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Abstract
Background:

Because of their capacity to evaluate enormous volumes of data, identify trends, and generate forecasts or
recommendations, robots in laboratory medicine have completely changed how laboratories function globally.
An overview of the use of robots in laboratory medicine for the past ten years is what this narrative review
attempts to present.

Methods:

A thorough search was carried out utilizing the databases PUBMED and Google Scholar in order to carry out
this narrative evaluation. The keywords "Robots AND Laboratory Medicine AND Automation" were part of the
search strategy. The papers that were found were filtered according to their topical relevance. Articles that were
peer-reviewed, written in English, and published during the previous ten years met the inclusion requirements.
After reviewing the chosen articles, the narrative synthesis approach was used to synthesize the findings.
Results:

There are five primary areas in which robots are used in laboratory medicine: sample preparation, testing,
analysis, Point-of-Care Testing (POCT)

and the benefits of robotic automation, which include increased precision, effectiveness, and patient safety. In
laboratory medicine, automation and robotics aid in sample handling (preparation, testing, and analysis),
improving accuracy and lowering human error. Targeted interventions and individualized treatment regimens are
made possible by the ability to teach robots to use patient data, including genomic information, to identify risk
factors, genetic variations, and disease-specific biomarkers. Furthermore the use of robotic systems in point-of-
care testing (POCT) has grown, opening up diagnostic testing outside of conventional laboratory settings. Small,
portable, automated devices such as Cepheid's GeneXpert and Abbott's ID NOW can conduct testing at the
patient’s bedside or in distant areas. Additionally, robotics provide prompt interventions and real-time patient
monitoring, which stops the progression of disease. However, this narrative review also highlighted the challenges
that come with using robots in laboratory medicine, including high upfront costs, technological issues, and
regulatory frameworks.

Conclusion:

Although robotics are revolutionizing laboratory medicine and healthcare in general, it is crucial to address the
difficulties and moral dilemmas surrounding their use.
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I.  Introduction

Automation, robots, and artificial intelligence have been the main drivers of the major changes in
laboratory medicine over the past ten years (1,2,3). Laboratories are now able to meet the increasing need for
more precise, rapid, and effective diagnostic testing because of these technological advancements (4,5). Robotics
has improved many aspects of laboratory medicine, including specimen processing and diagnostic testing, with
noticeable increases in speed and accuracy (6,7,8). This narrative review examines how robots has changed
laboratory medicine over the past decade, emphasizing significant developments, uses, difficulties, and potential
future developments.

II.  The Evolution Of Robotics In Laboratory Medicine

Basic laboratory automation, including sample processing, liquid handling, and repetitive operations,
was the main use for robotic systems prior to 2014 [1]. Robots were able to carry out increasingly complicated
tasks in clinical labs by 2014, including high-throughput screening, DNA extraction, and microplate handling,
thanks to advancements in technology [2]. The foundation for future innovation was laid by early automation
technologies like Roche Diagnostics' Cobas series and Beckman Coulter's AutoMate series, which increased
laboratory throughput while lowering human error [4, 5].

Moreover, robotic technologies and artificial intelligence (AI) were integrated at this time [1]. Because
of this, robotic capabilities have improved, allowing for more sophisticated decision-making [9]. These days,
robots can be assisted by Al algorithms in analyzing test results, streamlining processes, and forecasting patterns
from past data [10]. In fields such as molecular diagnostics, hematology, and microbiology, robots have been
trained to increase their processing efficiency using machine learning models, which has led to an increase in
diagnostic speed and accuracy [11].

Robots have gotten smaller, faster, and more accurate as the need for individualized medicine has
increased [12, 13]. Tecan's Fluent Automation Systems and the Hamilton Microlab are two examples of robotic
platforms that have been improved to handle smaller amounts of biological samples, which lowers the expenses
related to materials and reagents [8,14,15, ]. In underserved areas, this downsizing has proved crucial in enhancing
the quality and accessibility of diagnostics and has enabled speedier diagnostic outcomes in point-of-care testing
(POCT) [16, 17].

III. Key Applications Of Robotics In Laboratory Medicine In The Last Decade.

There are Five Major applications of Robots in Laboratory Medicine and these include: Sample Handling
and Processing [18, 19], Laboratory Testing and Diagnostics [20,21], Microbiological Analysis [22,23],
Laboratory Data Management and Workflow Optimization [24, 25], and Point-of-Care Testing (POCT) [26 ,27]

Clinical specimen handling and processing is one of the most common applications of robotics in
laboratory medicine [18, 19]. Specimen archiving, aliquoting, and sorting have all been automated by robots [20,
21]. The time and effort needed for sample processing has been greatly decreased by automated liquid handling
robots, like the Beckman Coulter DxH, freeing up laboratory workers to work on more complex tasks [22, 28].
Test accuracy has increased and the chance of misdiagnosis has decreased as a result of these automated systems'
decreased human error and cross-contamination [23, 24].

