BIU Journal of Basic and Applied Sciences 10(2): 120 — 129, 2025.
©Faculty of Science, Benson Idahosa University, Benin City, Nigeria
ISSN: 2563-6424

INTEGRATING ARTIFICIAL INTELLIGENCE INTO THE CLINICAL
LABORATORY WORKSPACE: A WORK IN PROGRESS

*ERHUNMWUNSE, R. U. AND ANAZIAH, C.
Department of Medical Laboratory Science, Faculty of Allied Health Sciences, Benson
Idahosa University, Benin City, Nigeria
*Corresponding author: rerhunmwunse @biu.edu.ng

ABSTRACT

From the 1960’s the gradual and deliberate introduction of automation into the Clinical
Laboratory processes and workflows has witnessed an increased workflow efficiency,
improved accuracy of Patients’ Laboratory results, and faster Patients’ results turnaround
times. Artificial Intelligence (Al), now making inroads into the Laboratory workflow in leaps
and bounds, has been transformative in positively impacting Patient outcomes through
pattern recognition and enhanced result interpretation. The full potential of Al in the
Clinical Laboratory workspace has yet to be realized. It is hoped that the current universal
interest in understanding what Al entails and the enthusiasm being shown by Laboratorians
in the applicability of Al in the laboratory processes and in harnessing the full potential of
Al will positively contribute toward a seamless integration of Al with Clinical Laboratory
automation.

KEYWORDS: Clinical laboratory work process, Analytical imprecision, Computer vision
Automation, Artificial intelligence, Reinforced learning

INTRODUCTION inaccuracies. This was a phase when Bio-
Manually performed work process hazard precautionary measures were
was the norm in the Clinical Laboratories virtually not prioritized. However, there
of the 1960s. These manual procedures, was profuse dedication and commitment
based on the principles of analytical among the Clinical Laboratory workforce.
chemistry, used simple instruments in the The Start of Automation
measuring steps. Some of the most In the late 60’s, automation started
common instruments used in the creeping into the Clinical Laboratory
measuring steps were spectrophotometers, work process. Simple mechanization of
Flame Spectrometers, and instruments the sample processing components of the
that use electrochemical electrodes. analytical  process was  gradually
Instrumental separation methods were introduced. This period saw the
additionally introduced to further ease the introduction of the Technicon Auto-
work process. This phase in the Clinical analysers I, which utilized the continuous
Laboratory service delivery was burdened flow analysis (CFA) technology. This
by delayed result turnaround times, human introduction dramatically increased the
error, analytical imprecision, and sample-processing throughput, compared
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to the drudgery of the manual repetitive
work processes of the time. This initial
drive to automation (Streitberg et al.,
2009) was followed by the introduction of
the SMA (Sequential Multiple Analyzer),
the SMAC (Sequential Multiple Analyzer
with Computer), which had larger test
menus and higher throughputs, and the
introduction of the Haematology Coulter
Counters.

The fear of job losses heralded the
introduction of automation to the Clinical
Laboratory work process. Rather than
eliminating jobs, the introduction of
automation freed the Laboratory staff
from the drudgery of manual repetitive
tasks, allowing them to devote their
potential to more complex tasks and
responsibilities more beneficial to the
Clinical Laboratory work processes. In
addition, the introduction of automation
introduced job diversity and augmented
the staff mix. Automation has saved
valuable time in the Laboratory workflow,
improved the quality and efficiency of
laboratory testing, increased sample
throughput and improved performance
through the elimination of human error,
without a comparable increase in the
Laboratory workforce (Kevin Olsen,
2012).

Today’s Clinical Laboratory

Today, automation in the Clinical
Laboratory is now beyond the automation
of instruments. Automation now includes
automation of non-analytical processes.
This now includes the automation of the
pre-analytical phase of sample processing
and storage, the use of pneumatic tube
systems for sample deliveries to the
Laboratory, conveyor systems for feeding
samples to dedicated Analyzer work
stations, Computer interfaced analysers,
sample storage and retrieval systems, and
the automation of the post analytical phase
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of laboratory testing. Automation has now
progressed  to  Total  Laboratory
Automation (TLA), requiring minimal
human intervention.

The progression of laboratory
automation has since moved from fixed
automation, whereby instruments perform
repetitive  tasks by themselves, to
programmable automation, which allows
the instruments to perform a variety of
different tasks. Clinical Laboratory
automation has now become a complex
integration of computers, electronic
automation of Laboratory Information
Systems / Laboratory Information
Management  Systems  (LIS/LIMS),
robotics, and numerous other technologies
that is now including Artificial
Intelligence (Al).

