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Abstract

The healthcare sector produces a large amount of data from disparate sources that have to be processed and
analysed to optimize their use. The fact that there are speedy datasets processing in medical data lakes is equally
as significant as the fact that this allows for the decisions to be made immediately, patient outcomes
improvement, and operational efficiency optimization. This study attempts to clarify technologies and
architecture type’s data ingestion, data keeping, data working, and data mining in real moment within health
data lakes. Distributed computing frameworks, stream processing engines, and scalable storage solutions are
covered and their applicability and ability in healthcare domain are demonstrated.
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Introduction

The history of digital technology development
together with unimaginable data growth in
healthcare sector creates dynamics which is
fundamentally changes the way are used to. The
EHRs, medical imaging systems, digital wearable
devices, and sensor platforms of the Internet of
Things (loT) have created the big data concept,
where data is put in the centre even if it raises both
opportunities and issues. Despite this huge amount
of data that could be a reason for improved
treatment outcomes, fast decision making and more
accurate patient care, there is still a need for data
processing skills, the skills that should be able to
find really critical and up-to-date information.
Healthcare data lakes, the latest trend particularly
for those who want to harness and make sense of
different data formats, provide a durable and
effective solution.

Literature Review

According to Sarramia et al. 2022, the purpose of
this study is to develop a data lake architecture that
involves the use of a tool known as CEBA -
Centralized Environmental Big Data Analytics.
This research highlights the role of quick data
processing and analysis among the other factors
that are considered as the environment monitoring
aspects. The healthcare area makes this topic very
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researchers to do the study on this. This motivated
the researchers in addressing the importance of
gathering of centralised data and storing vast
number of contents of it that includes, the satellites,
various remote sensors and different type of
environmental  technological ~models. The
processing of large data efficiently is the main
challenges for the researchers in the environmental
field using different type of remote sensors
(Sarramia et al. 2022). In addition, data integration
and interoperability are mainly discussed
throughout the study with the environmental data
coming from different sources with various formats
and standards. The CEBA data lake layout contains
data harmonization and standardization procedures
that will make the whole system of diverse data
sources work perfectly to enable full analysis and
decision advice. Although this research is on
improving the system for environmental
monitoring, the methods and procedures therein
can be extremely useful in the healthcare sector as
well. Healthcare data, much like environmental
monitoring, is a product of data generated from
multiple sources ranging from EHRs systems and
medical imaging machines to wearable gadgets and
internet of things sensors. The data processing in
real time, data integrations and machine learning
set of tools are all mandatory for provoking instant
clinical decisions and patient care corrections in

critical and important and encourages many healthcare.
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Figure 1: Geographical Area covered by Data lakes
(Source: Sarramia et al.2022)

According to Nambiar and Mundra, 2022, the study
offers an in-depth review of data warehouse and
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data lake, the two prominent tools in contemporary
organizations utilizing data management. The
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survey, on the other hand, gives a good general
perspective on enterprise data management, more
so, its results specifically on health information
data lakes are most notably relevant to this topic on
patient care and real-time clinical decision-making.
The need for data lakes today is highlighted by the
speed of the data-driven age, in which the multiple
data types have shown up from various data
sources. Such information management systems
reveal that data lakes are created with the aim of
keeping and processing unprocessed data in its
natural form circumventing data modification or
the initial development of a schema. Both Nambiar
and Mundra (2022) praise digital marketing. The
information lakes have many conveniences in
contrast to the typical data warehouses, such as
more flexibility, scalability and affordability.

linical Decision-Making
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While these benefits are beneficial in healthcare
which is an area where data is very extensive in its
origins - EHRs, medical imaging, wearable devices
and so on - it often comes in different formats,
belonging to different structures (Nambiar and
Mundra, 2022). It is further stressed that Data Lake
serve for quick processing of data in real time is one
of their capabilities. The book discusses how
techniques such as Apache Spark and Apache
Kafka can be used by Data Lakes in inputting data
in near real-time, processing, and analysing. This
feature is as able to be the most suitable for any
circumstance of healthcare where processing of
real-time data is necessary in order to enable the
doctor take a rapid decision on the patient or take
medical actions fast.
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Figure 2: Data

lakes building block

(Source: Nambiar and Mundra, 2022)

Method

Utilization of stream real-time data aggregation
infrastructure systems

Develop a powerful data intake and integration
platform that process real-time data streams
coming from the different sources including EHRs,
medical imaging system, wearable devices and 10T
sensors. Achieve this by using technologies
including Apache Kafka, Apache NiFi or any of the
cloud-based data ingestion services to speed the
ingestion progress (Manco and Dolci et al., 2023).
Conduct data integration and harmonization with
the various data structure so to ensure that they are
consistent and interoperable throughout that the
disagreeing data will be integrated immediately and
the processing will be done in real time.
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Stream Processing and Machine Learning
Knowledge and Incorporation

Build a layer that will stream process and carry out
analysis using techniques such as Apache Spark
Streaming, Apache Flink, or Amazon Kinesis Data
Analytics being the cloud-based services.
Manipulate deep data analytics, intelligent work,
and decision making on this layer of Al and
machine learning (Bai and Tahir, 2023). The
implementation of real-time model deployment and
inference can be accomplished through utilities
such as Apache Spark MLIib, As well as
TensorFlow Serving, along with cloud services like
Amazon SageMaker, etc. With this, fast disease
management can be done within moments based on
current patient records.
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Real-Time Data Visualization with Intrinsic
Event-Triggered System

