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Preface

Dozens of test values accumulate on the emergency room screen. Doctors
make judgments between those values, the patient's expression, guardian
statements, and images sent from the laboratory. Artificial intelligence enters
this scene to read information quickly and highlight signals that are easy to

miss. It does not replace the responsibility of medical care.

Medical Al is already permeating image interpretation, record documentation,
risk prediction, treatment design, drug discovery, hospital operations,
education, and research. Rather than stopping at listing technology names,
this book addresses both what changes inside hospitals and what safeguards

are necessary.

The materials presented in this book were compiled based on multilingual
lectures and recent literature. Figures and recommendations must be
rechecked against medical judgment and the latest clinical guidelines before
being applied to actual patients.

Kim Kyung-jin, Attorney at Law
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Chapter 1 Introduction to Medical Al
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1.1 Al, Machine Learning, Deep Learning, and Natural Language
Processing

Artificial intelligence (Al) has made continuous progress in the medical field
over the past several years. Beginning initially with rule-based expert systems,
its scope and capabilities have expanded significantly to encompass
statistical and neural network models, as well as generative Al. This
advancement is largely driven by the vast amounts of data generated from
electronic health records (EHR), Internet of Things (loT) devices, and genomic
databases, along with dramatic improvements in computing power to process
them. Al is bringing innovative changes to diverse medical domains including
medical diagnosis, treatment planning, medical record management, and
patient communication, establishing itself as a key technology that improves

the efficiency and accuracy of healthcare services.

The Role of Machine Learning (ML) and Deep Learning (DL)

Machine learning is a subfield of Al, focusing on pattern identification and
analysis techniques that learn and improve on their own through experience
with datasets. Deep learning is a subcategory of machine learning that uses
neural networks to learn more complex patterns and generate predictions.
These technologies analyze vast clinical datasets to enable predictions
regarding disease progression, treatment outcomes, and patient risk factors,
ultimately supporting personalized treatment and diagnosis. In medicine, ML
and DL demonstrate outstanding performance in identifying and predicting
subtle patterns that are difficult for the human eye to detect across various

fields such as diagnostic imaging, pathology, and genomics.

Natural Language Processing (NLP) and Generative Al

9 (Kim Kyung-jin, Attorney at Law)



Natural language processing (NLP) is a technology through which Al systems
understand, evaluate, and generate human language, making it essential for
extracting valuable insights from unstructured clinical documents in the
medical field. Recently, the development of generative Al and large language
models (LLM) has further broadened the scope of NLP applications. LLMs are
trained on billions of words and images to identify medical literature, clinical
cases, studies, and protocols, comprehend complex medical contexts, and
tirelessly process vast amounts of data. Through this, information is
automatically extracted from physician notes, discharge summaries,
radiology reports, and scientific publications, enabling advanced applications

such as clinical trial matching and medical literature summarization.

Applications in Point-of-Care Diagnostics

Applications in Medical Records and Documentation

Al alleviates the heavy administrative burden on medical staff and
significantly improves documentation efficiency. In particular, generative Al
dramatically reduces the time required to create medical records. Al Scribe
technology, which converts speech to text while a doctor or nurse speaks with
a patient and automatically records it in a format suited to medical
information requirements, is being introduced into clinical settings. As a
result, healthcare providers can reduce time spent on paperwork and focus
more on patient care and interaction. For example, medical documents such
as discharge summaries or referral letters can be generated by Al within 20
seconds, and it is used to transcribe conversations in the examination room
and generate explanations accompanied by charts. Nursing documentation
burdens can also be reduced through Al, and smartphone-based Al can
reduce nursing documentation time by up to 70%. Al also suggests
International Classification of Diseases (ICD) coding to optimize insurance

claims tasks. LLMs can also be used for summarizing clinical trials or drafting
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FDA regulatory dossiers, and the FDA even approved the use of LLM modelsfor
final dossier drafting starting in May 2025.

Applications in Patient Communication and Education

Al chatbots and virtual assistants play an important role in improving patient
communication and education. Patients can ask health-related questions and
receive personalized health information and advice through Al chatbots.
Interestingly, according to one study, patients evaluated responses provided
by Al chatbots as more empathetic and compassionate than those of human
doctors. Al can improve understanding by tailoring information to individuals,
taking into account the patient's age, background, literacy level, and
socioeconomic conditions. In particular, consultations regarding personal
health concerns are frequently requested during night hours, making Al
chatbots vital in bridging the health information gap.

Al nurse assistants perform repetitive tasks for patients such as wayfinding,
fall prevention, and emotional support, helping human nurses provide more
compassionate care to patients. Al can also answer general patient questions
about test results or illnesses beyond the explanatory capacity of medical
professionals. However, the accuracy and reliability of information provided
by Al are always critical, and there is a risk of providing incorrect information
due to Al hallucination. Al can commit a 1% fatal error, which makes critical
review and supervision by healthcare professionals essential. Because Al still
struggles to capture non-verbal cues or physical presence, it faces limitations

in understanding complex human emotions and context.

Challenges and Ethical Considerations

Although advancements in medical Al are bringing revolutionary changes to
the healthcare sector, challenges such as data privacy, security, algorithmic
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bias, and legal and ethical issues still remain. When Al makes a misdiagnosisor
gives incorrect advice, final legal responsibility rests with the
medicalprofessional. Therefore, transparency and trust in Al systems are
essential,and efforts are required to resolve the "black box" problem where it
is difficultto understand how an Al system reaches a decision. Al is not a
replacementfor healthcare professionals, but a tool that assists medical staff
as an "intelligent and tireless colleague." Optimal outcomes are achieved
whenhuman expertise and Al capabilities are combined, and healthcare staff
mustlearn how to use Al and cultivate the ability to critically evaluate its

outputs.

Source Materials

1. Title: Inteligencia Artificial en Medicina | Capacitacion para Médicosy
Personal de Salud

Author/Organization: MédicosElite®

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'MédicosElite® (Direct URL of the video is not
provided in the source)

Supporting Claim: Al has evolved through three stages of traditional
rule-based Al, machine learning, and generative Al. Large language models
(LLM) are trained on billions of words and images to identify medical
literature, clinical cases, research, and protocols, comprehend complex
medical contexts, and process vast amounts of data. Al does not replace
doctors, but supports healthcare providers as an intelligent and tireless
colleague, with final decisions and responsibility always resting with the
physician.

2. Title: Generative Al Case Study Session Part 2: Practical Application to Clinical Care, Research, and Healthcare
DX

Author/Organization: Kamijo Kyosuke

Verifiable Date of Publication/Upload: (Not specified in source)
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URL: YouTube channel 'Kamijo Kyosuke' (Direct URL of the video is not provided in the source)

Supporting Claim: Al generates discharge summary documents in 20 seconds, and can instantly document
physician voice recordings and convert them into explanatory materials with charts to provide to patients.

3. Title: First Al Medical Imaging 3D Standardization and MR Application Results Announcement Conference
Author/Organization: Zijie Smart Medical Technology

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'Zijie Smart Medical Technology' (Direct URL of the video is not provided in the source)
Supporting Claim: Zijie Smart Medical Technology's Al "Anatomy Cloud" processes 3D medical images in 3to 5
minutes and recognizes over 200 organs, and will include automated identification of lesions or tumors in the
future, enabling a transition from 2D black-and-white images to 3D color images.

4. Title: Conferencias IAy Salud.- 1A en la clinica. El fin del médico que conociamos

Author/Organization: Careexpand Media

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'Careexpand Media' (Direct URL of the video is not provided in the source)

Supporting Claim: Chatbots provide more empathetic responses than human doctors, and approximately 90%
of young people aged 16 to 19 use Al to resolve health concerns.
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1.2 History and Present of Medical Al

Artificial intelligence (Al) has continuously developed in the medical field, and
its history is marked by transformation and innovation from early rule-based
systems to today's advanced statistical and neural network models, as well as
generative Al. The explosive increase in patient data and improvements in
computing performance have been key drivers accelerating the development
and application of Al technologies. In particular, medical Al contributes to
improving healthcare service quality across diverse areas including diagnostic
accuracy improvement, treatment plan optimization, administrative burden

reduction, and patient communication improvement.

The Emergence of Rule-Based Expert Systems

The origin of medical Al can be traced back to rule-based expert systems
developed in the 1970s. Representative examples include INTERNIST-1in 1971
and MYCIN in the 1970s, which were designed to support diagnostic
decision-making. These early Al systems possessed fixed logical structures
based on specific rules, such as "if body temperature is 38 degrees Celsius or
higher, itis a fever." While such systems were akin to following
pre-programmed decision trees and thus had limited flexibility, they

demonstrated the potential of applying Al to clinical practice.

Diffusion of Electronic Health Records (EHR) and Medical Imaging Data

Over time, Al began transitioning from knowledge-based programs to
statistical and neural models. Behind this transition were vast amounts of
data originating from electronic health records (EHR), Internet of Things (IoT)
devices, and genomic databases, along with dramatic advances in computing

power to process them. EHR systems played a decisive role in building
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extensive clinical databases by digitizing patient medical histories. Anexample
where blood glucose and blood pressure data previously recordedmanually
by nurses were automatically transmitted by sensor devices to theHISS
system, allowing doctors to remotely check patient data, illustrates howthis
shift improved the efficiency of medical data management. In U.S.university
hospitals, it has become common for Al to be integrated into EHRsto support

clinicians' medical activities.

Medical imaging data also formed an important foundation for Al
development. As Al analyzed various imaging data such as X-rays, CT, MRI, and
pathology slides, its ability to learn complex patterns and detect subtle
abnormalities easily missed by the human eye improved significantly. Image
analysis tasks that traditionally took 10 to 30 minutes were shortened to
within 3 to 5 minutes through Al, maximizing diagnostic efficiency. Al
solutions such as Zijie Smart Medical Technology's "Anatomy Cloud" process
3D medical images in 3 to 5 minutes, recognize more than 200 organs, and
plan to include features that automatically identify lesions or tumors in the
future. This enables a transition from 2D black-and-white imaging to 3D color
imaging.

Clinical Adoption of Machine Learning (ML) and Deep Learning (DL)

Machine learning (ML) is a subfield of Al, focusing on pattern identification and
analysis techniques centered on improving machines through experience with
datasets. Deep learning (DL) is a subcategory of machine learning that uses
neural networks to learn complex patterns and generate predictions. These
technologies uncover hidden patterns in vast clinical datasets to predict
disease progression, treatment outcomes, and patient risk factors, enabling
personalized treatment and diagnosis. For example, Al trained on millions of
X-ray images can identify breast cancer with higher accuracy than the human

eye. The evolution of deep learning technology became prominent starting in
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the 2000s, and the emergence of machine learning and deep learning
signaledthe beginning of Al's third stage.

Clinical Adoption of Generative Al and Large Language Models (LLM)

The most innovative advancement in the Al field in recent years is the
emergence of generative Al and large language models (LLM). These
technologies provide Al with the ability to naturally comprehend and generate
human language, and grasp complex medical contexts. LLMs are trained on
billions of words and images to identify medical literature, clinical cases,
research, and protocols, comprehend complex medical contexts, and process

vast amounts of data tirelessly.

Application Cases in Clinical Practice:

Diagnosis: Al can detect subtle patterns in medical images such as X-rays, CT,
and MRI to discover diseases early. For example, a Mayo Clinic Al model was
proven capable of being used to detect pancreatic cancer up to three years
earlier than clinical diagnosis. In emergency situations such as stroke, Al
processes complex imaging data within 3 to 5 minutes to alert medical staff
and assist rapid treatment decisions. Research results also show that Al
demonstrated higher accuracy than dermatologists in diagnosing certain
types of skin cancer. Al can also generate personalized risk profiles based on
an individual's health status and support early intervention and preventive

care through predictions on disease progression and treatment outcomes.

Documentation and Record-Keeping: Generative Al significantly reduces the
administrative burden on medical personnel. Al Scribe technology, which
converts speech to text while healthcare providers converse with patients and
automatically records it into formats suited for medical information

requirements, has already been introduced into clinical practice, helping save
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documentation time and focus more on patient care. Medical documents
suchas discharge summaries or referral letters can be generated by Al within
20seconds, and it is used to transcribe examination room conversations
andproduce explanations accompanied by charts. This contributes to
improvedefficiency and documentation quality. In addition, LLMs can be used

forsummarizing clinical trials or drafting regulatory dossiers.

Patient Communication and Education: Al chatbots and virtual assistants are
used to improve patient communication and education. Patients can ask
health-related questions and receive personalized health information and
advice through Al chatbots. Al improves patient understanding by providing
tailored information that considers age, background, and literacy level. For
example, research findings show that anxiety and depression in patients
undergoing cancer treatment can be reduced through conversations with Al
chatbots. Al nurse assistants perform repetitive tasks such as patient
wayfinding, fall prevention, and emotional support, assisting human nurses in
delivering more compassionate care. Al is also used in applications
supporting self-management, such as providing medication reminders to

patients and monitoring treatment compliance.

Challenges and Future Outlook

While advancements in medical Al bring innovation to healthcare services,
challenges such as data privacy, security, algorithmic bias, and legal and
ethical issues still persist. In particular, with generative Al, there is a risk of
supplying incorrect information due to hallucination, making critical review
and supervision by medical experts essential. Al should not replace healthcare
professionals, but function as an intelligent and tireless colleague that
augments their capabilities and reduces work burdens. When human
expertise and Al capabilities combine harmoniously, medical Al will create

optimal outcomes and contribute to realizing patient-centered healthcare.
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Source Materials

1. Title: Artificial Intelligence in Clinical Trials | Drug Development, Al Tools &
Careers

Author/Organization: IICRS (Clinical Research and Studies)

Verifiable Date of Publication/Upload: May 2025 (FDA approval mentioned
in content)

URL: YouTube channel 'lICRS (Clinical Research and Studies)' (Direct URL of
the video is not provided in the source)

Supporting Claim: Large language models (LLM) can support summarizing
clinical trials or drafting FDA regulatory dossiers.

2. Title: Inteligencia Artificial en Medicina | Capacitacion para Médicosy Personal de Salud

Author/Organization: MédicosElite®

Verifiable Date of Publication/Upload: Not specified in source excerpt

URL: YouTube channel 'MédicosElite® (Direct URL of the video is not provided in the source)

Supporting Claim: Al has evolved through three stages: traditional rule-based Al, machine learning, and
generative Al. Generative Al can read medical records in seconds, connect complex symptoms, and propose new
diagnoses and evidence-based protocols. LLMs are trained on billions of words and images to identify medical
literature, clinical cases, research, and protocols, comprehend complex medical contexts, and process vast
amounts of data tirelessly. Al does not replace doctors, but supports healthcare staff as an intelligent and

tireless colleague.

3. Title: Basic Act on Artificial Intelligence and Smart Healthcare Governance Trends (Part 1) Professor Lee
Chong-xi

Author/Organization: Professor Lee Chong-xi

Verifiable Date of Publication/Upload: Not specified in source excerpt

URL: YouTube channel 'Lee and Li Foundation' (Direct URL of the video is not provided in the source)
Supporting Claim: Generative Al reduces documentation burdens by converting speech to text while clinicians
speak with patients to automatically generate medical records. Nursing documentation workloads can also be

lightened through Al. Al possesses superior capabilities in predicting the future through historical data.

4. Title: Generative Al Case Study Session Part 2: Practical Application to Clinical Care, Research, and Healthcare
DX

18 (Kim Kyung-jin, Attorney at Law)



Author/Organization: Kamijo Kyosuke
Verifiable Date of Publication/Upload: Not specified in source excerpt
URL: YouTube channel 'Kamijo Kyosuke' (Direct URL of the video is not provided in the source)

Supporting Claim: Al generates discharge summary documents in 20 seconds, and can instantly document
physician voice recordings and convert them into explanatory materials with charts to provide to patients.
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1.3 Why Clinical Practice Uses Al

Multiple complex factors drive the accelerating adoption of artificial
intelligence (Al) in clinical settings. Rapidly surging healthcare demand,
limited medical resources, and heavy workloads on medical professionals
further highlight the necessity of Al technology. Al has the potential to
contribute to increasing diagnosis and treatment efficiency, realizing
patient-centered healthcare, and improving the overall quality of healthcare

systems.

Aging Population and Increase in Chronic Diseases

As societies worldwide enter an aging demographic, the number of patients
suffering from chronic diseases is surging rapidly. This is one of the main
causes driving an explosive growth in demand for healthcare services. As
patients present with more complex and long-term medical needs, existing
healthcare systems alone struggle to cope with such demand. Al can offer
solutions to these issues. Al can analyze vast clinical data to create
customized risk profiles tailored to individual health conditions, supporting
early intervention and preventive care through predictions of disease
progression and treatment outcomes. For example, Al-based predictive
analytics can successfully identify patients at high risk of developing chronic
diseases and guide them to effective health programs. In addition, Al chatbots
answer health-related questions and provide personalized health information
and advice, assisting patients in self-managing their health. In particular,
requests for consultation on personal health concerns are high during
nighttime hours, positioning Al chatbots as vital tools for closing the health
information gap.

Shortage of Medical Personnel and Workload Reduction
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The shortage of healthcare personnel is a global phenomenon, placing
heavier workloads on remaining medical staff. Doctors and nurses suffer from
vast amounts of administrative work in addition to patient care, leading to
burnout and decreased job satisfaction. Al alleviates these heavy workloads
for clinicians and helps them dedicate more time to patients. For instance, Al
automates repetitive tasks such as progress notes, discharge summaries, and
referral letter generation, significantly reducing documentation time for
healthcare providers. This enables clinicians to focus more on patient
communication and direct care. In addition, Al nurse assistants perform
repetitive nursing tasks such as patient wayfinding, fall prevention, and
emotional support, helping human nurses provide more compassionate care

to patients.

Optimizing Documentation Work

Vast documentation workloads in clinical settings consume significant time
for healthcare staff, which can impact the quality of patient care. Al plays a
core role in automating and optimizing these record-keeping tasks. Al Scribe
technology converts speech into text while medical personnel converse with
patients, automatically recording it in formats required by electronic health
record systems (EHR/EMR). This allows clinicians to spend less time on
paperwork and look patients in the eye while communicating. For example,
documents such as discharge summaries can be generated by Al within 20
seconds, greatly reducing administrative burdens. Nursing documentation
can also be lightened through Al. Al embedded in patient management
software analyzes past records and automatically summarizes necessary

information for the next appointment, simplifying the documentation process.

Resolving Diagnostic Delay Issues
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Addressing Regional Healthcare Disparities

Imbalances in regional healthcare resources create serious medical
accessibility issues. Particularly in remote or underserved areas, a scarcity of
specialist medical personnel and advanced equipment makes it difficult for
patients to receive timely and proper care. Al can play a crucial role in closing
these regional healthcare gaps. Combining Al with portable diagnostic devices
enables Al to interpret medical images captured on-site to assist diagnosis
and transmit them to specialist medical staff at partner hospitals, enabling
telemedicine and remote diagnosis. As a result, more people can access
high-quality medical services even in resource-constrained areas. By
improving diagnostic accuracy and shortening disease detection times, Al
helps deliver necessary care to more patients even with limited medical

personnel.