Additionally, robotic automation has transformed a number of laboratory and diagnostic testing facets
[13,29]. Robotics has proven especially important in molecular diagnostics [30, 31]. In order to manage intricate
molecular tests, including PCR-based testing for infectious illnesses, cancer indicators, and genetic abnormalities,
platforms such as Roche's Cobas 6800 and 8800 series have integrated robotics [32,33]. Faster diagnoses and
improved patient outcomes are the benefits of these robotic systems' enhanced throughput and shortened
turnaround times for test findings (34,35].

Once more, robotic systems have proven to be extremely useful in the field of microbiology, where
automation has significantly improved antimicrobial susceptibility testing (AST) and bacterial culture analysis
[36, 37]. By automating processes like streaking plates, inoculating samples, and analyzing results, automated
liquid handlers and incubators like the BD Kiestra system—have simplified microbiological operations [38, 39].
This has decreased the possibility of contamination during sample analysis and improved the accuracy of culture
results [25, 40].In addition Robotics have helped Laboratory Data Management and Workflow Optimization.It is
now essential to integrate robotics with laboratory information systems (LIS) due to the increasing complexity of
laboratory medicine(41). Robotics platforms can communicate with LIS to monitor and control sample status in
real-time, improving laboratory productivity and cutting down on delays.(42).Through fast testing, processing,
and reporting of samples, this integration guarantees more precise and timely diagnostic information(43). Further
enhancing the dependability of diagnostic results, the automation of data administration has also decreased the
possibility of data entering errors(44).

Lastly, the use of robotic systems in point-of-care testing (POCT) has grown, opening up diagnostic
testing outside of conventional laboratory settings [45, 46]. Small, portable, automated devices such as Cepheid's
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GeneXpert and Abbott's ID NOW can conduct testing at the patient's bedside or in distant areas [47, 48]. In
contexts with limited resources, such as critical care units (ICUs) and emergency rooms, these systems have
shown particular use [49,50]. They allow medical professionals to make better decisions more rapidly by cutting
down on the time between sample collection and diagnosis [51, 52].

IV.  Challenges And Limitations Of Robotic Integration In Laboratory Medicine

The initial expenses of purchasing and deploying robotic systems can be unaffordable for many
laboratories, particularly smaller or underfunded institutions, even if the long-term advantages of robotics in
laboratory medicine are obvious [53,54]. A large amount of cash is needed for many robotic systems, including
infrastructure and equipment, as well as training for lab staff [55,56]. Consequently, some healthcare settings face
a barrier to admission, especially in areas with limited resources [57,58].

Adaptability and flexibility could be problematic [59, 60]. Even with major advancements in robotics,
many robotic systems are made to perform certain, predetermined tasks and might not be flexible enough to adjust
to unexpected situations or new diagnostic techniques [61, 62]. In dynamic laboratory settings with frequent
introductions of new tests, this can be restrictive [63,64]. Furthermore, robotic system maintenance and
calibration are intricate processes that call for specific knowledge [65,66].

Once more, operational and technical malfunctions may provide difficulties [67,68]. Robots can have
technical issues, just like any other complicated technological system [69,70]. Operational disruptions in the
laboratory may result from the robotic systems' failure, which could be caused by hardware malfunctions,
software bugs, or sensor issues [71,72]. To prevent delays in patient diagnoses, laboratories need to have backup
strategies in place in these circumstances [73,74]. Furthermore, maintaining the high levels of accuracy and
precision of robots depends on proper calibration [75,76].

V.  Future Prospects And Innovations

Firstly, there will likely be further developments in the next ten years in the way Al and machine learning
are incorporated into robotic systems [77]. Deeper insights into diagnostic trends, assistance with predictive
analytics, and even the ability to make decisions in real time while providing patient care are all anticipated from
Al-powered robots [78]. Al, for example, may be able to help find patterns in genetic sequencing data in molecular
diagnostics, allowing for more individualized treatment regimens [79].

Secondly, the ongoing advancements in robotic technology hold promise for telemedicine, especially
remote diagnostics [80,81]. Robots and telemedicine platforms can work together to increase access to healthcare
in underprivileged and rural areas by allowing medical practitioners to do some diagnostic procedures remotely
[82,83]. Telemicroscopy, virtual consultations, and robotic surgery may all benefit from robotic aid [84,85].

Finally, it is anticipated that future lab robots will be able to do a wider variety of jobs with even higher
efficiency [86, 87]. Systems that can operate with delicate or smaller samples and at even quicker speeds may
result from developments in soft robotics and micro-robotics [88,89]. To guarantee that samples are processed,
examined, and evaluated in ways that were previously impossible, these robots could be outfitted with improved
sensor technologies [90,91].

VI.  Conclusion

Robots have become more and more significant in laboratory medicine during the past ten years,
changing the way that specimens are handled, processed, and examined. Robotics has improved laboratory
efficiency, accuracy, and scalability, allowing for faster diagnosis and better patient outcomes. But there are still
issues like expensive startup costs, flexibility, and possible system malfunctions. The future of laboratory
medicine appears bright when Al, machine learning, and telemedicine are combined with robotic devices as
technology advances. The continuous developments point to a time when robotic systems will be essential to
contemporary labs, significantly improving the standard and accessibility of healthcare across the globe.
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