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Abstract: The study looks into using
Command Query Responsibility
Segregation (CQRS) and Event-Driven
Architecture (EDA) together in big
healthcare systems. It is important to
determine if using modern architectural
designs improves scalability, immediate
responsiveness and flexibility when working
with large amounts of data. Secondary data
gathered using qualitative and quantitative
methods, and an explanatory research
design, which involved studying cases and
analysing graphs, is used. It was observed
that CQRS and EDA allow for building
modular systems, make different systems
work together and make decisions more
quickly with up-to-date data. In addition,
case studies point out how healthcare has
benefited and how the system has become
more reliable. Even though there are many
benefits, there are still problems like the
tougher design process and combining with
older technology. The research supports
adopting plans in stages, strengthening
skills and putting money into monitoring
devices to make adaptation simpler. All in
all, the analysis shows that these
architectural approaches improve the
flexibility, fortitude and preparedness of
healthcare systems.
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I. INTRODUCTION
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A. Background to the Study

With the increase in digital records, use of
wearable devices and the rise of telehealth,
healthcare data is growing at a rapid rate.
Traditional systems that are all in one piece
usually become stressed as the system grows
in importance for reliability, scalability and
performance. As a result, developers have
started to use Command  Query
Responsibility Segregation (CQRS) and
Event-Driven Architecture (EDA) to solve
these issues. They let different processes
work independently, allow quick responses
to changing situations and boost reliability,
which is very useful for large healthcare
projects today.

B. Overview

CQRS means the command and query
responsibilities are developed separately,
which helps systems manage each area on its
own. With Event-Driven Architecture,
systems using CQRS can use events to
communicate with each other, encouraging
loose coupling and asynchronous methods.
Combining these patterns ensures the
creation of applications that can increase in
size, work flexibly and remain highly
available in the healthcare area [1]. It
investigates the way CQRS and EDA
combine in healthcare to support managing
patient records, offering advice to doctors and
overseeing hospital activities by handling
large amounts of data and numerous users at
once.

C. Problem Statement
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Most healthcare organisations still depend on
old-style frameworks that are tough to
upgrade and adapt as needs change. Such
systems usually produce results too late, lead
to delays in key medical decisions and are not
flexible enough for quick advances [2]. As
the demand for integrated healthcare services
increases and rules get stricter, it is necessary
to use architectural styles that can support
flexible, scalable and straightforward
projects. It studies how CQRS and EDA deal
with these challenges by providing a new
method for building and running healthcare
software systems.

D. Objectives

The objectives of this study include: 1) To
analyse how CQRS and Event-Driven
Architecture overcome problems with
scalability, maintainability and performance
in healthcare applications. 2) To explore
examples in which these techniques have
been successfully used in hospitals and
medical centres. 3) To give guidance and
suggestions for using CQRS and EDA in
future projects related to healthcare software.

E. Scope and Significance

This study centres on major healthcare
applications such as Electronic Health
Records (EHR), hospital information systems
and platforms used for managing patients. It
highlights the ways CQRS and EDA, when
used, reduce costs and errors while making
systems available, consistent and able to
work together [3]. The main emphasis is on
backend software architecture, but issues
related to development, analysing data and
connecting systems are considered as well.
This study is significant because it can help
guide system designers and health IT
specialists toward solutions that boost care
quality, help patients and streamline
healthcare duties.

Il. LITERATURE REVIEW
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A. Effectiveness of CQRS and Event-Driven
Architecture in Enhancing Scalability and
Performance in Healthcare Applications

Combining CQRS and EDA has been very
helpful in making healthcare applications
scalable, maintainable and fast. Using CQRS,
read and write activities can be managed and
grown independently. Such separation is
most useful in healthcare because there are
many more read operations than write
operations, like updating patient records
[Refer to figure 1]. Splitting these operations
up improves how these systems handle lots of
requests at once, making the whole system
more responsive and efficient [4].

EDA allows services using CQRS to
communicate through events
asynchronously. Real-time processing and
quick response become essential in
healthcare because needed to quickly send
alerts and monitor patient details [5]. Event-
driven systems are capable of telling
healthcare providers right away if a patient’s
condition changes, allowing quick responses
to the situation.

CORS Design Pattern

) \
| '
L
: .
[ T \
| — N
' 1 Tables
: vmu- Database| " 4
\
: = '
[ ! Eventual \
\
| \ ):onmlency [}
! A '
: '
. | \
' | Read Database H
)
» N
! \
1
[ '

Materialized
View

Figure 1: CQRS pattern
Source: [16]

Also, implementing CQRS and EDA leads to
a more modular design, which helps with
maintenance. Each piece of the system can be
created, turned on and enlarged as needed,
which lowers the complexity of a monolithic
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system. Being modular makes development
simpler and allows updates and maintenance
to be done swiftly, which is key in the fast-
developing healthcare field [5]. As a result,
using CQRS and EDA together in healthcare
systems deals with significant challenges by
increasing scalability, improving speed and

lowering maintenance efforts for more
effective and superior healthcare
applications.

