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ARTICLE INFO  ABSTRACT   
  

 
 
 

Modern data processing has brought data streaming architecture to become a vital element that 
processes data in real-time, which the traditional batch processing approach cannot. With the amount 
of data that businesses, especially businesses in the healthcare sector, produce, real time processing 
and analysis of it is necessary. In this work, we investigate the advantages and disadvantages of data 
streaming architecture under consideration of healthcare applications. This study focuses on the 
implementation and effectiveness of data streaming architecture in healthcare settings as the major 
goal of the work. More specifically, its objective is to understand how the use of data processing 
could contribute to patient care to save costs and improve operational efficiency. It then hypothesizes 
that real-time insight, cost of use, and scalability make data streaming architecture so superior to 
traditional batch processing. Using case studies in two areas of healthcare, real time monitoring of 
patient vital signs and predictive maintenance of medical equipment and real time mode of wearable 
physiologic data from chronic disease cases, this study investigates the application of a data streaming 
architecture. The study design is a qualitative analysis of the challenges the planners faced during 
implementations, lessons learned, and outcomes realized. Quantitative methods are applied to the 
quantification of operational efficiency cost savings improvements, and patient outcomes. The study 
shows that data streaming architecture provides a significant advantage in the case of healthcare 
applications. Take as an example, it could enable nearly real-time monitoring of patient vital signs, 
enabling prompt medical intervention and resulting in a great improvement in patient outcomes. 
Medical equipment was predicted to be maintained, which led to cost savings and reduced the 
downtimes of the equipment. Wearable device data analysis in real time is conducted to come up with 
personalized patient recommendations that improve the management of the chronic disease. Statistical 
data presented the support of these findings in the improvements in operational efficiency and cost 
reductions. The study concludes that the data streaming architecture technology has the potential to 
transform healthcare in a real time, cost-effective and scalable manner. The results presented here 
have relevance to both enhanced patient care, operational cost savings, and increased efficiency in the 
case studies. Finally, future research should aim at addressing these unresolved challenges in privacy, 
accuracy, and scalability so that the power of the data streaming architecture could be fully utilized in 
other data-intensive industries including healthcare. 
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INTRODUCTION 
 
In recent times, the data streaming architecture has become an 
important part of modern data processing and analysis.1 In the 
real time in which any business generates massive volumes of 
data every second; the ability to process and analyze data in 
real time becomes more vital. Batch processing involves huge 

                                                 
1Mehmood, E. and Anees, T., 2020. Challenges and solutions for processing 
real-time big data stream: a systematic literature review. IEEE Access, 8, 
pp.119123-119143. 

 
chunks of data, which are collected and processed at periodic 
intervals, whereas data streaming architecture is different in 
that it allows the data to be ingested, processed, and analyzed 
continuously as it comes into existence. This capability allows 
businesses to immediately understand the situation, make data-
based decisions, and quickly react to fluctuating situations. 
Data streaming architecture has grown in popularity and 
therefore data streaming architecture has been gaining 
importance in various industries. Banks, grocers, airlines, and 
others are using data streaming and the strength of their data to 
build e-commerce and financial services, healthcare, and 
manufacturing businesses with strong customer experiences, 
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optimized operations, and innovation. Thus, there has been a 
thrust in the research on data streaming architecture on diverse 
grounds, namely architecture pattern, tool, error handling, and 
security. New architecture patterns are being developed in one 
of the main research areas in data streaming architecture. 
Quite notable are the Lambdas and the Kappa architectures.2 
Nathan Marz introduces Lambda architecture of combining the 
stream and batch processing to enable low latency responses 
and fault tolerance. The layer contains three layers, a batch 
layer which processes the data in a chunk and generates a 
view, a speed layer that processes the data in real time and 
provides fast updates, and finally the serving layer which 
merges the views from the batch and speed layer to see 
complete insights. The Lambda architecture is fault-tolerant 
and consistent, but hard to implement and maintain. To solve 
the limitation of Lambda architecture, Jay Kreps proposed 
Kappa architecture. Kappa architecture simplifies the 
processing pipeline, it handles batch and stream processing via 
a unified pipeline. The Processing data is a continuous stream 
into which all processing is performed in real time.3 This 
reduces complexity and improves maintainability by requiring 
no special batch layer. Kappa specifically lends itself to 
variations on the use cases in which real time processing is 
more important than batch processing. 
 