Final Physician Responsibility and the Complementary Role of Al

Although Al brings innovation to medicine, the final judgment and
responsibility of medical experts remain essential. Al is not a replacement for
doctors, but a tool assisting medical staff as an "intelligent and tireless
colleague." Diagnoses or treatment recommendations generated by Al must
undergo critical review and supervision by clinicians. Al possesses limitations
such as data privacy, security, algorithmic bias, and hallucination

phenomena, and

Source Materials

1. Title: Inteligencia Artificial en Medicina | Capacitacion para Médicos y Personal de Salud
Author/Organization: MédicosElite®

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'MédicosElite® (Direct URL of the video is not provided in the source)

22 (Kim Kyung-jin, Attorney at Law)



Supporting Claim: Al does not replace doctors, but supports clinicians as an intelligent and tireless colleague,
with final decisions and responsibility always resting with the doctor. Large language models (LLM) tirelessly
process vast amounts of data 24 hours a day, identify medical literature, clinical cases, research, and protocols,
understand complex medical contexts, and propose the latest evidence-based protocols updated every 73 days,
providing up-to-date information that is difficult for humans to keep up with.

2. Title: Basic Act on Artificial Intelligence and Smart Healthcare Governance Trends (Part 1) Professor Lee
Chong-xi

Author/Organization: Professor Lee Chong-xi

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'Lee and Li Foundation' (Direct URL of the video is not provided in the source)
Supporting Claim: Al converts speech to text while medical staff converse with patients to automatically
generate records meeting medical information requirements, significantly reducing documentation burdens for
doctors and nurses. Nursing documentation workloads can also be lightened through Al. Al's superior predictive
capability can improve command center efficiency for hospital flow and bed allocation. As medical standards
rise with Al adoption, the scope of liability for medical personnel may expand if an accident occurs because staff
overlooked a risk warned by Al.

3. Title: Ponente Internacional: Seminario Internacional Tecnologia médica e IA 2025

Author/Organization: PhD. Antony Paul Espiritu Martinez

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'PhD. Antony Paul Espiritu Martinez' (Direct URL of the video is not provided in the source)
Supporting Claim: Al saves time and resources given high patient demand and medical system vulnerabilities,
shifting healthcare from a reactive approach to a predictive and personalized approach enabled by Al. Al
predicts future diseases based on genetic analysis, optimizes hospital workflows including bed management
and patient referral/transfer processes, and enables early cancer detection through ultra-precise imaging
algorithms.

4. Title: [Why You Still Shouldn't Consult Al About Health] Doctor Atsushi Otsuka Expertin Al Use / Al Superior to
Doctors in Quality and Empathy / Poisoning Patients Occurring under Al Instructions / Cannot Eliminate the '1%
Fatal Error' [1onl Health]

Author/Organization: TBS CROSS DIG with Bloomberg

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'TBS CROSS DIG with Bloomberg' (Direct URL of the video is not provided in the source)
Supporting Claim: Al diagnostic capabilities are improving significantly, sometimes demonstrating higher
accuracy than human dermatologists in diagnosing specific skin conditions. Patients evaluate Al chatbots as

more empathetic and compassionate than human doctors, and Al consultations can help reduce anxiety and
depression. However, Al can provide incorrect or harmful information due to hallucination (e.g., advising
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ingestion of toxic substances), and final responsibility for patient care still rests with the human physician.
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Chapter 2 Key Technologies and Data in Al Healthcare
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2.1 Supervised Learning, Unsupervised Learning, Deep Learning, and
LLMs

Artificial intelligence (Al) has evolved in healthcare over a long period,
beginning with rule-based medical expert systems such as INTERNIST-1 (1971)
and MYCIN (1970s) to today's statistical and neural network models. Driving
this evolution were vast amounts of data generated from electronic health
records (EHR), Internet of Things (loT) devices, and genomic databases,
alongside revolutionary improvements in computing power. Al now plays a
central role across various medical domains, including diagnosis, treatment
planning, record management, and patient communication, contributing to

improved efficiency and accuracy in healthcare services.

Basic Concepts of Machine Learning (ML)

Machine learning is a subfield of Al focused on techniques that learn and
improve from experience with datasets, identifying and analyzing patterns. In
healthcare, ML is widely applied to disease classification, patient risk
stratification, and treatment outcome prediction. ML models are broadly
divided into two main learning paradigms. First, supervised learning trains
algorithms using manually labeled training data. For instance, data with
manually annotated tumors on MRl images can be used to train an algorithm
to accurately recognize tumors. Second, unsupervised learning independently
identifies patterns or anomalies in unlabeled data. This can be useful for
discovering new disease subtypes or patient cohorts. Other learning
paradigms, such as reinforcement learning, also exist but are used less
frequently in clinical settings. ML reviews vast and complex medical datasets

to improve the accuracy and personalization of medical decision-making.

Emergence and Impact of Deep Learning (DL)
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Deep learning is a subcategory of machine learning that uses deep neural
networks to learn complex patterns and generate predictions. DL models
extract features step by step from raw data to learn complex, hierarchical
representations. Although primarily used in supervised learning environments
with labeled data, self-supervised and unsupervised methods requiring less or
no explicit labeling have also been developed recently. The development of
deep learning methods has revolutionized medical image analysis, achieving
remarkable success in detecting anomalies across various imaging modalities,
including X-rays, CT scans, MRIs, and pathology slides. DL enables accurate
diagnosis from medical imaging and helps identify subtle patterns difficult for

the human eye to detect.

Natural Language Processing (NLP) and Large Language Models (LLMs)

Natural Language Processing (NLP) is a technology enabling Al systems to
understand, evaluate, and generate human language, which is essential for
extracting valuable insights from unstructured clinical documents. NLP tools
have been applied in nursing through automated medical recordkeeping,
workflow optimization, and structured clinical decision support. Recently,
advances in Large Language Models (LLMs) using Transformer-based neural
networks have been particularly prominent. LLMs such as ChatGPT and GPT-4
are trained on billions of words and images, enabling them to identify medical
literature, clinical cases, and research protocols, understand complex medical

contexts, and process vast amounts of data untiringly.

Clinical Applications of Generative Al

Generative Al refers to models capable of generating new content based on
learned data, emerging as a promising tool across various clinical application
fields. Generative Al is used in Al scribe technology that converts speech to
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text during physician-patient conversations and automatically records it
intoformats meeting medical information requirements, drastically
reducingmedical documentation time. In addition, it is used to generate
medicaldocuments such as discharge summaries and referral letters in under
20seconds, transcribe consultation room dialogues to text, and
createexplanations with charts. LLMs can also support the writing of clinical
trialsummaries and FDA regulatory submissions.

The Role of LLMs in Diagnosis and Patient Communication

LLMs demonstrate strong potential in clinical diagnostic decision support.
Trained on millions of real-world medical data entries, Al medical assistants
can provide reasonable answers and remedies (e.g., stool tests, small
frequent meals, hydration, antacids, antivirals) for patient symptoms (e.g.,
three episodes of diarrhea). They also suggest treatment plans or relief
methods for various symptoms such as chest pain or belching. LLMs can be
used by patients to ask health-related questions and obtain personalized
information, with some patients rating Al chatbots as more empathetic than
human physicians. LLMs can answer patient questions regarding test results
or medical conditions beyond healthcare providers' explanations, playing an

important role in bridging health information gaps during nighttime hours.

Challenges and Ethical Considerations

Despite their powerful capabilities, LLMs carry the risk of hallucinations,
generating inaccurate or fabricated information. Such errors make critical
review and supervision by medical professionals essential. The fact that Al
systems can commit a 1% fatal error indicates that healthcare providers must
not blindly follow Al suggestions and should always prioritize their own
professional judgment. Al does not replace doctors, but acts as a tool to assist
healthcare staff as an "intelligent and untiring colleague." Alongside
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technological advancement, challenges such as data privacy,

security,algorithmic bias, and legal and ethical issues remain to be addressed.

Source Materials

1. Title: KRB ESTR)ZN2EAME (KEE/deepseekERIFIIR/ A TERE/Al/r
ag/ AIEBIELREEREL) LangChain//LangChain N\ JLangChainfZ B %
Author/Organization: KEEI |

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel "X#RE \|7J' (Direct video URL is not provided in
source)

Supporting Claim: Al medical assistants can present reasonable answers
and treatment plans for patient symptoms (e.g., three episodes of diarrhea,
chest pain, belching) based on millions of real-world medical data entries.
Because LLMs can cause hallucinations, answers provided by Al must not be
blindly trusted and should be critically reviewed by doctors or users. LLMs
can be used in drafting clinical trial summaries or FDA regulatory
submissions.

2. Title: Inteligencia Artificial en Medicina | Capacitacion para Médicos y Personal de Salud
Author/Organization: MédicosElite®

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'MédicosElite® (Direct video URL is not provided in source)

Supporting Claim: Al has evolved through three stages: traditional rule-based Al, machine learning, and
generative Al. Large Language Models (LLMs) are trained on billions of words and images to identify medical
literature, clinical cases, research, and protocols, understand complex medical contexts, and process vast
amounts of data untiringly. Generative Al can read medical records in seconds and connect complex symptoms
to propose new diagnoses and evidence-based protocols.

3. Title: KI: Forschung, Innovation und klinische Praxis

Author/Organization: thieme-connect.de

Verifiable Date of Publication/Upload: (Not specified in source)

URL: http://www.thieme-connect.de/products/ejournals/pdf/10.1055/a-2741-9717.pdf
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Supporting Claim: Al models can be divided into supervised learning (using annotated data), unsupervised
learning (learning patterns on their own), and deep learning (using deep neural networks). Deep learning is
mainly used in supervised learning environments, but self-supervised and unsupervised methods have also

been developed. LLMs (such as ChatGPT and GPT-4) belong to Transformer-based networks and are used for
complex language processing.
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2.2 Electronic Health Record, Imaging, Genomic, and Wearable Data

Artificial intelligence (Al) maximizes its potential through the use of vast
amounts of medical data, which serves as the core driving force for training
and improving Al models. Data collected from electronic health records (EHR),
medical imaging, genomic data, and wearable devices act as essential
elements for Al to drive innovation in diagnosis, treatment planning, and
patient management. By integrating and analyzing these diverse data
sources, Al provides healthcare professionals with valuable insights,
improving the overall medical process from early disease detection to
personalized treatment. However, owing to their complex nature, these data
require indispensable preprocessing, where missing values, errors, and
understanding clinical context exert a decisive influence on the successful

application of Al models.

Electronic Health Record (EHR) Data

Nature of Data: Electronic Health Records (EHR) represent a digital database
containing a patient's comprehensive medical records, test results, treatment
documentation, and more. This includes unstructured text data such as
clinical notes, discharge summaries, and radiology reports, as well as
structured data such as diagnostic codes, medication prescriptions, and vital
sign measurements. These data are used integrated into hospital clinical

decision support systems.

Preprocessing: Sophisticated preprocessing is essential to use EHR data. In
particular, Natural Language Processing (NLP) technology is used to extract
meaningful information from unstructured text data. NLP can extract
clinically relevant information, such as symptom descriptions or medication

adjustments from clinical notes, to support real-time clinical decision-making.
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In addition, a data anonymization process must be conducted to
protectpatient privacy. Anonymization is the process of removing
personallyidentifiable information so that data cannot be linked to a specific

individual.

Missing Values and Errors: EHR data are often fragmented due to
heterogeneous infrastructure, with a lack of interoperability between systems
posing a major problem. This complicates data accessibility and integration.
In addition, EHR data suffer from issues such as low quality, bias, and missing
values. For example, specific demographic groups (e.g., women or certain
racial groups) may be underrepresented in datasets, or data quality may
degrade owing to incorrect diagnostic coding or incomplete documentation.
Such data biases can reduce diagnostic accuracy when Al algorithms are

applied in real clinical settings.

Clinical Context: By analyzing EHR and real-time data, Al can detect diseases
faster and more accurately than traditional methods, monitor drug
interactions, and alert medical staff to potential adverse effects in real time. In
addition, Al-enabled EHRs can improve disease surveillance, support
population health management, and optimize resource allocation by
predicting hospital admissions or staffing workload requirements. Embedded
in patient management software, Al can simplify documentation by analyzing
a patient's historical records and automatically summarizing necessary
information for the next appointment. This reduces documentation burden

for healthcare providers and significantly improves medical workflows.

Medical Imaging Data

Nature of Data: Medical imaging is one of the areas where Al demonstrates its
strongest performance. It includes diverse imaging data such as X-rays, CT
scans, MRIs, pathology slides, and ultrasound images. Such data are
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high-dimensional, complex, and often poorly annotated. 3D medical
imagingin particular contains richer information, which Al can analyze to

overcomethe limitations of 2D grayscale images.

Preprocessing: Medical imaging data undergo preprocessing steps such as
normalization to reduce noise and artifacts, segmentation to partition specific
regions, and reconstruction to improve image quality. For training Al models,
annotation, the task of manually marking lesion locations or characteristics, is
essential, requiring substantial time and expertise. In addition, medical

imaging data are also anonymized to protect privacy.

Missing Values and Errors: Medical imaging datasets can suffer from data
imbalance or bias. For instance, if a training dataset for a skin cancer
diagnostic Al model consists mostly of images of fair skin, its performance
may degrade or commit errors when diagnosing patients with darker skin.
Such racial bias diminishes the credibility of Al diagnostic results. Noise, low
resolution, and inter-patient variability within medical imaging data itself also

pose challenges to Al methodologies.

Clinical Context: Al can detect subtle patterns in medical images to discover
diseases early that are easily missed by the human eye. Medical image
processing tasks that traditionally took 10 to 30 minutes can be completed by
Al within 3 to 5 minutes, aiding rapid treatment decisions in emergency
situations such as strokes and contributing to minimizing brain neuron loss in
patients. Al is successfully used in lung nodule classification and detection,
fracture detection, and early detection of pancreatic cancer. "Anatomy Cloud"
by Zijie Smart Medical Technology processes 3D medical imagesin3to5
minutes, recognizes over 200 organs, and automatically identifies lesions or
tumors, enabling a transition from 2D grayscale images to 3D color images. Al
assists doctors in performing preoperative rehearsal, planning precise

surgical routes, and identifying exact lesion locations.
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Genomic Data

Nature of Data: Genomic data include an individual's DNA sequence
information and genetic variants, playing a pivotal role in the advancement of
precision medicine. Millions of genomic variants are being discovered through
large-scale genomic sequencing projects, many of which may be associated

with diseases.

Preprocessing: Al analyzes genomic data to identify disease-causing variants
and enable patient stratification based on molecular markers. It can
accelerate the speed of finding variants in genetic analysis, with some
systems achieving 93% accuracy. It also aids in determining the severity of
variants through genetic testing. Because genomic data constitute sensitive
personal information, transparent data governance and anonymization are

essential to ensure data security.

Missing Values and Errors: Genomic data are extremely vast and complex,
requiring Al analysis assistance [1 Transparent data governance and

anonymization are essential to ensure data security.

Missing Values and Errors: Genomic data are extremely vast and complex,
requiring Al analysis assistance, and incorrect variant interpretation can lead
to misdiagnoses for patients. Data integrity and quality are paramount. In
addition, data security of biometric data must be treated with great

importance.

Clinical Context: Al-based genomic analysis contributes to predicting future
diseases and accelerating drug development and genetic research. It provides
necessary information for formulating personalized treatment strategies and
enables early intervention by predicting the probability of future disease

35 (Kim Kyung-jin, Attorney at Law)



onset with high confidence through genetic analysis.

Wearable Device and Internet of Things (loT) Data

Nature of Data: Data collected from wearable devices and loT sensors expand
Al applications in patient monitoring and personalized healthcare. This
includes various health indicators such as sleep quality, step count, heart rate
variability, and stress levels, while biometric data such as blood glucose and

blood pressure are also gathered in real time.

Preprocessing: Al uses data obtained from wearable devices to analyze
various health indicators and present customized recommendations for
individual lifestyle improvement based on them. loT devices automatically
transmit biometric data such as blood glucose and blood pressure to Hospital
Information Systems (HIS), enabling medical personnel to remotely check

patient data in real time.

Missing Values and Errors: Wearable data can also suffer from data quality
issues. Data may be inaccurate or missing due to device malfunctions,
wearing errors, or unstable network connections. Such data incompleteness

affects the reliability of Al models.

Clinical Context: Al-based wearable data analysis provides patients with
personalized lifestyle improvement recommendations, helping to improve
sleep quality and reduce stress. Al chatbots answer health-related questions
and provide personalized health information and advice, playing an
important role in closing health information gaps even during times of
restricted medical access such as nighttime hours. Al provides reminder
functions to improve treatment compliance and can be used to support
patient self-management. Notably, nursing homes in Japan have established

heart failure monitoring systems where loT devices transmit vital signs to a
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cloud hospital, allowing Al to detect anomalies and, if necessary, connect

anambulance or activate a home care medical team.
Conclusion

For the advancement of medical Al, diverse forms of data including EHR,
medical imaging, genomics, and wearable data are essential. Each data type
possesses distinct characteristics and preprocessing challenges, while issues
such as data quality, bias, and missing values directly impact the accuracy
and reliability of Al models. To effectively use these data, data governance,
quality control, securing integration and interoperability, and ethical
considerations must be accompanied. In addition, limitations such as the risk
of hallucinations in information provided by Al models or data bias must be
recognized, and Al must be applied cautiously under the final judgment and
responsibility of medical professionals.

Source Materials

1. Title: KRB ETRZV2IAIME (KiEE!/deepseekERFIIR/ A TEEE/AIl/r
ag/ AIRBIEREER2%) LangChain//LangChain N\I-JLangChainf FBFF &
Author/Organization: K&\

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel "X#&E \|7]' (Direct video URL is not provided in
source)

Supporting Claim: Al medical assistants can present reasonable answers
and treatment plans for patient symptoms based on millions of real-world
medical data entries, but because LLMs can cause hallucinations, answers
provided by Al must not be blindly trusted.

2. Title: Al applications in medicine and healthcare Integration of Al in electronic health records

Author/Organization: eurjmedres.biomedcentral.com
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Verifiable Date of Publication/Upload: 2025 (Stated in URL)

URL: https://eurjmedres.biomedcentral.com/counter/pdf/10.1186/s40001-025-03196-w

Supporting Claim: Al analyzes EHR and real-time data to detect diseases faster and more accurately than
traditional methods, monitors drug interactions, and alerts to potential adverse effects in real time. ML models
use EHRs to predict clinical outcomes such as in-hospital mortality, readmission rates, and sepsis onset,
achieving over 85% predictive accuracy when processing unstructured EHR data (e.g., free-text clinical records).
3. Title: BRIAIBRZR3IDIZEN & MR FERAMRERKE

Author/Organization: £ 852 5}%

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel '&5#EE2%$' (Direct video URL is not provided in source)

Supporting Claim: Zijie Smart Medical Technology's Al "Anatomy Cloud" processes 3D medical imagesin3to5
minutes and recognizes over 200 organs, enabling a transition from 2D grayscale images to 3D color images with
future features to automatically identify lesions or tumors.

4, Title: Al EREREHIE. 5G RIEfEREGKRGIEME S

Author/Organization: TCnewsZ&Z 48

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'TCnewsZZ#E#' (Direct video URL is not provided in source)

Supporting Claim: Millions of genomic variants are being discovered through large-scale genomic sequencing

projects, of which 4 million may be associated with disease. Because genomic data constitute sensitive personal
information, transparent data governance and anonymization are essential to ensure data security.
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2.3 Data Quality, Integration, and Interoperability

For artificial intelligence (Al) technology to demonstrate its innovative
potential in healthcare, high-quality data, seamless data integration, and
interoperability between systems are essential. In reality, however, multiple
obstacles to Al adoption exist due to data quality issues, fragmented data
storage methods, and complex regulatory environments, presenting
significant challenges to integrating Al safely and effectively into medical

systems.

