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1. Introduction

The field of medicine has made significant progress in using patient data, not only to discover the root causes of
diseases but also to assist in the development of new drugs, distinguish which strains are treatable and curable,
and provide a system of regular healthcare to patients. However, the increasing computational power combined
with the ability to find patterns and relationships in data has allowed scientists in recent years to create better
models based on patient data. In this chapter, we look at some of the recent developments in patient management
using machine learning, and then we will explore some of the smart patient solutions that heal the patient, with
a specific focus on image processing using machine learning for tumor detection. After that, we discuss the
creation of new models or upgrades of the existing ones for a battery of tests and develop cheaper and faster
techniques. In the next section, we describe the disease prediction systems and the disease risk prediction system.
The development model details the classification problem and the different models used. We discuss the
different datasets used and provide an analysis of the dataset. We then detail what the different variables
represent, and next, we implement a monitoring system. Since we implemented this model, we carried out a
detailed validation on the test set and then trained the model. After that, we look at the comparison between the
different models that have been used, and in the end, we give a summary of this work followed by the
conclusions.Recent advancements in medicine, driven by the increasing computational power and the ability to
analyze large volumes of patient data, have significantly enhanced our understanding of diseases and improved
patient care. Machine learning (ML) has played a crucial role in this progress, particularly in developing
predictive models, drug discovery, and personalized treatment plans. In this chapter, we explore how machine
learning has transformed patient management, with a particular focus on image processing for tumor detection.
By leveraging machine learning algorithms to analyze medical images, scientists and healthcare professionals
can now detect tumors with greater accuracy and speed, enabling earlier and more effective interventions. We
also discuss the creation and refinement of disease prediction models, examining various classification
algorithms used to predict disease risk and outcomes.
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Fig 1: Machine learning in healthcare
1.1. Background and Significance

Acrtificial intelligence (Al) possesses the capacity to rapidly amass and discover relationships within large
quantities of disparate datasets; however, its role in healthcare innovation is only beginning to be explored in
earnest. In the era of smart discoveries, where big data has established a foothold in every sector imaginable,
there is no consideration of the application of data without mentioning Al and machine learning. In fact, it is
highly likely that in the years to come, the methods associated with data science will be viewed as a sub-domain
of Al development. These advances are derived not only from the 'big data’ revolution in various sectors but also
from the high complexity and wide variability of large-scale multimodal patient-specific healthcare data,
combined with emerging cloud computing power. In stark contrast to traditional episodic/prescription medicine
and current 'precision medicine’ approaches, immersive clinical encounters cannot provide dedicated evidence-
based 'smarter’ patient-centric medicine at earlier stages of acute or chronic diseases.

Predictive clinical decisions in patients, disease subtype stratification, tailored therapy coordination, and
personalized treatment monitoring require ongoing, low-cost, comprehensive data on all pertinent medical
events, including subjects’ electronic medical record (EMR) information, which describes models of healthcare
delivery. Other pertinent details include the captured elements of the patient's continuity of interactions with the
healthcare delivery chain, such as the prescription of drugs, diagnostic and therapeutic procedures, clinical and
instrumental laboratories and their values, medications, and behavioral/interventional lifestyle counseling.
EMRs (or multifaceted electronic health records, EHRS) are digital records of individual patient healthcare-
related information held in one location. Since paper medical records have a long history, the term 'EHR’ is used.
Core data collected in EHRs have moved out from the bedside of patients, allowing electronic data to be created,
processed, managed, and consulted by the same rules as stakeholders involved in patient care who use their
paper records. Since large-scale smart digital data originating from EMR data could be deployed in highly
reputed healthcare settings around the world, big-data-oriented Al solutions could enable significant support for
biomedical research studies and diagnostic capabilities, influence therapeutic decision-making, and optimize
patient safety.

1.2. Purpose and Scope of the Paper

A great deal of collective wisdom has been assembled on the role of artificial intelligence and machine learning
in healthcare. Each of us has leveraged this knowledge to design dynamic, precision health systems that combine
multiple data sources with advanced analytic tools and Al and machine learning-driven insights. As we have
done so, we have learned from each other and have also learned how our different areas of expertise sometimes
perceive and respond to questions differently. Purposefully, we have thus approached a question about the role
of these advanced technologies in healthcare that has a broad scope - looking to see if we can develop some
general principles, sensibilities, and recommendations that we may share.

