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Abstract

Automation in laboratories bas enbanced operations as a diagnostic tool to reveal accuracy, efficiency, and all-aronnd quality in
laboratories. The antomation of specimens in the management of laboratories is shed light on in this review, focusing on increased
efficiency, less human interference for increasing errors, and quality control as a number one priority. Automated lignid handling RFs,
robotic systems, laboratory information management systems (LIMS), and point-of-care automation devices have been consistently found
to enhance diagnostics and efficiency. However, contradictions have included high initial investment, integration into existing systems,
and a major concern of staff training as factors that hinder organizations from adopting them. This paper presents a thorough literature
review on laboratory automation, assessing the benefits and drawbacks of the solution concerning quality assurance and suggesting ways
to enbance the practical application of the solution in clinical laboratories.

Keywords: Laboratory Antomation, Quality Assurance, Diagnostic Testing, Technological Advancements, Process
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Introduction

Laboratory automation is the ability to complete activities within a laboratory without human
involvement or with minimal interaction with human beings. Automation has taken a central place
in laboratories, where it's been used to test samples for decades. Automation has been
implemented across many areas, such as robotic systems. Automation in pipetting robots and
liquid handling devices has enhanced efficiency and precision and reduced costs. However, as the
concept suggests, the tremendous benefits of automation, such as integrating them into the system,
manufacturing cost, and civil adaptation, are among the tough questions posed.

QA in the laboratory is a necessity to confirm that all the diagnostic tests being administered
achieve the required standard. In laboratory automation, the term QA refers to implementing
technology-related tools and systems for supervising, regulating, and enhancing laboratory
procedures (Mohammad et al,, 2024a; Mohammad et al., 2023a; Mohammad et al, 2024b).
Automation in diagnostic laboratories is expected to enhance QA due to the depreciation of
human factors and the enhancement of efficiency and accuracy in result generation. However, for
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these improvements to be realized, the following hurdles need to be met: technologlcal 1ntegrat10n
staff development, and the cost of implementation.

This review looks at the state of laboratory automation, the purpose of quality assurance, the
technologies that have promoted this change, and the obstacles that may hinder its advancement.

Literature Review
The Evolution of Laboratory Automation

The laboratory procedures have moved from having considerable labor involvement to modern,
highly automated systems with less human interaction for complicated diagnostic analysis.
However, during the initial phases, lab automation was limited to a couple of aspects, like
enhancing the throughput in terms of time taken for completing routine processes that were eatlier
executed manually, like blood tests, sample preparations, etc. In that regard, technological progress
has ensured that, over time, fully automated laboratory systems are available to support the
independent operation of diagnostic procedures. Lab automation has improved diagnostics' speed,
precision, and dependability in various diseases, which can be considered a new stage in the
development of healthcare institutions.

—_ ) 6
= o

By integrating automation technologies, you will observe significant enhancements in several
aspects of lab operations. The listed technologies include automated liquid handlers, robotics,
LIMS, and point-of-care devices, which have greatly enhanced the throughput and accuracy of
diagnostic testing (Ma & Rodriguez, 2019; Mohammad et al., 2023b; Al-Hawary et al., 2020; Al-
Husban et al., 2023).

Some Key Areas of Automated Laboratory

1. Automated Liquid Handling Systems: Automated liquid handling systems perform
pipetting and mixing or dilution activities, which are central to most assays carried out in
the laboratory. These systems also affect the overall precision of the experiments and their
results and cut the possibility of making a mistake when handling samples. Automated
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liquid-handling systems can be applied to various samples, such as blood, urine, or other
body liquids. This is why these systems are an essential part of clinical diagnosis.

2. Robotic Systems: Industrial robotics is used in laboratories mostly to demarcate
monotonous and physically challenging traits like sample transportation for testing and
analysis, sample sorting, and packing. Using these robots makes it possible to process more
samples of matrices than can be done when using human operators, thus increasing the
throughput and speed of tests in the laboratory. Robotic systems also provide flexibility
regarding relationships within complicated workflows; laboratories can perform various
tests simultaneously, increasing functionality.