Data Fragmentation Across Hospitals, Departments, and Institutions

Healthcare environments face serious challenges with data silos and
heterogeneous IT infrastructure. Individual hospital departments, as well as
separate hospitals or healthcare institutions, often use independent systems
and architectures, resulting in information rarely being horizontally
integrated or cross-referenced. In Japan, for example, there are four major
Electronic Health Record (EHR) vendors alone, each with distinct
architectures and connectivity methods, making medical information
interoperation difficult. As a result, when attempting to implement precision
medicine for specific diseases or introduce new applications, vast amounts of
time, cost, and manpower are expended on data connectivity. Fragmented
medical systems not only restrict the applicability of Al solutions, but also
hinder the integrated analysis of a patient's entire medical history to provide
optimal diagnosis and treatment. Even within the same healthcare institution,
patient records are often not properly shared, impairing user experience and
impeding efficient use of medical resources. Such fragmentation is pointed
out as one of the primary bottlenecks hindering Al-driven healthcare

innovation.
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The Role of HL7 FHIR Standards

One key method to resolve data fragmentation and secure interoperability is
adopting HL7 FHIR (Health Level Seven Fast Healthcare Interoperability
Resources) standards. FHIR provides an architecture designed to access and
exchange medical data in a standardized format, which is essential for
integrating diverse medical data types such as EHRs, laboratory data,
genomics, and time-series clinical observation data. HL7 FHIR specifically
complements the DICOM standard for medical image data exchange,
facilitating data exchange across different medical institutions and
departments. Direct adoption of HL7 FHIR standards enables seamless
inter-institutional data modeling and exchange, allowing, for example, blood
glucose, body weight, and diet logs to be integrated in diabetes management
for use in Al applications. Some countries set goals to connect all medical
centers via FHIR to achieve interoperability faster than Asia and Europe. This
supports the assertion that "the most important technology in smart
healthcare is not Al, Transformers, or digital twins, but FHIR." Only through
FHIR can all data be integrated, and only when data are integrated can all
innovation become possible.

Data Bias Issues

The performance of Al models depends heavily not only on training data
quality, but also on data representativeness. Biased data can cause Al models
to produce unfair or inaccurate results in real clinical settings, raising serious
ethical and clinical concerns in healthcare. For instance, a model trained
solely on data from a specific population group (e.g., a single ethnic group, a
specific region, or a particular medical system) fails to generalize effectively
across other patient groups. The case where a melanoma detection Al tool
trained in Africa demonstrated 95% accuracy on fair skin, but suffered a 34%
drop in sensitivity on dark skin, clearly illustrates the danger of racial bias.
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Such 'dataset shift' issues can significantly degrade real-world performance
ofAl models. Lack of consistency during medical data labeling
orunderrepresentation of specific subgroups leads to algorithmic bias,
resultingin performance disparities. These biases raise concerns that Al
couldperpetuate or even systematize existing inequalities. Therefore, it is
critical touse diverse, representative data from the Al development stage and

securemodel fairness through fairness audits and stratified evaluation.

Data Privacy and Ethical Considerations

Because medical data represent among the most sensitive and legally
protected personal information, substantial concerns exist regarding how
data are accessed, controlled, and used in Al systems. Data privacy and
security issues stand as major barriers to seamless integration of Al into EHR
systems. Informed consent from patients is essential, and data minimization

principles must be observed.

For privacy protection, data anonymization or pseudonymization is
important, though this process is neither simple nor foolproof. Anonymized
data must ensure they cannot be re-linked to a specific individual, while
pseudonymized data require identifying information to be kept separately
within the hospital. In addition, patient consent is crucial when using record
data for Al model training. Some countries prohibit entering patient
information into general Al services like personal ChatGPT or Gemini because

data are transmitted to overseas servers outside local jurisdiction.

Techniques such as Federated Learning offer mitigation strategies that enable
model training on decentralized data without exchanging raw data, allowing
data integration while preserving patient confidentiality. However, when Al
makes a misdiagnosis or gives incorrect advice, final legal liability rests with
medical professionals, making Al system explainability and trustworthiness
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imperative. Efforts are needed to resolve the 'black box' problem,
whereunderstanding how Al systems arrive at decisions is difficult,
givingExplainable Al (XAl) profound significance.

Real-World Model Performance and Generalizability

Real-world performance of Al models may differ from performance in
laboratory settings, directly tying into model generalizability. Al models can
provide reliable results only when conditions and patient populations closely
match those on which they were trained. Due to overfitting, models may
overadapt to training data and suffer performance degradation in actual

clinical practice.

In particular, medical imaging data are high-dimensional, complex, and
frequently poorly annotated, making Al model learning difficult. Annotation
demands substantial time and expertise from medical professionals. In
addition, small dataset sizes or imbalanced data limit model generalizability

and elevate overfitting risks.

For Al models to be successfully applied in real clinical settings, training and
validating with diverse data collected across multiple centers is critical.
However, the fact that EHR data quality varies significantly across institutions
can lead to model performance degradation. For instance, symptom
description completeness at primary care clinics is only 60-70%, which may
result in lower model performance upon field application compared to

tertiary hospitals (over 90%).

In summary, successful adoption of Al in healthcare demands more than mere
technology development; it requires deep understanding and sustained
efforts toward improving data quality, ensuring seamless system integration,
enforcing strict privacy protection, and achieving strong performance and
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ethical application in real-world clinical environments.

Source Materials

1. Title: Inteligencia Artificial en Medicina | Capacitacién para Médicosy
Personal de Salud

Author/Organization: MédicosElite®

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'MédicosElite®' (Direct video URL is not provided in
source)

Supporting Claim: Al does not replace doctors, but supports medical staff as
an intelligent and untiring colleague, with final decisions and responsibility
always remaining with the physician. Al models carry limitations such as
misdiagnosis risks, hallucinations, and bias, making ethical considerations
like data privacy, data security, and algorithmic bias important.

2. Title: Al applications in medicine and healthcare Integration of Al in electronic health records
Author/Organization: eurjmedres.biomedcentral.com

Verifiable Date of Publication/Upload: 2025 (Stated in URL)

URL: https://eurjmedres.biomedcentral.com/counter/pdf/10.1186/s40001-025-03196-w

Supporting Claim: Al can analyze EHR and real-time data to detect diseases faster and more accurately than
traditional methods, but data interoperability between different platforms as well as data privacy and security
issues remain critical challenges in integrating Al into EHR systems.

3.Title: AFERICE > TEERIRESED B ? RO T « — T T v IRNMNB 5 THENI VNI b
Author/Organization: GLOBISZE U'HE X M1 R 5

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'GLOBISE U & X X112 ' (Direct video URL is not provided in source)

Supporting Claim: Al models exhibit bias, and research has proven that Al can act unfavorably even toward
patients under identical conditions. Managing and controlling how Al operates is crucial, ensuring that medical

Al does not induce inequality based on patient conditions.

4, Title: L’1A & 'IA Générative en santé : A I'épreuve de la réalité
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Author/Organization: L'Oeil de la E-santé

Verifiable Date of Publication/Upload: (Not specified in source)

URL: YouTube channel 'L'Oeil de la E-santé' (Direct video URL is not provided in source)

Supporting Claim: Data quality and interoperability are essential for effective integration of Al solutions. Al

functions properly only with quality data, and non-uniform data input methods (e.g., variations in vital sign
recording methods) can diminish the validity of Al tools.
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3.1 Support for Radiology, Pathology, and Clinical Diagnosis

Artificial intelligence (Al) is bringing innovative changes to several key areas of
medical diagnosis and emerging as an important tool that complements and
improves the capabilities of medical professionals. In particular, Al's ability to
identify complex patterns based on vast amounts of data contributes to
significantly improving diagnostic accuracy and efficiency in the fields of
radiology, pathology, and clinical record analysis. Al is no longer a future
technology; it is already providing practical assistance in medical practice for
early disease detection, treatment planning, and patient management. Al
helps healthcare providers prioritize critical decisions, accelerate

decision-making speed, and discover potential errors.

Al Support in Radiological Interpretation

Radiology is one of the fields where Al demonstrates its most powerful
performance, and thanks to a high level of digitization and standardized
image processing procedures, it is highly suitable for introducing Al
technology. Al detects subtle and complex patterns in medical images such as
X-rays, CT, and MRI, helping to detect diseases early that might easily be
missed by the human eye. These capabilities of Al increase diagnostic

accuracy and improve the speed of decision-making by medical staff.

The speed and efficiency of Al shine especially in emergency situations. Al can
complete medical image processing tasks that traditionally took 10 to 30
minutes in less than 3 to 5 minutes, playing a decisive role in helping rapid
treatment decisions and minimizing brain neuron loss in emergency
situations such as strokes. In diagnosing certain types of skin cancer, research
results also show that Al exhibits higher accuracy than human dermatologists.

For example, it has been demonstrated that Mayo Clinic's Al model can
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analyze CT scans to detect pancreatic cancer up to three years before
clinicaldiagnosis. Early gastric cancer diagnosis models also used CT images
toidentify lesions and increase detection rates. Al also shows the potential
toreduce unnecessary stent insertion procedures by analyzing the degree

ofcoronary artery stenosis.

Medical imaging Al is evolving beyond simple 2D image analysis. Al solutions
such as Zijie Smart Medical Technology's "Anatomy Cloud" process 3D
medical images in 3 to 5 minutes and recognize more than 200 organs,
enabling a transition from 2D black-and-white images to 3D color images,
including functions to automatically identify lesions or tumors in the future.
This helps doctors practice before surgery, plan accurate surgical paths, and
locate exact lesion positions. In addition, Al is used for tasks such as image
quality improvement, image reconstruction, and specific diagnostic tasks like
lung nodule classification and detection.

Al Support in Pathological Slide Analysis

In the field of pathology as well, Al plays an important role in improving
diagnostic precision. Al-based tools can analyze digital pathology slides to
detect subtle cellular features and biomarkers, which improves diagnostic
accuracy by identifying details that might be overlooked by the naked eye. For
example, Al is being applied to Papanicolaou smear tests for early cervical
cancer detection, prostate cancer identification, and Gleason score
calculation. In addition, Al can increase genomic diagnostic efficiency by
analyzing pathology images similar to EGFR gene mutation patterns to predict
mutations without genetic testing. Currently, several FDA-approved Al-based

digital pathology solutions are on the market.

Al Diagnostic Support Through Clinical Record Analysis
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Clinical records are an essential information source for comprehensively
understanding a patient's health status, and Al supports diagnosis by
analyzing this vast amount of data. Electronic Health Records (EHR) contain a
mix of unstructured text data such as clinical notes, discharge summaries, and
radiology reports, alongside structured data such as diagnostic codes and
drug prescriptions. Al, particularly Natural Language Processing (NLP)
technologies and Large Language Models (LLM), analyzes this unstructured

data to extract valuable clinical insights.

LLMs are trained on billions of words and images to identify medical
literature, clinical cases, research, and protocols, comprehend complex
medical contexts, and process vast amounts of data tirelessly. Through this, Al
can read more than 300 pages of a patient's medical records in seconds and
quickly identify allergies, prior medication history, surgeries, risk factors, and
more. It can also connect seemingly unrelated symptoms and suggest
up-to-date, evidence-based treatment protocols. For example, an Al medical
assistant can provide reasonable answers and treatments (e.g., stool test,
smaller frequent meals, fluid intake, antacids, antivirals) for a patient's
symptoms (e.g., diarrhea three times, cardiac pain, frequent belching during

meals).

Al is integrated into EHRs to play an important role in supporting clinical
decision-making by medical staff. Al systems analyze EHR and real-time data
to detect diseases faster and more accurately than traditional methods,
monitor drug interactions, and alert medical staff to potential side effects in
real time. ML models use EHR data to predict critical clinical outcomes such as

in-hospital mortality, readmission rates, and sepsis onset

Source Materials
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The following is a list of source materials supporting Chapter 3 'Diagnosis and
Risk Prediction' sections 3.1 'Imaging, Pathology, and Clinical Diagnosis
Support', 3.2 'Predicting Disease Progression and Treatment Outcomes', and
3.3 'Early Warning and Patient Risk Stratification'.

Source Materials List

Title: 1 EyTRAGAIEAI ST
Author/Publisher: AIXIEEI W AFF & (YouTube Channel)
Title: 3.1,3.2,3.3

Title: 20240928 ME 2 BEMRAURKRER : WRIRDIER) Wil (ERETHTHEBERAEHRRKIRE | BHEREE
BERMRHAFFT BT #UR]

Author/Publisher: #1EEZ A TNEA B BRI MEAE (YouTube Channel)

Title: 3.1,3.2

Title: 2026 Y¢FHE&PR Generative AIBRETSFEARIE0403 RBARZHRE L 20260715 184612 BiHiRE
Author/Publisher: ZB85& (YouTube Channel)

Title: 3.2

Title: 2026-07-01 : EBKERFR L HE-AIBRKAE(]) | A8 EREHY
Author/Publisher: {#BEE 2475 (YouTube Channel)

Upload Date: 2026-07-01

URL: https://www.youtube.com/watch?v=UDng4IXwL-A

Title: 3.1,3.2, 3.3

Title: 2026-07-08 : EEKAERELG FEIE-AIBEAE(2) : Al REBPSAIEDE (Al Airlock)
Author/Publisher: f2EEE 24 &R (YouTube Channel)

Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Title: 3.1,3.2, 3.3

Title: Al BRI EFIFE. 5G =IEEAMRERGEMREE
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Author/Publisher: TCnewsZ&Z# 48 (YouTube Channel)

Title:3.1,3.2,3.3

Title: AITEERPRE& XAV FE FA S2 R 3R AE S

Author/Publisher: B EEIAE BESERHETE (YouTube Channel)

Title:3.1,3.2,3.3

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
Author/Publisher: Facultad de Medicina UNAM (YouTube Channel)

Title:3.1,3.3

Title: Intelligence artificielle et diagnostic médical : mythe ou réalité ?

Author/Publisher: Académie royale de Belgique (YouTube Channel)

Title: 3.1

Title: Quand l'intelligence artificielle générative transforme la santé

Author/Publisher: Obvia (YouTube Channel)

Title:3.1,3.3

Title: WEBINAR: Salud sexual, reproductiva y materna: como puede contribuir la IA en prevencion y cuidado
Author/Publisher: CLIAS CIIPS (YouTube Channel)

Title: 3.1,3.2

Title: Webinaire - L'IA dans la conception des dispositifs médicaux

Author/Publisher: UseConcept Vidéo (YouTube Channel)

Title:3.1,3.3

Title: Webinar#2 - Kl in der NMD-Diagnose - ein Verbiindeter fiir Arzt:innen und Patient:innen
Author/Publisher: CoMPaSS-NMD (YouTube Channel)

Title:3.1,3.2,3.3

Title: Excerpts from https://iris.unil.ch/bitstreams/3bfa1900-1f10-4f05-9470-326781944b2c/download

Publisher: (URL Source)
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Title: 3.1

Title: Excerpts from https://theses.hal.science/tel-05534589v1/document
Publisher: HAL Theses

Title:3.1,3.2,3.3

Title: [ZNTHAUZERBEERIEZLAWESIHA VW] ATERICEEL VLWERD - KIRER BHbHBROEMLDAIN LT
FEAIDIBTRTHERERE / NUwOHHHAREV] Z#¥OICTEARL [lonl Health]

Author/Publisher: TBS CROSS DIG with Bloomberg (YouTube Channel)
Title: 3.1,3.3

Title: \TEREXFHERBRAERY (T) =REHE
Author/Publisher: BBEXHESEE (YouTube Channel)

Title: 3.1,3.2,3.3

Title: RKIERFAREF A TE e EN A

Author/Publisher: Grandhealth Access Telemedicine (YouTube Channel)
Title: 3.1, 3.2

Title: BRIAIBRZRIDIZEN & MR BRAMRERAE
Author/Publisher: E1#ZE 27 (YouTube Channel)

Title: 3.1
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3.2 Predicting Disease Progression and Treatment Outcomes

Artificial intelligence (Al) is making significant contributions in the medical
field by predicting the progression of diseases and forecasting treatment
outcomes. Al's ability to learn from vast patient data and recognize complex
patterns has become an essential tool for medical professionals to detect
diseases early, establish personalized treatment plans tailored to individuals,
and proactively recognize and intervene in potential risks. This provides a
level of sophistication and real-time capability beyond traditional statistical
predictions, playing a key role in realizing patient-centered personalized
healthcare. Al helps healthcare providers prioritize critical decisions,

accelerate decision-making speed, and discover potential errors.

Analysis of Patient History and Clinical Records

Al analyzes vast history data contained in patient Electronic Health Records
(EHR) to lay the foundation for predicting disease progression and treatment
outcomes. EHRs contain a mix of structured and unstructured data, including
physician clinical notes, discharge summaries, medication prescriptions, and
surgical histories. Al, especially Large Language Models (LLM), understands
this unstructured text data and can read more than 300 pages of a patient's
medical records in seconds to quickly identify allergies, prior medication
history, surgeries, and risk factors. Al also analyzes a patient's past visit
records (e.g., visits at ages 44, 46, 48, and 52) and clinical specialties
(respiratory, cardiology, ophthalmology) to track overall changes in the
patient's health status. Such patient history information becomes essential
input data for Al models to reflect a patient's unique situation and past
disease experience in predicting the future.
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Medical staff can use technologies such as Al scribes to automatically record
conversations with patients into the EHR, thereby securing consistent history
data without missing information, which leads to improved training data
quality for Al models. Based on these records, Al can rapidly process and
summarize patient past medical history, social history, current treatment,
vital signs, and physical examination data, and synthesize multiple notes to
generate a clinical summary. This helps medical personnel grasp complex
patient medical histories in a short time and avoid missing core information

required for care.

Real-Time Analysis and Prediction of Test Results

Al analyzes various forms of test results in real time to provide critical insights

into disease progression and prognosis prediction.

Medical Imaging: Medical imaging such as X-ray, CT, MRI, and ultrasound is
one of the fields where Al demonstrates its most powerful performance. Al
detects subtle lesions or patterns in these images that are difficult to discover
with the naked eye, diagnosing diseases early and predicting progression. For
example, Al can be used to analyze CT scans to detect pancreatic cancer up to
three years earlier than clinical diagnosis, and early gastric cancer diagnosis
models have also used CT images to increase lesion identification rates.
Especially in emergency situations like strokes, Al processes complex imaging
data within 3 to 5 minutes to provide rapid alerts to medical staff,
contributing to minimizing brain neuron loss in patients. Al can also be used
to objectively evaluate cardiovascular disease risk by analyzing the degree of
coronary artery calcification on CT scans, reducing unnecessary stent
insertion procedures. Al assists in early disease detection by performing tasks
such as lung nodule detection in CT images. Al solutions like Zijie Smart
Medical Technology's "Anatomy Cloud" process 3D medical imagesin3to 5

minutes, recognize over 200 organs, and automatically identify lesions or
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tumors, enabling the transition from 2D black-and-white images to 3D
colorimages. This helps doctors practice before surgery, plan precise
surgicalpaths, and locate exact lesion positions. Al also exhibits higher
accuracy thanhuman dermatologists in diagnosing specific skin cancers such
as melanoma.

