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ABSTRACT: Background: Laboratory medicine is rapidly advancing due to technological innovations and
evolving healthcare needs. This review analyzes emerging trends and future directions in postgraduate education
for laboratory medicine, focusing on key areas such as novel technologies, personalized medicine,
interdisciplinary collaboration, research funding, and remote education. Objectives: To provide a comprehensive
overview of current trends and prospects in postgraduate laboratory medicine education, highlighting essential
developments shaping the training of future specialists. Methods: A systematic literature review was conducted
using PubMed, Embase, and Scopus, focusing on articles from 2000 to 2023. Thematic analysis identified
significant trends and potential future advancements. Results: The review identified several critical trends:
Emerging Technologies: Al, machine learning, and digital pathology enhance diagnostic accuracy and laboratory
efficiency, revolutionizing data analysis and decision-making processes. Personalized Medicine: Advances in
genomics and other omics technologies are enabling tailored diagnostic and therapeutic approaches, improving
patient outcomes. Interdisciplinary Collaboration: Collaborative efforts across scientific and medical disciplines
are driven by research that spans multiple fields. Research Funding: Increased funding supports expanding
postgraduate programs and research initiatives, prioritizing projects that address critical healthcare challenges.
Remote and Online Education: The pandemic has accelerated the adoption of remote learning, making
postgraduate education more flexible and accessible. Conclusion: Postgraduate education in laboratory medicine
is evolving, driven by technological advancements and personalized healthcare needs. Educational institutions
must adapt curricula to integrate these trends, ensuring graduates possess the necessary skills for a dynamic
healthcare environment. Continued research investment and innovative teaching methods are crucial for preparing
future laboratory medicine professionals.
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INTRODUCTION:

The growing demand for specialized expertise in
laboratory medicine is a result of the ongoing
advancements in scientific and technical practices,
resulting in the demand for advanced graduate
education. These advancements will necessitate the
development of new diagnostic methods, testing
procedures, quality management techniques, and new
models for laboratory services. As such, these
considerations must be incorporated into postgraduate
training programs 123451,

Advanced education in laboratory medicine is
essential for the continuous and thorough training of
specialized professionals in this field. This article
outlines the regulations and the role of the European
Working Group for Postgraduate Training in
Laboratory Medicine (EWGP-TM). It discusses the
current situations and regulations in various European
countries.  Key  considerations include the
implementation of multidisciplinary and multi-
professional training programs, as well as the
recognition of national qualifications. It also presents
new trends in postgraduate training, such as e-learning,
short postgraduate programs, continuous professional
development, and the inclusion of quality management
in training. The article concludes by exploring future
possibilities, including developing the European
Syllabus in Laboratory Medicine and innovative
training techniques based on learning outcomes. It also
highlights the exciting potential for departmental
accreditation as a training site, which could
significantly enhance the quality of postgraduate
training 67891,

EVOLUTION OF POSTGRADUATE STUDY IN
LABORATORY MEDICINE

When it comes to chronic non-communicable diseases,
it is essential to perform early risk assessments to
prevent the advancement of the illness. The laboratory
is pivotal in identifying the risk factors for disease
onset and progression. The growing use of automated
laboratory methods, known for their cost-effectiveness,

is anticipated to lower healthcare costs. This has
prompted additional research in laboratory medicine,
opening up new opportunities for advanced education
for young laboratory professionals. Instead of
assuming that professional staff will pursue
postgraduate studies independently, this new approach
sees postgraduate education as a necessity for the
professional development of laboratory medicine
personnel [10,11,12,13,14].

The inaugural postgraduate program in laboratory
medicine at the Collegium of Laboratory Doctors in
Croatia was established in the 1964/1965 academic
year, featuring a comprehensive four-semester
specialist curriculum. Upon completing this primary
specialist postgraduate training, laboratory doctors
became specialized for practical work in laboratory
diagnostics. The second tier of postgraduate study
focused on scientific research within the realm of
laboratory science, culminating in the defense of a
doctoral thesis. This process comprised three main
stages: a semester-long modular scientific training,
developing and defending a research project before a
committee, and completing an oral defense of a written
thesis. (15161

e Historical Development

The term "postgraduate,” as used in this paper, pertains
to pursuing education beyond the initial undergraduate
degree acquired after completing four or more years of
university study. The term "postgraduate,” defined in
the dictionary, refers to "engaging in advanced
academic study after graduation." As society
undergoes economic change, more knowledge and
expertise are needed to improve the quality and
competence of individuals working at specialized and
managerial levels in all fields. Expanding postgraduate
education is achievable by adjusting academic and
professional standards to align with current
advancements, focusing on objectives, planning, and
more sophisticated methods [718191,

Education is a crucial foundation of any economy, and
educational ~ systems are inherently  social
establishments. Those tasked with managing the
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educational system are responsible for executing
evidence-based methods to guarantee widespread,
practical advantages strategically. The effort to
enhance postgraduate education access has emerged as
a global priority in recent years, resulting in a
substantial increase in enrollment in short courses and
formal degree programs at the Master's and Doctorate

levels, tailored explicitly as postgraduate programs 2%
21, 22]
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Figure 1: Historical Timeline Development for
Postgraduate Study in Laboratory Medicine.