Understanding Artificial Intelligence
(AD)

Al is a variation of computer
programming. The traditional model for
problem solving is the human being. In the
application of AI for automation,
Objectives are decided by a person and
then translated into algorithms and
programs so that a computer can solve the
problem. Al aims to create a system that
learns on its own, that adapts to the world
with incremental knowledge, that has the
capability to extend its authority if given
more data and information, and that is
capable of making autonomous decisions
based on human tasks.

At its core, Al refers to the
development of computer systems that can
perform tasks typically requiring human
intelligence. This encompasses activities
such as learning, reasoning, problem
solving, perception, and language
understanding. The ultimate aim of Al is
not to make a robot, but to develop a
system that thinks, reacts, and performs
tasks in the way humans think. Al leads
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the path to build cognitive models/brains
with logical reasoning, adaptation, and
learning inference.

Machine learning (ML), a subset of
Al, utilizes algorithms to analyse data,
identify patterns, and make decisions with
minimal human intervention. Deep
learning, another subset of Al, involves
neural networks that mimic the human
brain to recognize complex patterns
within vast datasets. The prospects of
these technologies are both awe-inspiring
and boundless.

Al algorithms can analyse medical
images with remarkable precision,
identifying early signs of diseases such as
cancer. The financial sector benefits from
Al in risk assessment, fraud detection, and
personalized customer services. In retail,
Al enhances supply chain management,
automating inventory tracking and
forecasting demand. Each of these
applications illustrates the technology's
potential to optimize processes and create
efficiencies previously unimaginable.
Moreover, Al's role in revolutionizing
everyday life cannot be overstated. Smart
home devices, powered by Al, learn user
preferences to create personalized
environments, while virtual assistants like
Apple's Siri, Amazon's Alexa, and
Google's Assistant revolutionize how
people interact with their devices, making
information and services more accessible.
Self-driving cars, another remarkable
application, are set to redefine
transportation, potentially reducing traffic
accidents and transforming urban
planning.

What is the Hype of Artificial
Intelligence All About?

Al has emerged as one of the most
transformative and revolutionary
technologies in modern times, captivating
the attention of technologists, businesses,
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governments, and the public alike. This
enthusiasm is driven by the technology's
immense potential and the profound
changes it promises to bring across
various  sectors. The  excitement
surrounding Al is rooted in its capabilities,
applications, ethical considerations, and
economic impacts.

The hype about Al comes from its
potential to  revolutionize  various
industries, including healthcare, finance,
etc. Al enables machines to perform tasks
that typically require human intelligence,
such as reasoning, learning, problem
solving, and decision-making. This ability
to mimic human cognitive functions opens
new possibilities for automation and
efficiency. Al has also already begun to
disrupt traditional business models and
processes by introducing automation,
predictive analytics, etc. This disruption
can lead to increased productivity and cost
savings. The capability for Al
technologies to process and analyse huge
amounts of data and extract valuable
information and insight to make
predictions and optimize the decision-

making process also adds to the
importance of Al
In healthcare alone, AI has the

potential to enhance disease diagnosis,
personalize treatment plans, improve
patient outcomes and streamline clinical
workflow. The ability of AI models to
learn from any amount of data and adapt
to current information makes them
valuable tools for healthcare providers in
making more informed decisions and
delivering more precise and efficient care.
(Babu et al., 2024; Capelli et al., 2023).
However, the hype of Al comes paired
with  critical  considerations  and
challenges. Ethical concerns loom large,
particularly around issues such as privacy,
bias, and accountability. Al systems
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derive their knowledge from historical
data, which can sometimes perpetuate
societal biases, leading to unfair treatment
of certain groups. As Al's decision-
making  power  grows,  ensuring
transparency and accountability becomes
paramount. There are also concerns over
data privacy, as Al often requires vast
amounts of personal data to function
effectively. Concerns over  job
displacement due to automation need
addressing through policies focusing on
workforce reskilling and creating new job

categories.
Ethical Al practices necessitate multi-
stakeholder  collaboration,  involving

governments, businesses, academia, and
civil society, to formulate guidelines
ensuring safe and equitable Al
deployment. Addressing these issues will
be crucial to ensure the responsible
development and deployment of Al
technologies in various industries.