Blood and Biopsy Tests: Al can analyze blood test results to monitor drug
interactions and alert to potential side effects in real time. For example,
Al-based systems can analyze patient laboratory data to detect
microalbuminuria and predict the risk of prediabetes progressing to diabetes,
suggesting early intervention. There are also cases where Al analyzed EKG
(electrocardiogram) data to detect emergency conditions such as
hyperkalemia within seconds and send SMS notifications to medical staff,

increasing treatment success rates and lowering mortality rates.

Genomic Data: Al analyzes genomic data to identify disease-causing variants,
predict individual vulnerability to specific diseases, and provide necessary
information for establishing personalized treatment strategies. Al-based
genomic analysis determines the severity of gene mutations and predicts the
probability of future disease onset with high confidence, enabling preventive
treatment. Al contributes to predicting future diseases through genetic

analysis and accelerating drug development and genetic research.

Treatment Response Prediction and Personalized Interventions

Al predicts patient treatment responses and enables personalized

interventions optimized for individuals based on those predictions.

Treatment Outcome Prediction: Al can predict survival duration based on 14
patient parameters, including age, disease stage, and cell morphology. Having

learned from 612 past case data points, when new patient information is
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entered, Al provides a model predicting that patient's survival rate.
Suchpredictions serve as important reference material for medical staff
discussingtreatment plans with patients and for patients and families
planning for thefuture. Al also predicts the incidence of adverse reactions
after drugadministration or forecasts the onset of severe diseases such as

sepsis toinduce early intervention.

Personalized Pharmacotherapy: Al comprehensively considers patient
genomic information, medical history, and comorbidities to predict drug
sensitivity and responsiveness, recommending drugs and dosages that
maximize therapeutic efficacy while minimizing side effects. Based on 23
preoperative parameters, Al predicts risks such as bleeding risk and kidney
damage risk, recommending maximum contrast agent doses or anticoagulant
adjustments to lower intraoperative complication risks. Digital Twin
technology creates a dynamic virtual physiological mirror of the patient to
simulate various treatment plans (e.g., drug, dosage) and forecast future
disease risks decades in advance, enabling truly personalized prevention and

care.

Chronic Disease Management: Al continuously monitors patient biometric
data (heart rate, blood pressure, blood glucose, etc.) collected from wearable
devices and loT sensors to detect abnormal signs and send smart alerts. This
helps patients with chronic conditions manage their health independently
and optimizes clinical workflows by automatically suggesting medication
adjustments when necessary. Al chatbots answer health-related questions
and provide personalized health information and advice, playing an
important role in bridging health information gaps, especially during times

with limited access to healthcare services, such as nighttime hours.

Risk Factor Identification and Preventive Approaches
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Al analyzes vast amounts of data to identify disease risk factors and generates
personalized risk profiles tailored to individual health statuses, supporting

early intervention and preventive care.

Prevention and Prediction: One of Al's greatest strengths is its ability to
predict the future based on past data. Al can forecast disease incidence and
timing in specific population groups 20 years in advance, significantly
impacting medical resource management and public health policy formation.
Through cardiovascular disease risk prediction platforms, Al informs
individuals of their cardiovascular disease risks based on blood tests and
physical measurements (height, weight, blood pressure), encouraging lifestyle

improvements.

Early Detection: Al assists in early disease detection by performing tasks such
as lung nodule detection in CT images. Predictive analytics powered by Al can
successfully identify patients at high risk of developing chronic diseases and

guide them toward effective health programs.

Prediction Bias and the Importance of Medical Staff Judgment

Although Al's predictive capabilities are impressive, Al presents probabilities
rather than absolute truth. Because Al models rely heavily on the quality and
representativeness of training data, biased data can lead to unfair or
inaccurate predictions. For example, melanoma detection Al trained on light
skin tone data may exhibit a 34% drop in sensitivity when evaluating patients
with darker skin tones. Underrepresenting specific groups in datasets
prevents Al from learning adequately about those populations, resulting in

prediction errors.

In addition, Al can exhibit hallucination phenomena, risking the generation of

plausible yet erroneous information. GPT-5 demonstrated a hallucination
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error rate of approximately 15%, which poses a serious issue as it can lead
to1% fatal errors in clinical practice. Cases have already been reported
whereincorrect Al advice (e.g., toxicity resulting from sodium restriction)
harmedpatients. These issues clearly demonstrate that Al cannot replace

medicalprofessionals.

Therefore, Al prediction results must undergo critical review and final clinical
judgment by medical experts. Al does not replace doctors; rather, it serves as
an intelligent and tireless colleague supporting healthcare personnel. Medical
staff must not blindly follow Al recommendations but must employ human
empathy, intuition, and non-verbal comprehension to understand patients
holistically. While Al reduces cognitive burden and allows more time for
patient interaction, final responsibility always rests with medical
professionals.

We also face the black box problem, where it is difficult to understand how Al
systems reach decisions. As a result, transparency (explainability) and
trustworthiness of Al systems are essential, making research into and
adoption of Explainable Al (XAl) crucial. Healthcare providers must remain the
decision-makers setting thresholds for how much to trust and how to
intervene regarding risk scores or diagnostic probabilities presented by Al.
Concerns have also been raised that if medical staff cling to their own
judgments despite Al suggesting alternative possibilities and an error occurs,
the scope of legal liability may expand. This could ultimately reinforce

healthcare providers' duty of care.

Impact of Data Quality: The field performance of Al models is directly linked to
the quality of training data. Data heterogeneity, imbalance, missing values,
and bias directly affect the accuracy and reliability of Al models. In particular,
small-scale or imbalanced datasets limit model generalizability and increase
the risk of overfitting. Medical imaging data essential for predicting disease
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progression is high-dimensional and complex, often being poorly
annotated,which complicates Al model training. Thus, high-quality, accurate
data is farmore crucial than sheer data volume, and data preprocessing must
preserveutility while protecting patient privacy through anonymization

orpseudonymization.

In summary, while Al provides powerful insights and efficiency to medical staff
in predicting disease progression and treatment outcomes, its limitations and
ethical issues must be clearly recognized. Al should function as a third agent
that augments medical experts' capabilities, reduces operational burden, and
realizes patient-centered care. Future medicine will be redefined by
healthcare providers who skillfully harness Al while never forgetting human

care.
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3.3 Early Warning and Patient Risk Stratification

Artificial intelligence (Al) has established itself as an innovative tool in the
medical field for predicting patient disease progression, early detection, and
risk triage. Al's ability to learn from vast medical data and recognize complex
patterns provides essential insights for healthcare professionals to discover
diseases early, formulate individualized treatment plans, and proactively
intervene in potential risks. This offers sophistication and real-time
capabilities beyond conventional statistical forecasting, playing a vital role in
realizing patient-centered precision medicine and maximizing healthcare
service efficiency. Al helps healthcare providers prioritize critical decisions,

increase decision-making speed, and contribute to identifying potential errors.

Disease Early Warning Systems

Al is used to analyze various data such as patient vital signs, clinical records,
and test results in real time to issue advance warnings regarding acute
disease deterioration or emergency situations. This value is particularly
highlighted in environments such as intensive care units (ICU) or emergency
rooms (ER) where patient conditions can rapidly change.

Sepsis and Acute Deterioration Prediction: Al is used in neonatal and pediatric
intensive care to alert medical personnel before critical emergency situations
occur, buying time for appropriate action. Some studies show that Al models
detected 78% of critical events in pediatric patients 6 to 12 hours in advance,
outperforming traditional predictive scoring metrics. This enables critical
interventions, such as initiating early treatment or transferring patients to
intensive care units before their condition deteriorates. Al also analyzes
patient vital signs and monitoring data to provide warnings about

hospitalization risk or patient deterioration risk, and can calculate pediatric or
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mortality scores.

Hyperkalemia Detection: There are also cases where Al analyzed EKG
(electrocardiogram) data to detect emergency conditions such as
hyperkalemia within seconds and send SMS alerts to medical personnel,
raising treatment success rates and lowering mortality rates. Such Al-based
early warning systems help medical staff avoid missing subtle patient changes

and support rapid judgment, playing a decisive role in saving lives.

Patient Risk Triage and Management

Al analyzes complex patient data to generate individual patient risk profiles,
contributing to establishing tailored treatment and management strategies

based on these profiles.

Emergency Room and ICU Risk Stratification: Al can significantly improve the
efficiency of emergency rooms and hospital operations. Pediatric patient
admission prediction models optimize bed supply and demand planning by
considering factors such as time of year, viral circulation, and local outbreaks,
predicting the need for expanding intensive care units or respiratory/cardiac
specialist staffing. In addition, Al reduces administrative errors by 35% and
shortens ER waiting times from 21 minutes to 9 minutes, reducing ER
overcrowding and helping patients receive care faster. Al predicts
hospitalization risk or deterioration risk even in the absence of patient vital
signs and provides warnings, helping induce early admission before
complications occur or identifying the need for re-visits. Such systems apply
not only to pediatric but also adult patients, enabling patient access to
healthcare services before reaching critical states.

Readmission Risk Prediction: Al can identify patients at high risk of

readmission by analyzing past patient records, treatment plans, and
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socioeconomic factors. This enables efficient allocation of resources
neededfor post-discharge patient management and personalized
interventions toprevent readmissions. Al models can predict the number of
pediatric hospitaladmissions, contributing to bed management and staffing

allocation.

Acute Deterioration and Re-consultation Need Prediction: Al models identify
up to 70% of cases requiring re-consultation or admission within 24 hours,
helping patients seek re-consultation before reaching critical conditions. This
positively impacts patient prognosis by reducing complications and enabling

early admission without intensive care unit treatment.

Individual Risk Factor Identification and Precision Forecasting: Al can be used
to objectively evaluate cardiovascular disease risk by analyzing the degree of
coronary artery calcification on CT scans, reducing unnecessary stent
insertion procedures. This is also applied to platforms that inform individuals
of cardiovascular disease risks based on blood tests and physical
measurements (height, weight, blood pressure) to induce lifestyle
improvements. Based on 23 preoperative parameters, Al predicts bleeding
risks and kidney injury risks, recommending maximum contrast agent doses
or anticoagulant adjustments to reduce intraoperative complication risks.
Such predictions provide essential information for healthcare personnel to
project the future while reflecting unique patient circumstances and past

disease experiences.
Predictive Bias, False Alarms, and the Importance of Medical Staff Judgment
Although Al provides powerful prediction and classification capabilities in the

medical domain, it is essential to clearly recognize its limitations and ethical

considerations while respecting the final judgment of medical personnel.
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Al Limitations and Errors: Al can commit a "1% fatal error," which can result in
severe consequences in the medical field. Because Al models rely heavily on
the quality and representativeness of training data, biased data can lead to
unfair or inaccurate predictions. For instance, if data for a specific race is
insufficient, Al may struggle to deliver accurate diagnoses for patients of that
race. In addition, Al carries the risk of hallucination, generating plausible yet
incorrect information, with GPT-5 exhibiting a hallucination error rate of
approximately 15%. This can lead to cases where Al provides erroneous

advice (e.g., toxicity due to sodium restriction), resulting in patient harm.

False Alarms and Medical Staff Review: Al systems accompanied by high risk
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Chapter 4 Treatment Planning and Precision Medicine
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4.1 Personalized Medicine and Pharmacogenomics

Artificial intelligence (Al) is accelerating the era of personalized medicine,
which comprehensively considers a patient's unique biological
characteristics, lifestyle, and environmental factors to provide optimal
medical services. This brings revolutionary changes across all of healthcare,
from early disease detection, prediction, and prevention to treatment. By
learning from and analyzing vast amounts of patient data, Al moves away
from traditional one-size-fits-all treatment approaches to enable the most

effective and safe personalized approach for each individual.

Refining Patient Characteristic Analysis

The first step in personalized medicine is accurately understanding a patient's
diverse characteristics. Al comprehensively analyzes vast patient history,
lifestyle habits, socioeconomic information in Electronic Health Records
(EHR), and real-time biometric data collected via wearable devices. For
instance, Al can predict survival duration based on 14 patient parameters,
such as age, disease stage, and cell morphology. In addition, it can read
through more than 300 pages of medical records containing complex patient
histories in just a few seconds to rapidly identify allergies, prior medication

histories, surgical records, and potential risk factors.

Taking these patient characteristics into account, Al creates personalized
health risk profiles and supports early intervention and preventive care by
forecasting disease progression and treatment outcomes. For example, Al can
analyze the degree of coronary artery calcification on CT scans to objectively
evaluate cardiovascular disease risk, reducing unnecessary stent placement
procedures. Cardiovascular risk prediction platforms inform individuals of

their risk based on blood tests and physical measurements (height, weight,
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blood pressure), encouraging lifestyle improvements. Such detailed
patientcharacteristic analysis supplies essential input data for Al models to
projectthe future while reflecting an individual's unique situation and past

diseaseexperience.

Using Genomic Data and Pharmacogenomics

Genomic data plays a key role in personalized medicine, particularly in the
field of pharmacogenomics (PGx). Al analyzes millions of genomic variants
discovered in large-scale genomic sequencing projects to identify
disease-causing variants and predict individual vulnerability to specific
diseases. This analysis enables patient stratification based on molecular
markers, supplying essential information to formulate the most suitable

treatment strategy for each individual.

Pharmacogenomics (PGx): Al comprehensively considers a patient's genomic
information, medical history, and comorbidities to predict drug sensitivity
and responsiveness, recommending medications and dosages that maximize
therapeutic efficacy while minimizing side effects. PGx variants exist in
everyone, and drug safety and efficacy can be improved through PGx. For
instance, Al aids lung cancer treatment by detecting genetic variations such as
EGFR and KRAS mutations, and supports ovarian cancer care via BRCA
mutations. In addition, based on 23 preoperative parameters, Al predicts risks
such as bleeding risk and kidney damage risk, recommending maximum
contrast agent dosages or anticoagulant adjustments to lower intraoperative

complication risks.

Monogenic and Polygenic Diseases: Al contributes to predictions for both
monogenic and polygenic diseases. Monogenic diseases are usually rare, but
genetic testing can identify the cause in approximately 55% of cases.
Conversely, for polygenic diseases like hypertension, diabetes, and cancer,
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Polygenic Risk Scores (PRS) are used to predict disease onset risk. The
TaiwanPrecision Medicine Initiative (TPMI) calculated PRS for 265 diseases,
which canbe used to forecast disease incidence in specific population groups
up to 20years in advance. However, genetic factors alone account for only 2%
to 3% ofcardiovascular disease risk prediction, with predictive power

improvingsignificantly when combined with environmental factors.

Elaborating Treatment Response Prediction

Al predicts patient treatment responses and enables personalized
interventions optimized for individuals based on those predictions.

Survival Duration Prediction: Al can predict survival duration based on 14

patient parameters, learning from 612 historical case data points to provide
models predicting survival rates for new patients. Such predictions serve as
important reference material for healthcare providers discussing treatment

plans with patients and for patients and families planning for the future.

Drug Development and Repurposing: Pharmaceutical companies use Al to
understand drug absorption, distribution, metabolism, and excretion
pathways, predict drug interactions, and integrate genomic and proteomic

data (multi-omics) to repurpose existing drugs

Source Materials

The following is a list of source materials supporting Chapter 4 'Treatment
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4.2 Al Surgery and Clinical Decision Support

Artificial intelligence (Al) is bringing innovative transformations to operating
rooms and clinical decision-making processes, emerging as an essential tool
that complements and reinforces the capabilities of healthcare professionals.
Al contributes to improving efficiency, accuracy, and patient safety across
medicine, from preoperative planning and precise intraoperative assistance
to decision support in complex clinical scenarios. However, the adoption of Al
is accompanied by crucial discussions regarding rigorous safety verification,
ethical considerations, and the ultimate responsibility of surgeons and

medical staff alongside technical advances.

Refining Surgical Planning

Al performs a pivotal role in formulating personalized treatment plans and
evaluating potential risks during the preoperative phase. Al algorithms
analyze vast patient data to provide surgeons with deep insights necessary for

making critical decisions.

Risk Assessment and Prediction: Al predicts surgical difficulty or complication
risks based on preoperative patient data (e.g., medical history, test results,
genomic information). For instance, based on 23 preoperative parameters, Al
predicts risks such as bleeding risk and kidney damage risk, recommending
maximum contrast agent doses or anticoagulant adjustments to lower
intraoperative complication risks. These predictive models assist surgeons in
recognizing potential risks in advance and planning appropriate preventive
measures.

3D Anatomical Reconstruction and Visualization: Deep learning (DL)

technology facilitates 3D anatomical reconstruction and predicts implant
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sizing, achieving over 90% accuracy in specific orthopedic procedures
(e.g.,total knee arthroplasty) and significantly outperforming traditional
2Dtemplates. Al creates three-dimensional models of tumors and
surroundinganatomical structures, aiding surgeons in visualizing surgical sites
andplanning optimal surgical approaches. This is particularly valuable in
complexcases where tumors lie near major structures, and in urologic
oncology, Alsupports robotic prostatectomy planning to improve nerve

functionpreservation and postoperative outcomes.

Treatment Plan Optimization: Al can optimize radiation therapy planning by
analyzing patient-specific data such as tumor location, size, and surrounding
anatomical structures. This reduces radiation oncologists' workloads and
improves treatment plan consistency. Al-based systems integrated into EHRs
support medical resource allocation and unnecessary workload reduction
based on patient-specific data.

Robotic and Image-Guided Surgical Support

Al integrates with robotic surgical systems and advanced imaging

technologies to dramatically improve surgical precision and efficiency.

Robotic Surgical Systems: Al is integrated into robotic surgery platforms such
as the da Vinci system to elevate precision and improve surgeon dexterity and
ergonomics. Al integrated into robotic systems provides real-time guidance
and promotes automation, improving outcomes in complex surgical
procedures. This assists surgeons in controlling fine movements and
manipulations during surgery with greater precision, filtering tremors, and
preventing instruments from entering hazardous zones. Currently, da Vinci
systems are directly controlled by surgeons, but fully autonomous systems

may emerge in the future to enable precise, fatigue-free surgery.
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Intraoperative Guidance: Al-powered surgical systems provide real-time
guidance during surgery, helping surgeons accurately locate tumors and

avoid damaging healthy tissue. These systems overlay preoperative imaging
data onto the surgical field, giving surgeons clear visual information regarding
tumor location and boundaries. Deep learning (DL) techniques, especially
semantic segmentation, show promising potential for intraoperative guidance
by identifying safe and hazardous zones in surgeries such as laparoscopic
cholecystectomy. Al-based 3D reconstruction and navigation technologies
like the FDA-cleared Cydar EV Maps tool align preoperative imaging with

real-time fluoroscopy in aneurysm surgeries.

Augmented Reality (AR): AR technology overlays translucent preoperative
images onto the surgical field to improve intraoperative visualization. This
can be used in various ways, such as aligning virtual images with real teeth
during oral and maxillofacial surgery or projecting 3D vascular models onto

patient lower extremities.

Surgical Workflow Optimization: Al contributes to operating room
management, specifically optimizing OR allocation and saving time, thereby
increasing healthcare service productivity. Robotic Process Automation (RPA)
manages administrative tasks such as billing and scheduling, allowing

medical personnel to focus on patient care.

Surgical Training and Skill Assessment: Al brings innovation to surgical
training and professional development as well. Through computer vision, Al
tracks surgeon hands and instrument movements in real time to provide
objective, scalable performance metrics and feedback. This standardizes

fundamental skill assessment (e.g., suturing, knot tying) and reduces bias.

Clinical Decision Support
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Beyond diagnosis and treatment planning, Al acts as a "third agent"
supporting clinical decision-making by medical staff across diverse healthcare

scenarios.