Research on data streaming architecture also concentrates on 
devising tools to control data pipelines and deal with data in 
real time, in addition to architecture patterns. Several data 
streaming ecosystem tools have already become popular as 
open source. It is a distributed streaming platform developed 
by LinkedIn called Apache Kafka which enables high 
throughput and low latency data streaming. It is a reliable and 
scalable messaging system to serve the needs of businesses to 
ingest, store, and process large amounts of streaming data. 
Other than having the Spark (listed above), real-time data 
processing is supported by Apache Flink and Apache Storm. 
Apache Flink is a scalable, highly available, low latency 
stream processing engine and one of its most notable strengths 
is powerful stream processing capabilities, along with the very 
important low latency, event time semantics, and computations 
on the state. Apache Storm, on the other hand, offers a flexible 
and fault-tolerant platform for real-time data processing. 
Another research area in data streaming architecture belongs 
to error handling. However, data stream reliability and 
accuracy are essential as any errors can result in wrong 
insights and decisions.4 Different techniques to work with 
errors in distributed systems have been studied by researchers 
such as retry mechanisms, data deduplication, etc. Retry 
mechanisms imply automatically retrying failed operations to 
ensure that the operation shall be executed successfully. The 
data deduplication techniques are aimed at identifying the 
duplicate records in the data stream and keeping the data 
consistent. The designs are fault-tolerant, which means being 
able to build systems that recover nicely from failures and 
keep processing data without going down. In data streaming 

                                                 
2Feick, M., Kleer, N. and Kohn, M., 2018. Fundamentals of real-time data 
processing architectures lambda and kappa. In SKILL 2018-
Studierendenkonferenz Informatik (pp. 55-66). Gesellschaft für Informatik eV. 
3Kopetz, H. and Steiner, W., 2022. Real-time systems: design principles for 
distributed embedded applications. Springer Nature. 
4Tripathi, S., Muhr, D., Brunner, M., Jodlbauer, H., Dehmer, M. and Emmert-
Streib, F., 2021. Ensuring the robustness and reliability of data-driven 
knowledge discovery models in production and manufacturing. Frontiers in 
artificial intelligence, 4, p.576892. 

architecture, security is the main concern since data streams 
may contain sensitive and confidential information. 
5Researchers are looking at ways to secure data streams and 
prevent them from being hacked so that no unauthorized 
access to the data takes place and no attacks by malicious 
hackers happen in the data stream. Data encryption techniques 
are critical in protecting data as it passes through the streaming 
pipeline. The access control mechanism ensures that the data 
streams are used by only the authorized users and the systems. 
Such a streaming pipeline is monitored for suspicious 
activities and threats via intrusion detection systems, with 
timely response and mitigation. With the benefits of data 
streaming architecture, it is being universally adopted by 
different industries. The most important advantage is real time 
insights. Businesses can process and analyze data as it comes 
to the architecture of the streaming data so that we can get 
immediate insight and timely decisions. For example, real time 
analytics helps financial institutions to detect fraudulent 
transactions and saves their financial loss. Streaming data is 
used by other E-commerce companies to personalize the 
consumers' experiences as well as to improve the performance 
of marketing campaigns. Real time patient health status has 
become a necessity for healthcare providers to monitor the 
patient's health and improve clinical outcomes. 
 

Data streaming architecture also has another great advantage, 
which is cost-effectiveness. Streaming data architecture is 
more efficient than the batch process which involves massive 
computational resource use and takes a lot of time.6 Businesses 
can save on the cost of storing and processing large batches of 
data by continuously processing data in the pipeline. Forrester 
states that companies that adopted streaming analytics 
commonly saved 30% of data processing costs. 
 