Historical Timeline Development for Postgraduate
Study in Laboratory Medicine.”" The timeline
includes key milestones from the early 1900s to the
1980s, highlighting significant developments in
postgraduate studies in laboratory medicine.

e Current Programs and Offerings
Individuals enrolled in the programs can choose
specific modules corresponding to their professional
growth objectives. Nonetheless, achieving the
complete program mandates an official IFCC
certification. The structure and substance of each
program are overseen by an IFCC Program Director,
who reports to the IFCC Education and Management
Division. After finishing the program, participants will
be granted an IFCC Certificate endorsed by the IFCC
President and Chair of the IFCC Education and
Management  Division, which carries global
acknowledgment. Participants may also be entitled to

local certifications and the [IFCC certificate
[23,24,25,26,27,28,29].

Multiple universities, assembled by IFCC National
Committees, present graduate programs intended for
individuals who have finished their undergraduate
studies, are employed in laboratory medicine or are
aspiring to pursue a career in this field. There are 11
established [IFCC programs covering various
laboratory medicine disciplines and multiple 'IFCC-
supported’ programs. These programs typically require
2-3 years to complete and are structured in a modular
format, with most modules being taught in person.

Generally, the program concludes with a research
project [24,30,31,32,33,34,35]

EMERGING TECHNOLOGIES AND
METHODOLOGIES

Developing novel technologies by integrating large
data sets has led to breakthroughs in numerous areas
of science. In laboratory medicine, big data techniques
can translate large digital data sets, for example, from
a picture archiving and communication system or
electronic health records, into valuable diagnostic
information  using complex data  analysis
methodologies or artificial intelligence. Deep learning
represents a methodology that can accurately and
automatically detect, localize, and classify the
presence of disease in medical images with
performance that is on par with or exceeds that of a
human observer or can predict important clinical
events. While it is evident that the integration of big
data technologies can support the development of
diagnostic biomarkers, the design of diagnostic tests
remains a pertinent issue, particularly for laboratory-
developed tests, which require thorough validation
before clinical implementation. [36:3738]

This is an auspicious time to consider pursuing or
advancing a career in laboratory medicine. Constant
and seemingly boundless technological advancements
are propelling science forward at an increasingly rapid
rate. Now more than ever, postgraduate studies in
laboratory medicine are focused on nurturing and
supporting the forward-thinking scientists of
tomorrow who are willing to take risks and capitalize
on these advancing technologies and methodologies.
This article discusses some of the specialized and
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innovative methods and technologies relevant to
laboratory medicine that are currently driving the field
forward and will continue to do so in the future,
including the integration of large data sets (big data),
artificial intelligence, deep learning, the blockchain
technology, and the CRISPR-Cas system in genome
editing for diagnostic development [39:40:41],

Figure 2 The New Trends and Future for Postgraduate
Study in Laboratory Medicine

e Automation and Robotics
The functioning of clinical laboratories is often viewed
through three primary structural attributes: location of
testing, scope of testing, and nature of testing.
Examples of each attribute can be found across all
laboratory disciplines. The fast-paced advancements
in DNA technology may be seen as the most
significant factor driving the need to update our
existing models of laboratory operations. The
objective of this article is not to delve into the
intricacies of genetic analysis technologies. Instead, in
exploring the impact of DNA technology on
laboratory operations, | aim to revisit fundamental
conceptual models of laboratory medicine and tackle
core questions that are pertinent regardless of the type
of testing being conducted 124344451,

The implementation of new diagnostic methods has
had a significant impact on the role of laboratory
professionals. Alongside the continuous advancement
of laboratory analysis techniques, there has been a
noteworthy shift in the types of requests and
specimens, which has taken unexpected turns. The
specialization within pathology and laboratory
medicine has further heightened the demand to meet

our laboratories' increasingly intricate and expanding
service needs. These dynamic influences on the
practice of laboratory medicine provide a solid basis
for developing more advanced postgraduate curricula.
Graduates will be prepared to make well-informed
decisions regarding the significance of current and
emerging technologies and effectively and
innovatively manage the evolving patterns of
laboratory medicine usage [46:47:48.49.50,51]

e Artificial Intelligence and Machine
Learning

These intelligent systems could assist healthcare
professionals in improving service delivery, quality of
care, and patient outcomes in actual practice across
various clinical domains. It requires data and
information sharing across applications to result in
situation awareness. As an essential scene of situation
awareness, the intelligent analysis of laboratory data
can provide healthcare professionals with adequate
decision-making support. The intelligent analysis of
laboratory data has enormous potential for improving
novel ML models. The intelligent analysis of
laboratory data and its application to laboratory
medicine, Al, and ML. After the keynote introduction,
the writers draw on the development of KBS and Al in
laboratory medicine. They summarize and close the
chapter with the application of KBS for QC in
molecular genetic testing and bioinformatics 52531,