Diagnostic Assistance and Prioritization: Al processes vast clinical data to
detect diseases quickly and accurately, identify subtle patterns, and help
medical professionals prioritize critical decisions. This provides surgeons with
real-time insights required to capture minor changes during surgery and
adjust treatment strategies. These capabilities of Al increase diagnostic speed

and accuracy, accelerating surgical decision-making speed and patient

Source Materials

The following is a list of source materials supporting Chapter 4 'Treatment
Planning and Precision Medicine' sections 4.1, 4.2, and 4.3.

Source Materials List

Title: KIERBRNEF A TEERENA

Author/Publisher: Grandhealth Access Telemedicine (YouTube Channel)

URL: https://www.youtube.com/watch?v=XRz-sWSOrFg

Title: 4.1,4.3

Title: Al BEREHGE, 56 EEEAHEXRFIEAEE

Author/Publisher: TCnewsZZ#E48 (YouTube Channel)

Title: 4.1

Title: Ponente Internacional: Seminario Internacional Tecnologia médica e 1A 2025
Author/Publisher: PhD. Antony Paul Espiritu Martinez (YouTube Channel)

Title: 4.1,4.3

Title: AISEZERIREE | 133, TBAE | ARIE/VEEREESE3HA - BEING HUMAN : AIER AHERIHR—K
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Author/Publisher: E AR 25 2 B .0.CASE (YouTube Channel)

Title: 4.2

Title: ATERERNZHREZBRAIEEE (T) TREHR
Author/Publisher: IBEXHEEE (YouTube Channel)

Title: 4.2

Title: HAIAIBRFRIDIZEN B MR EAMRERAE

Author/Publisher: 251282535 (YouTube Channel)

Title: 4.2

Title: 2026 YcHEERT £ R TNAIBRBSEMAZRTZ0403 RBASEZH®RIFE T 20260715 184612 G EFRH
Author/Publisher: 2854 (YouTube Channel)

Title: 4.1

Title: Excerpts from https://theses.hal.science/tel-05534589v1/document
Publisher: HAL Theses

URL: https://theses.hal.science/tel-05534589v1/document

Title: 4.1,4.2
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4.3 Drug Development and Virtual Screening

Artificial intelligence (Al) is bringing revolutionary changes across the entire
drug development process, fundamentally altering the paradigm of a field
that traditionally required extensive time and astronomical costs. Al acts as a
core driver improving efficiency and success rates at every stage, from
understanding molecular mechanisms of diseases to discovering, optimizing,
and designing clinical trials for new drug candidates. Al's capacity to learn
from massive biological and chemical datasets and recognize complex
patterns opens possibilities to develop new therapeutics with a speed and

sophistication unimaginable in the past.

Target Identification and Understanding Disease Mechanisms

The first step in drug development is accurately identifying biological targets
associated with diseases. Al integrates and analyzes multi-omics data, such as
genomics, proteomics, and metabolomics, to identify disease-associated
processes and promising therapeutic targets. By processing vast biological
datasets beyond human capacity, Al dramatically shortens the time required
to uncover genes, proteins, and signaling pathways that drive disease onset.
In addition, Al understands relationships among molecular structures based
on these data, integrating disease-associated structural information to

present precise targets for drug candidate action.

Protein Structure Prediction

Knowing the three-dimensional structure of drug targets is crucial for drug
design. Al has achieved groundbreaking advancements in this area. Al models

such as DeepMind's AlphaFold have significantly advanced protein structure

prediction, an essential target identification element for drug development.
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Given molecular sequences as input, Al automatically generates 3D
spatialstructures. While experimentally resolving protein structures in the
pastdemanded immense time and expense, Al has made this process
dramaticallyfaster and more accurate. This allows researchers to predict how
specificregions of proteins bind to other molecules (e.g., drug candidates)

andidentify potential drug binding sites, elevating drug design efficiency.

Molecular Design and Optimization

Al plays a central role in designing novel molecules that act effectively on drug
targets and optimizing the properties of existing molecules.

Generation of Novel Drug-Like Molecules: Al learns from compound databases
and experimental results to generate novel drug-like molecules, expanding
the chemical space for drug discovery. SMILES (simplified molecular input line
entry system)-based language models and GNN (Graph Neural
Network)-based generators are the most widely adopted approaches in small
molecule design, and their principles are extending to payload discovery.
These models are trained on massive chemical compound libraries such as
ChEMBL or ZINC, learning fundamental syntax and chemical rules that govern

valid and potentially active molecules.

Optimization of Drug Properties: Machine learning (ML) models analyze
structure-activity relationships to guide the rational design of molecules with
improved pharmacokinetics, specificity, and efficacy. Al understands drug
absorption, distribution, metabolism, and excretion pathways, analyzing
chemical structures and biological interactions to filter out drug candidate
substances early if they carry high safety risks. This prevents costly late-stage
failures and improves drug safety profiles. Al also integrates immunogenicity
risk assessment into Al-driven ADC (antibody-drug conjugate) design

workflows, contributing to early-stage filtering of immune-reactive structures
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that could activate T-cell responses or decrease overall ADC tolerability.

Drug Repurposing: Al analyzes existing compound databases and clinical
information to uncover new therapeutic uses for existing drugs. This

effectively reduces drug development risks and time-to-market.

Virtual Screening

Virtual screening is a core technology through which Al dramatically

accelerates the speed of drug development.

High-Throughput Virtual Screening: Al supports high-throughput virtual
screening across massive chemical libraries to predict binding affinities and
prioritize compounds for testing. In research by Zhang et al., Al screened
millions of structures against bacterial targets to identify novel antibiotic
candidates within weeks, representing a far faster speed than traditional
methods.

Molecular Simulation: Al uses computational models to optimally simulate
molecular formation processes involving specific active substances,
significantly shortening drug development timelines. At the cellular level, "cell
world models" can simulate drug responses, virtual interventions, drug
perturbations, virtual knockouts, and virtual drug screening. This helps
predict effects and prioritize numerous drug candidate substances without

physical laboratory experiments.

Clinical Trial Candidate Selection and Optimization

Al plays an important role even in clinical trials, the final stage of drug
development.
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Patient Cohort Selection: Al analyzes historical clinical trial data and selects
patient cohorts most likely to respond to experimental therapies, boosting
clinical trial success rates. This maximizes trial efficiency by identifying

patients with higher probabilities of responding to specific treatments.

Toxicity and Side Effect Prediction: Al analyzes the chemical structure and
biological interactions of drug candidate substances to screen out
compounds with high safety risks early. This prevents costly failures in late

development stages and improves drug safety profiles

Source Materials

The following is a list of source materials supporting Chapter 4 'Treatment

Planning and Precision Medicine' sections 4.1, 4.2, and 4.3.

Source Materials List

Title: RIZRBRNEF A TS NENA

Author/Publisher: Grandhealth Access Telemedicine (YouTube Channel)

URL: https://www.youtube.com/watch?v=XRz-sWSOrFg

Title: 4.1, 4.3

Title: Al BRI EFIFE, 56 REFEAHRAKGIEAEE

Author/Publisher: TCnewsZZ#E48 (YouTube Channel)

Title: 4.1

Title: Ponente Internacional: Seminario Internacional Tecnologia médica e IA 2025
Author/Publisher: PhD. Antony Paul Espiritu Martinez (YouTube Channel)

Title: 4.1, 4.3

Title: AISLEZRRIREE | 13IRE. TBAE | ARIEIVEEREESE3HA - BEING HUMAN : AIER AHERIHB—K

Author/Publisher: E AR 2% B B/ CASE (YouTube Channel)
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Title: 4.2

Title: \TESEXFHERBRAERY (T) =REHE
Author/Publisher: BBEXHEEE (YouTube Channel)

Title: 4.2

Title: BRIAIBRZRIDIZEN & MR BRAMRERAE

Author/Publisher: E1#ZE 27 (YouTube Channel)

Title: 4.2

Title: 2026 Y HEERR £MNAIBREHEMRIZ0403 BBABZHAE L 20260715 184612 FrEiRH
Author/Publisher: Z85& (YouTube Channel)

Title: 4.1

Title: Excerpts from https://theses.hal.science/tel-05534589v1/document
Publisher: HAL Theses

URL: https://theses.hal.science/tel-05534589v1/document

Title: 4.1, 4.2
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Chapter 5 Hospital Operations and Patient Experience
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5.1 Medical Records, Voice Recognition, and Document Automation

Artificial intelligence (Al) is bringing revolutionary changes to clinical
recording and documentation processes in healthcare settings, representing a
key advancement that helps alleviate administrative burdens on medical staff
and allows them to dedicate more time to patient care. Traditionally,
extensive paperwork, ranging from handwritten records to complex
Electronic Health Record (EHR) systems, has required significant time and
effort from healthcare professionals. Al technologies, particularly speech
recognition, Natural Language Processing (NLP), and Large Language Models
(LLM), are contributing to improving the quality of healthcare services by
automating these documentation processes and maximizing efficiency.

Voice Recording and Al Scribe

Al-based voice recognition technology is a key component of clinical record
automation. In the past, it was common for support staff to manually
transcribe or type as physicians dictated consultation contents, but Al
systems automate this process in near real time. Healthcare providers can
have Al perform the role of an Al Scribe, converting spoken words into text
during conversations with patients to create medical records. For example, a
hospital in Quebec, Canada, transitioned from a system where secretaries
manually transcribed physician dictations to automating nearly the entire
process using Al. The Al Scribe converts physician dictations into text, such as "
Consultation for Mr. Martin Dubois, born March 12, 1957, for non-traumatic
mechanical pain in the right knee." This automation creates an environment
where medical staff can focus more on patient care instead of cumbersome

data entry.
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The use of Al voice recognition is also expanding in the field of nursing. Al
records and analyzes spoken conversations between nurses and patients,
automatically generating nursing issues, nursing plans, and basic patient
information based on the analysis, which can be partially linked with
Electronic Health Records (EHR). In Japan, a case was reported where voice
input for nursing records reduced documentation time by 70%. Al also
includes functions capable of drafting reports based on image analysis. Al
Scribe systems maximize their effectiveness when directly integrated into
EHRs, automatically generating records while physicians converse with
patients and organizing them into the format required by the EHR, thereby

dramatically reducing documentation time.

Drafting Clinical Notes, Discharge Summaries, Coding, and Prior Authorization

Documents

Al technology is used to automatically generate and process various medical

documents based on data collected through voice recognition.

Drafting Clinical Notes and Summaries: Al automatically generates drafts of
clinical notes based on text data obtained through voice recognition. Al can
integrate multiple medical records of a patient (e.g., 8 notes) into a single
clinical summary, which is useful for grasping a patient's complex medical
history in a short time. LLMs can read more than 300 pages of patient medical
records in a few seconds, quickly identifying and summarizing allergies, prior
medication history, surgical records, and risk factors. Al transcribes
consultation room conversations into text and, as needed, generates

explanations containing diagrams to be used as patient explanatory materials.

Discharge Summaries: Al can generate specific medical documents such as
discharge summaries very quickly. According to the case of Nagano Municipal
Hospital in Japan, using an Al package allows discharge summaries to be
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generated in about 20 seconds. This rapidly creates documents
thatsummarize complex clinical courses of hospitalized patients and
includepost-discharge instructions, significantly reducing administrative
burdens onmedical staff. LLMs can also support the drafting of clinical trial
summaries orFDA regulatory dossiers; the FDA even approved final document
drafting usingLLM models starting in May 2025.

Medical Coding Support: Although there is no explicit mention of direct
diagnosis and procedure code generation, Al can perform the role of
automatically extracting and structuring information needed for medical
coding in the process of optimizing documentation tasks, such as creating
symptom receipts for billing or generating clinical summaries. This
contributes to improving the accuracy and efficiency of the insurance claims

process and improves the productivity of healthcare administrative systems.

Prior Authorization: There is no explicit mention in the source that Al directly
supports the prior authorization process. However, the fact that Al optimizes
clinical workflows and automates administrative tasks to help medical staff
focus on patient care indirectly suggests that Al can contribute to optimizing
administrative procedures such as prior authorization. As a tool that "creates
time," Al has the potential to be used to simplify paperwork associated with

complex approval procedures.

Human Review of Documentation Errors and Personal Information Protection

Although Al is innovating clinical recording and documentation processes, it
must be clearly recognized that Al is a tool prone to errors and that strict

compliance with personal information protection is essential.

Essential Need for Healthcare Professional Review: Al can exhibit "

hallucination" phenomena, which means generating plausible but completely
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incorrect information, and LLMs such as GPT-5 have been reported to
exhibithallucination error rates of around 15%. Such errors can lead to a "1%
fatalerror" in the medical field, and cases have actually occurred where
incorrecthealth advice from Al (e.g., sodium intake restriction) resulted in a
patientshowing toxicity symptoms and being hospitalized. In addition, Al can
evenhallucinate by inserting phrases into clinical notes stating that a patient

gaveconsent when informed consent was never obtained, posing legal risks.

Therefore, all drafts of clinical notes, summaries, or recommendations
generated by Al must undergo critical review and final clinical judgment by
healthcare professionals. Final decision-making and accountability always
reside with human medical experts. Al does not replace physicians; rather, it is
a tool that assists medical staff as an "intelligent and tireless colleague" ora "
second pair of eyes." Healthcare providers must not blindly follow Al
recommendations, but should record their own clinical judgment and
independent reasoning. Al cannot replace human elements such as empathy,
intuition, and non-verbal information perception possessed by human

physicians, and these abilities remain vital values in healthcare settings.

Personal Information Protection and Data Governance: Because medical data
is among the most sensitive and legally protected personal information,
significant concerns exist regarding how data is accessed, controlled, and
used by Al systems.

Informed Consent of Patients: Before using an Al system, it is essential to
explain to the patient the purpose, implications, and potential risks of Al
usage and obtain informed consent. Even if patients consent to medical
treatment, they retain the right not to consent to their medical data being

used for Al training or research.
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Data Anonymization and Minimization: For personal information protection,
data anonymization or pseudonymization is important, and the principle of

data minimization must be observed.

Data Storage and Security: The principle of prohibiting the entry of personal
information must be strictly observed so that personal information is not
directly entered into Al services. In particular, sensitive medical data must be
prevented from being stored on foreign servers, and contractual guarantees
are necessary to ensure that data is not used for Al training. Some hospitals
operate Al in on-premise environments to prevent data from leaking to

external clouds.

Regulation and Responsibility: As the pace of Al technology development
outpaces changes in regulatory frameworks, updating regulations at national
and institutional levels for Al adoption is urgent. Legal and ethical balance
points are needed regarding consent issues over using hospital record data

for Al model training, and whether hospitals can continue to accommodate
patients who refuse Al-assisted medical care. Efforts are crucial to resolve the "
black box" problem where it is difficult to understand how Al systems make

decisions, and to implement Explainable Al (XAl).

Al offers a valuable opportunity to shorten documentation time for medical
staff and increase the efficiency of information retrieval and summarization,
providing patients with more human care and communication. However, Al
cannot replace human elements such as empathy, intuition, and non-verbal
information perception possessed by human physicians, and these
capabilities remain vital values in healthcare settings. Through collaboration
between Al and humans, healthcare providers will be able to improve medical
services in ways that align with "real care needs" rather than "technology for
technology's sake." Al performs the role of a "third agent" for medical staff,

and only when human expertise and Al technology are harmoniously
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combined can true patient-centered healthcare be realized.

Source Materials

The following is a list of source materials supporting Section 5.1 "Medical
Records and Document Automation," Section 5.2 "Bed, Personnel, Operating
Room, and Reservation Management," and Section 5.3 "Patient Consultation
and Remote Monitoring" of Chapter 5 "Hospital Operations and Patient

Experience."

Source Materials List

Title: 1 BESTRAGAIEEY ST
Author/Publisher: AIXIEEI N B FF & (YouTube Channel)
Supporting Subsection: 5.1

Title: 2026-06-03 EXUEBAREEZRTEHH2T BERMNBIRAT L E AN TEEEHIE Al Coach HAIT{E
X

Author/Publisher: ICHIT TMU (YouTube Channel)

Upload Date: 2026-06-03

Supporting Subsection: 5.1, 5.3

Title: 2026-07-08 : ER/KERER - BRE-AIBFAIE(2) | Al R2RPTEIEVE (Al Airlock)
Author/Publisher: Health & Z 4 &R (YouTube Channel)

Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Supporting Subsection: 5.1,5.2, 5.3

Title: AISERREGE | IBTAE. TRE | ARIEDEEEEESE3HA - BEING HUMAN : AISEAHAERF—K
Author/Publisher: E AR 28 B2 EH/LCASE (YouTube Channel)

Supporting Subsection: 5.1, 5.3

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
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Author/Publisher: Facultad de Medicina UNAM (YouTube Channel)
Supporting Subsection: 5.1, 5.3

Title: L’IA & 'IA Générative en santé : A |'épreuve de la réalité
Author/Publisher: L'Oeil de la E-santé (YouTube Channel)

URL: https://www.youtube.com/watch?v=7TEQazuMjJh4
Supporting Subsection: 5.1,5.2, 5.3

Title: [EEDX7 7 — F2026F:#] BEHIHELZ X Al - DX Service 10t v F
Author/Publisher: BB 4 E:&EME D XEREZE (YouTube Channel)
URL: https://www.youtube.com/watch?v=Y9HWglbMSyU
Supporting Subsection: 5.1,5.2,5.3

Title: \TESEXFHERBRAERY (T) =REHE
Author/Publisher: BBEXHEEE (YouTube Channel)

URL: https://www.youtube.com/watch?v=vUv4dIOvHLwW

Supporting Subsection: 5.1, 5.2, 5.3Supporting Subsection: 5.1, 5.2, 5.3

96 (Kim Kyung-jin, Attorney at Law)


https://www.youtube.com/watch?v=7EQazuMjJh4
https://www.youtube.com/watch?v=Y9HWglbMSyU
https://www.youtube.com/watch?v=vUv4dI0vHLw

5.2 Bed, Personnel, Operating Room, and Reservation Management

Artificial intelligence (Al) is emerging as a key tool that dramatically improves
operational efficiency in healthcare institutions, makes optimal use of limited
medical resources, and ultimately provides better healthcare services to
patients. Al analyzes diverse data generated in complex hospital operating
environments to provide intelligent support across a wide range of areas,
including predicting patient flow, efficiently allocating hospital beds,
effectively deploying medical personnel, optimizing operating room
schedules, and automating reservation and waiting list management.
However, the introduction of such Al systems requires careful consideration
not only of technical efficiency, but also of critical aspects such as on-site
safety reviews, ethical considerations, and final judgment and responsibility

by medical professionals.

Predicting Patient Flow and Bed Allocation

Al significantly improves hospital operating efficiency by predicting patient
flow. Al models can predict pediatric hospitalizations, taking into account
various factors such as the time of year, viral circulation, and regional
outbreaks. These predictions play a key role in improving hospital efficiency
during periods of high demand (e.g., peak viral outbreaks).

Bed allocation is a crucial part of hospital operations, and Al makes this
process more objective and efficient. In environments with severe bed
shortages, such as intensive care units (ICU), decision-making regarding
which patients to prioritize can be complex. In the future, Al is expected to
enable more timely and objective bed distribution based on clinical
information such as patient nursing assessment scores and TTSS scores. Al

can also contribute to inducing early admission and preventing unnecessary
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complications by predicting a patient's risk of hospitalization or
deterioration.Al optimizes bed management by predicting the need for
additional beds orthe necessity to expand specialized personnel in ICUs,
pulmonology, andcardiology through pediatric hospitalization forecasting. By
warning ofhospitalization possibilities via apps and suggesting alternatives,

referral andcounter-referral processes can be planned more realistically.

