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Abstract

Clinical research, patient care, and operational efficiency have been transformed by real-time data
pipelines. This analysis evaluates real-time data pipelines' potential in clinical decision support,
predictive analytics, patient monitoring, EHR administration, and healthcare operational
efficiency. The research claims these pipelines enhance patient outcomes, data accuracy, resource
allocation, and data-driven decision-making. This technology has benefits, but data security and
privacy difficulties, technical integration, expensive installation, and data standardisation
impede its broad use. Blockchain, IoT, wearables, Al, and interoperability are promising
developments.
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I. INTRODUCTION
Healthcare is transformed by real-time data pipelines. Continuous data processing accelerates
decision-making and improves patient outcomes using these technologies. Healthcare real-time
data pipeline utilisation, advantages, problems, and enhancements are examined in this study.
Secondary data from numerous academic sources is utilised. To explain how these technologies are
altering healthcare.

Real-time data pipelines are revolutionising healthcare and other fields. Processing and analysing
data as it arrives has enabled healthcare staff make speedy, well-informed decisions that have
improved patient health and efficiency [17]. The study investigates how real-time data streams are
used, their advantages and downsides, and their potential in healthcare The evaluation should
explain how difficult it is to integrate these procedures to current healthcare systems, especially
when it comes to standardising data and ensuring system interoperability.

Big data analytics, Al, and the IoT have transformed healthcare in recent years [18]. This
transformation is driven by real-time data streams, which allow data to be examined immediately.
Such changes are needed for tailored treatment, predictive analytics, and disease spread
prediction. How these technologies alter patient care and healthcare system efficiency will be
examined in this study.

II. LITERATURE REVIEW
Many new approaches have been taken to real-time data streams in healthcare. Current systems
must function with new ones, data must be standardised, and business expenditures are
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considerable [19]. However, real-time data processing raises privacy and moral issues that must be
addressed. The evaluation should go into more detail to balance the good and real negatives. This
would show the challenges healthcare facilities may encounter while adopting new technologies.
Real-time data and EHRs were stressed to provide accurate and timely care [20]. Previous
literature studies discussed big data platform real-time data flows. They addressed issues with
enormous amounts of real-time healthcare data and their solutions.

A customised healthcare tracking system with Bluetooth-based devices and real-time
dataprocessing is also relevant to the field [21]. Always assessing patients' vital signs could make
them healthier and save hospital visits, according to this study. Also, cost changes must be
investigated extensively, especially for smaller healthcare centres [22]. Technical challenges with
real-time data pipelines have been studied. They studied ways to make data safe and standard,
which is crucial for healthcare applications that use these systems.

Using real-time data streams with AI and machine learning is also growing [23]. These
technologies can make healthcare more customised and data-driven. Healthcare real-time data
flows have certain benefits, but they also have some major challenges that must be addressed
before they can provide more benefits [24]. Cost, data protection, and technology requirements are
some of these challenges. This study will expand on previous research by examining the merits
and cons of real-time data flows in healthcare. This can show us where this field is going and what
new styles are emerging.

III.  APPLICATIONS OF REAL-TIME DATA PIPELINES
Real-time data pipelines improve healthcare operations and patient care in many applications.

A. Patient Monitoring and Tele-health

Telehealth and real-time data pipelines have transformed patient care. Continuous monitoring
systems [3] convey patient data in real time, even with irregularities. Alfian et al. created a BLE-
sensor system to track diabetes patients' blood pressure, heart rate, and glucose. When people
manage their illnesses and doctors get timely notifications, health outcomes improve [1].

B. Electronic Health Records (EHR) Management

Image Data
(such as MRI
Data)

Fig 1.1: EMR data consisting of structured data, unstructured text data and image data
(Source: Chonho et al. 2017)
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Real-time data pipelines improve EHR administration. Connecting real-time data to EHR systems
helps healthcare providers assure patient data accuracy. Sharmeer et al. recommended gathering
current patient data during hospitalisation. Integrating this data with their medical history may
enhance treatment and save costs [2]. Continuous data flow improves diagnosis, treatment, and
patient health.