B. Real-World Implementations of CQRS
and Event-Driven Patterns in Healthcare
Systems

Using CQRS and EDA in healthcare systems
has led to much better performance,
scalability and the ability to maintain these
systems. The use of CQRS in healthcare has
greatly improved application performance.
Using CQRS, some systems have shown read
speeds of 42,000 operations per second and
write speeds of 8,000 transactions per second,
keeping write consistency at 99.95% [6]. The
result is that read operations are now 84%
more efficient, and write conflicts have
decreased by 71% [6]. The use of both CQRS
and EDA allows the database to handle
around 6 million fewer events daily and
improve response times by 73%, which helps
the system remain available 99.97% of the
time [6].

CQRS and EDA are designed to help
independently  scale different  system
components. Additionally, this has resulted
in expenses being cut by 52% for
infrastructure and 64% for operations. Also,
adopting these patterns has made it possible
to trace the code 76% faster and spend 65%
less time on data reconciliation, bringing
about better maintainability [6].

In urgent healthcare situations, EDA makes
sure data is processed and delivered
immediately, for example, in monitoring
patients. As a result, critical alerts are now
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responded to in about 300 milliseconds
instead of 1.2 seconds, helping doctors
intervene faster [7]. Practical examples show
CQRS and EDA improve healthcare systems’
performance, responsiveness and scalability,
helping both patients and the practice be
more efficient and effective.

C. Challenges and Limitations in
Implementing CQRS and Event-Driven
Patterns in Healthcare Applications

Though CQRS and EDA have impressive
benefits for scalability and performance, they
introduce many obstacles for healthcare use.
Using CQRS and EDA in a system leads to a
more complicated architecture. Managing
each read and write process independently
needs extra infrastructure and coordination.
Because of this complexity, it often takes
longer to create the app and to maintain it.
Companies using CQRS state that time-to-
development increased by 30%, simply
because separate models and the logic for
keeping them in sync are required [8].

CQRS divides the data into read and write
models, and this separation can result in
problems with consistency where the read
data lags behind the write data. When instant
data accuracy matters in healthcare, these
delays may cause problems. [9] When
systems face many transactions, it can take up
to several seconds for data written to be
available for reading, which might influence
clinical actions.

Most healthcare organisations use legacy
systems that do not work with CQRS or
EDA. Combining these patterns may require
refactoring or making adapters, which can be
very  time-consuming and  resource-
consuming. The case study found that
connecting CQRS to an existing healthcare
system was about 40% more difficult than
simply starting with a brand new system [8].
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Monitoring and debugging in an event-driven
system may be difficult because events
happen independently from each other. It is
necessary to use advanced tools and logging
to watch for patterns in flows between
services. If the system is not regularly
monitored, it can take extra time to
understand the source of any issues, and this
can lead to important healthcare services
being postponed.

IHl. METHODOLOGY
A. Research Design

The study relies on explanatory research to
uncover how CQRS and EDA shape
healthcare systems with significant numbers
of users. The goal is to describe how and why
these architectural designs improve a
system’s ability to perform well, increase in
size and be maintained, while stating what
challenges can occur. The research looks at
practical examples to find out how different
architectural choices affect the way a system
performs. It is useful for explaining how
various parts of a system work and
communicate, which makes it perfect for
reviewing systems like those wused in
healthcare IT.

B. Data Collection

The study makes use of secondary data
collected through both qualitative and
quantitative methods. In qualitative data
analysis, case studies of health organisations
and technology companies that have
implemented CQRS and EDA are used to
uncover common trends and ideas. Examples
of sources are scholarly journals, industry
bulletins and technology briefs. Quantitative
data is taken from research studies that
present metrics, charts and graphs such as
throughput, latency and error rates for the
system, both before and after the new
approach was applied. They help in
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reviewing trends and make it possible to
compare different data.

C. Case Studies/Examples

Case Study 1: SafetyCulture's
Implementation of CQRS and Event
Sourcing

The Australian technology firm
SafetyCulture started using CQRS and Event
Sourcing to improve the way their systems
could scale and be supported. Separating
commands from queries makes it easier for
them to scale each function independently
and enhance their overall speed [10].

A significant advantage found was that data
remained consistent and correct because
events could be played back and the read
model recreated. Furthermore, teams were
able to make use of the integration events to
generate relevant data projections that fit
their business requirements. Because the
system was flexible, updating it to match
changing business needs did not require
significant changes [10].