Optimizing Personnel Deployment

Shortages of healthcare personnel are a global issue, and Al plays an
important role in addressing this problem. Beyond merely supplementing
manpower, Al contributes to efficiently deploying limited staff through

intelligence and reducing the work burden on medical personnel.

Reducing Work Burden: Al nurse assistants perform repetitive tasks such as
patient accompaniment, fall prevention, and wayfinding to reduce the work
burden on nurses, securing time for nurses to provide more human care to
patients. Following the introduction of Al-based nursing documentation
systems, it has been reported that time spent by nurses on indirect tasks was

reduced by up to 70%, allowing them to spend more time with patients.

Minimizing Resource Waste: Staff often waste 30 to 60 minutes searching for
equipment due to loss or misplacement of hospital equipment (infusion
pumps, stretchers). Al tracks such equipment to reduce wasted personnel

effort and assist in efficient equipment allocation.

Predicting Personnel Demand: Al supports the efficient deployment of
medical staff by predicting the need for additional personnel in intensive care,

pulmonology, and cardiology through pediatric hospitalization forecasting.

Operating Room Schedule Management
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Operating room management is one of the most complex and critical aspects
of hospital operations. Al improves surgical efficiency and safety through

surgical planning, schedule optimization, and intraoperative support.

Optimizing Surgical Planning: Al can optimize radiation therapy planning by
analyzing patient-specific data such as tumor location, size, and surrounding
anatomical structures, which reduces the workload of radiation oncologists
and increases consistency in treatment planning. Al-based systems are
integrated into EHRs to support medical resource allocation and the
reduction of unnecessary workload based on patient-specific data.

Automating Schedule Management: Hospital operating room management
(OP-Salenmanagement), unlike standard factories, involves many decisions
that must be made anew every day. For example, situations arise where
surgical plans must be altered because required surgical instruments do not
arrive on time. Al can help manage such unpredictability and optimize
operating room schedules.

Clinical Decision Support: Al assists in documentation such as cancer staging
and creates the framework of treatment planning for review and ratification in
meetings. This represents an effort to codify decision-making processes and
build systems aligned with the cognitive processes of clinicians.

Reservation and Waiting List Management
Al automates and optimizes reservation systems and waiting list

management, improving patient experience and improving hospital

operational efficiency.
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Reducing Waiting Time: Al can reduce emergency room administrative errors
by 35% and shorten emergency room waiting times from 21 minutes to 9
minutes. This helps reduce hospital congestion and enables patients to

receive medical care faster.

24/7 Reservation Service: Because 34 to 51% of reservations are made outside
business hours, there is a strong need for 24/7 (24 hours a day, 7 days a week)
reservation services. Al agents can provide 24/7 services much less
expensively than call centers or human agents. Al checks real-time available
appointment slots and helps make immediate decisions via voice or other
digital channels.

Reducing No-shows: Al can reduce no-shows and fill empty agendas through
reminders confirming attendance and rescheduling notifications. This

reduces patient waiting time and improves hospital operational efficiency.

Automated Phone Response: Al phone systems automatically convert
conversations with patients into text and summarize them, altering workflows
so receptionists or staff can understand the call in advance and handle it
promptly. This system can respond not only to appointment reservations but
also to checkup bookings and other inquiries. Summaries generated by Al
send what the patient said via URL, allowing patients to verify the content

themselves to reduce errors.

ICD Coding Support: Al automates ICD coding based on suggested codes,

reducing administrative resource consumption.

On-Site Safety Review and Medical Staff Judgment

Al significantly increases operational efficiency in medical settings, but it is

essential to clearly recognize its limitations and ethical considerations and to
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respect the final judgment of healthcare professionals. Al can commita "

1%fatal error," which can lead to serious consequences in the medical field.

Al Errors and Bias: Al models can reflect or exacerbate biases present in
training data and carry the risk of generating plausible but incorrect
information due to hallucination phenomena. Such errors can reduce the
reliability of healthcare delivery. For instance, an Al model made predictions
for medical staffing deployment, but due to data transmission delays
(frequent power cuts) in remote areas, the absence of information was
interpreted as low demand, resulting in systematic omissions from staffing
allocations. This case demonstrates that Al can fail when it does not
understand context, underscoring the need for local knowledge and

continuous human supervision.

False Alarms and Medical Staff Review: Because Al systems are diagnostic
assistance tools accompanied by high risks, the possibility of misdiagnosis or
false alarms must always be kept in mind. Predictions of Al models are "
probabilities," not "absolute truth." Therefore, alerts or predictions provided
by Al must always undergo critical review and supervision by medical experts.
Al systems must operate in a human-in-the-loop manner, and manual
approval is essential in high-risk tasks. Automated verification and calibration

mechanisms for Al outputs are required.

Final Responsibility of Medical Staff: Al does not replace physicians; rather, it
is a tool supporting the work of medical staff as an "intelligent and tireless
colleague." No matter how advanced Al becomes, responsibility for final
diagnostic decisions and treatment always resides with human medical
experts. If medical staff ignore a potential risk warning provided by Al to a
patient based on their own clinical judgment, and a negative impact as a
result occurs to the patient, the standard of duty of care for medical staff may
be raised, increasing legal liability.
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Data Quality and Ethics: The performance of Al models heavily depends on the
quality of input data. If data is inaccurate or incomplete, Al predictions
become unreliable. Because medical data is the most sensitive personal
information, explaining the purpose, implications, and potential risks of Al use
to patients and obtaining informed consent prior to using Al systems is
essential.

Although Al is a powerful tool that increases efficiency and accuracy across
multiple aspects of hospital operations, its introduction must be built upon
human oversight, ethical considerations, and a clear understanding of Al
limitations. Through effective collaboration between Al and medical staff, we
will be able to build a safer and more efficient patient-centered healthcare

system.

Source Materials

The following is a list of source materials supporting Section 5.1 "Medical
Records and Document Automation," Section 5.2 "Bed, Personnel, Operating
Room, and Reservation Management," and Section 5.3 "Patient Consultation
and Remote Monitoring" of Chapter 5 "Hospital Operations and Patient

Experience."

Source Materials List

Title: 1 BEfYRAGKIERI L&Y
Author/Publisher: AIKIEE N FFF & (YouTube Channel)
Supporting Subsection: 5.1

Title: 2026-06-03 BRI REZRYEEH#2T BERMDBIRAE BRZE B0 MBEEBUEHI Al Coach HAITEh
X

Author/Publisher: ICHIT TMU (YouTube Channel)
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Upload Date: 2026-06-03

Supporting Subsection: 5.1, 5.3

Title: 2026-07-08 : EEKERELR EERE-AIBEAIE(2) | Al RERPTARIEDE (Al Airlock)
Author/Publisher: Health 2 Z47ER (YouTube Channel)

Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Supporting Subsection: 5.1,5.2,5.3

Title: AIBRfZERERZE | #3IE. EME | AIRIEIDEEREEE3HA - BEING HUMAN @ AlE AHAERAR—K
Author/Publisher: E XTI 2 &2 B+ \CASE (YouTube Channel)

Supporting Subsection: 5.1, 5.3

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
Author/Publisher: Facultad de Medicina UNAM (YouTube Channel)

Supporting Subsection: 5.1, 5.3

Title: L'IA & I'IA Générative en santé : A |'épreuve de la réalité

Author/Publisher: L'Oeil de la E-santé (YouTube Channel)

URL: https://www.youtube.com/watch?v=7TEQazuMjJh4

Supporting Subsection: 5.1,5.2,5.3

Title: [BEDXT7 7 — R2026F#] FE{RISZE X BAl - DX Service 10t v F
Author/Publisher: BB 4 BEEME DREERZE (YouTube Channel)

URL: https://www.youtube.com/watch?v=Y9HWglbMSyU

Supporting Subsection: 5.1,5.2, 5.3

Title: ATERERNZREZBRAIEEE (T) TREHER

Author/Publisher: IBEXHEEE (YouTube Channel)

URL: https://www.youtube.com/watch?v=vUv4dIOvHLw

Supporting Subsection: 5.1, 5.2, 5.3Supporting Subsection: 5.1, 5.2, 5.3
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5.3 Patient Consultation and Virtual Assistants

Artificial intelligence (Al) is playing a key role in improving accessibility to
healthcare services and realizing patient-centered healthcare through patient
consultation and virtual assistant capabilities. Al chatbots and virtual
assistants alleviate burdens on medical staff and improve patient experience
by answering patient questions, providing medical information, and

supporting routine healthcare administrative tasks.

Application of Patient Chatbots and Virtual Assistants

Virtual assistants reduce the cognitive burden on medical professionals and
automate repetitive administrative tasks such as documentation, performing
the role of a "third agent" that helps healthcare providers dedicate more time
to patients. Unlike chatbots, Al agents are designed to perform specific
goal-oriented tasks, interacting with environments to resolve complex issues.
Beyond explanations by medical staff, Al handles general patients' questions

about test results or diseases

Al chatbots and virtual assistants go beyond expanding patient-centered
healthcare to bring about efficient allocation of medical resources and

innovation in patient management.

Symptom Triage and Initial Guidance

Al is used to analyze various symptoms reported by patients, classifying
disease risks at an early stage and guiding patients to appropriate healthcare
services. Al medical assistants can present reasonable answers and treatment
options based on vast real-world medical data for patient symptoms such as "

diarrhea 3 times," "chest pain," or "burping when hungry." This reduces the

104 (Kim Kyung-jin, Attorney at Law)



time and effort patients spend searching for information on their own
andcontributes to decreasing unnecessary visits to medical institutions.
Alsupports remote triage features in telemedicine systems, helping
distributemedical resources efficiently by categorizing symptom severity
andconnecting patients to medical experts when necessary. In particular, Al
canalso be used to analyze patient data to identify individuals at risk of
anxiety,depression, or other mental health conditions, enabling early
intervention.Such initial triage ensures that patients receive necessary help in
a timelymanner while allowing medical staff to focus on patients who require
deepercare.

Reservation Guidance and Waiting List Management

Al is integrated into healthcare facility reservation systems, contributing to
improving patient experience and improving hospital operational efficiency.
Al-based systems provide reservation services 24 hours a day, 7 days a week
(24/7), operating at significantly lower costs than call centers or human
agents. Considering that 34 to 51% of all reservations occur outside business
hours, the need for 24/7 reservation services is very high. Al checks real-time
available appointment schedules and helps make immediate decisions via

voice or other digital channels.

In addition, Al reduces no-shows and fills empty appointment slots through
appointment confirmation and rescheduling reminders, thereby boosting
hospital operational efficiency. Al phone systems automatically convert
patient conversations into text and summarize them, altering workflows so
receptionists or staff can grasp the nature of the call in advance and handle it
quickly. This system is used not only for consultation and checkup bookings
but also for responding to hospital FAQs (Frequently Asked Questions). If Al
provides incorrect guidance, staff can review and transmit corrected

information to the patient, managing errors to complement Al's limitations. Al
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agents allow patients to ask any question at any time, helping patients

inquiremore about and better understand their own conditions.

Remote Monitoring and Continuous Patient Care

Al continuously monitors patient vital signs (heart rate, blood pressure, blood
glucose, sleep patterns, etc.) collected from wearable devices and Internet of
Things (loT) sensors, detecting signs of abnormality and sending smart alerts.
Al apps monitor adherence to treatment and support patient
self-management through automated messages or reminders, which is
particularly crucial for chronic disease management. These features can also
be implemented on mobile devices. Al-supported telehealth includes remote

monitoring to predict patient diseases and enable personalized care.

Mobile medical services such as mobile clinics visit patients' homes to initiate
sensing following identity verification, displaying real-time health data and
transitioning to online consultations so patients can receive medications.
Based on individual health data, Al can predict lab results or health risks 3
years into the future and provide advice on behavioral changes. Al is used in
ways such as heart failure monitoring systems that detect changes in patients
through remote monitoring and, when necessary, connect ambulances or
activate home healthcare teams. Active patient data (patient-reported data)
feedback helps physicians obtain more objective reference material for
diagnosis and treatment. In addition, if Al produces necessary explanatory
videos for patients to be made available at hospitals, medical staff can reduce

explanation time and increase patient satisfaction.

Shadows of Misdiagnosis Risk and the Digital Divide

Although Al's patient consultation and virtual assistant capabilities hold
considerable potential, they embody significant limitations and ethical
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considerations, such as misdiagnosis risk and the digital divide.

Misdiagnosis Risk: Al can exhibit "hallucination" phenomena, which means
generating plausible but completely incorrect information. LLMs such as
GPT-5 have been reported to exhibit hallucination error rates of around 15%,
and such errors can lead to a "1% fatal error" in the medical field, causing
severe harm to patients. Cases have actually occurred where incorrect health
advice from Al (e.g., sodium intake restriction) resulted in a patient showing
toxicity symptoms and being hospitalized. Al chatbots have limitations in that
they cannot capture emotional complexity and lack empathy, complete
understanding (comprende), or sensitivity (sentire). Al operates on fixed
patterns and may not appropriately adapt to each patient's specific situation,
making it difficult to consider social backgrounds or special circumstances. Al
models can reflect or exacerbate biases present in training data, which can

yield unfair or inaccurate results for specific population groups.

Digital Divide: Al-based healthcare services can widen medical disparities
depending on technological accessibility. Elderly individuals or patients with
low digital literacy may face difficulties in using Al tools, which can lead to
inequality in healthcare access. Because not everyone owns a smartphone or
tech device, this gap acts as an obstacle to evenly delivering the benefits of Al
to all. When designing digital tools, the needs of the target audience (TA) must
be analyzed and designed according to their clinical pathways, and providing

uniform service to everyone is difficult.

Critical Review and Final Responsibility of Medical Staff

All information generated by Al must undergo critical review and final clinical
judgment by medical professionals. Final decision-making and responsibility
always reside with human medical experts. Al does not replace physicians;

rather, it is a tool assisting medical staff as an "intelligent and tireless
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colleague" or a "second pair of eyes." Healthcare providers must not
blindlyfollow Al recommendations, but should exercise uniquely human
empathy,intuition, and non-verbal information perception to

comprehensivelyunderstand patients and make optimal decisions.

Before using an Al system, explaining the purpose, implications, and potential
risks of Al use to patients and obtaining informed consent is essential. When
using Al, transparency must be maintained to clearly inform patients that they
are interacting with Al. Al presents black box problems, and medical staff
must evaluate whether the reasoning process of Al can be understood and
trusted. It must be recognized that if Al makes an incorrect judgment, the
standard of duty of care for medical staff may rise, increasing legal liability.
Automated verification and calibration mechanisms for Al outputs are
required, and manual approval is essential in high-risk tasks. Healthcare
providers must serve as the primary agents setting thresholds to determine
how far to trust risk scores or diagnostic possibilities presented by Al and how

to intervene.

Al plays an important role in improving the quality of patient consultation and
expanding medical services, but its limitations must be clearly recognized and

it must be used cautiously under human judgment and ethical guidelines.

Source Materials

The following is a list of source materials supporting Section 5.1 "Medical
Records and Document Automation," Section 5.2 "Bed, Personnel, Operating
Room, and Reservation Management," and Section 5.3 "Patient Consultation
and Remote Monitoring" of Chapter 5 "Hospital Operations and Patient

Experience."

Source Materials List
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Title: 1 EEfrRAGAIEE ST b
Author/Publisher: AIKIRE Y FAFF & (YouTube Channel)
Supporting Subsection: 5.1

Title: 2026-06-03 U ERIAREZRTEHFHH#2T BERMDEBRLE BRLE BEN TEEEHIE Al Coach £A| TEH
X

Author/Publisher: ICHIT TMU (YouTube Channel)

Upload Date: 2026-06-03

Supporting Subsection: 5.1, 5.3

Title: 2026-07-08 : 2K ERER L BE-AIBFAIE(2) | Al R2REFTEIEVE (Al Airlock)
Author/Publisher: Health 22475 (YouTube Channel)

Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Supporting Subsection: 5.1,5.2, 5.3

Title: AIZRZERIRGE | A5TAE. TBAE | AIRIEDBEAEESE3HE - BEING HUMAN © AIERAHAERB—X
Author/Publisher: E X Z2#E 2 B .0\.CASE (YouTube Channel)

Supporting Subsection: 5.1, 5.3

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
Author/Publisher: Facultad de Medicina UNAM (YouTube Channel)

Supporting Subsection: 5.1, 5.3

Title: L’IA & I'lA Générative en santé : A |'épreuve de la réalité

Author/Publisher: L'Oeil de la E-santé (YouTube Channel)

URL: https://www.youtube.com/watch?v=7TEQazuMjJh4

Supporting Subsection: 5.1,5.2, 5.3

Title: [FEDX7 7 — F2026F:#] HEHIHELZ X Al - DX Service 10t v F

Author/Publisher: BB 4 &S OXEREZE (YouTube Channel)
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https://www.youtube.com/watch?v=_yani8XjOe0
https://www.youtube.com/watch?v=7EQazuMjJh4

URL: https://www.youtube.com/watch?v=Y9HWglbMSyU
Supporting Subsection: 5.1,5.2, 5.3

Title: ATERERNZHREZBRAIEEE (T) TREHR
Author/Publisher: IBEXHEEE (YouTube Channel)
URL: https://www.youtube.com/watch?v=vUv4dIOvHLw

Supporting Subsection: 5.1, 5.2, 5.3Supporting Subsection: 5.1, 5.2, 5.3
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Chapter 6 Medical Education and Research
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6.1 Medical Education, Virtual Patients, and Clinical Training

Artificial intelligence (Al) is fundamentally altering the methods of medical
education and the capabilities of medical professionals. Al is establishing
itself as an essential tool for personalizing learning processes, providing safe
practical environments, and training complex clinical reasoning abilities.
These technological advancements play a vital role in preparing future
healthcare workers to understand Al's potential, recognize its limitations, and
use it responsibly.

Changes in Medical Education and the Role of Al

Al is transforming the way healthcare professionals are trained. Intelligent
simulators help students practice realistic clinical situations in safe
environments. In addition, Al-based adaptive learning systems customize
educational content according to individual learning needs, offering
personalized learning experiences to students. Thanks to these technologies,
students in rural areas can access high-quality learning materials provided in
urban environments, contributing to dismantling long-standing barriers of
educational inequality. Many medical schools are exploring ways to integrate
Al into their regular curricula, pointing toward the future direction of medical
education.

The key to using Al in medical education is teaching responsible and ethical
usage. Students must be trained in giving accurate instructions (prompts) to
Al and maintaining a critical perspective toward the information Al provides.
Because Al is merely a tool, education must emphasize that its output should
not be followed blindly and must undergo rigorous review. Healthcare
professionals must acquire digital competencies required to manage and

maintain complex Al systems, cultivating the capacity to use Al effectively
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through continuous education on its capabilities and limitations.
Futurephysicians will be expected to use Al proficiently and deliver better
patientcare with Al assistance.

Clinical Training Through Virtual Patients

Al-based virtual patients (Al patients) serve as effective tools for medical
education, particularly in diagnostic interactions and communication quality
training. Virtual patients help prospective healthcare providers practice
clinical skills and improve communication abilities in settings similar to real
patient interactions. Built on real electronic health record (EHR) data to
expand disease databases, virtual patients integrate 'Big Five' personality

profiles to enable more realistic emotional expression.