The hype surrounding Al is anchored
in its transformative potential across
various domains, particularly its ability to
revolutionize daily life, and its substantial
economic promise. Nonetheless, this
excitement necessitates a balanced
approach, acknowledging challenges such
as ethical considerations, societal impact,
and the need for transparent regulatory
frameworks. As Al continues to evolve, its
integration into society must be thoughtful
and inclusive, ensuring that its benefits are
widespread and equitable.

What are the Components of AI

Despite its perceived complexity, Al's
foundational components provide an
insightful understanding of how machines
can learn, adapt, and make decisions. The
components of Al can be categorised in
diverse ways depending on the context
and focus. Broadly, Al can be categorized
into components needed to emulate
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human intelligence i.e.  cognitive
functions, these are learning, reasoning
and decision making, problem solving,
and perception. Alternatively, Al can be
categorized by  technologies and
methodologies that are found in Al. The

components of Artificial Intelligence
encompass Machine Learning, Deep
Learning, Neural Networks, Natural

Language Processing, Computer Vision,
and Robotics. They collectively contribute
to the advancement of intelligent systems
capable of performing tasks with human-
like proficiency. Understanding these
foundational ~ elements  not  only
demystifies the field of Al but also
underscores its potential to transform
various facets of our daily lives and
industries across the globe.

Machine learning (ML) represents a
subset of Al that focuses on developing
algorithms and models that allow
computers to learn from data and make
predictions without being explicitly
programmed. Predominant types of
machine learning include supervised
learning, unsupervised learning, and
reinforcement learning.

Supervised Learning involves training
the AI with labelled data (i.e, the human
provides the ML system data with known
correct results). The algorithm learns from
input-output pairs and improves its
accuracy over time. Predictions can then
be made by Al after seeing lots of data
with the correct answers and then
discovering the connections between the
elements in the data that produce the
correct answers.

Unsupervised Learning entails the Al
identifying patterns and relationships in
unlabelled data, often used in clustering
and association tasks. The goal of
unsupervised ML is to identify
meaningful patterns among the data,
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categorize each piece of data, and infer its
own rules.

Reinforcement Learning focuses on
teaching the Al to make decisions by

rewarding desired behaviours and
penalizing undesired ones based on
actions performed within the

environment. Reinforcement learning is
used to train robots to perform tasks, like
walking around a room.

Deep Learning is a specialised form of
machine learning that uses artificial
neural networks to model complex
patterns in large datasets. Deep learning is
inspired by the structure and function of
the human brain. Artificial ~Neural
networks are inspired by the human
brain's structure and function. They utilize
the interconnected nodes (neurons), in
similarity to human neurons, and by
mimicking the biological neural networks,
process information and derive meaning
from it. Multiple layers of artificial neural
networks work together to determine a
single output from many inputs. This
artificial equivalent of a human neuron is
a perceptron. Just like bundles of neurons
create neural networks in the brain, stacks
of perceptrons create artificial neural
networks in computer systems. The
“deep” in deep learning is just referring to
the number of layers in a neural network.
A neural network that consists of more
than three layers, inclusive of the input
and the output, is considered a deep
learning algorithm or a deep neural
network.

These neural networks can recognize
patterns and improve over time through
back propagation - a method for adjusting
the weights of the nodes based on errors in
the output. Neural networks learn by
processing training examples. This
process analyzes data many times to find
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associations and give meaning to
previously undefined data.
Convolutional ~ neural  networks

(CNNs) and recurrent neural networks
(RNN5s) are notable types.

Convolutional Neural Networks (CNNs)
is primarily used for image recognition
and processing tasks. They utilize
convolutional layers to preserve the
spatial relationships between pixels.
Recurrent Neural Networks (RNNs) is
Ideal for tasks involving sequential data.
They maintain information about previous
inputs to inform future outputs, making
them suitable for language modelling and
time-series forecasting.

Natural Language Processing (NLP):
NLP enables machines to understand,
interpret, and generate human language.
This is especially seen in chatbots,

language translation, and text
summarisation. Natural Language
Processing is pivotal for enabling

machines to understand and interpret
human language. It encompasses several
tasks such as speech recognition,
sentiment analysis, language translation,
and text generation. NLP relies on both
syntactic and semantic analysis of
language to operate effectively. Key
components of NLP include tokenization,
parsing, and entity recognition.
Tokenization involves breaking down
paragraphs or sentences into individual
tokens (words or phrases). Parsing
analyses the grammatical structure of
sentences while Entity Recognition
identifies and categorize key information
(names, dates, etc.) within the text.
Computer Vision involves the
development of algorithms that allow
machines to interpret and analyse visual
information from images and/or videos.
This component is used in tasks like object
detection, facial detection, and
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autonomous driving. Computer Vision
endows machines with the ability to
interpret and make decisions based on
visual data. It involves image processing,
image analysis, and object detection.
Algorithms in computer vision can extract
and interpret features from images and
videos, enabling applications like facial
recognition, autonomous driving, and
medical imaging. The process involves:
Image Processing that utilizes techniques
that filters, transforms, modify or enhance
images.