Data streaming architecture also has another advantage which 
is scalability. The horizontal scaling of the streaming pipeline 
means that we can simply add more nodes to the streaming 
pipeline and handle the volume of data that businesses 
typically encounter. For example, the Kafka-based data 
pipeline of LinkedIn has proven that streaming data 
architecture can handle up to 1 trillion messages per day.7 The 
scalability of this is especially befitting for businesses that 
maintain high growth rates for the generation and processing 
of data. Finally, we find that data streaming architecture is 
changing how businesses process and analyze their data. This 
technology is becoming increasingly important for 
organizations from diverse industries, by empowering real 
time insights, cost-effectiveness as well as scalability. 
Potentially, data streaming architecture will continue to 
contribute to the upcoming research on architecture patterns 
and tools and error handling and security as the research starts 
advancing in those areas, increasing the business outcome. 
The objective of this research paper is to study the different 
facets of data streaming architecture and that too with a 
complete insight into the importance, benefits, and real 
instances. 

                                                 
5Ali, B., Gregory, M.A. and Li, S., 2021. Multi-access edge computing 
architecture, data security and privacy: A review. IEEE Access, 9, pp.18706-
18721. 
6Awaysheh, F.M., Alazab, M., Garg, S., Niyato, D. and Verikoukis, C., 2021. 
Big data resource management & networks: Taxonomy, survey, and future 
directions. IEEE Communications Surveys & Tutorials, 23(4), pp.2098-2130. 
7Rooney, S., Garcés-Erice, L., Bauer, D. and Urbanetz, P., 2021, December. 
Pathfinder: Building the enterprise data map. In 2021 IEEE International 
Conference on Big Data (Big Data) (pp. 1909-1919). IEEE. 
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MATERIALS AND METHODS 
 
Background: The healthcare industry has been heavy in data 
for years, analyzing massive amounts of patient history, 
medical images, sensor data of wearable, and more. In recent 
years, real time data processing plays an important role for 
healthcare providers to deliver real time and effective 
treatment.8 The data streaming architecture provides an 
architecture that can continuously ingest the healthcare data, 
and process and analyze the health data instantly for 
immediate insights and to make timely decisions. This chapter 
examines how different organizations have applied data 
streaming architecture in a way to resolve healthcare 
challenges using case studies. Based on various healthcare 
organizations, we have the following case studies in which 
each organization faced different problems. Among these 
organizations, we find large hospital networks to specialized 
medical research institutions. What they have in common is 
that they require the ability to process real-time data and 
analyze that data so that patients can benefit, and operations 
can be run more efficiently. Based upon experiences and 
insights from key stakeholders involved in implementing the 
data streaming architecture, this section presents data about 
their peculiar challenges and how they are resolved. Mentions 
from their perspectives help put into context their challenges, 
their answers, and what was learned along the way. 
 

Case Study 1: Real-Time Monitoring of Patient Vital Signs 
An intensive care unit (ICU) patient monitoring problem was 
posed by a large hospital network that needed to monitor the 
vital signs of patients continuously. Current methods of 
periodic examinations were insufficient, as critical changes in 
patient condition could take place between monitoring 
intervals. To be able to monitor patient vital signs in real time, 
and to notify medical staff of any abnormalities as soon as 
possible, the hospital needed a solution. Weblogs were data 
streamed using Apache Kafka and Apache Flink, while the 
hospital implemented a data streaming architecture around it. 
Data from sensors that are attached to the patients’ bodies 
continuously transmit vital signs such as heart rate, blood 
pressure, and oxygen levels to a central streaming platform. 
The messaging system that was used was Apache Kafka, for 
reliable data ingestion and transport. The data was processed 
in real time in Apache Flink, while complex event processing 
algorithms were applied to discover any abnormalities in the 
data. Designing the solution as they considered several factors 
was the hospital’s IT team. Such a system needed to be able to 
handle high throughput; ensure a very low latency; and be 
fault tolerant. They eventually settled on Apache Kafka and 
Apache Flink as broadly featured, highly robust streaming 
capabilities along with a very supportive (though large) 
community. They also worked hand in hand with medical staff 
to create the concepts of abnormal appearance detection and 
alert setup. Despite this success, the hospital had yet to 
overcome issues of data privacy and security. The top priority 
was ensuring patient data was protected when transmission 
and processing. Besides, they took note that the algorithms 
required to be monitored continually to be tuned up to 
minimize the false positives and enhance the precision. 

                                                 
8Alowais, S.A., Alghamdi, S.S., Alsuhebany, N., Alqahtani, T., Alshaya, A.I., 
Almohareb, S.N., Aldairem, A., Alrashed, M., Bin Saleh, K., Badreldin, H.A. 
and Al Yami, M.S., 2023. Revolutionizing healthcare: the role of artificial 
intelligence in clinical practice. BMC medical education, 23(1), p.689. 