Training with such virtual patients provides students with opportunities to
practice more cases quickly and efficiently. For example, in nurse training
programs, hands-on conversations with Al patients allow realistic dialogue
practice using prompts generated from real conversation data. After training,
students can objectively reflect on their communication by reviewing text
transcriptions and receiving individual feedback, maximizing learning
efficacy. However, because Al patients sometimes provide excessively long
answers or exhibit unnatural responses, continuous improvement is required
in this area.

Strengthening Clinical Reasoning Training

Al contributes to training and strengthening healthcare professionals' clinical
reasoning abilities. Clinical reasoning is a complex and dynamic thought
process involving gathering patient information, formulating hypotheses, and
iteratively testing them. Al supports this cognitive process and provides

environments where students can repeatedly practice reasoning skills across
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diverse scenarios.

Through its ability to map patients' high-dimensional health states, Al has
reached a level capable of predicting an individual's life trajectory, helping
students gain deeper insight into complex disease progression. For instance,
research demonstrates Al models taking health status up to age 60 as input
tokens to predict subsequent life trajectories with high similarity. Such Al
capabilities enable training students to predict future outcomes based on

patient data and plan proactive interventions.

Avital elementin clinical reasoning training is empathy. Although Al can
express surface-level empathy, it struggles to understand deep patient
contexts and form genuine empathy. For example, Al might respond with "
That must be difficult" to a patient refusing medication; however, a physician
with strong clinical reasoning skills can grasp the underlying psychological
state, such as the patient being unable to open medication bottles due to
rheumatic hand pain and withholding requests for family help out of pride,
and extend genuine empathy. Therefore, for healthcare workers in the Al era,
orchestration skills to integrate and digest information provided by Al,
narrative skills to comprehend patient life contexts and stories, the ability to
choose appropriate words through intuition and empathy, and healthcare

delivery built on trust become ever more critical.

Healthcare Professionals' Al Literacy and Limitations

Al serves as a tool assisting healthcare staff in clinical settings as an "
intelligent and untiring colleague" or a "second pair of eyes." Al captures
subtle details that humans might overlook and automates repetitive tasks
such as documentation, coding, and operational scheduling, alleviating
burdens on medical personnel. This allows healthcare providers to spend

more time with patients and focus on human care.
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However, Al possesses limitations and potential errors.

Errors and Bias: Al can commit a "1% fatal error," and LLMs tend to exhibit
approximately 15% hallucinations, generating plausible yet incorrect
information. Cases have been reported where patients suffered actual toxicity
symptoms following erroneous Al advice (e.g., recommending sodium intake
restriction). In addition, Al models may reflect biases present in training data,

producing unfair or inaccurate results for specific population groups.

Lack of Emotional and Nonverbal Understanding: Al struggles to capture
human emotional complexity, empathy, intuition, and nonverbal cues (facial
expressions, gestures, etc.). For instance, when an elderly patient wishes to go
see cherry blossoms, Al might discourage an outing based on heart failure or
fall risks, whereas human medical staff can understand the meaning of life for

the patient, manage risks, and find compromises to assist the outing.

'Black Box' Problem: The opaque decision-making process of Al creates a'
black box' problem, making it difficult for healthcare professionals to
understand and trust its reasoning. As a result, critical review of Al output

becomes increasingly important.

Final Responsibility of Healthcare Professionals

Regardless of how advanced Al becomes, final diagnostic decisions and
treatment responsibilities always belong to human medical experts. Al must
not replace physicians, but improve their capabilities as an "augmented
intelligence" tool. Doctors must critically evaluate information presented by
Al from medical and ethical perspectives and judge whether Al
recommendations suit the patient's specific circumstances. Concerns have

also been raised that if a doctor ignores an Al risk warning resulting in an
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adverse outcome, the duty of care standard for medical staff may be
raised,increasing legal liability. Therefore, healthcare providers must
transparentlyexplain Al use to patients and obtain informed consent.

Medical education must focus on clearly teaching these capabilities and
limitations of Al, training healthcare workers who use Al effectively while
preserving uniquely human capabilities. Al must act as a 'third agent' that
assists medical personnel, deepens patient relationships, and contributes to

improving healthcare quality.

Source Materials

The following is a list of source materials supporting Section 6.1 '"Medical
Education and Virtual Patients', Section 6.2 'Research Data Analysis and
Hypothesis Generation', and Section 6.3 'Literature Review and Clinical Trial
Support' of Chapter 6 '"Medical Education and Research'.

Source Material List

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
Author/Issuing Organization: Facultad de Medicina UNAM (YouTube channel)
Supporting Subsections: 6.1, 6.3 (Related to RAG and critical review)

Title: BRAIAIBERTARIDIZEN & MR BARRERKE

Author/Issuing Organization: E#EE27#; (YouTube channel)

Supporting Subsections: 6.1

Title: "RIERRHIERF" B REHEERAIK R

Author/Issuing Organization: Grandhealth Access Telemedicine (YouTube channel)
Supporting Subsections: 6.2

Title: NICE Talk 100: #&#). U1 EFHIRAIAISSRE
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Author/Issuing Organization: NICE Al Talk (YouTube channel)

Supporting Subsections: 6.2

Title: Inteligencia Artificial en Medicina | Capacitacién para Médicos y Personal de Salud
Author/Issuing Organization: MédicosElite® (YouTube channel)

Supporting Subsections: 6.3

Title: 2026-07-08 : EBKERELR EEB-AIBRAIE(2) | Al REMPTRIEDE (Al Airlock)
Author/Issuing Organization: Health8 Z4-E[ (YouTube channel)

Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Supporting Subsections: 6.3, 6.2 (Related to XAl and data governance)

Title: KRB ARNANMREEEF AR S IGRREE-AHETES LM B LR, ATEETIEREFE®
Author/Issuing Organization: EFi# [ATERESEHLTZR] (YouTube channel)

Supporting Subsections: 6.2

Title: ERAI AR 7 O2 £ b ZBINICE 720IC | ERAIFIF - 1REICEET 275 - Fif - 2L
Author/Issuing Organization: (Ef) ELAH ATHEERMTI>Y —2 7 L (AlITeC) (YouTube channel)

Supporting Subsections: 6.3
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6.2 Research Data Analysis and Hypothesis Generation

Artificial intelligence (Al) plays a central role in medical research by analyzing
vast amounts of data and recognizing complex patterns to deepen the
understanding of diseases and generate new hypotheses. This dramatically
accelerates research processes that traditionally required extensive time and
manpower, complementing the limitations of human researchers. Al serves as
a key driver elevating efficiency and success rates at every research stage,
from understanding molecular mechanisms of diseases to discovering novel

therapies and designing clinical trials.

Large-Scale Clinical Data Analysis

The foundation of Al-based research lies in large-scale clinical data. Al
integrates and analyzes heterogeneous data collected from diverse sources,
including patient electronic health records (EHR), genomic information,
medical imaging, wearable device and |oT sensor data, and laboratory data.
This encompasses both structured and unstructured data, such as patient oral
notes, text transcripts of physician-patient conversations, coding data, and
time-series clinical observation data. Al integrates these data through
standards such as HL7 FHIR and anonymizes them to improve privacy

protection while enabling research use.

However, such large-scale data frequently lack high quality, and data curation
to bring data into an "Al-ready" state for effective Al analysis presents a very
difficult and time-consuming challenge. Data are often fragmented or contain
numerous missing values, rendering sophisticated preprocessing essential for
effective Al analysis. Al preprocesses data through techniques such as
normalization, selecting the most important features, and data augmentation

to improve model generalizability (analyzing millions of genomic variants
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discovered in large-scale genomic sequencing projects to
identifydisease-causing variants and predict individual susceptibility to
specificdiseases. Al also protein
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6.2 Research Data Analysis and Hypothesis Generation

Artificial intelligence (Al) plays a central role in medical research by analyzing
vast amounts of data and recognizing complex patterns to deepen the
understanding of diseases and generate new hypotheses. This dramatically
accelerates research processes that traditionally required extensive time and
manpower, complementing the limitations of human researchers. Al serves as
a key driver elevating efficiency and success rates at every research stage,
from understanding molecular mechanisms of diseases to discovering novel

therapies and designing clinical trials.

Large-Scale Clinical Data Analysis

The foundation of Al-based research lies in large-scale clinical data. Al
integrates and analyzes heterogeneous data collected from diverse sources,
including patient electronic health records (EHR), genomic information,
medical imaging, wearable device and |oT sensor data, and laboratory data.
This encompasses both structured and unstructured data, such as patient oral
notes, text transcripts of physician-patient conversations, coding data, and
time-series clinical observation data. Al integrates these data through
standards such as HL7 FHIR and anonymizes them to improve privacy

protection while enabling research use.

However, such large-scale data frequently lack high quality, and data curation
to bring data into an "Al-ready" state for effective Al analysis presents a very
difficult and time-consuming challenge. Data are often fragmented or contain
numerous missing values, rendering sophisticated preprocessing essential for
effective Al analysis. Al preprocesses data through techniques such as
normalization, selecting the most important features, and data augmentation

to improve model generalizability (analyzing millions of genomic variants
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discovered in large-scale genomic sequencing projects to
identifydisease-causing variants and predict individual susceptibility to

specificdiseases. Al also protein

Al plays a central role in medical research by analyzing vast amounts of data
and recognizing complex patterns to deepen the understanding of diseases
and generate new hypotheses. This dramatically accelerates research
processes that traditionally required extensive time and manpower,
complementing the limitations of human researchers. Al serves as a key driver
elevating efficiency and success rates at every research stage, from
understanding molecular mechanisms of diseases to discovering novel

therapies and designing clinical trials.

Clinical Research Verification of Al-Generated Hypotheses

No matter how innovative and appealing a hypothesis generated by Al may
be, it must be verified through rigorous clinical research. Al can optimally
simulate molecular formation processes with specific active substances using
computer models, helping design and generate novel drug-like molecules.
However, cases have occurred where compounds designed by Al were later
found to be chemically unrealistic or difficult to synthesize, indicating a gap

between in silico predictions and real-world chemistry.

Although Al models are often trained under laboratory conditions, systematic
testing regarding generalizability in real clinical environments is frequently
lacking. Insufficient external validation can reduce diagnostic accuracy,
particularly when algorithms are applied to datasets significantly different
from training data. In practice, many studies rely on small sample sizes,
limiting the generalizability of findings. In addition, severe data imbalance
carries overfitting risks, making Al appear perfect on training data while

committing errors in real-world scenarios.
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To guarantee reproducibility and comparability of Al models, standardized
data acquisition methods and transparent documentation are essential. For
Al-based medical devices, documenting data management design provides
the sole evidence that Al achieves expected performance levels. Quantifying
uncertainty in clinical environments is critical, where setting adaptive
thresholds enables identification of uncertain cases and harnesses Al in a
human-in-the-loop manner left to medical expert interpretation. For instance,
cases where Al model accuracy improved from 81% to 91% demonstrate the
potential of human-Al collaborative models that assist Al in executing reliable

predictions while referring ambiguous cases to human review.

Methods for Avoiding Spurious Correlations

Al rapidly analyzes vast data to uncover patterns, yet it can sometimes
present spurious correlations as truth. This is because Al provides information

based on statistical probabilities rather than medically verified truth.

'Hallucination' Phenomenon: Large Language Models (LLMs) can cause
hallucinations, generating plausible yet false information. Because ChatGPT is
unconcerned with truth and designed to generate text that appears truthful,
critics argue its output can be 'bullshit.' This implies that information
provided by Al may sometimes constitute 'false evidence' that appears

statistically significant but lacks actual value.

Data Bias: Al models can reflect or deepen biases present in training data. For
example, if data on a specific racial group are lacking, Al may issue biased
diagnoses for patients of that race. This raises concerns that Al could amplify
existing inequalities like an 'algorithmic mirror." When data on which Al was
trained fail to reflect local realities (e.g., data gaps in regions with frequent

power outages), Al can commit errors, underscoring the need for local
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knowledge and continuous human oversight.

Understanding Causality: While Al excels at identifying correlation, it has
limitations in establishing clear causality. Researchers must verify through
critical human reasoning whether correlations presented by Al actually

represent cause and effect of disease.

Judgment and Responsibility of Researchers and Medical Staff

Regardless of how advanced Al becomes, final decision-making and
responsibility always belong to human researchers and medical experts. Al
can commit a "1% fatal error," which can lead to grave consequences in

medical research and clinical practice.

Critical Review: Researchers and medical staff must refrain from blind trustin
information presented by Al and examine it with a critical eye. Rather than
accepting Al output at face value, the ability to question and verify

information based on medical expertise and clinical reasoning is essential.

Human Oversight: Al systems must be designed in a "human-in-the-loop"
manner, where manual approval by humans is essential in high-risk tasks.
Explainable Al (XAl) research aimed at addressing the opaque 'black box!'
problem of Al decision-making is critical, helping explain why Al reached

specific conclusions.

Al Literacy: Healthcare professionals must understand Al capabilities and
limitations and receive continuous education and training on using Al tools
responsibly and ethically. While Al serves as a tool assisting research and
clinical practice as an "intelligent and untiring colleague," human empathy,
intuition, and the ability to grasp nonverbal information remain unique

domains that Al cannot replace.
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Data Governance and Ethics: In Al research, data privacy and data governance
represent core ethical considerations. Informed consent from patients is
essential, while anonymization or pseudonymization of data used in Al model

training is crucial.

While Al is a powerful partner accelerating research processes and promoting
new discoveries, continuous efforts are needed to maximize its potential
without losing safety, ethics, and human-centeredness. Collaboration
between Al and human researchers is an essential element for the
advancement of medical science. Continuous efforts are required not to lose
safety, ethics, and human-centeredness. Collaboration between Al and
human researchers is an essential element for the advancement of medical

science.

Source Materials

The following is a list of source materials supporting Section 6.1 'Medical
Education and Virtual Patients', Section 6.2 'Research Data Analysis and
Hypothesis Generation', and Section 6.3 'Literature Review and Clinical Trial

Support' of Chapter 6 '"Medical Education and Research'.

Source Material List

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
Author/Issuing Organization: Facultad de Medicina UNAM (YouTube channel)
Supporting Subsections: 6.1, 6.3 (Related to RAG and critical review)

Title: HRIAIBRFRIDIZEN B MR BRI RERAE

Author/Issuing Organization: %1224 227# (YouTube channel)

Supporting Subsections: 6.1
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Title: "RIEZRIIERF "SREHIEERAIKRLTIR

Author/Issuing Organization: Grandhealth Access Telemedicine (YouTube channel)

Supporting Subsections: 6.2

Title: NICE Talk 100: #=#). 2T EF#IRAIAISIRE

Author/Issuing Organization: NICE Al Talk (YouTube channel)

Supporting Subsections: 6.2

Title: Inteligencia Artificial en Medicina | Capacitacion para Médicos y Personal de Salud
Author/Issuing Organization: MédicosElite® (YouTube channel)

Supporting Subsections: 6.3

Title: 2026-07-08 : 2R KEREAR EEE-AIBERAIE(2) | Al ZE2RPTEIEDE (Al Airlock)
Author/Issuing Organization: Healthcare Smart Living Circle (YouTube channel)

Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Supporting Subsections: 6.3, 6.2 (Related to XAl and data governance)

Title: RKIRBFANAMREEER RS BRI HE-A+ETEEEHMBE TR, AT EREFHE
Author/Issuing Organization: EFi# [ATERESEHLTR] (YouTube channel)

Supporting Subsections: 6.2

Title: BERAIRFE O 0 b ZlINICEL 1282 | ERAIFSR - 1IRMEICEET 27512 - Mbf - 2BY
Author/Issuing Organization: (E#) EAH ATHEERKI>Y —> 7 L (AlTeC) (YouTube channel)
Supporting Subsections: 6.3

Al plays a central role in medical research by analyzing vast amounts of data
and recognizing complex patterns to deepen the understanding of diseases
and generate new hypotheses. This dramatically accelerates research
processes that traditionally required extensive time and manpower,

complementing the limitations of human researchers. Al serves as a key driver

elevating efficiency and success rates at every research stage, from
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understanding molecular mechanisms of diseases to discovering

noveltherapies and designing clinical trials.

Clinical Research Verification of Al-Generated Hypotheses

No matter how innovative and appealing a hypothesis generated by Al may
be, it must be verified through rigorous clinical research. Al can optimally
simulate molecular formation processes with specific active substances using
computer models, helping design and generate novel drug-like molecules.
However, cases have occurred where compounds designed by Al were later
found to be chemically unrealistic or difficult to synthesize, indicating a gap

between in silico predictions and real-world chemistry.

Although Al models are often trained under laboratory conditions, systematic
testing regarding generalizability in real clinical environments is frequently
lacking. Insufficient external validation can reduce diagnostic accuracy,
particularly when algorithms are applied to datasets significantly different
from training data. In practice, many studies rely on small sample sizes,
limiting the generalizability of findings. In addition, severe data imbalance
carries overfitting risks, making Al appear perfect on training data while

committing errors in real-world scenarios.

To guarantee reproducibility and comparability of Al models, standardized
data acquisition methods and transparent documentation are essential. For
Al-based medical devices, documenting data management design provides
the sole evidence that Al achieves expected performance levels. Quantifying
uncertainty in clinical environments is critical, where setting adaptive
thresholds enables identification of uncertain cases and harnesses Al in a
human-in-the-loop manner left to medical expert interpretation. For instance,
cases where Al model accuracy improved from 81% to 91% demonstrate the
potential of human-Al collaborative models that assist Al in executing reliable

127 (Kim Kyung-jin, Attorney at Law)



predictions while referring ambiguous cases to human review.

Methods for Avoiding Spurious Correlations

Al rapidly analyzes vast data to uncover patterns, yet it can sometimes
present spurious correlations as truth. This is because Al provides information
based on statistical probabilities rather than medically verified truth.

'Hallucination' Phenomenon: Large Language Models (LLMs) can cause
hallucinations, generating plausible yet false information. Because ChatGPT is
unconcerned with truth and designed to generate text that appears truthful,
critics argue its output can be 'bullshit.' This implies that information
provided by Al may sometimes constitute 'false evidence' that appears

statistically significant but lacks actual value.

Data Bias: Al models can reflect or deepen biases present in training data. For
example, if data on a specific racial group are lacking, Al may issue biased
diagnoses for patients of that race. This raises concerns that Al could amplify
existing inequalities like an 'algorithmic mirror.' When data on which Al was
trained fail to reflect local realities (e.g., data gaps in regions with frequent
power outages), Al can commit errors, underscoring the need for local

knowledge and continuous human oversight.

Understanding Causality: While Al excels at identifying correlation, it has
limitations in establishing clear causality. Researchers must verify through
critical human reasoning whether correlations presented by Al actually

represent cause and effect of disease.

Judgment and Responsibility of Researchers and Medical Staff
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Regardless of how advanced Al becomes, final decision-making and
responsibility always belong to human researchers and medical experts. Al
can commit a "1% fatal error," which can lead to grave consequences in

medical research and clinical practice.

Critical Review: Researchers and medical staff must refrain from blind trustin
information presented by Al and examine it with a critical eye. Rather than
accepting Al output at face value, the ability to question and verify

information based on medical expertise and clinical reasoning is essential.

Human Oversight: Al systems must be designed in a "human-in-the-loop"
manner, where manual approval by humans is essential in high-risk tasks.
Explainable Al (XAl) research aimed at addressing the opaque 'black box'
problem of Al decision-making is critical, helping explain why Al reached

specific conclusions.