Although SafetyCulture is not in the health
sector, what they have learned about CQRS
and Event Sourcing can guide developers
creating scalable and manageable systems.
The issues they worked on, for example,
organizing complex processes and making
sure data is accurate, match up with
healthcare challenges. Using them provides
proof of their effectiveness and challenges,
making this an excellent example for
research.

Case Study 2: Kodjin FHIR Server's
Event-Driven Architecture in Healthcare

Kodjin, a healthcare technology company,
built a FHIR server that uses event-driven
technology (EDA) to handle the challenges of
data sharing and processing in healthcare.
Kodjin wanted to apply EDA to improve the
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scalability, flexibility and response which are
necessary for managing the huge and
complex data found in healthcare [11].

A major benefit noticed was the improvement
in how different applications and devices
work together. Adapting to events made it
possible for the service to connect smoothly
with other healthcare systems, providing
consistent and current data throughout. With
the architecture being built in modules, it
became simple to handle maintenance and to
incorporate recent updates and new features
[11].

The healthcare system Kodjin created
demonstrates that CQRS and EDA
effectively help solve issues such as data
sharing across different systems, scaling the
platform and  providing  up-to-date
information. It gives useful information
about the pros and cons of using these
architectures in healthcare settings.

D. Evaluation Metrics

The effectiveness of CQRS and Event-
Driven Architecture in healthcare systems is
determined by a variety of technical and
operational indicators. Key factors to check
are the number of operations per second, the
millisecond response time and the rate of
uptime. It is also important to consider the
consistency of data, the rate at which events
are processed and the number of errors in
read or write operations. Dimensions like
decreasing infrastructure spending, fast
recovery times (TTR) and an increase in the
number of users supported at once all reveal
helpful data. When all of these metrics are
considered, it becomes possible to assess the
performance, durability and usefulness of
healthcare systems in real-life situations.

IV. RESULTS

A. Data Presentation
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Figure 2: Negative effects of lacking
event-driven data distribution

Source: [12]

This graph illustrates the effects that may
happen without Event-Driven Architecture. It
proves that 46% of organisations are uneasy
when making choices based on out-of-date
information, and 45% are worried they would
struggle with today’s challenges and
opportunities [12]. The picture demonstrates
that missing real-time information can result
in mistakes and more risks during operations.
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Figure 3: The state of EDA
implementation in global business

Source: [12]

The chart clearly shows how Event-Driven
Architecture (EDA) is used globally. Out of
all global organisations, 72% are taking
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advantage of EDA in some way, 23% use it
fully, 19% use it with a distributed approach,
and 18% have several applications. 8% of
respondents have made no plans for EDA,
while 7% are still thinking about starting,
which means adoption is slowly growing but
still unstable [12].

B. Findings

It becomes obvious from the data that more
sectors are now choosing Event-Driven
Architecture (EDA). Around the world, EDA
is used by 72% of businesses to some extent,
and only 23% have achieved complete
integration and leadership control. 46% of
organisations are also concerned that using
old data can lead to bad choices, and 45% are
afraid they would not be able to answer in
real-time without EDA. The metrics prove
that the system improved significantly, such
as a read speed boost of 84%, reduced write
conflicts by 71% and infrastructure costs
going down by 52% [12]. These results prove
that EDA and CQRS support quick
responses, large-scale operations and smart
decisions based on data in big systems.

C. Case Study Outcomes

Relevance to
Case Study | Outcomes | the Research
Demonstrates
the real-world
Achieved high |effectiveness
scalability, of CQRS and
processed over|[EDA in
54 million {handling large-
events/day, scale data
and  reduced|workflows and
infrastructure |improving
SafetyCultur |costs by 52% |operational
e [10]. efficiency.
Enabled real-|Highlights
Kodjin time how EDA
FHIR Server |healthcare data|supports
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exchange, healthcare-
improved specific needs
interoperabilit |like

Y, and| interoperabilit
simplified y, flexibility,
modular and real-time
updates [11]. |[patient  data

updates.

Table 1: Case study outcomes
(Source: Self-developed)

The table shows the case study outcomes
between the two cases used in this study and
their relevence to the study.

D. Comparative Analysis

Stud
y Aims Findings Gaps
Demonstrat
To explore |ed how
scalable |EDA
and enhances |Limited focus
resilient  [system on
event- resilience |healthcare-
driven and specific
architectur [scalability |applications
es in|in real-time [and
modern environme |integration
[4] [systems. [nts [4]. challenges.
Does not
Provided a|evaluate
To streamlined |system
simplify  |approach to|performance
distributed [CQRS metrics in
message |messaging |large-scale
handling in [and conflict|implementati
[5] [CQRS. resolution. (ons [5].
To provide|Showed Lacked
a technical{improved |domain-
deep dive |data specific case
into EDA|orchestratio [applications
for n using|(in healthcare
[6] |Integration |event or finance.
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-as-a- brokersand
Service.  |APIs[6].
EDA

To design |enhanced

interactive |critical

alerts  for|event Focused on

critical recognition |interface

events in|and design,  not

medical response in [back-end

emergenci |clinical architectural
[7] |es. systems. patterns.