Case Study 2: Real-Time Analytics for Predictive 
Maintenance of Medical Equipment: In the case of a 
medical research institution, a critical item had to be reliable 
and always available, like MRI machines and ventilators. If 
equipment fails without warning, delays in their care could 
cause, and the cost would be increased. They wanted to predict 
the failure of equipment and schedule preventive maintenance. 
This is the architecture using which the institution deployed its 
data streaming architecture which is based on Apache Spark 
and Apache Kafka. Medical equipment had sensors installed 
on them that continuously sent operational parameter data 
such as temperature, pressure, and use patterns. 
 
The data was ingested by Apache Kafka and processed in real 
time via Apache Spark performing machine learning on it to 
predict potential failures. When this solution was designed by 
the IT team, they prioritized scalability and accuracy. 
However, they had to have a system that could take in a lot of 
data from several equipment at the same time. The choice of 
Apache Spark, as well as Apache Kafka, for their capacity to 
deal with big data and carry out intricate analytic tasks. The 
team also collaborated with equipment makers to learn the 
important signs of potential sprees and develop predictive 
models. The accuracy of the predictive models was one such 
challenge that continues to this day. We had to update and 
validate the model on a constantly increasing base of new data. 
Further, integration of the streaming architecture with the 
existing maintenance system was planned meticulously and 
orchestrated. The implementation taught the institution what it 
means to have all the stakeholders involved: maintenance staff 
as well. 

 
Case Study 3: Real-Time Analysis of Wearable Device 
Data for Chronic Disease Management: A healthcare startup 
that tries to manage chronic disease based on the data 
collected on wearable devices, such as smartwatches and 
fitness trackers, had to process the data in real time. The aim 
was to have the system help patients by recommending and 
alerting them to the right level of exercise based on their 
activity levels, heart rate, and other health metrics. And a data 
streaming architecture was put up using Apache Pulsar & 
Apache NiFi. Data were collected from wearable devices 
while the Bluetooth devices sent the information to a central 
platform. The data was then ingested into Apache Pulsar and 
in real time was processed by Apache NiFi which applied rule-
based algorithms to generate personalized recommendations 
and alerts. Concerning how to implement the startup, the 
startup's technical team investigated human-friendly options, 
data latency, and ease of integration. Apache Pulsar and 
Apache NiFi were selected as they have flexible integration 
capabilities, and the processing they provide is low latency. 
Healthcare professionals used to stand by, while the team 
worked closely with them to define the rules and criteria for 
making recommendations and alerts. Among other challenges 
was to make the recommendations accurate and relevant. We 
had to keep the rules-based algorithms updated based on 
feedback from healthcare professionals and patients. 
Additionally, protecting personal data and meeting the health 
care regulations were their main focuses. Building trust with 
users was important for the startup to learn — they 
communicated frankly and openly about how the users’ data 
was being used and protected. The case studies also point out 
several key aspects that should be specifically considered 
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while implementing data streaming architecture in healthcare. 
First and foremost, success is contingent upon some sort of 
collaboration. To make the solution applicable to the 
healthcare environment and obtain the required support from 
all stakeholders involved, including IT teams, medical staff, 
and equipment manufacturers, the solution should involve all 
players. Second is scalability, scalability, and flexibility. For 
effective use of data streaming solutions in the long run the 
choice of tools and technologies that can deal with large 
amounts of data and respond to changes in requirements is 
essential. Third, data privacy and security must be at the top of 
the list. Providing trust in patient-sensitive healthcare data 
protection via transmission and processing reduces risk to 
patients and serves as a requirement for compliance with 
healthcare regulations. There are many important lessons, such 
as continuous improvement. To keep the models updated, the 
models and algorithms to be updated regularly and validated 
with new data and feedback. Thirdly, data streaming solutions 
benefit from user trust to some extent. Transparency when 
explaining how patient data is used and protected to foster 
trust and encourage participation for patients and healthcare 
professionals. 
 

RESULTS 
 
Real time insights, cost-effectiveness, and scale-up have been 
observed in the results of data streaming architecture 
implementation in the healthcare field. In this chapter, an 
analysis is made of the outcomes seen in the case studies 
described in the "Materials and Methods" chapter. 
 