We are convinced that the collective impact of all of our hospitals, clinics, research labs, and businesses working
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together to share the sum total of knowledge and technologies we have created can yield healthcare systems that
evolve more quickly, are more transparent and equitable, and that are based on more robust evidence to the
advantage of all. Indeed, the overarching philosophical framework for this paper has been influenced heavily by
a decade of discovering collectively and learning in multiple myeloma research, as the founder of a global
interdisciplinary research initiative, one particularly engaging developmental challenge experienced as a project
led by the front-line scientists and clinicians and engaged patients themselves. At the end of the day, better data
and the sharing of these data infused with sophisticated Al and machine learning are critical to our future pace
of discovery and innovation. And we hope this paper does the same for its diverse readership.

2. Foundations of Artificial Intelligence and Machine Learning in Healthcare

This section provides a review of the fundamentals of artificial intelligence technology in the healthcare setting.
The review includes a brief summary of the current state of healthcare informatics, followed by a description of
health data and the specific dimensions associated with a case, and a tutorial about working with a general
healthcare dataset in preparation for machine learning in layman’s language. Finally, a case study of how
healthcare data can be utilized for designing and developing a smart medicine solution featuring advanced
analytics and machine learning predictive models for novel healthcare innovations is discussed.

Since the dawn of Al, artificial intelligence and its subset machine learning have rapidly evolved with the
potential for a major positive social impact in healthcare. Several applications, ranging from robotics to medical
imaging, are prevalent as seen in practice today. The field of medical Al is broad and covers many facets.
However, the modern Al that we now know for the 21st century is still very reactive. The data processing and
high-performance computing infrastructure surrounding Al and analytics in healthcare facilities are not designed
to treat health problems before they occur. Primordial prevention and predictive healthcare still consist of
powerful concepts that have not yet achieved their full potential. It is daunting to select Al models for a given
predictive analytics or machine learning problem. An understanding of how different types of health signals are
interwoven or play together among all three dimensions of health must be established. The method has to
consider the different time scales, structure, and health status of the patient data. Machine learning methods are
designed to address many varied tasks. They are sometimes based on related principles. Tailoring and governing
the predictive models demand an understanding of patient data.

Equ 1: Healthcare System Efficiency through Al-Driven Data Integration
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2.1. Definition and Concepts

The Medical Subject Headings defines artificial intelligence (Al) as the study and implementation of techniques
and methods for designing computer systems to perform functions normally associated with human intelligence,
such as reasoning, learning, and self-improvement. Al has various subfields, with machine learning (ML) often
being quoted specifically to address medical applications. Here, ML refers to a field of computer science that
gives computers the ability to learn without being explicitly programmed, or as commonly known, the study and
construction of algorithms that can learn from, and make predictions or decisions based on data.

The rationale underpinning Al utilization in health-related research has been acknowledged. Biomedical
sciences present specific requirements that encompass a very heterogeneous set of factors and the ability to store,
access, manipulate, and interpret big omics and stratified patient healthcare data that are relevant to medical
science. Innovative tools should accommodate the ever-growing number of complex experiments and the need
to continuously confront experimental data with the vast amount of knowledge that is accumulated. With regard
to real data potential, the majority of hospital-based data retrieval systems are now considered taxonomies of
medical knowledge that are comparatively high in high-order complexity, in comparison to pharmaceutical and
experimental datasets that traditionally have been the basis for knowledge discovery and iterative model
validation. Additionally, the complexity of physiological knowledge usually requires that biological processes
be long-term justified, and algorithm developers propose the use of imputation as a strategy to impute and take
full account of the quality of information, but this is not satisfactory as missing values are usually related to
nursing or emergency record limitations and provide actionable gaps seldom filled by a specific and validated
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Fig 2: Artificial Intelligence in the Field of Medicine
2.2. Applications in Healthcare