The utilization of artificial intelligence (Al),
particularly machine learning (ML), in the field of
laboratory medicine is emerging as a significant area
of development. There is a growing interest in
applying ML techniques to carry out a range of tasks
in both laboratory and clinical settings. ML has been
utilized to create clinical decision support systems,
model the intricate treatment responses of diseases,
and forecast the future outcomes of patients. Various
ML techniques have been employed to address the
complex challenges encountered in real-world
scenarios. The emergence of deep learning represents
a new era in this field. Supervised and unsupervised
deep learning methods have been implemented across
various domains, including clinical and healthcare
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intelligence and biomedical informatics. Intelligent
systems are anticipated to be created through
intelligence mastery (645556.5755859)

INTERDISCIPLINARY COLLABORATION

In my observation, medical postgraduate students
pursuing the laboratory medicine specialization
typically require approximately three years of training
in laboratory techniques to attain the status of qualified
laboratory  specialists. In  contrast, students
specializing in laboratory techniques generally need
around three years of training in laboratory medicine
techniques to become competent leaders or instructors
in the laboratory setting. Those with expertise in
laboratory medicine must possess comprehensive
knowledge and strong practical skills in the laboratory,
particularly in critical techniques, to effectively lead
teams and oversee various projects. While a research
project necessitates a team with diverse abilities, it is
only through effective leadership that the team can
complete the research project 6061626364651

And and and and receive. The future direction of
postgraduate study in laboratory medicine is focused
on interdisciplinary and intra-disciplinary
collaboration. Students must engage in project-based
laboratory practice encompassing interdisciplinary
and intra-disciplinary approaches and training in
traditional techniques for their chosen specialty. It is
important to use objective measurements and a scoring
system to evaluate students, as teamwork outcomes
can be challenging to assess when students have
varying levels of ability in different specialty
techniques. Ultimately, students should be equipped to
address the essential external quality assessment (EQA)
for laboratory testing upon graduating. (66.67.6¢]

e Integration with Clinical Specialties
The benefits of pursuing higher education in
laboratory medicine for clinical specialists are clear, as
it allows them to be more involved in the specialty
services offered by laboratories and to collaborate with
laboratory directors from clinical areas. However, the
challenges lie in managing the workload and ensuring
clinicians can effectively handle a laboratory

component with quality control in their practice. In
addition to overseeing the laboratory, clinicians are
responsible for ensuring the accuracy of test results,
which overlaps with testing phases under the hospital's
clinical unit. Improving the integration of expertise in
laboratory medicine would require a more focused
approach by both parties, potentially under the
guidance of a laboratory medicine specialist with
clinical oversight. This highlights the need for
improved training in this area and a new approach to
advanced training in the field. The future of advanced
studies in laboratory medicine may involve closer
collaboration with clinical areas to establish a
customized training program overseen by a reputable
institution in laboratory medicine. [69.70.71.7273.7475]

Laboratory medicine is widely regarded as a
specialized field requiring advanced academic
qualifications at the postgraduate level, such as
fellowships, master's degrees, or doctorates. National
and international professional organizations oversee
the training, quality management, and specialized
services offered by laboratories. The training of
specialist  registrars in  laboratory  medicine
encompasses discipline-specific training, research and
other academic pursuits, and management and
administration within laboratory settings. As medicine
continues to embrace more personalized approaches,
there is a growing emphasis on integrating molecular
and genetic training into the clinical specialties. This
raises the question of whether the close relationship
between laboratory testing and the development and
application of personalized diagnostics could further
align postgraduate laboratory medicine programs with
clinical specialties, potentially involving laboratory
medicine experts in ensuring the quality of laboratory
testing by clinical specialists [/6.77:78.79.8081]

FUTURE DIRECTIONS AND
RECOMMENDATIONS

To ensure the continued availability of research and
development opportunities in laboratory medicine at
the postgraduate level, strategically planning research
activities, integrating curriculum enhancements and
teaching efforts with research priorities, and equipping
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research students with applicable skills specific to
research. Due to the expansive and varied nature of
modern laboratory medicine, research projects can
encompass a wide range of focus areas, such as the
development and assessment of testing techniques for
consistently reported biomarkers like troponins,
hormones, HbA1lc, or vitamin D; the identification and
validation of new biomarkers for disease identification
or patient monitoring; assessment of point-of-care
testing (POCT) devices; understanding the impact of
pre-analytical variables on laboratory testing; genetic
makeup of pathogenic microorganisms; employing
proteomics and advanced technologies in laboratory
medicine; and exploring translational research
connections  between  researchers, healthcare
professionals, and patients [7881.82838485]

An increasing number of students opt to pursue an
extensive research degree such as a PhD, and
numerous challenging and scientifically oriented
opportunities are available in modern laboratory
medicine. Despite the global economic downturn and
its impact on scientific and medical research funding,
laboratory medicine still requires well-educated and
properly trained professionals to conduct various
research and development activities in both the public
and private sectors. For instance, in the UK, scientists
working in Diagnostic Laboratories within the
National Health Service (NHS) have always played a
crucial role in conducting clinical sample testing,
aiding in patient diagnoses, monitoring patient
treatment, detecting infectious agents, and providing
vital test results for hospital epidemiology and other
hospital-based studies. (218687881,

