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ARTIFICIAL INTELLIGENCE IN CLINICAL BIODCHEMISTRY

What is Artificial Intelligence (AI)?

The dictionary defines Artificial Intelligence as — the theory and development of computer
systems able to perform tasks normally requiring human intelligence, such as visual
perception, speech recognition, decision-making, and translation between languages.

In simpler terms, Al refers to smart machines capable of human like cognitive functions.
How can Al be Applied in the Biochemistry Laboratory?
1. AI has the potential to play a Transformative Role in Laboratory Medicine by -

» Efficiently analysing vast and complex datasets.
e Developing diverse and efficient diagnostic or predictive models.
e Improving laboratory quality, automation, and diagnostic accuracy.

2. Al can be applied Across the Laboratory Workflow to reduce errors and enhance
patient care in the following ways -

e Pre-analytical Phase: Al aids in sample collection, identification, reducing human
error.

1. Sample Collection Optimization: Analysis of the patient’s history to identify
optimal times and conditions for sample collection, ensuring higher quality
specimens.

i1.  Patient Preparation Guidance: Provides personalized instructions to patients
regarding fasting condition and medication adjustments, improving sample
integrity.

iii.  Specimen Identification and Labelling: Al-powered image recognition to assist
in accurately labelling samples, reducing the risk of misidentification and ensuring
traceability.

iv.  Data Management: Streamlining the management of patient data and sample
tracking, ensuring that all necessary information is readily available in an organized
format.

v.  Quality Control: Monitoring and analysis of pre-analytic variables including
environmental factors like temperature and handling conditions, to ensure that
samples are collected and stored under optimal conditions.
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e Analytical Phase: Al enhances testing and quality control, ensuring more reliable
results.

1.  Automated Testing: Enhanced performance by Al-driven automation systems for

high-throughput testing, increasing the speed and efficiency of sample analysis.

ii.  Data Interpretation: Analysis of complex biochemical data by Al algorithms to
identify patterns and correlations that may not be apparent to the human eye.

iii.  Error Detection: Continuous monitoring of the testing process for anomalies,
flagging potential errors in real-time and prompting corrective actions.

iv.  Predictive Analytics: Utilizing historical data to predict outcomes and trends,
aiding in the interpretation of results and providing insights into patient conditions.

v. Integration with Laboratory Information Systems (LIS): Enhancement of LIS
by providing advanced analytical capabilities, enabling better decision-making and

reporting.
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o Post-analytical Phase: Al contributes to result reporting, sample storage, and
dynamic monitoring, facilitating real-time quality assessments.

1. Result Interpretation: Assisting clinicians in interpreting complex results,

providing context and suggesting possible diagnoses based on the data.

ii.  Clinical Decision Support: Recommendations for further testing or treatment
options based on the analysis of results and patient history.

iii.  Reporting Automation: Automated generation of reports, ensuring that results are
communicated efficiently and accurately to healthcare providers.

iv.  Outcome Tracking: Analysis of patient outcomes over time, helping to evaluate
the effectiveness of treatments and guiding future clinical decisions.

v. Feedback Loops: Facilitating continuous learning by analysing discrepancies
between predicted and actual outcomes, refining algorithms for improved future
performance.

Al in Post-Analytical Phase of Healthcare
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These applications not only streamline operations but also reduce the workload on
laboratory technicians.

3. Advancements in Disease Prediction and Diagnosis

e Predicting, preventing, diagnosing, and prognosticating human diseases.
e Enhancing personalized precision medicine by tailoring diagnostics and treatments to
individual patient profiles.

By utilising Al, laboratories can uncover insights that were previously unattainable through
conventional methods.

Is it the right time to introduce Al in the clinical laboratory?

The recent prolific development of Artificial Intelligence is due to, — higher data availability,
rise in computational power, advancement in machine learning algorithms and growing
demand for automation and efficiency.

The clinical laboratories are high-volume testing facilities generating vast amounts of data
daily, including patient results, quality control charts, and other operational records. These
datasets exhibit the four Vs of big data: volume, velocity, variety, and veracity, making them
suitable for Al applications.

In the current scenario, various Machine Learning Techniques have been employed in
Laboratory Medicine, involving -

e Supervised Learning: Used for predicting specific outcomes based on labelled
datasets, such as - diagnosing conditions or predicting test results.

e Unsupervised Learning: Employed to identify patterns or clusters in data without
predefined labels, useful in discovering novel insights from the laboratory data.

These have collectively facilitated the following processes:

e Automation of Laboratory Task: such as test result validation and sample triaging,
enhancing efficiency and reducing manual workload.

e Optimization of Test Utilization: by predicting laboratory test results based on
existing data, enabling clinicians to make informed decisions about test ordering and
reducing unnecessary testing.

e Personalized Reference Ranges and Test Interpretation: by creation of
individualized reference ranges and more accurate test interpretations, contributing to
personalized medicine.