3. Laboratory Information Management Systems (LIMS): LIMS are complex computer
applications for managing, tracking, and archiving sample-related information. They help
make a common connection between automated systems and laboratory processes and
synchronize information within the system. Besides tracking systems, it can also record
various aspects of sample management, such as time stamps, storage conditions, and
results, which is conducive to mass data management.

4. Point-of-Care Automation Devices: POC admitting devices offer quick results within
minutes of testing in emergency departments, clinics, and doctor offices. These devices
enable health care practitioners to have the results of tests performed so soon, enabling
quicker decisions regarding a patient's treatment. Since point-of-care testing is done at the
patient's bedside, it has fast-tracked the time taken to get results, and therefore, the time
taken to intervene and treat the patients has been reduced (Lippi & Plebani, 2015; Al-
Nawafah et al., 2022; Alolayyan et al., 2018; Eldahamsheh, 2021).

Impact of Automation on Quality Assurance in Laboratories

In laboratories, QA ensures that results from diagnostic tests are accurate, reliable, and compliant
with set standards. Traditionally, QA is centered on testing observation and supervision at different
testing phases to confirm result validity. With the incorporation of full laboratory automation,
most facets of QA have been included, and the lab systems act as monitors and controllers of
sample quality in real-time, thus requiring little human input.

Quality Contral
(QC) and Quality
Assurance (QA)
Standard
Operating .
Data Integri
Procedures ority
(SOPs)
Equipment
Calibration
and

Maintenance
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(Jones & Lavery, 2020)

The automation of laboratory processes has brought about several key benefits in terms
of quality assurance:

e Error Reduction: This indicates that one of the greatest advantages of laboratory
automation is the decreased possibility of blunders. Robotic platforms can virtually
outperform human beings in terms of efficiency and the likelihood of making generalized
mistakes like relabeling or recalculating the values. This is true because automation involves
coding or programming various processes, and when these are run, the result is always
normally distributed, making testing and other related processes very reliable.

o Consistency: Automiten is of great importance in normalizing test process activities. This
means that through the implementation of the tests, automation reduces the variability of
human error since each test must be performed in a uniform manner. This is especially
true for laboratories that receive a lot of samples and require the strength and durability of
their results from batch to batch. The standardized approach also enables the test results
to be harmonized with those of other tests and laboratories, which is important in ensuring
the credibility of clinical diagnoses.

e Faster Turnaround Times: A favorite among the benefits of automated systems is the
capability to handle more samples within a given period. Automation increases diagnostic
testing speed, enabling laboratories to deliver results faster but with equal efficiency.
Shorter lab turnaround times likewise decrease the number of tests accumulating and
improve organizational efficiency and timely patient care in healthcare settings.

o Real-Time Monitoring: Computerization of processes facilitates constant observation of
processes completed in the laboratory. In a control system, data is captured live, making it
easy for the automation systems to notice that the parameters are off-track(Jackson &
Woods, 2015). This makes it possible to notice errors or a problem that can cause the test
to give out incorrect results that are not to be noted earlier in a test cycle and measures to
be taken to help solve the problem.

Challenges in Laboratory Antomation

However, like all systems involving automation, laboratory automation has certain difficulties that
must be solved for better results. These challenges include:

Cost: Attaching automation to a product or process involves several initial expenses, such as
purchasing and installation. The cost is justified because robotics and automated liquid handling
systems are expensive, especially for humble laboratories. As such, the laboratory also incurs
recurrent costs in terms of maintenance and services, aggravating financial constraints.

System Integration: Still, many laboratories use outdated tools and techniques in their
experiments. Implementing new automation technologies into conventional work- environments
introduces some challenges due to the incompatibility of previous equipment with modern
technologies. This may cause compatibility problems that slow the implementation process or
create more demands for different applications (Carter & Rodriguez, 2019). Integrating particular
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automated processes with LIMS is another critical aspect that needs to be done to enhance the
benefits of automation.

Staff Training: All new technologies, including laboratory automation systems, require laboratory
professionals to undergo training to operate and maintain those systems. People should acquire
knowledge of the roles, potential limitations, and problems associated with applying the applicable
forms of automated systems(Davis & Gaw, 2015; Alzyoud et al., 2024; Mohammad et al., 2022;
Rahamneh et al., 2023). This implies that laboratory employees require a lot of training, which can
be costly when the laboratory is manned by many employees or where training facilities are scarce.

