Review of Contemporary Philosophy
ISSN: 1841-5261, e-ISSN: 2471-089X

Vol 23 (1), 2024
Pp 1378-1384

Advancements in Diagnostic Technology in Medical
Laboratories

Mohammed Saad M Algahtanil, Abdulelah Mohammed Salem Albuayjan?, Faisal
Ibrahem Abdullah Alshamlan3, Khaled Hussein Saleh Bani Hamim#, Ayed Hudaib
Saad Alaklobi> And Najat Musa Ibraheem Abuazab®

1 Corresponding Author, Medical Laboratory Technician, malhomeer@moh.gov.sa, Eradah Hospital and
Mental Health Al-Kharj

2 LAB SPECIALIST, aalbuaujan@moh.gov.sa, Eradah Hospital and Mental Health Al-Kharj
3 Lab Technician, fialshamlan@moh.gov.sa,Eradah Hospital and Mental Health Al-Kharj
4 Medical Laboratory Technician Khalnagrani@moh.gov.sa, Eradah Hospital and Mental Health Al-Kharj
5 Lab Technician, Ahalaklobi@moh.gov.sa, Eradah Hospital and Mental Health Al-Kharj
6Lab Technician, Nabuazab@moh.gov.sa, Eradah Hospital and Mental Health Al-Kharj
Abstract

Advancements in diagnostic technology have significantly transformed the landscape of medical
laboratories, allowing for more accurate, efficient, and timely diagnoses. This essay explores the impact of
cutting-edge diagnostic technology on medical laboratories, focusing on the benefits, challenges, and future
implications. The methodology involves a comprehensive review of existing literature on diagnostic
technology in medical laboratories, including studies, research articles, and journals. The findings reveal
that advancements in diagnostic technology have improved the accuracy and speed of diagnoses, leading
to better patient outcomes. However, challenges such as high costs, technical expertise, and data security
issues remain. The discussion addresses the implications of these advancements for healthcare
professionals, patients, and stakeholders. Limitations and recommendations are also provided to enhance
the effectiveness and accessibility of diagnostic technology in medical laboratories. In conclusion,
advancements in diagnostic technology are revolutionizing the field of medicine, offering new possibilities
for improved patient care and outcomes.

Keywords: diagnostic technology, medical laboratories, advancements, healthcare, patient outcomes

Received: 10 March 2024 Revised: 20 May 2024 Accepted: 19 June 2024

1. Introduction

The medical field is rapidly changing due to technological advancements. The sophisticated and intelligent
technology provides not only better therapy but greater accuracy in the diagnosis and treatment of disease.
Airplanes, spacecraft, computers, and digital cameras are technical marvels that shape the way we live,
work, and communicate; such a technical marvel in the medical field is the laboratory diagnostic
technology, which has increased the efficiency and quality of the diagnosis and treatment of patients. The
advent of diagnostic technology and its use in the medical laboratory have revolutionized the practice of
medicine, introducing the concept of personalized and more effective medical care. The development of
technology has enabled the introduction of novel analytical strategies with significant improvement in
terms of simplicity, portability, sensitivity, selectivity, multi-parametric analysis, and real-time monitoring
in applications within multiple operative settings. Today, the laboratory has become a point-of-care
laboratory, providing patient care as per both physician and clinician needs. Nowadays, a diagnostic
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medical laboratory has become a service provider for clinicians and medical professionals as a source of
answers for quick decision-making in the management of patients. In a broad sense, the diagnostic
technology in a medical laboratory provides guidance as well as choices of drugs; it also facilitates the
monitoring of drug levels for proper dose adjustment, thereby improving remedies in cost-effectiveness
and minimizing the loss of potential benefits. The role of today's medical technologist is highly demanding
in the fields of clinical research, and their active involvement is highest in the field of diagnostic and
treatment value. Finally, we can say that the fields of medical technology offer a high standard of medical
care by using cutting-edge technology. (Haleem et al.2022)

2. Evolution of Diagnostic Technology

The field of medical laboratory diagnostics has undergone significant advancements over the last few
decades. Today, a vast array of tests is available that can be implemented on patient specimens using a
conventional laboratory analyzer found in a standard biochemistry laboratory to personalized diagnostic
devices that patients can operate in their homes. Since 1918, when the Coulter Counter was introduced,
automation of medical laboratory testing has translated into high-volume automated analysis of patient
specimens. Today, Coulter Counters have evolved into integrated automated analyzers meant for routine
use in hospitals and commercial reference laboratories designed to screen large volumes of patient
specimens for the presence or lack of specific agents or perform a variety of complex assays measuring cell
properties in blood or urine. These clinical laboratory analyzers allow laboratories to process large
volumes of patient specimens with increased rapidity and laboratory report accurate and precise results.
(McPherson & Pincus, 2021)