Real-Time Insights: The benefit of having data streaming 
architecture, more than anything, is that we can get real time 
insight. This exam case study on using this capability to real 
time monitors patient vital signs in the ICU illustrates the 
transformational value of this. Since patients are continuously 
ingesting and analyzing data from sensors installed in the 
hospital, the hospital was able to quickly discover 
abnormalities in vital signs and call medical staff. Medical 
interventions could be initiated promptly to reduce the 
occurrence of complications because of barometric monitoring 
in real time. An example of another startup that used data 
streaming to analyze data from wearable devices is one 
focused on chronic disease management. With this real time 
analysis, it was provided with personalized recommendations 
and alerts for the patients, which motivated them to take 
proactive measures on their health. The ability to get real time 
insights about the treatment plan patients are following has 
been shown to increase engagement with the patient’s health 
data and improve treatment plan adherence to chronic disease 
management.9 
 
Cost-Effectiveness: Data streaming architecture has also 
proved to be less expensive than traditional batch processing. 
Finally, the streaming data analytics use case on predictive 
maintenance in medical equipment showed that streaming 
analytics could reduce maintenance costs and minimize 
downtime for equipment. The use of the medical research 

                                                 
9Alam, M.A., Sohel, A., Uddin, M.M. and Siddiki, A., 2024. Big Data and 
Chronic Disease Management Through Patient Monitoring And Treatment 
With Data Analytics. Academic Journal on Artificial Intelligence, Machine 
Learning, Data Science and Management Information Systems, 1(01), pp.77-
94. 

instrument allowed the medical research institution to 
efficiently schedule preventive maintenance, avoiding costly 
unplanned repairs and increasing the lifespan of critical 
medical equipment, by predicting equipment failures in real 
time. In this proactive approach not only was the maintenance 
cost reduced but also these essential medical devices were 
available continuously. The use of data streaming architecture 
also enabled the startup that specializes in wearable device 
data analysis to save on their costs. Handling the continuous 
flood of data from wearable devices would have been a very 
resource-consuming task that would’ve been completed in the 
traditional way of batch processing. Resources utilization was 
optimized, and operational costs were decreased through the 
way the startup was able to process data in real time. By 
saving on its data streaming architecture, it enabled the startup 
to use resources where it is needed the most – cutting-edge 
research and development. 
 
Scalability: Another advantage of data streaming architecture 
is scalability, which healthcare organizations can use to 
manage large data volumes without hassles. An example of the 
scalability of their streaming architecture came during the 
implementation of real-time monitoring of patient vital signs 
within the hospital network. The architecture was scaled to 
accommodate the ups and downs in the number of patients in 
the ICU and did not negatively affect the performance. By 
scaling the hospital to such a level, we ensured that the 
hospital maintained the monitoring of real time capabilities for 
the patients, irrespective of how many patients were being 
attended to in an ICU. The scaling horizontally was also 
shown in the medical research institution prediction 
maintenance system. The institution could process 
increasingly more medical devices at the same time by adding 
more nodes to its streaming pipeline. This was critical when 
the institution was growing its operations and adding more 
equipment to its predictive maintenance program. Efficient 
scaling allowed the institution to continue to operate at high 
levels of performance and reliability in its data streaming 
architecture. 
 
Lessons Learned: This research presents several important 
lessons for implementing data streaming architecture in 
healthcare, and case studies presented in this research. This is 
again a difficult challenge to overcome, and the 
implementation must be done in a collaborative mode 
involving equipment manufacturers, IT teams as well as the 
medical staff. As such the solution can include all the 
stakeholders and fulfill the needs of the healthcare 
environment as well as get the support of all the stakeholders 
in the design. To keep the data streaming architecture 
effective, the improvement of data streaming architecture is 
needed continuously.10 In regular intervals update and validate 
predictive models and algorithms with new data and feedback 
to ensure that the system will be accurate and relevant in the 
future. Sensitive healthcare data requires protection, and 
meeting data privacy and complying with healthcare 
regulations fosters trust among the patients and facilitates the 
use of data streaming solutions. To establish user trust, it is 
fundamental to inform the users on how the patient data is 