To analyse

schema

evolution |Uncovered |Did not focus

in  event-|real-world |on

sourced strategies |operational

systems  |for scalability or

from managing |real-time

industry  |evolving  |event

case data distribution
[8] [studies. schemas. |[8].

Found

To report|increased |Observability

on traceability |tools'

observabili |and performance

ty in event-|debugging |impact and

sourced efficiency |healthcare

software |in  EDA-|relevance

architectur |based were not fully
[9] |es. systems.  |explored.

Table 2: Comparative analysis

(Source: Self-developed)

This table shows a comparison between the
studies used in this work, the findings and
gaps of the respective papers.

V. DISCUSSION
A. Interpretation of Results

Case studies and data reveal that using CQRS
and Event-Driven Architecture (EDA)
increases the scalability, speed and overall
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performance of healthcare applications. The
strong use of Kodjin in FHIR servers and
SafetyCulture’s effective work point to how
useful asynchronous processing, modularity
and compatibility are. 72% of global
enterprises are now using EDA, and 23%
have fully achieved maturity in it. A52% cost
saving and 84% improvement in real time
prove that the architecture is effective [12].
Integrating CQRS and EDA appears to solve
many obstacles found in today’s healthcare
IT environment, such as processing data in
real time and handling flexible demands.
These meet the objectives of the study, giving
suggestions for using CQRS and EDA in
future projects.

B. Practical Implications

Healthcare providers can use CQRS and
EDA together to their advantage in many
practical situations. Real-time process of
events benefits patient care, and modular
services are useful for updating systems and
avoiding long breaks. Better read speed and
fewer conflicts make it easier for clinicians to
obtain correct information on time. There is a
reduction in operational costs as resources are
used efficiently, and communication depends
on events [13]. In addition, EDA helps
companies follow regulations and provides
evidence during audits by keeping event logs.
All these outcomes clearly show that CQRS
and EDA help enhance the delivery of
healthcare services, better use of data for
decisions and improved response to public
health threats and updates in medical and
clinical procedures.

C. Challenges and Limitations

Even though CQRS and EDA offer useful
features, implementing them leads to several
problems. Having complex design and
development calls for skilled workers,
resulting in higher initial costs for education
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as well. Creating consistent read/write
models or ensuring eventual consistency is
often tough, especially where healthcare data
is involved. Itis difficult to fix errors in event
flows and make sure the data transit works
correctly when asynchronous services are
involved [14]. Also, issues within the
organisation and difficulties in connecting
new tools to existing systems can prevent the
adoption of Al.

D. Recommendations

Healthcare organisations should focus on
team training, implement best practices for
both domain-driven design and event
modelling and make necessary adjustments
to ensure benefits from CQRS and EDA are
achieved. Setting up non-critical things early
on allows the organisation to develop its
teams. Creating central systems for tracking
events, logging, and verification will make
the platform more reliable and secure.
Experienced EDA technology partners can
make integrating systems much easier [15].
Health institutions need to check whether
their current systems will fit with EDA and
create a timeline for moving forward. It is
important to align policies and involve
stakeholders to ensure support for matters
like patient data, compliance and
interoperability.

V1. Conclusion & Future Work

The main goal of this research was to study
how CQRS and EDA can support healthcare
applications in large-scale environments. It is
clear that these design approaches increase a
system’s ability to scale up, process data live
and operate more efficiently. Many
organisations have realised that centralised
data distribution and real-time data use are
valuable, as shown by the fact that 72% are at
some level of EDA use and 23% have
advanced to maturity with it. The case studies
of Kodjin and SafetyCulture described ways
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in which healthcare organisations can
improve service management with the help of
CQORS and EDA. Still, there are some
challenges, including more complicated
systems, the need for advanced developers
and working with existing systems.
Healthcare institutions that want to improve
and sustain their digital transformation must
handle these challenges.

In the future, it would be useful to create
common frameworks and tools that help
healthcare adopt CQRS and EDA more
easily. It is important to perform more long-
term studies to assess costs, patients’ results
and how the system performs. Investigating
ways to combine Al and machine learning
with event-driven systems could boost the
success of predictive analytics and individual
healthcare. Also, it is suggested that the
government and companies join forces to
solve policy, compliance and interoperability
problems for a large number of people.
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