Al technologies can be applied widely to medicine, including imaging and diagnosing diseases; personalizing
treatments; making medical data more accessible and protected; upgrading daily health management and
monitoring; accelerating pharmaceutical and epidemic-related research and development; improving doctor-
patient engagement, care management, and preventative intervention; predicting outcomes; enabling care
pathways and support systems. Al in medicine can potentially reshape human healthcare delivery styles, greatly
benefiting patients, doctors, and organizations' experience. The new paradigm is gradually extending the
influence of Al on every healthcare segment ranging from research and development to finished product
development. With the feedback from the real-world implementation of current pilot programs and adjustments
based on upcoming Al regulatory requirements, the validated technologies will soon enter broader adoption to
provide substantial value positioning for millions of patients. The proliferation of medical devices and wearables
generates colossal amounts of data. The concept of self-health has become more attractive because prevention
is essential in reducing the personal harms imposed by diseases and in the management of healthcare resources.
Al, information sharing, and interoperability are enhancing wearables, making them smarter and more proactive
at delivering actionable health information. Al enables predictive health analytics and preventative intervention
before severe health conditions set in, providing early warnings and reducing high healthcare costs. Personal
health—wellness and health improvement—strengthened by Al technology will yield higher quality services
and options, more patient inclusion, and controlled care. Organizations are fortunate enough to enter a health
and wellness paradigm shift. Al technologies are revolutionizing the healthcare landscape, offering
transformative solutions across various domains, from disease diagnosis and personalized treatments to
preventative care and patient engagement. The integration of Al into medical imaging, diagnostics, and health
monitoring enables earlier detection of conditions, while predictive analytics can help anticipate health risks
before they escalate into severe issues. Wearables and medical devices, powered by Al, are becoming smarter
and more proactive, collecting vast amounts of health data and providing actionable insights for individuals to
manage their well-being more effectively. This shift towards self-health management, supported by AI’s
capabilities in information sharing and interoperability, empowers patients to take control of their health,
potentially reducing the need for costly interventions. As Al-driven solutions improve healthcare accessibility,
efficiency, and outcomes, they are not only enhancing the doctor-patient relationship but also shaping a more
inclusive, personalized, and preventative approach to health management. This paradigm shift holds great
promise for the future, with the potential to deliver higher quality care, optimize resources, and ultimately benefit
millions of patients worldwide.

3. Benefits and Challenges of Implementing Al and ML in Healthcare

One of the foreseen benefits of implementing Al in health care consists of its capability to deal with massive
data systems and to make use of big data, particularly useful in the area of personalized medicine. For instance,
a typical patient visit to the hospital generates numerous unstructured data: laboratory tests, medical images, and
note conversations are only part of the data transmitted during a patient visit to the health care system.
Traditionally, a doctor would have had to sift through patient history, treatment history, and large volumes of
mostly confounding disease knowledge to deduce what might be causing an ailment and what might be done to
alleviate their suffering.

After Al and machine learning algorithms are applied to learn from extensive datasets designed to support
medical decision-making, their performance surpasses the average performance of individual physicians. By
running these predictive algorithms in the background, clinicians are going to be served prescriptive insights on
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optimal treatment pathways, based on the available symptoms, and the best treatment decision considering at
the same time the patient profile and gathered insights from the worldwide medical community. Furthermore,
with the support offered by Al, the role of non-doctors such as physician assistants or non-physician practitioners
becomes more sustainable and scalable. Their responsible medicine activities can grow smoothly as Al answers
guestions such as: when and why a patient should use an MRI versus a proton image in pediatric brain imaging,
allowing the assistant to go to the patient room and perform the examination, avoiding the need for a hopefully
fast response from a more prioritized specialized radiologist; when a simple administration of OTC cough
medicines is enough for treating an elderly patient with a cough or if the patient should visit the health care
provider since the coughing has been present for a long time. Al provides an almost immediate adaptation of
anxiety medication for the patient when the doctor recommends one, assuring the patient is free of suffering,
anxiety, and fear. There is evidence of an improvement in the treatment of depression when Al is used in
combination with human psychologists. Not only does the administration become more precise but also more
fluid, as the rules-based, questionnaire-based administration of these terms is replaced with kind, compassionate
conversations. Providing results in less time than current disease tests would do, and also costing a fraction of
what would be required for typical mental health therapy.

66%

Of health executives Of health executives

gree that mar

Fig 2: Artificial intelligence in healthcare Benefits and Challenges
3.1. Advantages of Smart Medicine

The potential for artificial intelligence and machine learning healthcare applications to solve some problems in
the delivery and practice of medicine is compelling. It is important to consider why machine learning algorithms
are the best tool for many great challenges today. One of the big highlights of the study and application of the
concepts of machine learning in recent years is based on the tremendous advances that have been possible due
to the exponential increase in computational processing capabilities. The fusion of domain knowledge and
application concepts with the development of algorithms and experiments has demonstrated a new era of
understanding of complex phenomena that we previously had great difficulty understanding or exploring. One
of the big reasons that the data-driven model-based method is widely applied in health is related to the
extraordinary variability and difficulty of understanding the relevant phenomena involved in the contexts.