Image Analysis process that derives
meaningful information from images,
such as identifying shapes and sizes.
Object Detection that locates and identify
objects within an image.

Robotics integrates Al into mechanical
machines to perform tasks autonomously
or semi-autonomously. Robots utilize
sensors to perceive their environment,
actuators to perform actions, and control
systems for decision-making. The synergy
of these components allows robots to
execute complex tasks ranging from
manufacturing to space exploration and
other related tasks (Floreano et al., 2008).
How and which component of Al can be
deployed in the Clinical Laboratory to
improve efficiency and optimize
workflow?

In today’s rapidly evolving changes in
the business environment, in the field of
medicine and the Clinical Laboratory,
which is a vital part of medicine,
achieving operational efficiency, cost-
effectiveness, and speed in work processes
is vital for maintaining competitive
advantage. Various components of Al
contribute toward these goals, including
the integration of laboratory automation
with Artificial Intelligence, in lean
management, in employee training, and in
streamlined communication. Each of these
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elements plays a crucial role in refining
workflows and  ensuring  optimal
performance.

Advancements in Al technology are at
the forefront of improving work
processes. Implementing the right Al
technological tools can dramatically
enhance efficiency and speed, making a
work process more efficient, cost-
effective, and efficient. This will involve
leveraging various components of Al to
optimise different aspects of an automated
workflow depending on the goal.

Applying machine learning
algorithms can help in identifying
inefficiencies in processes and suggest
improvements automatically. It can also
help in detecting unusual patterns or errors
in real-time data to prevent delays or
errors. The most used aspect of Machine
learning though is using data to predict
future trends and outcomes, optimising
resource allocation and scheduling.

On the other hand, Deep learning can
be used to automate visual inspection task
to identify defects or anomalies in
products, reducing manual inspection time
and errors.

Natural Language Processing would be
used to automate document processing,
summarisation, or categorisation tasks,
speeding up the administrative workflow.
Integrating Robots for repetitive tasks
such as assembly or packaging can reduce
labour cost and increase output.
Integrating these AI components into your
workflow can help increase efficiency,
cost-effectiveness, and speed across
various  business  processes. Each
component offers specific capabilities
that, when applied appropriately,
contribute to streamlining operations and
enhancing overall productivity.

Al Integration in Clinical Laboratory
Workflows
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The  integration of  Artificial
Intelligence (Al) into clinical laboratory
workflows is revolutionizing diagnostics,
enhancing efficiency, and improving
patient outcomes. Al-driven solutions,
particularly machine learning and deep

learning, are transforming traditional
laboratory  processes, from sample
analysis to disease detection. By

automating tasks, reducing human error,
and accelerating diagnoses, Al is
becoming a critical asset in laboratory
medicine.
AI-Driven Diagnostics and Workflow
Optimization

One of the key applications of Al in
clinical laboratories is in image-based
diagnostics. Al models can analyse
complex Histopathological images and
radiology scans with high accuracy,
assisting pathologists and radiologists in
making faster and more precise decisions.

A breakthrough AI model, ECgMPL,
has demonstrated an accuracy of 99.26%
in detecting endometrial cancer from
Histopathological images. This model has
also been successfully applied to other
cancers, including colorectal (98.57%),
breast (98.20%), and oral cancer (97.34%)
(Courier Mail, 2024). Such AI systems
significantly reduce misdiagnoses and
improve early cancer detection rates.

Additionally, Al-driven automation in
laboratory workflows has led to a 40%
reduction in turnaround times in some
European laboratories. Al-powered tools
optimize sample processing, automate
routine analyses, and flag abnormal results
for further review, allowing laboratory
professionals to focus more on complex
cases and research (CrelioHealth, 2024).
Current Research and Al
Implementation in Clinical Laboratories
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Ongoing research in Al integration
within clinical laboratories is rapidly
expanding.

Al in Radiology: South Australian
Medical Imaging has integrated Al
developed by Annalise.ai, a health Tech
Company that uses artificial intelligence
to analyse chest X-Rays and Head CT
scans, into its radiology services. This Al
functions like a "spell checker" for chest
X-rays, highlighting areas of concern and
suggesting possible diagnoses. By
assisting radiologists, the AI improves
accuracy and speeds up diagnosis
(Adelaide Now, 2024).