CONCLUSION:

The landscape of postgraduate education in laboratory
medicine is rapidly evolving, driven by technological
advancements and the need for personalized
healthcare solutions. Educational institutions must
adapt their curricula to integrate these emerging trends,
ensuring that graduates are equipped with the skills
necessary to thrive in a dynamic and interdisciplinary
healthcare environment. The preparation of the next

generation of laboratory medicine professionals
requires continued investment in research and the
incorporation of innovative teaching methods.

REFERENCES:

[1]. Parker EU, Chang O, Koch L. Remote anatomic
pathology medical student education in
Washington state: an early COVID-19 experience.
American Journal of Clinical Pathology. 2020
Nov;154(5):585-91.

[2]. Jafri L, Ahmed S, Siddiqui I. Impact of COVID-
19 on laboratory professionals descriptive cross-
sectional survey at a clinical chemistry laboratory
in a developing country. Ann Med Surg (Lond).
2020 Jul 18; 57:70-75.

[3]. Walkowiak D, Domaradzki J. Are rare diseases
overlooked by medical education? Awareness of
rare diseases among physicians in Poland: an
explanatory study. Orphanet J Rare Dis. 2021 Sep
28;16(1):400.

[4]. Rijal KR et al. Use of antimicrobials and
antimicrobial resistance in Nepal: a nationwide
survey. Scientific reports. 2021 Jun 2;11(1):11554.

[5]. Penman ID, Ralston SH, Strachan MWJ, Hobson
R. Davidson's Principles and Practice of Medicine
E-Book: Davidson's Principles and Practice of
Medicine E-Book. 24th Edition - March 1, 2022,
eBook ISBN: 9780702083495

[6]. Hays RB, Ramani S, Hassell A. Healthcare systems
and the sciences of health professional education.
Adv Health Sci Educ Theory Pract. 2020
Dec;25(5):1149-1162.

[7]. Health Organization W. Human resources for
health in small countries: developing and
sustaining postgraduate training: policy brief.
2022. Page 3 -20.

[8]. MacNeill H, Masters K, Nemethy K, Correia R.
Online Learning in Health Professions Education.
Part 1: Teaching and learning in online
environments: AMEE Guide No. 161. Med Teach.
2024 Jan;46(1):4-17.

[9]. Evans AJ, et al. Validating Whole Slide Imaging
Systems for Diagnostic Purposes in Pathology.
Arch Pathol Lab Med. 2022 Apr 1;146(4):440-450.

[10]. Holland I, Davies JA. Automation in the Life
Science Research Laboratory. Front Bioeng
Biotechnol. 2020 Nov 13; 8:571777.

International Journal of Medical Laboratory Research (Vol. 9 Issue 3, December 2024)

www.ijmlr.com/IJMLR® All rights are reserved


https://www.ijmlr.com/

ISSN No. 2456-4400
Int J Med Lab Res 2024, 9(3),12-22

International J | of
IJ IVI L R M:dii':f Lt;:’::atzf;n:e:earch

[11]. Pulimamidi R. To enhance customer (or patient)
experience based on loT analytical study through
technology (IT) transformation for E-healthcare.
Measurement: Sensors. 2024. Sensors, Volume
33, 101087, ISSN 2665-9174.

[12]. Alowais SA, et al. Revolutionizing healthcare: the
role of artificial intelligence in clinical practice.
BMC medical education. 2023 Sep 22;23(1):689.

[13]. Abolhasani, M., Kumacheva, E. The rise of self-
driving labs in chemical and materials
sciences. Nat. Synth 2, 483-492 (2023).

[14]. Shamayleh A, Awad M, Farhat J. 10T Based
Predictive Maintenance Management of Medical
Equipment. J Med Syst. 2020 Feb 20;44(4):72.

[15]. Kordasiewicz J. Quality policy in creating
organizational maturity in a medical tourism
enterprise. Marketing of Scientific and Research
Organizations. 2022. Journal volume & issue vol.
43, no. 1pp. 95 - 128.

[16]. Kotov VY, Laurinavichyute VK, Kazyrevi€ A.
Natives of the Russian Empire in the laboratory of
Jaroslav Heyrovsky. ChemTexts. 2022 8, 21.

[17]. Tinh DT, Thuy NT, Ngoc Huy DT. | am doing
Business Research and Teaching Methodology for
Undergraduate, Postgraduate, and Doctoral
Students in Various Markets, Including Vietnam.
Ilkogretim Online. 2021; 20 (1): pp. 1414-1418.