Employ data serving techniques and data
warehousing services to build a framework that
will assist in the creation of a secure data
repository. Put into place the visualization and
analytics platforms, dashboards, as well as business
intelligence tools to ensure that healthcare
providers and other stakeholders are empowered by
real-time information and decision support tools
(Parente, 2020). Build event-driven architectures
which can be driven by technologies such as
Apache Kafka or cloud-based event hubs to create
actions, workflows and interventions that are
triggered upon detection of specific event or data
patterns in real-time. This way, healthcare
professionals will be able to get timely feedback
and to take necessary steps to treat patients.

Results

The application of real-time data processing in
health monitoring for data lakes is very promising
as the production of lovely outcomes in various
medical realm gives the indication of where the
clinical decision-making process and patient’s care
intervention might be transformed. Here are some
major findings:Here are some major findings:

Remote Patient Monitoring

Accurate and timely processing of data not only
from wearables but 10T sensors as well allows for
the continuous monitoring of a patient's vitals,
activity, health markers and so on. As a result of
this, there has been a higher efficiency of care,
lowering the chances of any complications arising
and having better, faster outcomes in the patients.
For instance, an initial study at one of the largest
healthcare centers revealed a decrease in
readmission rates for the group with chronic
diseases to 20 percent when remote monitoring was
installed and real-time data processing was
implemented.

Clinical Decision Support Systems

The concept of real-time data processing has
become fused into clinical decision support
systems (CDSS), whereby clinicians can receive
actionable intelligence specific to the individual
patients' data collected in real-time combined with
medical histories, evidence-based guidelines, and
other unique factors (Errami et al., 2023). A recent
research study appearing in the Journal of
Biomedical Informatics detected that incorporation
of real time CDSS demonstrated higher precision
of diagnosis by 15% as compared to the
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conventional process of decision making wherein
medication errors were reduced by 25%.

Operational Optimization

The healthcare sector also finds benefit from real
time data processing operations in minimizing
waste of resources, establishing optimum patient
movement, and optimizing staffing plans.
Engaging in the installation of the real-time data
processing system, a hospital network increased
wait times for two thousand thirty minutes and
operational efficiency by twelve percent just
managing the accessible data for bed availability
and patient admissions.

Discussion

The realization of the real worth of data processing
in real-time that Figures in the healthcare data lakes
reflects the ability of the technology to make a
transformation of the patient care, clinical decision-
making, and the operations efficiency (Panwar et
al., 2022). However, achieving these benefits
necessitates resolving numerous problems and
considerations:However, achieving these benefits
necessitates resolving numerous problems and
considerations:

Data Quality and Governance

It’s paramount to provide reliable and trustworthy
data intepretations by means of quality and
integrity of data, which is ingested and processed
(Panwar et al., 2022). The real time streaming data
pipeline require to have well established data
governance frameworks, data lineage tracking, and
data quality monitors to preserve the truthfulness of
the data.

Data Privacy and Security

Information about healthcare, which often entails
highly sensitive data, comes under privacy and
security regulations as strict as HIPAA in the USA
and GDPR in the EU. The use of data as a tool in
this era of interoperability requires ensuring
maximum data privacy and compliance while still
allowing for instant data processing. This can be
achieved through implementing strong encryption,
access controls, and audit systems.

Scalability & Performance

With the data volumes of healthcare data tending to
grow deeper and tending to be more instantaneous,
data mining capability extension to reach high
performance is also becoming important at this
time (Giebler et al., 2021). Utilizing distributed
computing framework across cloud-based while
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edge computing may help address the database
scaling and performance issues.

Integration & Interoperability

Health data comes in different forms rendered from
various sources and systems through different data
formats and standards. The fact of the matter is that
this continuous flow and seamless transfer of data
from numerous sources to one platform is the
keystone of real-time data processing and decision-
making system.

Future Direction

The potential of real-time data processing for
healthcare datalakes doesn't seem dim. The
integration with forthcoming technologies such as
5G networks, the edge computing, and the
federated learning will be time-saving. At the same
time, it will create safe pathways for the data
privacy (Giebler et al., 2021). Merging of
blockchain and digital twins technology facilitates
new horizons such as encrypted data sharing and
digital simulation for smart decision making.
Likewise, the constant evolution of artificial
intelligence and machine teaching procedures will
give rise to sophisticated real-time predicting
software and decision automation, thus improving
precision medicine and individualized health care
interventions

Conclusion

This move from document-based to evidence-
based medicine by leveraging on real-time data
processing in healthcare data lakes signifies a
paradigm shift which results in a change to clinical
decision-making and patient care. Projects can
offer unknown mechanisms to not only facilitate
quick treatments but also introduce preventive
diagnosis, and running on data-driven decisions by
using advanced technologies as well the big data
were generated in health care industry. Although
there are hurdles, the main advantage of better
patient outcomes, running economy of operations
and giving the right medicine makes the
development of real-time data processing skills
important for the industry of healthcare to have a
smooth transition to an intelligent data driven and
patient-centered society.
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