                                                 
10Haque, A.B., Bhushan, B. and Dhiman, G., 2022. Conceptualizing smart city 
applications: Requirements, architecture, security issues, and emerging 
trends. Expert Systems, 39(5), p.e12753. 
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used and protected. The implementation of the technology into 
health care maximizes the opportunity to motivate patients and 
healthcare professionals to adopt the technology through 
engagement in the implementation process. Finally, we 
conclude with the evidence from data streaming architecture 
implementation in healthcare that there were real-time I/O 
warehouses, cost-effectiveness, and scalability. From the case 
studies, useful lessons about how this technology can be 
deployed are presented, as well as an indication of data 
streaming architecture being in the position to transform 
healthcare delivery and improve patient outcomes. With the 
field of research and development pushing forward, this data 
streaming architecture is going to grow more within the 
healthcare industry due to it being innovative as well as 
making care better. 
 
Discussions and Analysis: Data streaming architecture 
completely changed the data processing and data analysis 
method that businesses, especially in the healthcare area, 
adopt. This technology has been well implemented, and it has 
provided improvement in real time insights, cost-effectiveness, 
and scalability. In this chapter, we will discuss how the case 
studies presented in this chapter apply to the case of case 
studies and use the case studies presented in this chapter to 
raise questions that are not addressed and elucidate the lessons 
learned by the broader field of data streaming. 
 
Real-Time Insights: The most transformative aspect of data 
streaming architecture is to have real time insight into the data. 
Real time monitoring of patient vital signs is emphasized in a 
case study, where a data streaming solution was implemented 
by the hospital and the medical staff could receive immediate 
alerts of abnormality of patients’ vital signs using it.11 In an 
ICU setting, where even the smallest of differential changes 
between two values can result in life or death, being able to 
make small changes so frequently is central to this capability. 
This implementation is a success in recognizing the capability 
of the data streaming architecture to allow rapid and informed 
disease decisions for patient care. Another compelling use case 
for real time insights is a startup that tries to manage chronic 
diseases which are prevalent among populations. Based on 
data from wearable devices in real time, the startup would be 
able to create personalized recommendations as well as alerts 
to the patient. This is a very proactive way of chronic disease 
management, where you give power to the patient to take 
control of their health, to make lifestyle changes based on real-
time data. This then implies that data streaming architecture 
can be utilized to provide preventive healthcare, sparing 
healthcare systems and helping to improve patient outcomes. 
 
Cost-Effectiveness: The cost-effectiveness of data streaming 
architecture is also mentioned in the case studies. In the 
traditional batch processing methods, resource and cost 
intensiveness are very real due to large volumes of data.12 The 
predictive maintenance of the medical research institution's 

                                                 
11Salem, M., Elkaseer, A., El-Maddah, I.A., Youssef, K.Y., Scholz, S.G. and 
Mohamed, H.K., 2022. Non-invasive data acquisition and IoT solution for 
human vital signs monitoring: Applications, limitations and future 
prospects. Sensors, 22(17), p.6625. 
12Ma, S., Ding, W., Liu, Y., Ren, S. and Yang, H., 2022. Digital twin and big 
data-driven sustainable smart manufacturing based on information 
management systems for energy-intensive industries. Applied energy, 326, 
p.119986. 

medical equipment using data streaming showed how 
predictive maintenance can lower maintenance costs and 
minimize downtime of the equipment. The institution was able 
to estimate when equipment will fail and be able to conduct 
preventative maintenance in such a way that planned 
maintenance does not result in costly unplanned repairs, and 
critical medical equipment can always remain available to the 
institution. Also, showing that the startup was using data 
streaming to stream wearable device data for analysis incurred 
lower costs. The startup processed data in real time, drawing 
by optimizing the utilization of the resources and lowering 
operational costs. The efficiency freed up enough resources for 
startups to be allocated to other necessary areas, namely, 
research and development, where the startup could speed up 
innovation. Data streaming architecture is a cost-effective 
solution that can be applied to a vast range of applications that 
are not necessarily healthcare related. 
 