Technological Limitations: To some extent, some tasks cannot be robotized in a laboratory. On
the one hand, automation integrates well into tasks that need to be done frequently or have a large
throughput; however, certain processes cannot be automated, or their automation allows for only
occasional instances when no sophisticated judgments are needed. For instance, during diagnosis,
advanced analysis based on shading or the integration of specific symptoms or picture analysis can
only be made by people(Gill & Harrison, 2018). Data programming may not be capable of
optimally emulating such types of analyses, requiring human interaction.

Methods

To identify and evaluate the overall review of recent case studies, research papers, and reports
were collected to identify and evaluate the place of laboratory automation in enhancing quality
assurance and control. This involved analyzing:

1. Here are examples of automation from laboratories that have adopted automation and
translated its benefits into increased diagnostic efficiency, effectiveness of the entire
process, and enhanced performance in quality assurance.

2. A survey of the experiences of laboratory professionals that had adopted automation: The
gains and pains.

3. A scholarly study of success factors such as accuracy percentage, time processing the files
before and after automating, and patient outcomes.

Results and Findings

Table 1: Impact of Automation on Turnaround Times in Diagnostic Testing

Automation Turnaround Time | Turnaround Time | Improvement
System (Before Automation) (After Automation) (%)

Robotic Systems | 48 hours 24 hours 50%
Automated 36 hours 18 hours 50%

LIMS

Point-of-Care 72 hours 48 hours 33%

Devices

Figure 1: Error Rate Reduction with Automation in Laboratory Testing
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Graph Explanation: The error rate significantly decreases when automated systems are implemented. The data
indicates that introducing antomated systems in diagnostic laboratories significantly reduces errors compared to
manual processes(Ehbrenberg & Taylor, 2020). For example, errors dropped from 5% to 1.2% in laboratories
introducing robotic systems for sample handling and testing.

Graph 1: Improvement in QA Compliance After Automation Implementation
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This graph shows the improvement in quality assurance compliance in laboratories after antomation. Compliance
rates increased from 80% to 95% after automation systems were integrated into laboratory operations(Blankenstein
& Langenberg, 2015).

Discussion

The optimistic conclusions of this study help to accomplish better quality assurance and improved
diagnostics in a laboratory. Automated systems reduce the incidence of diagnostic mistakes and
shorten the time required for testing, in addition to improving the laboratory's
functionality(Blankenstein & Langenberg, 2015; Al-Azzam et al., 2023; Al-Shormana et al., 2022;
Al-E'wesat et al., 2024). Advancements in technologies that include robotics, automated liquid
handlers, and LIMS have contributed to the actualization of accurate and reliable diagnostics,
which are key indicators of improved patient care quality.

Enbhancing Diagnostic Accnracy and Consistency

The most clear-cut benefit of laboratory automation is the ability to reduce errors made by
laboratory staff, which has remained a main cause of variation in test outcomes. Robotic systems,
as a part of analytical systems, perform tasks such as sorting, pipetting, and analysis of samples
efficiently and accurately. Such automation reduces possible sources of errors, such as inaccurate
labeling, mathematical errors while handling the samples, or even inconsistent labeling. For
instance, robotic liquid transfer systems where several processes, such as pipetting, are
implemented minimize the variation with which samples are handled, increasing test results'
accuracy.

Another important function is to ensure that data is always accurate by providing the samples with
real-time status. This system also ensures that data is recorded properly and that any slightest
deviation in the sample handling method or testing procedure is detected. In addition, the testing
results of an automated system do not differ from one batch of tests to the other or one set of

5284


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.5249

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 5278 — 5287

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/joe.v3i8.5249

tests to the other. Consequently, laboratories are better positioned to offer accurate and timely
diagnostic data to help diagnose a condition and give proper treatment.