[18]. Garcia MB, et al. Effective integration of artificial
intelligence in medical education: Practical tips
and actionable insights.  InTransformative
Approaches to Patient Literacy and Healthcare
Innovation 2024 (pp. 1-19). IGI Global. pp

[19]. latsyshyn A, latsyshyn A, et al . Application of
open and specialized geoinformation systems for
computer modeling studying by students and PhD
students. CEUR Workshop Proceedings.2020.
Vol. 2732. - P. 893-908.

[20]. Wakefield S, et al. Improving Access to
Psychological Therapies (IAPT) in the United
Kingdom: A systematic review and meta-analysis
of 10-years of practice-based evidence. British
Journal of Clinical Psychology. 2021 Mar;60(1):1-
37.

[21]. Littenberg-Tobias J, Reich J. Evaluating access,
quality, and equity in online learning: A MOOC-
based blended professional degree program case
study. The Internet and Higher Education. 2020.
Volume 47,100759, ISSN 1096-7516.

[22]. Garg SK, Rodbard D, Hirsch 1B, Forlenza GP.
Managing new-onset type 1 diabetes during the
COVID-19 pandemic: challenges and
opportunities. Diabetes technology & therapeutics.
2020 Jun 1;22(6):431-9.

[23]. Khan Al, et al. Point-of-care testing performed by
healthcare professionals outside the hospital
setting: consensus-based recommendations from
the IFCC Committee on Point-of-Care Testing
(IFCC C-POCT). Clinical Chemistry and
Laboratory Medicine (CCLM). 2023 Aug
28;61(9):1572-9.

[24]. Wheeler SE, et al. Quality standards and internal
quality control practices in medical laboratories: an
IFCC global survey of member societies. Clinical
Chemistry and Laboratory Medicine (CCLM).
2023 Nov 27;61(12):2094-101.

[25]. Cobbaert CM et al. Towards an Sl-traceable
reference measurement system for seven serum
apolipoproteins using bottom-up quantitative
proteomics: conceptual approach enabled by cross-
disciplinary/cross-sector collaboration. Clinical
Chemistry. 2021 Mar 1;67(3):478-89.

[26]. Master SR, Badrick TC, Bietenbeck A, Haymond
S. Machine learning in laboratory medicine:
recommendations of the IFCC working group.
Clinical chemistry. 2023 Jul;69(7):690-8.

[27]. Khan Al, et al. Professionals outside the hospital
setting: consensus-based recommendations from
the IFCC Committee on Point-of-Care Testing
(IFCC C-POCT). Clin Chem Lab Med.
2023;61(9):1572-9

[28]. Yenice S. Training and Competency Strategies
for Point-of-Care Testing. EJIFCC. 2021 Jun
29;32(2):167-178.

[29]. Miller WG, et al. Recommendations for setting a
criterion for assessing the commutability of
secondary calibrator-certified reference materials.
Clinical Chemistry. 2023 Sep;69(9):966-75.

[30]. Smith J, Brown K. The role of graduate programs
in the professional development of clinical
laboratory  scientists. J Clin Lab  Sci.
2021;34(2):101-107.

[31]. Miller WG, Greenberg N. Harmonization and
standardization: where are we now? The Journal of
Applied Laboratory Medicine. 2021 Mar
1;6(2):510-21.

International Journal of Medical Laboratory Research (Vol. 9 Issue 3, December 2024) www.ijmlr.com/IIMLR® All rights are reserved


https://www.ijmlr.com/

ISSN No. 2456-4400
Int J Med Lab Res 2024, 9(3),12-22

International J | of
IJ IVI L R M:dii':f Lt;:’::atzf;n:e:earch

[32]. Khattar RB, Nehme ME. Emergence and
evolution of standardization systems in medical
biology laboratories. Advances in Laboratory
Medicine/Avances en Medicina de Laboratorio.
2024 May 1(0).

[33]. Ahmad-Nejad P, et al Committee for Molecular
Diagnostics (C-MD. Current and future challenges
in quality assurance in molecular diagnostics.
Clinica Chimica Acta. 2021 Aug 1; 519:239-46.

[34]. Pereira P, Seghatchian J. Spotlights on the trends
in performance assessment of qualitative in vitro
diagnostic medical devices in transfusion
medicine.  Transfus  Apher  Sci. 2024
Apr;63(2):103887.

[35]. Lenters-Westra E, English E. Innovations in
HbAlc analysis: finding the balance between
speed and accuracy. An investigation of a potential
new Secondary Reference Measurement Procedure
for the IFCC. Clinical Chemistry and Laboratory
Medicine (CCLM). 2024 Mar 25;62(4):753-61.

[36]. Kieu STH, Bade A, Hijazi MHA, Kolivand H. A
Survey of Deep Learning for Lung Disease
Detection on Medical Images: State-of-the-Art,
Taxonomy, Issues and Future Directions. J
Imaging. 2020 Dec 1;6(12):131.

[37]. Aggarwal R, et al Diagnostic accuracy of deep
learning in medical imaging: a systematic review
and meta-analysis. NPJ digital medicine. 2021 Apr
7;4(1):65.

