analytics in cancer care, including data integration.
Data from cancer patients is frequently held in several areas, such as electronic health records, clinical trial
databases, and tumour registries. Because various data sources may utilise different coding systems and data
standards, integrating them might be difficult.

To address these issues, the National Cancer Institute (NCI) created the Cancer Data Ecosystem (CDE), a
platform that allows researchers and healthcare professionals to combine and analyse cancer patient data from a
variety of sources. The CDE comprises a common data model and standardised data dictionaries, allowing data
to be shared and integrated across systems.

Notwithstanding these initiatives, data integration in cancer treatment remains a major problem, with several
impediments to efficient data exchange and analysis. Technical constraints, such as interoperability challenges,
as well as legal and ethical impediments, such as patient privacy concerns and data ownership issues, are
examples of these [18][19][20][21].

Overall, these case studies demonstrate the potential of medical data analytics in healthcare, as well as the
difficulties connected with putting these technologies into practise. By solving these issues, healthcare providers
and policymakers may realise the full potential of medical data analytics and improve healthcare.

VIL. Conclusion

Medical data analytics is a fast developing discipline with the potential to revolutionise healthcare. Healthcare
providers may improve patient outcomes, save costs, and improve overall quality of care by using the power of
data analytics. However, there are several hurdles to implementing medical data analytics, such as data quality,
privacy and security, and data integration. To overcome these issues, healthcare providers and governments
must prioritise data quality and invest in strong security measures, as well as standardise data collecting and
integration processes.

Notwithstanding these limitations, medical data analytics offers various potential, including customised therapy,
illness management, healthcare operations optimization, real-time monitoring, and medical research and
development. As the area of medical data analytics evolves, healthcare providers and governments must remain
dedicated to utilising new technologies responsibly and effectively. They will be able to realise the full potential
of medical data analytics and revolutionise healthcare for the better as a result.
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