Despite the potential benefits of application of Al processes in the laboratory, certain
challenges do exist. Such as:

e Lack of Expertise: Limited knowledge and skills among laboratory professionals
regarding Al tools.

e Financial Barriers: Implementing Al solutions requires significant investment in
computational infrastructure and skilled personnel.

e Data Standardization Issues: Inconsistent data formats and lack of harmonization
hinder effective deployment of Al.
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e Regulatory and Ethical Concerns: The lack of standardized guidelines for the
clinical validation and implementation of Al tools raises concerns about patient safety
and data privacy.

This highlights the importance of collaboration between laboratory professionals and Al
experts. Such partnerships are crucial for developing clinically relevant Al tools that can
interpret biological parameters accurately.

To realize the full benefits of Al in laboratory medicine, the following may be adopted:
e FEnhancing Education: Training laboratory professionals in Al and data science.
e Improving Data Infrastructure: Establishing standardized data formats and
interoperable systems.
e Addressing Ethical Issues: Developing clear guidelines for data privacy and ethical

Al use by concerted efforts in education, standardization, and ethical governance.

Examples of some Al solutions offered by various platforms and their respective uses are:

Al Solutions in Clinical Biochemistry Labs
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What are the Ethical Concerns regarding the use of Al in the Clinical Laboratory?
As a large amount of the laboratory data is generated by analysis of patient samples, judicious
management of information is of utmost importance. Ethical practices being an integral

aspect of patient care, specific regulations are required with respect to the application of Al in
healthcare.
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In this regard, the WHO consensus on ethics mandates implementation of the following
practices:

Sustainability & Autonomy
Responsiveness Protection
Developing Al that Safeguarding individual

adapts and endures rights and freedom in Al
responsibly. interactions.

Inclusiveness &
Equity

Well-being &
Safety

Ensuring Al promotes
health and safety for all.

Ensuring Al benefits all,
regardless of
background.

Responsibility & Transparency &
Accountability Explainability
Holding Al systems and Making Al processes

users accountable for clear and
actions. understandable.

Al in the Clinical Laboratory - a boon or a bane?
The pros and cons of application of Al in the clinical laboratory is a current topic of debate.

Technological advancement has been a key to human progress since time immemorial. Be it
the potter’s wheel invented at the dawn of civilisation or computer technology in the modern
era — important inventions have acted as milestones of development.

Technology can be used as a tool for development or a weapon of destruction — depends on
the hand that wields it.

Integration of Al tools has the potential to revolutionize clinical laboratory medicine, making
diagnostics more accurate, efficient, and personalized. Al can help laboratories achieve the
lean work processes desirable for achieving Quality practices akin to Six Sigma. The
prospects of incorporation of Al include:

e Enhanced Diagnostic Precision: more accurate and timely diagnoses by analysing
complex datasets.

e Improved Laboratory Efficiency: Automation of routine tasks, allowing laboratory
professionals to focus on more complex analyses and having a sparing effect on the
already constrained resources like skilled manpower.

e Personalized Medicine: Tailoring laboratory interpretations to individual patient
profiles to enhance patient care.

o Facilitation of remote laboratory operations: through integration with technologies
like 5G — thus promoting digital health and wide-spread access to diagnostic facilities.

o Establishing cloud-based, collaborative laboratory data systems: for national and
international data exchange.

Advent of any new revolutionary technology is always associated with apprehension,
uncertainty and reluctance.
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Some consider Al as a bane as they are of the opinion that widespread application of Al may
cause —

Loss of Human Expertise: Over-reliance on technology may erode human skill and
judgement. Extensive automation may also lead to loss of jobs.

Ethical and Privacy Concerns: Potential threats to data security, privacy violations,
and potential for misuse, as well as ethical questions surrounding the role of Al in
critical decision-making.

Regulatory and Legal Issues: Laws and regulations with respect to Al are still in the
nascent stage.

Potential for Errors: As Al systems are still evolving, there are chances of errors in
diagnostics or misinterpretation of lab results, especially if the algorithm is not
continually updated and validated.

Lack of Transparency: Decision-making processes of some deep learning systems are
not well understood. This can pose a problem in interpreting or explaining Al-driven
decisions to patients or medical professionals.

To harness the full spectrum of benefits of Al, while mitigating its risks, the integration of Al
into clinical laboratories must involve a robust process of evaluation and pre-validation with

special

attention to ethical details. Maintaining a balance between Al and human oversight,

coupled with continuous learning and adaptation of Al systems are key to maximizing its
positive impact on healthcare.
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