Automation technology, once only available to large central laboratories of commercial reference labs or
hospital laboratories, has now become available for smaller clinical laboratories. When chemistry analyzers
first appeared for the clinical laboratory, most required laboratory-developed procedures. Subsequently,
both Reagent Rental and Clinical Laboratory Improvement Amendments instruments were introduced for
the clinical laboratory market. These instruments offered an easy-to-use menu of tests designed to meet
the needs of either a specialist laboratory or a small clinical laboratory. While both categories of locations
will continue to evolve, electronic health records will become the standard for recording patient results,
which are easily transmitted from clinical laboratories to doctors' offices and other healthcare providers.
This paper will present the projected impact of the advancements in diagnostic technology in both the
clinical laboratory as well as more widespread patient self-test options. (Holland & Davies, 2020)

2.1. Traditional Methods

A wide variety of techniques have been developed over the last few decades to aid physicians in diagnostic
tests. This can be divided into basic biological techniques as well as computer-based systems using
noninvasive technologies. In the field of basic biological techniques, the most widely used are either
microscopic-based methods or in vivo radiolabeled compound utilization that can be imaged using
different medical imaging techniques such as magnetic resonance imaging, positron emission tomography,
single-photon emission tomography, computed tomography, and X-ray imaging. Anatomical, functional,
and molecular information is generally imaged by specific, isolated techniques taken separately. Invasive
technologies and/or contrast agents are used to excite the imaging technique and to provide sufficient
contrast to acquire anatomical or physiological information. Personalized disease diagnosis would result
in early diagnosis of disease and advance prognosis of pathological occurrence or certain forms of diseases.
Most of these imaging technologies tend to provide only anatomical or functional images but are powerless
in providing anatomical, functional, and molecular information. Abnormal functional and/or anatomical
structures reported using imaging devices must complement histopathological findings.
Immunohistochemistry is a powerful technique in histopathology that accurately identifies certain
antigens to elucidate the pathological status of tissue. (Hussain et al.2022)
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2.2. Emergence of Automation

The innovative concept is that samples are collected, labeled, barcoded, and assembled together to undergo
testing without any human handling. The robotic system conveys the tube on magnetic tracks under the
analyzer, which retrieves the tube or cup and uses a needle for the analysis. Robotic building design, tracks,
storage devices, and sequences are planned for the specified laboratory. There are a variety of structures
such as open or compact, L-designs, circular tracks, or linear. The order includes centrifugation, specimen
storage, and other discretionary prerequisites dependent on the automation systems. The conveyance
tracks use a tugboat, barcodes, and radio frequency ID framework identification, adding location capacity,
specimen quality, and monitoring of the framework operation overall performance. Under the gaze of the
all-time electronic mailbox, unprocessed samples roam the laboratory with the utmost priority and rely on
controlled workflows of the work cells to weigh results. (Traynor et al.2020)

Sorting samples through a conveyance system can be automatically triggered, placing samples on every
destination automation system, loading balances or analyzers through single pick arms or robotic systems.
Each sorter has the advantage of having a single skin ship, lower price, lower power requirements, and
higher transfer speeds when a compact form is utilized. This is because gravity will guide the tube along
the curve slope to the lower point of the next cell. It is possible to move and sort materials elevated from
one sorter to another using multiple conveyance sorters without the addition of a bounce transport module,
minimizing the complexity, size, and price of the sample tracking product. (Lu et al,, 2022)

3. Key Advancements in Diagnostic Technology

The profession of laboratory medicine utilizes tools and techniques to help diagnose, treat, and monitor
diseases. Some of the most important advancements in diagnostic technology have come from the clinical
laboratories themselves. Some changes have included moving many diagnostic tests out of hospital
laboratories to non-hospital settings such as physician offices, ambulatory care centers, and patients’
homes. Other important changes have come from better implementing information to manage the testing
process and from improving the quality of the information that is generated. Not surprisingly, future
directions for diagnostic technology development will likely include improved technologies for non-
hospital and home use, better ways to manage the process onboard and off the laboratory itself, and more
meaningful information generated in the laboratory to improve disease diagnosis, treatment, and
monitoring. (Pulumati et al.2023) (Pulumati et al.2023)

The term clinical laboratory refers generally to hospital, independent, clinic, and physician office sub-
settings that provide diagnostic testing services. Using a mix of technologies including glucose meters,
blood gas assays, manual and automated slide and culture analysis, clinical chemistry analyzers,
immunochemical assays, molecular tests, mass spectrometry, and many others, laboratories provide
information on a patient's biological state. These results are used in the diagnostic process to identify,
monitor, and help treat disease. Common tests run in clinical laboratories include those related to the
following test categories: blood; microbiology; immunology; endocrinology; urinalysis; and tissue/organ
assays. (Binnicker, 2020)