[38]. 38. Abdou MA. Literature review: Efficient deep
neural networks techniques for medical image
analysis. Neural Computing and Applications.
2022. Volume 34, pages 5791-5812,

[39]. Di Paola N, Meglio O, Vona R. Entrepreneurship
education in entrepreneurship laboratories. The
International Journal of Management Education.
2023 Jul 1;21(2):100793

[40]. Adebisi YA. Undergraduate students'
involvement in research: values, benefits, barriers,
and recommendations. Annals of Medicine and
Surgery. 2022. Volume 81, 104384.

[41]. Vogel AL, Knebel AR, Faupel-Badger JM,
Portilla LM, Simeonov A. A systems approach to
enable effective team science from the internal
research program of the National Center for
Advancing Translational Sciences. Journal of
Clinical and Translational Science. 2021
Jan;5(1):e163

[42]. Benkova M, Soukup O, Marek J. Antimicrobial
susceptibility testing: currently used methods and
devices and the near future in clinical practice.
Journal of Applied Microbiology. 2020 Oct
1;129(4):806-22.

[43]. Li J, Zhao H, Zheng L, An W. Advances in
synthetic biology and biosafety governance.
Frontiers in bioengineering and biotechnology.
2021 Apr 30; 9:598087.

[44]. Gregg AR, et al. Screening for autosomal
recessive and X-linked conditions during
pregnancy and preconception: a practice resource
of the American College of Medical Genetics and
Genomics (ACMG). Genetics in medicine. 2021
Oct 1;23(10):1793-806.

[45]. ESHRE PGT Consortium and SIG-Embryology
Biopsy Working Group, Kokkali G, Coticchio G,
Bronet F, Celebi C, Cimadomo D, Goossens V,
Liss J, Nunes S, Sfontouris I, Vermeulen N.
ESHRE PGT Consortium and SIG Embryology
good practice recommendations for polar body and
embryo biopsy for PGT. Human reproduction is
open. 2020;2020(3): hoaa020.

[46]. Giordano L, Cipollaro L, Migliorini F, Maffulli
N. Impact of Covid-19 on undergraduate and
residency training. Surgeon. 2021 Oct;19(5):
£199-e206.

[47]. Xiao M, et al. Virus detection: from state-of-the-
art laboratories to smartphone-based point-of-care
testing. Advanced Science. 2022
Jun;9(17):2105904.

[48]. Frenk J, Chen LC, Chandran L, Groff EO, King
R, Meleis A, Fineberg HV. Challenges and
opportunities for educating health professionals
after the COVID-19 pandemic. The Lancet. 2022
Oct 29;400(10362):1539-56.

[49]. Seger C, Salzmann L. After another decade: LC-
MS/MS became routine in clinical diagnostics.
Clin Biochem. 2020 Aug; 82:2-11.

[50]. Spagnuolo G, Sorrentino R. The Role of Digital
Devices in Dentistry: Clinical Trends and
Scientific Evidence. J Clin Med. 2020 Jun
2;9(6):1692.

[51]. Bank PC, et al. The end of the laboratory-
developed test as we know it? Recommendations
from a national multidisciplinary task force of
laboratory specialists on interpreting the VDR and
its complications. Clinical Chemistry and

International Journal of Medical Laboratory Research (Vol. 9 Issue 3, December 2024) www.ijmlr.com/IIMLR® All rights are reserved


https://www.ijmlr.com/

ISSN No. 2456-4400
Int J Med Lab Res 2024, 9(3),12-22

International J | of
IJ IVI L R M:dii':f Lt;:’::atzf;n:e:earch

Laboratory Medicine (CCLM). 2021 Feb
1;59(3):491-7.

[52]. Fernandes M, Vieira SM, Leite F, Palos C,
Finkelstein S, Sousa JM. Clinical decision support
systems for triage in the emergency department
using intelligent systems: a review. Atrtificial
Intelligence in Medicine. 2020 Jan 1; 102:101762.

[53]. Zuiev P, et al. Development of complex
methodology of processing heterogeneous data in
intelligent decision support systems. Bocrouno-
EBponelickuii >xypHana NEPENOBBIX TEXHOJIOIHMM.
2020;4(9-106):14-23.

[54]. Mirbabaie M, Stieglitz S, Frick NRJ. Artificial
intelligence in disease diagnostics: A critical
review and classification on the current state of
research guiding future direction. Health and
Technology. 2021. 11(2014).

[55]. Ahmed Z, Mohamed K, Zeeshan S, Dong X.
Artificial intelligence with multi-functional
machine learning platform development for better
healthcare and precision medicine. Database
(Oxford). 2020 Jan 1;2020: baaa010.

[56]. Ahmad Z, Rahim S, Zubair M, Abdul-Ghafar J.
Artificial intelligence (Al) in medicine, current
applications and future role with special emphasis
on its potential and promise in pathology: present
and future impact, obstacles including costs and
acceptance among pathologists, practical and
philosophical considerations. A comprehensive
review. Diagn Pathol. 2021 Mar 17;16(1):24.

[57]. Xu Y, et al. Artificial intelligence: A powerful
paradigm for scientific research. The Innovation.
2021 Nov 28;2(4).