Scalability: Data streaming architecture is also another 
advantage and is scalable. Organizations can scale horizontally 
by adding more nodes to the streaming pipeline and so 
handling large volumes of data without compromising 
performance. Real-time monitoring of patient vital signs in the 
hospital network served as a use case of the scalability of their 
streaming architecture. Since many patients would face the 
ICU, the architecture can scale itself as the data load fluctuates 
with the number of patients in the ICU, so that all patients are 
being monitored continuously. Likewise, its predictive 
maintenance system for the medical research institution could 
scale effectively as the number of equipment added to the 
program increased. One of the keys to this scalability is the 
ability for organizations with fast growth in terms of data 
generation and data processing needs. From a broader 
perspective, the lesson of this is that data streaming 
architecture can meet the shipping flexibility and scalability 
needed to satisfy changing needs in data-intensive industries. 
 
Unresolved Questions and Challenges: While the case 
studies show some success, the opportunities for resolving 
some problems and addressing other challenges are not fully 
realized. Sampling data in real time is one of the prime 
challenges, in which the accuracy and reliability of real time 
data processing are to be ensured. The medical research 
institution had to do that in a predictive maintenance scenario, 
especially when predictive models continually needed to be 
updated and validated to be accurate. Similarly, the low-cost 
outfit that focused on the feeding of wearable device data had 
to amend the rules-based algorithms for the sake of 
recommendation relevance regularly. It is also important that 
data is protected and private. I, therefore, had to protect the 
healthcare data during transmission and processing because it 
is highly sensitive. All cases revolved around data privacy 
issues that the hospital and the startup had to deal with; 
encryption as it is and access control mechanisms. Such 
addition of complexity also comes in ensuring compliance 
with healthcare regulations like HIPAA in the United States. 
A second solution that’s still not being answered is how to 
manage the need for real-time processing while mitigating 
false positives. For patient vital signs real time monitoring, the 
algorithms needed to further be tuned to avoid false positives 
and false alerts, in the case of hospital real-time monitoring.13 

                                                 
13Paganelli, A.I., Mondéjar, A.G., da Silva, A.C., Silva-Calpa, G., Teixeira, 
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This problem demonstrates the need for continuous monitoring 
and improvement of real-time data processing systems. 
 
Lessons for the Field: There are several important lessons 
from this as the case studies are for the broader field of data 
streaming architecture. Firstly, collaboration is key. Successful 
implementation requires that all stakeholders be involved 
including IT teams, the establishment of medical staff, and the 
equipment's manufacturing team. Collaboration ensures that 
the solution solves the healthcare environment's unique 
problems and gets the support of all the people involved. 
Secondly, continuous improvement is essential. Predicative 
models and algorithms require regular updates and validity 
each time new data and feedback are available. Continuous 
improvement is guaranteed to make the data streaming 
architecture effective over time. Thirdly, data privacy and 
security are the most important. The world of data streaming 
solutions is built on trust and security, so data privacy and data 
compliance with the requirements of healthcare regulations are 
important for patients and promote their adoption. Finally, 
user trust is critical. For building user trust, getting users that 
be transparent on how their patient data is used and protected 
is crucial. Engaging patients and healthcare professionals in 
the implementation process fosters acceptance and utilization 
of the technology. 
 

CONCLUSION 
 

Revolutionizing the way businesses process and analyze data, 
the data streaming architecture especially in the healthcare 
segment is all set to take over data analysis. It enables rapid 
real time insights and can be cost-effective as well as scalable, 
which means it has implications to improve patient care as 
well as operational efficiency. This research presents case 
studies that show how data streaming architecture can 
transform a patient, their outcomes, the cost, and the 
innovation. However, as the technology of research and 
development in data streaming architecture continues to 
evolve, data streaming architecture is expected to be adopted. 
There are related unresolved questions and challenges that 
future research should attempt to address, which include data 
accuracy, balancing real time processing with false positives, 
and security and privacy of data. Addressing these challenges 
can lead data streaming architecture to be a useful tool for 
data-intensive industries. Finally, data streaming architecture 
represents a whole new thing from how data processing and 
analysis are seen. The scope of the solutions to which the HIP 
method can be applied is much more encompassing than just 
health care. Data streaming architecture becomes increasingly 
important as there is a surge in data generated by organizations 
and data stream architecture will be the crux of the innovation 
and would help in enhancing the outcome for all sectors. Case 
studies give insights and lessons learned that serve as a solid 
basis for further research and implementation in a data-driven 
future. 
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