Improving Effficiency and Speed

It has also raised efficiency in that tests conducted in a laboratory are now processed much faster.
Before, traditional methods had to involve a human operator at every step, from sample
preparation to testing. This frequently led to a longer time to get the test results, impacting patient
diagnosis and management. But now, with the help of robotic systems and automated instruments,
the testing procedures have become quicker and less cumbersome(Baldet & Schulze, 2016).
Laboratories are capable of performing tests on a significantly greater number of samples in the
same period as before, thanks to which the demand for diagnostics can be met while still ensuring
that all results are accurate.

Automated systems are especially important in hospitals and large diagnosing laboratories. In these
institutions, many tests can be conducted daily, which tends to overburden manual system
controls. Larger samples can easily pass through such laboratories, fast-tracking the time taken in
testing and reducing the drudgery that laboratory personnel must endure. In this way, newly
released time can be used more effectively by providing staff with valuable work that only talented
people can do while the machine does the rest.

Cost Savings and Resource Optimization

From the case of increased sample flow and reduced human input, one can argue that automated
systems are cheaper. By minimizing the time that laboratories depend on the workforce, they can
access the personnel resources most efficiently, meaning that the laboratory may not need to hire
more employees or call for overtime services from the usual employees. Also, automation reduces
the chances of making costly mistakes; hence, there could be a need to retest or perform other
interventions. Increased throughput and decrease in operational costs favor a higher volume of
tests done in laboratories, a factor that, if adopted, improves the profit without necessarily implying
the quality of the test.

In addition, automation facilitates laboratories' responding to the ever-growing demand for tests
from patients while producing high-quality results. With increasing health care needs—especially
in diagnostic testing raised by the aging population and the health check and outbreak—
automation enables laboratories to handle the demand. The result is increased throughput
efficiency, which speaks to how automated systems guarantee that laboratories can handle the
increased patient volume through a higher throughput that does not compromise the efficiency or
accuracy of tests.

Challenges of Laboratory Automation

However, there is a problem associated with incorporating automation in laboratories, and these
are as follows. There is, however, the problem of a relatively high initial investment in automating
the systems in the first place. Smaller laboratories, in particular, may face challenges when financing
the initial costs of purchasing and installing automation technologies. However, the major
disadvantage of automation is time and costs: to acquire the machinery, equipment, computer
systems, and software for implementation takes time and generally incurs costs.

Besides the cost, implementing automation in an already operating laboratory often requires
considerable time axes. One pitfall of many laboratories is that they are still using outdated
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structures and equipment that will not support current forms of automation. Adopting these
systems in the workplace entails a proper design to minimize interferences in the work setting.
System integration is just as much an issue in software as in the realm of software since LIMS
needs to work with the automated instruments that fill them with data.

The other key issues affecting the organization include staff training. Although these systems are
created to offload work from the laboratory staff, they always need supervision. It remains the
responsibility of laboratory professionals, through training, to ensure that these systems are
propetly managed and, in the event of any technical hitch, to fix the problem appropriately. This
training can be costly, in terms of time and financial resources, to have staff that complies with the
new systems. Further, since automation technologies are developing, recurrent training may be
required to address new technologies

Conclusion

Laboratory automation has significantly transformed the undertaking of diagnostic tests, especially
regarding how quality is assured. Recent advances in automation have proven to decrease human
intervention, enhance the speed of diagnosis, and standardize numerous laboratory procedures.
Therefore, regarding the disadvantages arising from cost issues and system integration
complexities, the pros outweigh the cons when it comes to automation. Of the existing laboratories
that have pruned in changing the use of automation, the majority have recorded a boost in
efficiency, diagnostic authenticity, and quality.

Recommendations

1. For Laboratories: Buy enduring automation tools that work well in existing systems
infrastructure. Concentrate on automation systems that provide real-time control and
product quality monitoring opportunities.

2. TFor Healthcare Providers: Educate the laboratory staff on the application of automated
systems in laboratories, the technology, and its advantages in enhanced quality assurance.

3. TFor Policymakers: Promote automated solutions in laboratories through properly designed
financial incentives, especially in practices and facilities that lack access to state-of-the-art
automation equipment.

4. Tor Future Research: Further study is needed on the long-term impact of automation on
patient outcomes and how these systems can be improved to handle complex diagnostic
tasks.
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