[58]. Acs B, Rantalainen M, Hartman J. Artificial
intelligence as the next step towards precision
pathology. J Intern Med. 2020 Jul;288(1):62-81.

[59]. Baum ZJ, Yu X, Ayala PY, Zhao Y, Watkins SP,
Zhou Q. Atrtificial intelligence in chemistry:
current trends and future directions. Journal of
Chemical Information and Modeling. 2021 Jul
15;61(7):3197-212.

[60]. Jenkins BD, et al The 2019 US medical genetics
workforce: a focus on clinical genetics. Genetics in
Medicine. 2021 Aug 1;23(8):1458-64.

[61]. Ho YR, Chen BY, Li CM. Thinking more wisely:
using the Socratic method to develop critical
thinking skills amongst healthcare students. BMC
Med Educ. 2023 Mar 20;23(1):173.

[62]. Gross DJ, et al. Strong job market for
pathologists: results from the 2021 College of
American Pathologists Practice Leader Survey.
Archives of pathology & laboratory medicine.
2023 Apr 1;147(4):434-41.

[63]. MacArthur Clark JA, Sun D. Guidelines for the
ethical review of laboratory animal welfare
People’s Republic of China National Standard
GB/T 35892-2018 [Issued 6 February 2018
Effective from 1 September 2018]. Animal models
and experimental medicine. 2020 Mar;3(1):103-
13.

[64]. Nagendrababu V, et al. PRILE 2021 guidelines
for reporting laboratory studies in Endodontology:
a consensus-based development. International
Endodontic Journal. 2021 Sep;54(9):1482-90.

[65]. Khapre M, Deol R, Sharma A, Badyal D. Near-
Peer Tutor: A Solution For Quality Medical
Education in Faculty Constraint Setting. Cureus.
2021 Jul 16;13(7):e16416

[66]. Morris M, Mulhall C, Murphy PJ, Eppich WJ.
Interdisciplinary collaborative working on surgical
ward rounds: Reality or rhetoric? A systematic
review. Journal of Interprofessional Care. 2023 Jul
4;37(4):674-88.

[67]. Agarwal J, Bucks G, Murphy TJ. A literature
synthesis of professional development programs
providing pedagogical training to STEM graduate
students. 1n2020 IEEE Frontiers in Education
Conference (FIE) 2020 Oct 21 (pp. 1-5). IEEE.

[68]. Gerber N, Kapitan L, Forinash M, Gussak D,
Civita JL, Kaimal G. Doctoral education in art
therapy: Current trends and future directions. Art
Therapy. 2021 Jan 2;38(1):42-9.

[69]. Rifai N. Tietz Textbook of Laboratory Medicine-
E-Book: Tietz Textbook of Laboratory Medicine-
E-Book. 2022. 7th Edition Elsevier Health
Sciences, Raj. 2, 1443 AH - Medical - 1584 pages

[70]. Alomaish AR, El Hassan LA, Mahfouz MS,
Haidar WN, Omer HE. Medical students’
perception towards choosing pathology program at
Jazan University, Saudi Arabia. Advances in
Medical Education and Practice. 2022; 13:1465.
nih.gov

[71]. Hassell LA, et al. Pathology education powered
by virtual and digital transformation: now and the
future. Archives of Pathology & Laboratory
Medicine. 2023 Apr 1;147(4):474-91.

International Journal of Medical Laboratory Research (Vol. 9 Issue 3, December 2024)

www.ijmlr.com/IJMLR® All rights are reserved


https://www.ijmlr.com/
https://www.google.com.sa/search?tbo=p&tbm=bks&q=subject:%22Medical%22&source=gbs_ge_summary_r&cad=0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9749412/

ISSN No. 2456-4400
Int J Med Lab Res 2024, 9(3),12-22

International J | of
IJ IVI L R M:dii':f Lt;:’::atzf;n:e:earch

[72]. Radziievska I, et al. Modern achievements and
prospects for the development of higher medical
education:  Ukrainian  realities. ~ Amazonia
Investiga. 2022 Oct 10;11(55):114-23.

[73]. Jacobs SM, Lundy NN, Issenberg SB, Chandran
L. Reimagining Core Entrustable Professional
Activities for Undergraduate Medical Education in
the Era of Artificial Intelligence. JMIR Medical
Education. 2023 Dec 19;9: e50903.

[74]. Chai SY, Hayat A, Flaherty GT. Integrating
artificial intelligence into hematology training and
practice: Opportunities, threats and proposed
solutions. Br J Haematol. 2022 Sep;198(5):807-
811.

[75]. Eklics K, Csongor A, Hambuch A, Fekete JD.
Diverse Integration of Simulated Patients in
Medical Education for Communication, Language,
and Clinical Skills in Hungary. Advances in
Medical Education and Practice. 2024 Dec 31:301-
12.