3.1. Molecular Diagnostics

One of these advancements is in the area of molecular diagnostics. Interestingly, the molecular diagnostics
techniques have been available for many years, especially at a research and development stage. But only a
few were able to be transferred to become practical tools for general use in clinical laboratories. It took a
while for this group of technologies to become widely available to the point of being accessible by most
clinical laboratories. Initially, there was a perception of high costs despite the fact that these technologies
offer better value for money than some of the traditional laboratory tests and alternative technologies.
(Afzal, 2020)

The reasons for this perception are relatively well-known. High costs and limited applications were the
major barriers at the advent of these molecular diagnostic tools. Today, the molecular diagnostic field has
grown rapidly, with various innovations in laboratory technology. These changes have significantly
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impacted the spectrum of problems or questions that can be addressed in a given medical laboratory. This
discussion will cover some of the most prominent advancements in molecular laboratory technologies such
as nucleic acid isolation, recombinant DNA technology, hybridization, and sequencing because these
techniques are the key methods used in the current molecular diagnostics field. (Afzal, 2020)

3.2. Point-of-Care Testing

Point-of-care testing is becoming an innovative and diverse diagnostic technology that is expanding in
various clinical settings, including laboratories and medical facilities. The primary goal is to bring testing
to the patient, minimizing the risk of improper treatment due to prolonged blood draws and delayed
results. The development of portable and emerging microtechnologies in molecular diagnostics and cellular
testing to generate fast, accurate results has achieved this goal. These portable devices offer simple sample
preparation operations, with integrated microfluidic platforms that facilitate treatment guidance and
disease assessment. Recently, point-of-care devices have been designed to address hormone regulation.
The pioneer device was a wearable sensor specifically fabricated to monitor cortisol. (Heidt et al.2020)

Continued development has led to additional progress, including devices for monitoring glucose, lactate,
and nitrosodimethylamine, as well as the development of devices to address biomarkers for specific
diseases. Point-of-care technology will continue to play a significant role in continuous health care, aiding
in the timely and effective management of diseases. These devices will provide an avenue for obtaining
comfortable and personalized efficient disease treatment for the patient at the highest standard of care.
Based on the low cost, ease of operation from sample to output, and compliance with standards required
in the field, their impact will be felt in both clinical and public health settings. (Eivazzadeh-Keihan et
al.2022)

4. Impact on Medical Laboratory Practices

In addition to technological advancements affecting the medical laboratory's workforce, these same
technologies would benefit from the changing roles of the workforce. The development of automation and
computer-assisted instrumentation and analytical methodologies is necessary to cope with the increases
in analytical demands generated by advances in our understanding of disease processes, by the application
of modern imaging and diagnostic technologies which can access disease at increasingly earlier stages in
its course, and by the recognition of the significance of subclinical states and subtle endpoints in assessing
health status and progression of disease. Similarly, the increasing complexity of diagnostic testing
methodology demands that the workforce with technical skills appropriate for the performance of such
tests has access to training in these increasingly sophisticated technologies. It must be recognized that
certain skills cannot be replaced or replicated by technology; the manual dexterity of the technologist and
subspecialist knowledge are critical components of the "human in the loop" concept. (Thakkar et al.2021)

These technological and subspecialist educational demands can be accommodated readily through the
provision of appropriate training programs and residency experiences or more specialized education in
related fields. Since it is to be anticipated that some medical laboratories will become more comprehensive
or specialized in their test portfolios—likely through contractual arrangements with other comprehensive
testing facilities or multispecialty group practices—appropriate attention must be given to the
development of appropriate documentation mechanisms to facilitate the accurate real-time flow of
information to result review, interpretation, residency training, and support for quality assurance and
continuous quality improvement activities. In some cases, anatomic and imaging materials may enter the
medical laboratory for certain types of diagnostic testing in some environments. In such situations, the
institution will require developing integrated processes for resource planning, technical staffing, and
quality maintenance activities in response to the specific environmental issues presented. It is anticipated
that technology will become a common enabler for many personnel resources outside the core testing
process; whether these personnel are present within or in proximity to the medical laboratory itself or
physically distant from patient testing locations, an integrated resource solution will ultimately give
stability to result documentation, interpretive analysis, and support services that help to reduce the impact
of information delays on diagnoses. Such an integrated approach will facilitate access to data for health
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outcomes analysts and researchers, medical educators, and appropriate administrative scholars. In all
cases, the key elements for laboratory-driven communication technology are an appropriate blend of
internal professionals and supportive, accessible external professionals. Finally, the workplace—and the
products and services provided to the customers—must be adaptable to embrace any new technological
advances that make it fundamentally superior in terms of timeliness, quality, or patient safety. In some
cases, demands for testing are increasing at a rate that cannot be handled in the conventional manner. In
certain respects, information about laboratory specimens is conceptually similar to information that is
submitted self-service or fulcrum processing for other purposes—registration databases, educational
pathways, and administrative call centers. In light of such diverse usage, it is important to review the utility
of these distinct processes and how they might be adapted to accommodate concerns for both testing and
the reporting of laboratory results. (Attaran, 2020)