C. Predictive Analytics and Disease Outbreak Prediction
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Fig 1.2: The big data analysis pipeline
(Source: Chonho et al. 2017)

Healthcare personnel may prevent and manage epidemics using predictive analytics and real-time
data pipelines. Combining data from several sources and using sophisticated analytics may assist
healthcare organisations handle rising illness rates.
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Figure 1.3: Cross validation of data
(Source: Bernauet al. 2014)

Cross validation involves total overview of the model where testing and training as well as
accurate and reliable prediction of the data is done. Live data helps track infectious illnesses and
enforce public health rules [3]. Rapid response to pandemics and epidemics may save lives.

D. Clinical Decision Support Systems (CDSS)

The use of real-time data sources is advantageous for clinical decision support systems. These tools
provide clinicians current data and evidence-based recommendations to make judgements. Data
mining in real-time clinical monitoring alerts to deterioration, improving patient safety and
treatment effectiveness [4]. Help in real time may enhance physicians' decisions and patient
outcomes.
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E. Operational Efficiency
Processes in the healthcare industry might benefit from real-time data pipelines. These pipelines
give real-time data on many operational components to optimise resource allocation, simplify
operations, and save costs. Real-time monitoring of patient movement, resource utilisation, and
operational concerns may boost hospital efficiency [5]. This operational data enhances patient care
and healthcare efficiency.

IV.  BENEFITS OF REAL-TIME DATA PIPELINES
Real-time data pipelines improve patient care and healthcare operations.
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Figure 1.4: The sequence of real-time big data generation, processing and anomaly detection
(Source: Ariyaluran Habeeb et al. 2019)

A. Improved Patient Outcomes

Real-time data analysis speeds actions, decreasing complications and improving results. Research
shows that continuous diabetes monitoring devices enhance blood glucose management and
prevent serious health issues [6]. Healthcare practitioners may promptly address health concerns
using current data for improved patient care.

B. Enhanced Data Accuracy

Real-time data pipelines and automated data input decrease data processing mistakes. This
automated process enhances data quality and consistency. Studies show that real-time data in EHR
systems improves information accessibility and accuracy, maximising patient care efficiency [6].
Clinicians need reliable data to make choices and provide quality treatment.
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C. Resource Optimization

Figure 1.5: The evolution of the data volume between 2010 and 2025
(Source: SAFA BAHRI et al. 2018)

Timely data enhances resource allocation, waste reduction, and service. Real-time data can
optimise staff scheduling, medical equipment utilisation, and patient flow to reduce hospital
overcrowding [7]. Optimisation lowers expenses and boosts efficiency for patients and doctors.

D. Data-Driven Decision Making

Doctors can diagnose and treat patients better using real-time data. Current data-driven healthcare
decision support systems make speedy, educated judgements [8]. Data-driven decision making is
needed in healthcare since timely and accurate information may improve patient outcomes.

V. CHALLENGES IN IMPLEMENTING REAL-TIME DATA PIPELINES
In the field of healthcare, real-time data pipelines provide a multitude of advantages, but not
without potential downsides.

A. Data Security and Privacy

Secure and private patient data in real-time systems is problematic. Healthcare data breaches may
be dangerous owing to its sensitivity. Protecting sensitive data and satisfying regulatory
requirements requires encryption, access limits, and continuous monitoring [9]. Healthcare real-
time data pipelines need security.

B. Integration with Existing Systems

Integration of real-time data pipelines with old healthcare systems may be difficult and
complicated. Issues include interoperability and cross-platform data transfer [10]. IT architecture
compatibility is essential for real-time data pipelines.

C. Cost and Infrastructure

The initial setup and maintenance of real-time data pipelines can be expensive, requiring
Technology and equipment costs might be high to start and maintain data pipelines with current
data. For smaller healthcare facilities with limited resources, high implementation costs may
hinder acceptance [11]. Real-time data pipeline advantages and expenses must be considered by
healthcare firms.
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D. Data Standardization
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Figure 1.6: Big data chain value: from data collection to data exploitation
(Source: SAFA BAHRI et al. 2018)

Data standardisation is needed to analyse data from diverse healthcare providers. Non-standard
data formats and standards may impair real-time data pipeline integration. Uniform data formats
are needed to integrate and analyse heterogeneous data.

VI. FUTURE DIRECTIONS
Real-time data pipelines in healthcare are promising as infrastructure and technology improve
application efficiency.

