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Abstract

This paper studies the AI based healthcare IT system with focus on the inter-operability of the
data, real time analytics and the security challenges. The literature review for qualitative data
includes an increase in the adoption of the AI (78% in 2023) but the interoperability barriers
still persist (65% – incompatibility due to different data standards). Findings point that data
frameworks should be standardized; security should be enhanced and AI should be used in the
healthcare IT optimization and optimization of patient outcomes.
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1 INTRODUCTION

In healthcare IT, AI and big data analysis has transformed in running the costs and improving the
decision making and operational efficiency. But there are three large obstacles: interoperability, real time
analytics and cybersecurity. In this study, literature is reviewed on AI adoption as well as limitations in
data engineering including security threats. The narrower analysis of quantitative trends addresses the
question by identifying barriers and suggesting ways of improvement. Contribution of these challenges
towards the development of the data driven healthcare systems and secured, efficient patient care.

2 LITERATURE REVIEW

The Introduction of artificial intelligence (AI) in the healthcare IT systems has changed the rules of data
analytics, making it possible to obtain real time insights and treating patients personally. Nevertheless,
data engineering in AI based healthcare IT has provided outstanding challenges, in dealing with high
dimensional biomedical data, attain interoperability and privacy in handling of sensitive patient informa-
tion. The current literature review covers all the available research in these identified challenges and
discusses the Big Data analytics, deep learning, interoperability frameworks, cybersecurity measures and
the emerging technologies as the way for overcoming these barriers.

Big Data

The volume, velocity and variety of the healthcare data is growing at exponential rates from medical
imaging, -omics data, sensor data, EHRs, and natural language text [1]. High dimensional, heterogeneous
and poorly annotated datasets are difficult for traditional data mining and statistical learning algorithms
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to deal with, and considerable feature engineering is a burden to extract the meaningful insight from the
dataset.

End to end learning models for healthcare analytics have emerged as a model of deep learning process
[1]. Although resolving the challenges of model interpretability, lacking integration of domain knowledge,
and avoiding data bias, is desired. Big data in healthcare faces high challenges in storage, processes and
visualization because of the tremendous data size, velocity and variety [2]. Biomedical data require high
end computing solutions and robust data handling infrastructures to be able to derive value from it [3].
Seamless data preprocess, store and retrieve practices are needed to integrate AI driven analytics with
the healthcare IT.

Challenges

Interoperability in healthcare IT systems has been a longstanding problem because it impedes easy data
exchange between diverse systems and real time analytics [4]. Despite the continued adoption of EHR’s
after the HITECH Act significant work is left in data standardization. Structured data representation
in biomedical ontologies such as ICD, SNOMED CT, RxNorm etc. facilitates NLP and clinical decision
making [4].

But the real time interoperability comes with integrating multiple standards, dealing with the incon-
sistencies in the data and ensuring seamless communication between different system. In addition, data
interoperability and real time analytics have gotten more complicated due to the growing use of the
Internet of Medical Things (IoMT). For instance, IoMT enables a remote patient monitoring, epidemic
detection as well as elderly healthcare services, while facing latency, fault tolerance and energy efficiency
problems [5].

In order to overcome these challenges, we propose a fog-based architecture which processes the health-
care data nearer to the source by using edge computing [5]. Nevertheless, data engineering frameworks
are complicated to understand and real time workload on heterogeneous data streams.

Security and Privacy

Data engineering in AI driven healthcare IT systems is a critical challenge caused by cybersecurity threat
in AI. Healthcare has been digitalized; therefore, it has increased cybercrime and patients as well as
providers are not willing to adopt Health Information Technologies (HITs) [6]. The implementation of
the same is hindered by security gaps, usability constraints, and lack of standardization for secure data
exchange across the healthcare institutions.

Because there exist intrusions to sensitive patients’ data, a holistic cybersecurity is needed. With
the advent of the expansion of IoT and 5G technologies, it has come to light the presence of new
vulnerabilities that need robust threat detection mechanisms. However, given that IoT based healthcare
system is prone to denial of service (DoS) attacks, Mirai botnets and man in the middle (MITM) attacks,
the requirements of IoT based healthcare system are machine learning based anomaly detection models
[7]. Data privacy regulations have to be taken very seriously and strict applied at the same time which
in turn improves accuracy of threat detection models through deep feature engineering techniques.

Emerging Solutions

When Intelligent Process Automation (IPA) and data engineering come together, it has been demon-
strated to enhance Healthcare IT efficiency and innovation [8]. This is made by the use of collaborative
approach between data engineers, clinicians and IT professionals to improve data quality, continue to
enhance and optimize AI driven analytics.

CPNP concludes case studies which can provide readers with an idea about how IPA has been
transformative in helping healthcare workflows, when used effectively, to streamline and enhance patient
outcomes [8]. Real time data processing in healthcare IT is promising to get revolutionized with the arrival
of 5G technology. Federated learning is supported under reduced latency and increased bandwidth, which
allow the training of AI models by federating the contribution of the data from distributed healthcare
networks without compromising the privacy of the data [9].

In addition, network slicing permits multiple independent networks to run on the same physical
structure [9]. Nevertheless, security risks brought by virtualization and multi-tenancy can be mitigated
through formal verification of 5G networks [10].
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Summary

Challenge Description Solutions
Data Complexity High-dimensional [1,3,4] Deep learning [1,2,3]

Interoperability Issues Lack of standardized data [4] Biomedical ontologies [4]
Analytics Fault tolerance [5] Fog computing [5]

Cybersecurity Risks Cyber threats IT [6,7] Threat detection [6,7]
Emerging Technologies Scalable analytics [8,9] Process Automation [8,9]

III.METHODOLOGY

Qualitative research methodology has been used for this literature review to analyse and aggregate the
existing works on the data engineering challenges in the healthcare IT systems that are driven by AI. It
conducts a review of journal articles and conference papers on interoperability, real-time analytics, data
security and big data integration and provides the synthesis of best practice and innovation approaches.
The thematic analysis is undertaken to identify the main streams, difficulties and suggested resolutions
in the subject.

IV.RESULT AND DISCUSSION

AI Adoption in Healthcare and IT

Figure 1 clearly shows that the steady adoption of AI and big data in healthcare IT has grown from
2017 to 2023 and that this proves an increasing reliance on data driven decision making. Its acceleration
starting from 2020 is in keeping with the deep learning and cloud-based solutions [2][5]. The most critical

challenge was said to be security and privacy issues (72%), incompatible data standards (65%) and lack
of EHR integration (58%) [4]. These barriers indicate that interoperability will succeed only if standards
and cross platform collaboration are successful (Figure 2).

In 2017, the number of reported cybersecurity breaches increased from 112 to 400 in 2023, and the
patient records affected soared from 24 million to 105 million [7]. This points to the increase in health
systems’ vulnerability to cyber-attack and the necessity of strengthened measures such as blockchain,
hardening products with encryption, and artificial intelligence executive threat detection, as seen in Figure
3.
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V.CONCLUSION

The adoption of healthcare IT systems that run on AI is yet to take off due to high degrees of data
interoperability, security and real time analytics. Despite that, adoption rates are on the rise, and yet
cybersecurity threats and a lack of common data frameworks continue to block. The findings indicate
emphasis on area of integrating standardized data, workforce training and AI advanced security solutions.
Complement this, it is essential to address these issues for AI to enable optimality in healthcare and
increase efficiency, accuracy and safety of the patient in a digitized healthcare environment.
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