[76]. Wieringa G, Jassam N, Homsak E, Rako |, Racek
J. The Academy of the European Federation of
Clinical Chemistry and Laboratory Medicine and
the European Register of Specialists in Laboratory
Medicine: guide to the Academy and the Register,
version 4-2020. Clinical Chemistry and
Laboratory Medicine (CCLM). 2021 Feb
23;59(3):499-503.

[77]. Orth M, Vollebregt E, Trenti T, Shih P, Tollanes
M, Sandberg S. Direct-to-consumer laboratory
testing (DTCT): challenges and implications for
specialists in laboratory medicine. Clinical
Chemistry and Laboratory Medicine (CCLM).
2023 Mar 28;61(4):696-702.

[78]. Mukhopadhyay T, et al. medical postgraduate
(MD) program in Laboratory Medicine in India:
The Past, Present and Future. Journal of Family
Medicine and Primary Care. 2022 May
1;11(5):1633-41.

[79]. Parra-Herran C, Romero Y, Milner D. Pathology
and Laboratory Medicine in cancer care: a global
analysis of national cancer control plans.
International Journal of Cancer. 2021 Apr
15;148(8):1938-47.

[80]. Pennestri F, Banfi G. Artificial intelligence in
laboratory medicine: fundamental ethical issues
and normative key points. Clinical Chemistry and

Laboratory Medicine (CCLM). 2022 Nov
25;60(12):1867-74.

[81]. Abhary S, Botti M, Dhulia A, Tham C, Loh E,
Catford J. Factors impacting health and well-being
and the utilization of supports among Australian
doctors in medical specialty training. BMJ Leader.
2020 Dec 23: leader-2020. Vol.5. Pages 26-30

[82]. Mukhopadhyay T, Shekhar S, Sen A. Post-
graduate training in Laboratory Medicine:
Potential to fill a crucial gap in the Indian
healthcare system. Med J Armed Forces India.
2022 Jul;78(3):249-254.

[83]. Shapiro H, et al. Education of the clinical
embryology laboratory professional: developing a
novel program delivered in a laboratory medicine
department. F&S Reports. 2023 Sep 1;4(3):262-9.

[84]. Azlan CA, et al. Teaching and learning of
postgraduate medical physics using Internet-based
e-learning during the COVID-19 pandemic—A case
study from Malaysia. Physica Medica. 2020 Dec 1;
80:10-6.

[85]. Ahuja N, Rane SR, Pai SA. Lacunae in
Laboratory Medicine Services and Pathology
Education in Medical Schools in India. Archives of
Pathology & Laboratory Medicine. 2023 Feb
1;147(2):236-43.

[86]. Bennett D, Knight E, Rowley J. The Role of
Hybrid learning spaces in enhancing Higher
Education Students’ employability. British Journal
of Educational Technology. 2020 Jul;51(4):1188-
202.

[87]. Jackson D, Bridgstock R. What works to enhance
graduate employability? The value of curricular,
co-curricular, and extra-curricular learning and
paid work is relative. Higher Education. 2021.
Volume 81, pages 723-739

[88]. Gultom S, Oktaviani L. THE CORRELATION
BETWEEN STUDENTS'SELF-ESTEEM AND
THEIR ENGLISH PROFICIENCY TEST
RESULT. Journal of English Language Teaching
and Learning. 2022 Dec 30;3(2):52-7.

International Journal of Medical Laboratory Research (Vol. 9 Issue 3, December 2024)

www.ijmlr.com/IJMLR® All rights are reserved

21


https://www.ijmlr.com/

ISSN No. 2456-4400 [ ional J I
Int J Med Lab Res 2024, 9(3),12-22 IJ IV] LR e liteeiery e

Medical Laboratory Research

Cite of article: A EAli, A M. Hamza, H E Saleh. The new trends and future for postgraduate studies for laboratory
medicine. Int. J. Med. Lab. Res. 2024;9,3:12-22. http://doi.org/10.35503/1JMLR.2024.9302

CONFLICT OF INTEREST: Authors declared no conflict of interest

SOURCE OF FINANCIAL SUPPORT: Nil

International Journal of Medical Laboratory Research (IIMLR) - Open Access Policy
Authors/Contributors are responsible for originality of contents, true references, and ethical issues.

IJMLR publishes all articles under Creative Commons Attribution- Non-Commercial 4.0 International License (CC BY-NC). https://creativecommons.org/licenses/by-
nc/4.0/legalcod

International Journal of Medical Laboratory Research (Vol. 9 Issue 3, December 2024) www.ijmlr.com/IJMLR® All rights are reserved

22


https://www.ijmlr.com/

	EVOLUTION OF POSTGRADUATE STUDY IN LABORATORY MEDICINE
	 Historical Development
	Figure 1: Historical Timeline Development for Postgraduate Study in Laboratory Medicine.
	 Current Programs and Offerings

	EMERGING TECHNOLOGIES AND METHODOLOGIES
	 Automation and Robotics
	 Artificial Intelligence and Machine Learning

	INTERDISCIPLINARY COLLABORATION
	 Integration with Clinical Specialties

	FUTURE DIRECTIONS AND RECOMMENDATIONS