The machine learning approach has allowed uncovering many needs in diagnoses that are related to patterns and
issues that are not simple to detect and understand. The success of domain expansion is consistent with the
development of extraordinary computational processing capabilities that work effectively with the development
of advanced algorithms. In synchronization with significant hardware developments achieving great processing
power, concurrent with these hardware advances, significant research breakthroughs exploiting various parallel
and distributed computing opportunities have been prioritized. Under machine learning models, especially deep
learning, models reveal unparalleled accuracy capabilities even when data is artificially reduced. It is important
to note, however, that these successes combine technical innovation with sophisticated analysis applied to
particular problems. Such dynamics help healthcare systems to decode crucial findings that would otherwise
remain distant.

Equ 2: Personalized Medicine via Machine Learning
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3.2. Ethical and Legal Considerations
As Als can participate in making decisions, an increasing number of ethical issues have arisen, especially in
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sensitive application domains such as medicine, law, and autonomous vehicles. The problem is that progress in
Al technology is moving so fast that theorists and policymakers cannot keep up with the pace, and current
regulations and guidelines cannot address a significant number of future risks, particularly those related to Als
gaining autonomy in their decision-making processes. In autonomous vehicles, for example, if someone is
injured during an autonomous car accident, should the manufacturer be responsible or the designer of the car's
Al algorithm who made the decision to prioritize passenger safety by harming a group of people? Furthermore,
who should be held responsible for possible damages? These are the questions that the current legal system has
not yet answered. Therefore, Al ethics draws significant attention from researchers.

One important step towards the use of Als in sensitive applications is that the Al systems must be interpretable.
The explanations of the Al's decisions must be clear and understandable to humans. However, they are complex
and uncertain in most cases. Sometimes, humans make decisions based on implicit knowledge or experiences,
which are hard to learn and disassemble. Similarly, Als' decisions are also difficult to interpret due to their
complexity. In many cases, researchers can only explain the predictive contribution of those features, but not
why they are important or even the model in plain language. Promisingly, to increase the transparency of Al
algorithms, recent research has begun to focus on creating more interpretable models, thereby explaining their
learned decisions to a broader audience.

4. Case Studies and Examples in Healthcare Innovation

In this section, | will present various case studies and real scenarios that currently employ Al and machine
learning in creating an entirely new category of smart medicine solutions. The number of applications
showcasing innovation in various areas across the healthcare data player taxonomy of use cases and modalities
highlights increasing access to data, a maturing machine learning ecosystem, and growing opportunities for the
creation and scaling of impactful Al-powered healthcare solutions. Today, we are faced with challenges such as
how to reduce healthcare's cost burden and system-level inefficiencies, elevate all patients, and deliver care
guality from prevention and diagnosis to intervention and cure through to personalized and chronic care. Many
of the startup companies | work with are addressing one or more problems in that broad ecosystem.

During the past year, we have built a large team of Al fellows, advisors, and leaders from the medical,
entrepreneurial, academic, and corporate sectors who believe in the powerful combination of data science and
healthcare in driving solution transformation with positive economic and societal impacts. The fellows and
advisors also aim to help advance data capabilities and expertise in an educational setting to benefit the next
generation of industry practitioners and, ultimately, the next generation of patients. Together with our corporate
partners, we enable an open-access data environment of significant quality, size, and use-case diversity, suitable
for powering and testing sophisticated data analytics and predictive solutions based on machine learning.
Furthermore, we offer a publicly available health datathon project, encouraging researchers and startups to create
cloud solutions of scientific and commercial interest using our APIs, as well as open, de-identified datasets.
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Fig 3: Artificial intelligence in healthcare: past, present and future
4.1. Personalized Medicine

Recent innovations in molecular biology and other biomedical sciences suggest new models of medical care by
infusing intelligence into the infrastructure of healthcare. Person-specific information, provided by modern
diagnostic tools, will create opportunities not only for a new taxonomy of disease categories but also for personal
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health programs tailored to the specific genetic characteristics of the individual. Current research indicates that
by identifying genetic irregularities it will be increasingly possible to diagnose an individual’s genetic
predilection to specific diseases and to develop personalized health management programs that integrate the best
of conventional and alternative medicines.