A. Al and Machine Learning Integration

Machine learning and artificial intelligence are essential for healthcare real-time data pipelines.
This technology may enhance predictive analytics and provide more insights. To enhance
healthcare and operations, AI and ML must manage large data quantities, discover patterns, and
predict results. Health outcomes are predicted better using real-time AI/ML data pipelines [13].
These tools identify hidden patterns in real-time and historical data. AI may detect worsening
chronic illness by monitoring vital signs and other health data. Quick healthcare personnel
intervention may prevent problems and hospitalisations. AI/ML may personalise healthcare.
These methods can personalise medicine using massive medical history, genetic data, lifestyle
factors, and current health data. Customisation may reduce side effects and boost drug efficacy
[18]. To discover medications with the fewest adverse effects, doctors may use machine learning
(ML) models to predict patient reactions.
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Figure 1.7: Al in healthcare
(Source: aitskadapa.ac, 2019)

Real-time data pipeline Al and ML may enhance healthcare operations and patient care. These
methods forecast patient admissions, hospital occupancy, and staff demand to maximise resource
allocation. Flu season patient numbers may be predicted using algorithms. This helps hospitals
distribute resources and reduce wait times. Hospitals are staffed to handle varying patient loads,
improving service. Disease epidemic prediction and control are crucial implementation areas [25].
Al and ML predict infectious disease spread using social media, medical data, and environmental
sensors. Public health authorities may quickly introduce vaccination campaigns or travel
restrictions to decrease transmission and population impact after identifying and forecasting
outbreaks. AI/ML may enhance diagnosis. Radiologists may use vast medical image databases
and machine learning algorithms to detect malignancies, fractures, and infections. These
technologies may enhance diagnosis and treatment over time. Al and ML in real-time data
pipelines have strengths and downsides. Data quality and validity are essential for Al model
training. Risky estimations and advise may come from bad data. Reliable Al systems need data
validation and monitoring.

B. IoT and Wearable Devices
The Internet of Things and wearables will boost real-time data. Patient monitoring and treatment
improve. Real-time health data via wearable sensors and mobile apps provides monitoring and
immediate reaction [14]. Real-time data pipelines with useful device data may improve patient
care and health management.

C. Blockchain for Data Security

Blockchain protects and decentralises real-time data transactions keeping privacy and integrity.
Healthcare businesses may benefit from immutable blockchain data exchange records, decreasing
data breaches and illegal access [15]. This approach may improve real-time data pipeline security
and dependability.

D. Enhanced Interoperability

Real-time data system interoperability will allow platform-to-vendor data transmission in future
updates. This requires standard protocols and data formats [16]. Interoperability lets healthcare
workers exchange and access data easily, enhancing patient care and efficiency.
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CONCLUSION

Real-time data pipelines transformed healthcare by processing and transferring data instantly.
Real-time data pipelines are essential in contemporary healthcare despite implementation
problems.

1.

Enhanced Clinical Decision-Making: Clinical decision support systems (CDSS) operate
better when doctors and nurses have current, accurate information at the right moment. In
this field, real-time data streams matter. They can make fact-based decisions, which
benefits patients.

Better Patient Monitoring: Real-time data pipelines, telehealth, and wearable electronics
have transformed patient monitoring. Important health markers can now be watched 24/7
and problems detected early. This reduces hospitalisations and emergencies.

Optimized Resource Allocation: Real-time data helps healthcare organisations plan staff
schedules, monitor equipment use, and manage patient flow. This optimisation reduces
costs and streamlines operations.

Predictive Analytics and Public Health: Real-time huge data sets help detect and fight virus
attacks. Healthcare organisations can respond faster to public health hazards when they
analyse data from several sources in real time. This could save lives.

Challenges of Integration: Real-time data pipelines are useful, but integrating them into
healthcare systems is difficult. Causes include interoperability, data standards, and
outdated system interaction.

Data Security and Privacy Concerns: data privacy and security concerns: Implementing
real-time data pipelines raises security and privacy concerns. Encryption and access control
are the best approaches to protect patient data.

Cost Implications: Smaller medical facilities may struggle to afford real-time data systems.
You should carefully balance price and worth.

Future Potential with Al and IoT: Real-time healthcare data flows will thrive. Al, machine
learning, and IoT will undoubtedly improve these systems. This will enable proactive,
personalised care.

Need for Continuous Research: Researchers must keep studying and developing to tackle
our challenges and create new ways to employ real-time data flows in healthcare. This will
improve patient care and business operations.
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