5. Future Trends and Innovations

Laboratory automation is one of the trending techniques in laboratory diagnosis technology. This increases
the accuracy, reduces time consumption, provides prompt responses, and minimizes the requirement for
human involvement in anemia laboratories, along with many other advantages. Innovations and
technological transformations can largely provide efficient diagnosis, and large-scale data accumulation
and collective analysis are demanded for the diagnosis of outbreaks. To bring all the facilities into normal
practice, biomedical research and technological advancements should be prioritized. In the future,
improvements in DNA diagnostics, liquid biopsies, hybrid and multidisciplinary research will largely
complement the shortened time for the thought process of variations and patient triage practices.
Laboratory-based point-of-care testing plays a pivotal role in healthcare progress. In the future, lab-on-a-
chip technologies, portable immunoassay methods, personalized assay methods, and an extensive focus on
reducing the cost of POC testing devices would broaden their usage. Telemedicine services for the provision
of many healthcare services, including testing, are being researched for hub-and-spoke model applications.
Improved biomarkers and diagnostic tools that pave the way for precision medicine will greatly be utilized.
The contribution of vendors towards inventing products for the advancement of technology is critical; the
laboratory's transformation is required for high-throughput laboratories. The automated tools for the
prediction of results largely aid laboratory diagnosis techniques. (Holland & Davies, 2020)

6. Discussion

Patients will continue to look for easily accessible, cost-effective, and minimally invasive testing. The
healthcare laboratory must continue to generate competent and stringent quality data. The continuous
glowing reports on device accuracy are cause for concern regarding how development scientists draw their
conclusions about device conformity and real-life performance. It implies that developers should be vigilant
in their reported performance studies and, if necessary, follow up with details of where and when the
technology should not be used, if indeed this is the case. It should be based on fact in order not to alienate
end-users by encountering disappointing results. At best, it is frustrating and a waste of resources, but it
could also potentially be dangerous. (Vazquez et al.2021)

While accidents happen in all walks of life, the consequences of mistakes in a healthcare environment are
much greater, especially in the incorrect diagnosis in areas such as pathology or microbiology where
therapy is often based on the results of our tests. Users must recognize the above as risk mitigation
strategies and incorporate them where necessary into their quality management systems. The tests
available in modern healthcare laboratory services are effective and reliable as long as the integrity of the
pre-analytical stage is maintained. Focus should be maintained on the quality of the results returned from
the laboratory as the use of the devices increases in the clinical area. There needs to be a greater recognition
and understanding of the risks inherent in using devices, which necessitate the establishment of robust
quality control systems to ensure that an incorrect result, which can have serious clinical consequences, is
not reported. The move towards total and true accuracy must always remain at the forefront of the
development and marketing of modern diagnostic devices if that is the message to be relayed to users.
(Lippi and Plebani2020)
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7. Conclusion

In summary, the increase in technological advancements and new diagnostic test services represents
opportunities for medical laboratories as well as challenges to meet the demand or require strategies to
manage the increase in workload. The significant increase in microbiology tests performed, as well as the
decreased turnaround time for reporting results of blood culture experiments, indicates that the length of
stay can be shortened when results are available earlier. Further research can evaluate the impact of the
decrease in length of stay on patient outcomes. Suggestions for more cost-effective testing can lead to
improvements in managing the increased demand and control of laboratory costs. Contextualized
knowledge by benchmarking service utilization and testing practices in medical laboratories is essential to
develop strategies to ensure their sustainability in a context of accelerating health care. Addressing these
challenges requires close professional cooperation and partnerships that combine individual expertise and
skills in flexible collaborations that can adapt to a rapidly changing and complex working environment. In
conclusion, the current study has demonstrated the importance of benchmarking in assessing the quality
of medical laboratory services and utilization of clinical type testing. Further evaluation of the impact on
health care of excess usage is needed to improve the effective and efficient use of diagnostic services. By
identifying the strengths and weaknesses in the quality and utilization of medical diagnostic laboratory
services, stakeholders can develop appropriate strategies that can meet the challenges of ensuring that
medical laboratories continue to provide quality services to the population. (Binnicker, 2020)
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