The emerging capabilities for generating, handling, reporting, and warehousing complex data present the
ingredients for a data revolution in healthcare. The propagation of these capacities for the production and use of
information and sophisticated analysis will profoundly affect the structure and function of the healthcare system.
Home diagnosis and treatment will lead to a world in which healthcare services can be brought within the home
and in which assistance for independent living will be readily available. Existing warehousing methods and the
use of intelligent and distributed systems will be deployed for the benefit of overall healthcare systems.

4.2. Medical Imaging and Diagnostics

In many areas of medical diagnostics, machine learning is providing enormous advances. In responsible research
and innovation on moral machines in the medical context, dealing with machines has given more insights than
ever before into the human machine. Machine learning and Al provide the tools but must be tuned very
specifically for specific market needs. For example, in medical imaging and diagnostics, the abundance of data
should logically provide Al with a valuable resource due to the potential to save and improve lives by automating
time-consuming tasks, providing easily accessible information to support analysis, and giving personalized
advice to provide diagnostic support. The need to personalize diagnosis and treatment in parallel with the
development of new medicinal compounds can be effectively covered with technology that supports highly
specific market segmentation and targeting.

Equ 3: Resource Optimization in Healthcare Systems via Al
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5. Future Directions

Advances in artificial intelligence and machine learning technologies across multiple data modalities are seeding
the next generation of healthcare innovation. Smart, connected products and medications with embedded
information transformers have been launched, and extensive research has demonstrated improvements in safety,
workflow efficiencies, adherence, and user experience. Future intelligent healthcare applications will aggregate
multimodal interactions between the digital and physical worlds, anticipating risks and optimally balancing
control and decision-making autonomy between people and decision-augmenting, decision-complementing, and
decision-making technologies.

Al and machine learning technologies are evolving rapidly across workflow stages, from experimental design
and data sharing and exploration, data preprocessing, and model training and optimization to post-production
deployment, integration, and security actions. Future directions include multimodal, multidirectional
technologies comprising interactive platforms rather than individual systems, Al clinical guideline management:
integration into clinical decision-making, action recommendation, and risk prevention, regulatory science
partnerships that converge on technical, policy-driven, evidence-driven, and guidance-driven academic-
industry-government consensus, and industry-university research partnerships to maintain the relevance and
long-term impact of academic research. The convergence of these healthcare Al advances with broader science
and engineering Al technology ecosystems will be an important driver for the growing partnerships between
computer science, engineering, computational biology, chemistry, physics, and materials communities.
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5.1. Emerging Trends

In our discussions with the researchers and professionals in healthcare informatics, we learned about many
emerging trends in this exciting and fast-moving field. We share some of these below. The frontier of knowledge
for the coordination of precision medicine with a grand challenge area of study takes a global approach to
integrating the complex mix of genetic, lifestyle, environment, and health record data to better understand health.
Applications from this transformative initiative aim to deliver significant improvements in understanding
fundamental disease mechanisms and their genotype, enabling the clustering of patients into more precise
disease subcategories, and changing the design for clinical trials and the interpretation of their outcomes. The
spur of these developments should enable the targeting of therapeutics that are more specific to the patient,
resulting in more successful treatments and fewer failed trials. Moving from these successes, the long-term goal
of the initiative is to build a critical mass of data and analytic capacity to support the testing of large and complex
constructs related to disease prevention, impacting public health through the reduction of health disparities. Our
seminar speakers provided a sampler of the methods and applications being developed to address key challenges
for these transformative approaches, including the concordance derivation of ethnically diverse genetic variation
databases aimed at diversification, in silico, of clinically actionable genetic information and frameworks for the
personalized risk stratification of both PRS-based survival in breast cancer and the diagnosis of rare diseases.
The Generator engine is already up and running, helping to facilitate variant-related evidence curation from text
sources, leading to ambitious future plans to encompass connected interpretation using a broader range of
integrated lesion databases. GPS-Treat is novel in using a genetic risk score to guide a directly contributing
treatment strategy, aiming to predict whether individuals will positively or negatively respond to aspirin therapy
to lower the risk of a first event or neutralize the positive effect of double-dose clopidogrel treatment after a
acute coronary event. Such developments highlight a real need to build on the wide array of potential functional
components that are going to drive the success of the PRS in refining drug functions using molecular mapping
and characterizing signatures for useful genetic variability. Finally, by embracing these opportunities, the time
has arrived to better inform the development of a more transformational PRS that can successfully be used to
satisfy the three ethical principles of beneficence, non-maleficence, and justice.