Al in Pulmonary Diagnostics: A
research initiative led by Charles Darwin
University is developing an Al system to
diagnose pneumonia, COVID-19, and
other lung diseases from ultrasound
videos. The model achieves 96.57%
accuracy by analyzing video frames for
lung patterns, helping radiologists
interpret results faster and more reliably
(Courier Mail, 2024).

Al in Liver Disease: The European
Medicines Agency has recently approved
an Al tool, AIM-NASH, for clinical trials
assessing the severity of metabolic
dysfunction-associated steatohepatitis
(MASH). This tool, trained on 100,000+
annotations from 59 pathologists, reduces
variability in liver biopsy assessments and
enhances the reliability of clinical trial
results (Reuters, 2025).
Case Studies: AI’s Impact on Clinical
Laboratory Medicine
1. Al-Enhanced Pathology Laboratory
(Europe): A leading European
clinical laboratory implemented Al
to optimize its diagnostic processes.
The Al system streamlined sample
analysis and result interpretation,
reducing turnaround times by 40%.
This led to faster diagnoses,
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improved accuracy, and increased
capacity to handle more patient
samples, demonstrating AI’s ability
to enhance operational efficiency
and patient outcomes (CrelioHealth,
2024).

2. Al-Assisted Cancer Diagnosis: The
ECgMPL model for cancer detection
has been tested in multiple clinical
settings, where it outperformed
traditional diagnostic methods in
terms of accuracy and speed.
Hospitals using the model reported a
significant reduction in false
negatives and improved early-stage
cancer detection, enabling timely
treatment and better survival rates.

Future Directions: The AI Revolution in
Clinical Laboratories

Al is poised to play an even more
significant role in personalized medicine,
predictive diagnostics, and laboratory
automation. In the future, AI models will
not only detect diseases but also predict
patient outcomes, suggest tailored
treatments, and integrate seamlessly with
electronic health records (EHRs) for real-
time decision-making.

To maximize AIl's  potential,
collaboration between Al developers,
laboratory professionals, and regulatory
bodies will be essential. Ethical
considerations, data  security, and
transparency in Al decision-making will
also be key factors in ensuring safe and
effective implementation.

The integration of Al into clinical
laboratories represents a paradigm shift in
laboratory medicine. From enhancing
diagnostic accuracy to  optimizing
workflow efficiency, Al is proving to be
an indispensable tool in modern
healthcare. As research and real-world
applications continue to expand, Al-

127

driven solutions will redefine the future of
laboratory diagnostics, ultimately leading
to improved patient care and better health
outcomes.

CONCLUSION

Optimizing work processes in the
Laboratory environment encompasses a
multifaceted approach that involves the
integration of Al technologies, adherence
to lean  management  principles,
investment in employee training, and
streamlined communication. Together,
these components contribute to creating
an efficient, cost-effective, and swift work
environment.

Automation and Al-based algorithms
are transforming the Clinical Laboratory
with multifactorial advantages. All the
positive  contributions achievable in
integrating Al with the current level of
Clinical Laboratory Automation need to
be harnessed and leveraged for an
optimized  patient  outcome.  The
integration of AI with automation will
further streamline the clinical Laboratory
work processes, reduce workflow times by
reducing patients’ result turnaround times,
increase sample throughput, and improve
accuracy. It will also increase efficiency,
precision, and reliability of results, reduce
operational cost, and provide automated
decision support for clinicians and result
interpretation. Additionally, it can be used
to create predictive models that can assist
in medical decision-making, improve the
predictive analysis of digital images in the
analysis of tissue samples and
microscopic specimens, allowing for the
detection of subtle changes that could
indicate disease, among numerous other
advantages. As technology continues to
evolve, the ongoing evaluation and
enhancement of these elements will
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remain essential to sustaining productivity
and achieving long-term success.
However, while automation and Al
offer many benefits, one must be mindful
of some its drawbacks and potential
challenges associated with implementing

these technologies. Some of these
challenges emanate from the high cost of
implementing  the  integration  of

automation and Al, the predictable
changes in workforce and the inevitable
fear of job loss, and the challenges of
ensuring that the operative staff are
equipped with the appropriate skill mix to
keep up with the rapidly changing
technologies. Additionally, the ethical
challenges associated with the handling
the large volume of sensitive patients’ data
and protection from unauthorized access,
must equally be considered.
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