5.2. Implications for Healthcare

The use of artificial intelligence and machine learning in the context of healthcare can lead to numerous benefits.
Its ability to integrate, process, and analyze various data types from different sources, measuring different
parameters, will be instrumental in building next-generation healthcare solutions. These approaches are already
making substantial contributions and advancing technologies to enable and accelerate the digitization of
healthcare delivery. As progress is realized, further compression, access, and use of sophisticated Al-ML-based
innovations elevate the potential for both private and public sector players to expedite and extend the structural
healthcare delivery paradigm shifts already underway.

Despite the numerous opportunities and benefits associated with the use of in-hospital and out-of-hospital
collected Al-ML-derived insights, several challenges prevent more rapid and effective adoption. From a
practical perspective, to be realized as a true healthcare adjunct and potential disruptor, a number of ethical,
behavioral, organizational, regulatory, and societal considerations will need careful attention. These extend
across the full scope of healthcare competitions, from product design, creation, and validation through primary
use and support for continuous maintenance and enhancement. Addressing these concerns will reduce barriers
and support the engagement of a wide range of stakeholders to enhance the value and wealth of Al-ML-enabled
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healthcare innovations and services.
6. Conclusion

The combination of the overwhelming amount of medical insight and data captured by modern health
technologies, the unmet needs in the healthcare system, the significant advancements in the field of artificial
intelligence, including specifically machine learning, and the availability of large enough cloud data storage and
powerful parallel computing has provided the ingredients to enable significant breakthroughs in our current
healthcare challenges. While current healthcare technologies remain focused on diagnosis and treatment, we
believe the next generation of healthcare technologies—smart technologies with smart medicine—will shift the
paradigm to prevent and cure. In this chapter, we briefly discuss the landscape of current medical practices and
the associated limitations. We discuss the trends of the ongoing and necessary convergence of Al and ML, show
significant pioneering takeaways, and the challenges that are being uncovered by the ongoing research in the
new era of using both machine and computational learning to embark on smart medicine.

The manuscript includes a specific rationale for introducing what healthcare technologies in the future could
look like, and the significant, ongoing attempts to define what smart medicine would be. We also illustrate the
outline of the medical Al landscape and its opportunities. In conclusion, this chapter sheds light on why we are
theoretically in a position to envision, create, and lead the delivery and realization of modern, futuristic smart
medicine healthcare technologies to create significant innovations to meet the logical needs of our modern
healthcare systems and envision the associated potential financial healthcare cost-saving benefits.

6.1. Future Trends

In the last six decades, health informatics has been improved by the development and implementation of different
digital technologies and has transformed distinct aspects of healthcare delivery. Even if there frequently is a
considerable step between the proof of concept of new technology in the clinical field and the establishment as
a newly adopted standard, it is still unquestionable that novel smart tools are already becoming part of present
medical practice. Today, Al has the capability to enhance and optimize patient care by increasing the
effectiveness of diagnosis and treatments on a daily basis. Both the quantity and the quality of patients' data that
can be analyzed provide a unique opportunity to improve the tasks and performance of these models, which can
be adjusted in a personal care way. It will be easier to move from the artificial/non-artificial human intelligence
paradigm to real Al systems simultaneously defined by: A) generating effective insights into the information by
data processing; B) enabling collaborative clinical decision support by applying domain-specific expert
knowledge; C) providing a useful tool for general computational processes. The relevance of multilayer
diagnostic strategies has been further increased thanks to the opening of practical, user-friendly platforms and
the increase of fast machine-learning analysis workflows, which are capable of improving and deepening patient
care and therapy checks through the offering of tailor-made predictive variables. Even with the increasing
diffusion of such complex tools, which might lead the physician to depend too much on their automatic
responses, it is nevertheless useful to remember the importance of the critical consideration of the operator who
interfaces with these models during the complete diagnostic and therapeutic process.
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