Al Literacy: Healthcare professionals must understand Al capabilities and
limitations and receive continuous education and training on using Al tools
responsibly and ethically. While Al serves as a tool assisting research and
clinical practice as an "intelligent and untiring colleague," human empathy,
intuition, and the ability to grasp nonverbal information remain unique

domains that Al cannot replace.

Data Governance and Ethics: In Al research, data privacy and data governance
represent core ethical considerations. Informed consent from patients is
essential, while anonymization or pseudonymization of data used in Al model

training is crucial.

While Al is a powerful partner accelerating research processes and promoting
new discoveries, continuous efforts are needed to maximize its potential

without losing safety, ethics, and human-centeredness. Collaboration

129 (Kim Kyung-jin, Attorney at Law)



between Al and human researchers is an essential element for
theadvancement of medical science. Continuous efforts are required not to
losesafety, ethics, and human-centeredness. Collaboration between Al
andhuman researchers is an essential element for the advancement of

medicalscience.

Source Materials

The following is a list of source materials supporting Section 6.1 '"Medical
Education and Virtual Patients', Section 6.2 'Research Data Analysis and
Hypothesis Generation', and Section 6.3 'Literature Review and Clinical Trial
Support' of Chapter 6 '"Medical Education and Research'.

Source Material List

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
Author/Issuing Organization: Facultad de Medicina UNAM (YouTube channel)
Supporting Subsections: 6.1, 6.3 (Related to RAG and critical review)

Title: BRIAIBRRRIDIREN & MR FEAMRERKE

Author/Issuing Organization: #5827 (YouTube channel)

Supporting Subsections: 6.1

Title: "RIERRHIERF" B REHEE KA R

Author/Issuing Organization: Grandhealth Access Telemedicine (YouTube channel)
Supporting Subsections: 6.2

Title: NICE Talk 100: 284, IZ¥rF1EFHEIRAIAITE

Author/Issuing Organization: NICE Al Talk (YouTube channel)

Supporting Subsections: 6.2

Title: Inteligencia Artificial en Medicina | Capacitacion para Médicos y Personal de Salud
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Author/Issuing Organization: MédicosElite® (YouTube channel)

Supporting Subsections: 6.3

Title: 2026-07-08 : EEKERELR L EB-AIBRAIE(2) | Al REMPTRIEDE (Al Airlock)
Author/Issuing Organization: Healthcare Smart Living Circle (YouTube channel)

Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Supporting Subsections: 6.3, 6.2 (Related to XAl and data governance)

Title: KIZBIEARNANMREEEF AR S IRREE-AHETES LM B LR, ATEETIEREFE®
Author/Issuing Organization: EFi# [ATERESEHETR] (YouTube channel)

Supporting Subsections: 6.2

Title: ERAI AR 7 O2 £ b2 BINICE 729IC | ERAIFIF - 1REICEET 275 - Fif - 2L
Author/Issuing Organization: (E) ELAH ATHEERMTI>Y —2 7 L (AlITeC) (YouTube channel)

Supporting Subsections: 6.3
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Part Il

Issues and the Future of Al in Medicine
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Chapter 7 Trust, Safety, and Responsibility
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7.1 Explainability, Verification, and Error Management

Artificial intelligence (Al) demonstrates innovative potential across diverse
domains such as medical diagnosis, treatment planning, and hospital
operations, yet simultaneously raises fundamental challenges of trust, safety,
and responsibility. In particular, opacity in Al models, potential prediction
errors, and ambiguity regarding legal liability are critical problems that must
be solved to successfully integrate Al into clinical practice. The key to
addressing these issues lies in securing Al explainability, undergoing rigorous
clinical verification, managing errors through continuous performance
monitoring, and ultimately establishing critical review and final responsibility
by medical staff.

1. The Black Box Problem of Medical Al

Al, especially deep learning-based models, is often compared to a "black
box." This is because it is difficult for humans to understand the process by
which algorithms reach specific conclusions or predictions. This opacity acts

as a serious issue in the medical domain.

Ambiguity of Liability: When Al operates in a complex and opaque manner, the
issue of who is responsible when errors occur becomes increasingly
ambiguous. If it is impossible to reconstruct why an Al system derived a
specific output, establishing liability becomes difficult.

Regulatory and Ethical Barriers: Regulatory agencies (e.g., the FDA) may be
reluctant to approve black-box models that fail to meet transparency
requirements. The black-box nature of Al risks undermining fundamental

medical ethics and causing harmful consequences for patients.
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Difficulty in Error Identification: If the internal workings of an Al model are
difficult to understand, identifying and correcting systematic errors or biases
becomes exceedingly challenging.

To resolve these issues, the field of Explainable Al (XAl) has emerged. XAl aims
to improve trust and transparency by explaining the decision-making process
of Al systems in ways understandable to humans. XAl uses heatmaps to
highlight areas where Al focuses in medical images or provides text

explanations to reveal the rationale behind predictions.

2. Clinical Verification

For Al models to be used safely and effectively in clinical practice, rigorous
clinical verification is essential. Al is classified as a medical device requiring
prior approval from regulatory bodies (e.g., the FDA), which must be

demonstrated through rigorous clinical trials similar to pharmaceuticals.

Data Quality and Representativeness:

The performance of Al models depends heavily on high-quality and vast

training data. Low-quality or biased data can lead to misleading conclusions.

In particular, medical imaging data is high-dimensional and must be trained
on diverse datasets. Models trained on single-institution data may degrade in
performance when applied to other hospitals or patient populations [41, 131].
Demographic and statistical details must be disclosed to detect imbalances
early, and biases must be systematically identified and corrected through
regular bias audits and fairness-aware algorithms.

Hospitals use external Al prediction tools, but only half evaluate their

accuracy.
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Multicenter prospective clinical studies are required to demonstrate the
actual clinical utility of Al systems [147].

Interface and Usability: The utility of an Al system depends on user
acceptability, which hinges on algorithm transparency and the capability to
clearly explain recommendations [13].

Drift and Bias Detection: Al/ML systems must undergo regular observation
after installation to detect drift or bias. Legal Framework Obligations: Legal
frameworks such as the EU Al Act require maintaining oversight obligations

while high-risk Al systems function.

4. Hallucination and Misdiagnosis

Al, especially large language models (LLMs), can sometimes generate
information that differs from facts. This can lead to incorrect health

information or advice, causing serious harm to patient health.

Real Example: There are cases where Al advised elderly patients against going
cherry blossom viewing due to fall risks, overlooking human elements such as

emotional satisfaction or quality of life.

Misdiagnosis and Errors:

Al provides probabilistic results and supplementary information rather than
definitive diagnoses.

Al is a tool capable of making errors. Al models containing a 1% fatal error in
treatment recommendations have also been reported [1]. Limitations of

Human Elements: Al experiences difficulty in fully understanding human
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emotional context, non-verbal cues, and empathy. Even if answers

providedby Al are rated as more empathetic than those of physicians
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7.2 Privacy, Security, and Data Governance

As artificial intelligence (Al) becomes deeply integrated into healthcare, the
handling of sensitive patient health data, security frameworks to protect it,
and data governance managing data across its entire lifecycle have emerged
as the most paramount and challenging issues in ensuring the trustworthiness
of medical Al. Because Al systems train and operate on vast amounts of
sensitive data, guaranteeing the privacy, integrity, and availability of this
information is essential to protecting patient fundamental rights and fulfilling

the ethical and legal responsibilities of healthcare systems.

1. Sensitive Health Information

Patient health information is intrinsically highly sensitive and personal data,

serving as a core resource for Al systems.

Types of Information: Sensitive health information includes all data related to
an individual's health status, such as personal diagnosis results, genetic
information, biometric data (biometric measurement data), and treatment
records. This exists in various forms including clinical notes, medical imaging,

pathology results, and genomic data.

High Value and Risk: Such data represents an important aspect of privacy for
individuals and carries significant economic value for enterprises. At the same
time, however, it is highly sensitive information that can inflict severe harm on

patients if misused or leaked.
Al's Data Dependency: Al, particularly deep learning models, relies on large

volumes of sensitive medical information for training and operation. Because

Al performance and accuracy are directly proportional to the quantity and
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quality of training data, Al developers seek to acquire as much data

aspossible.

2. Consent

When collecting, storing, processing, and using sensitive patient health

information, informed consent from the patient is essential.

Importance of Explicit Consent: Consent must go beyond mere permission to
use data; it must occur after clearly explaining and ensuring the patient
understands how the Al system operates, what data is used, and what
potential risks exist. Regulatory frameworks such as the EU General Data
Protection Regulation (GDPR) and the U.S. Health Insurance Portability and
Accountability Act (HIPAA) specify strict requirements for such consent

management.

Consent for Al Training: When patient data is used to train Al systems,
obtaining patient consent is the principle unless thorough data
anonymization is conducted. However, obtaining individual blanket consent
from every patient for using electronic medical record (EMR) data in Al

training presents practical difficulties.

Consent for Clinical Audio/Video Recording: When Al analyzes conversations
between doctors and patients in real time to automate clinical records [5.1],
mutual consent from both the patient and medical staff is required. In Taiwan,
regulations mandate that healthcare institutions must obtain consent from
the other party if audio or video recording takes place during clinical care.

Problems from Lack of Consent: If Al systems use clinical data without
individual patient consent, it can infringe upon personal data

self-determination rights and privacy. In particular, due to difficulties in
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tracking and updating data, long-term follow-up studies on Al diagnostic

andtreatment outcomes may be limited.

Ethical and Legal Responsibilities: Regulations regarding consent make Al
implementation processes complex and costly, but are essential to protecting

patient autonomy and privacy.

3. Data Access Permissions

Because Al systems use large amounts of sensitive medical information, strict

management of data access permissions is a key element of data security.

Necessary Protective Measures: Al systems require strong data protection
safeguards, including secure storage, appropriate access control, and

continuous security monitoring.

Challenges in Access Control: Unlike traditional paper charts placed on tables
where anyone could view them, electronic health records (EHR) are much
harder to access. However, because Al systems collect data across various
touchpoints and distribute it across multiple platforms, they can be

vulnerable to data leaks.

Use of Blockchain Technology: Blockchain technologies such as MedRec
enable controlled access to medical data using cryptographic hashes and

smart contracts, satisfying requirements under GDPR and HIPAA.

Core of "Data Governance": Managing data access permissions forms a core
part of data governance, defining and controlling clearly who can access data,

when, and for what purpose.

4. Cybersecurity
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Cybersecurity in medical Al systems is absolutely critical to protecting

sensitive health information and maintaining system trust.

Data Breach Risks: Al-based systems are vulnerable to data breach risks,
threatening the confidentiality of patient information. Particularly with the
commercialization of Al technology, the risk of data misuse and

re-identification of hidden data is increasing.

Regulatory Gaps and Response Limits: Regulations often lag behind society's
evolving privacy and security attitudes. Because the pace of Al advancement
far outstrips regulatory frameworks, regulatory authorities face difficulties

keeping up with Al development speeds.

Legal Requirements: The EU GDPR, U.S. HIPAA, and the EU Al Act demand
strict provisions regarding data security and privacy protection. These
regulations set stringent frameworks for the processing and storage of

medical data.

Importance of Security Infrastructure: Strong IT security, data protection
concepts, and transparent information and consent procedures are essential.
Integrating cloud-based Al platforms with medical data generates additional

IT security requirements.

Supply Chain Security: Regulations such as the NIS 2 Directive enforce
compliance with security requirements across the entire supply chain of
Al-based medical systems. That is, when healthcare institutions purchase
hardware or software, the service provider must also meet the same security

standards.
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Institutional Responsibility: Healthcare institutions express concerns over
data leaks and security vulnerabilities associated with using Al systems,
questioning whether Al systems can securely protect patient data.

5. De-identification and Re-identification Risks

De-identification is a key method for protecting patient privacy, but the risk of

re-identification always persists.

Concept of De-identification: De-identification is the process of stripping all
personally identifiable information to secure data anonymity. Data refers to
an anonymized state where specific individual identity cannot be known,

whereas information reveals specific personal data.

Anonymization and Pseudonymization:

Anonymization: Means removing all identifiers such as patient names and
resident registration numbers so that specific individuals cannot be
re-identified. Anonymized data does not need to be stored in an HDS (Health

Data Storage) certified environment.

Pseudonymization: Means using pseudonymized data such as patient IDs so
that specific individuals cannot be directly identified, but remaining
re-identifiable through a separate mapping table. Pseudonymized data must

be stored on HDS-certified servers.

Re-identification Risks: Even pseudonymized data carries the risk of
re-identification when combined with other information. This threatens
confidentiality, and such risks grow larger with the commercialization of Al

technology.
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Federated Learning: Proposed as a method to protect privacy and reduce
re-identification risks by enabling model training on distributed local data

without sharing raw patient records.

Data Use Issues in Taiwan: In the case of Taiwan, when large-scale medical
data such as "health insurance records" is used for research purposes,
patients still perceive that their data must be protected despite all identifying
information being removed. This concept of "data sovereignty" creates legal
and ethical obstacles for data use. In particular, when data tracking is
impossible, problems arise where long-term effect verification of Al

diagnosis/treatment or compensation when errors occur becomes difficult.

6. Institutional Responsibility

Successful adoption and operation of Al-based medical systems depend on

clear accountability and systematic governance by healthcare institutions.

Final Responsibility Rests with Humans: Al is an assistive tool rather than a
replacement for medical staff, and ultimate responsibility for medical
decisions always lies with the human physician. Al is merely a tool; it lacks

personhood and cannot bear responsibility.

Regulatory Compliance: Healthcare institutions must comply with national
and international data protection and Al regulations such as GDPR, HIPAA,
and the EU Al Act. This is an essential step to ensure the safe and lawful use of

Al systems.

Role of the Al Act: The EU Al Act imposes strict requirements on high-risk Al

systems regarding cybersecurity, transparency, and human oversight.
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Data Governance: Healthcare institutions must build data governance

infrastructure to ensure data quality, interoperability, and security.

Establishing Governance Structures:

Human Oversight: Although Al systems operate autonomously, final decisions

must always occur under human oversight.

Ethics Committees and DPOs: Ethics committees and Data Protection Officers
(DPOs) must be involved to evaluate the ethical impacts of Al projects and

ensure compliance with data protection regulations.

Policies and Procedures: Clear policies, procedures, and division of

responsibility must be established for the safe deployment of Al systems.

Staff Training and Al Literacy: Al literacy education must be provided so that
all staff, including healthcare providers, understand the capabilities,
limitations, and ethical use of Al systems. In particular, staff must cultivate the
capacity to recognize and critically review potential errors (hallucinations) in

Al-generated information.

Legal Liability in Adopting New Technologies: Healthcare institutions view
legal liability risks with great importance when introducing new technologies
such as Al. If Al monitors patient data 24 hours a day, a hospital's duty of care

and scope of legal liability could expand, necessitating clear legal definitions.
Securing Technological Sovereignty: Healthcare institutions must secure

technological sovereignty over Al systems to reduce dependence on external

vendors and increase transparency and control over Al models.
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Medical Al holds vast potential to elevate patient care quality and improve
medical efficiency; however, this must be preceded by thorough protection of
sensitive health data, establishment of strong cybersecurity systems, and
clear, accountable data governance for Al usage. Moving beyond simple users
of Al technology, healthcare institutions must fulfill their responsibilities as

key entities driving the safe and ethical application of Al systems.
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7.3 Clinician-Al Collaboration and Final Responsibility

1. Algorithmic Bias and Fairness

Al models carry a serious risk of learning biases inherent in training data,

leading to unfair or inaccurate outcomes for specific patient groups.

Bias Mitigation Strategies: To address these algorithmic bias issues and

secure fairness, the following efforts are required:

Regular Audits: Regular audits should be conducted before and after
deploying Al systems in hospitals to reduce bias and improve transparency.

Disclosure of Demographic Details: Demographic details of datasets used for

model training must be disclosed to detect imbalances early.

Fairness-Aware Algorithms: Biases must be systematically identified and

corrected through regular bias audits and fairness-aware algorithms.

Dataset Balancing and Weight Adjustment: Diverse techniques such as dataset
balancing, weight adjustment, and adversarial bias mitigation must be used

to derive fair outcomes across all patient groups.

Data Protection and Ownership: Strong considerations of data protection and

ownership are crucial to mitigating these bias risks.
Ethical and Regulatory Frameworks: Al must be developed within strong

ethical frameworks, guaranteeing privacy protection, equity, and

transparency.
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2. Patient and Clinician Trust

Successful adoption and continued use of Al systems depend on securing

trust from both patients and healthcare staff.

Challenges in Building Trust: Trust in Al systems stems not only from technical
robustness but also from transparency, contestability, and alignment with
organizational values (especially equity). However, if clinicians are sidelined
during the Al development process, trust declines and Al adoption can be
hindered.

Patient Safety Concerns: Nurses express concerns that Al malfunctions could
pose severe risks to patient safety. The fact that Al-provided information may

contain errors (hallucination phenomena) significantly impacts trust.
Measures to Improve Trust:

Transparent Communication: When using Al, providing transparent
information to patients and clearly communicating the role and limitations of
Alis crucial.

3. Final Judgment by Physicians

Intrinsic Limitations of Al:

Role of Healthcare Staff:

Human Re-optimization: "Optimized" recommendations presented by Al must
be "re-optimized" by human physicians according to patient specificity and

values. For instance, even if Al advises an elderly patient against going

outdoors due to fall risk, a human doctor can consider the positive impact of
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cherry blossom viewing on the patient's quality of life and find a

compromise,such as permitting outings under family support.

4. Allocation of Liability

Current Ambiguity in Liability Allocation:

There is a lack of global laws or standards regarding whether liability rests

with Al model developers, users (physicians), or system maintainers.

Discussions on Liability Allocation:

Elevated Duty of Care Standard: Concerns exist that Al adoption may raise the
standard of care for medical staff. If Al warns of a specific risk but a doctor
ignores it resulting in patient harm, it could be deemed negligence.

Shared Liability Model: Some propose shared liability models among Al
developers, healthcare providers, and hospitals, with clear

Source Materials

The following is a list of source materials supporting Section 7.1 "
Explainability, Verification, and Error Management," Section 7.2 "Privacy,
Security, and Data Governance," and Section 7.3 "Clinician-Al Collaboration

and Final Responsibility" of Chapter 7, "Trust, Safety, and Responsibility."

Source Materials List

Title: #49 Academic Society Report: Presentation Tips and Preparation, Al, Large-Scale Studies vs. Case Reports
(ESICM, Japanese Association for Acute Medicine)

Author/Publishing Organization: ICU Talk (YouTube channel)
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Supporting Subsections: 7.1,7.2, 7.3

Title: 2026-06-03 Digital Health Research Translation Lecture Series #27 Miaorui Co., Ltd. Lecturer Chen Ling-han "
Medical Health Education Training Al Coach Co-Creation Workshop"

Author/Publishing Organization: ICHIT TMU (YouTube channel)
Upload Date: 2026-06-03
Supporting Subsections: 7.1,7.2,7.3

Title: 2026-07-08: Planetary Sustainable Health Live Broadcast - Al Medical Governance (2): Al Safety Gate
Governance Sandbox (Al Airlock)

Author/Publishing Organization: Health Smart Living Circle (YouTube channel)

Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Supporting Subsections: 7.1,7.2,7.3

Title: Al Genetic Report Interpretation, 5G Telemedicine Applications, and Clinical Ethics Seminar
Author/Publishing Organization: TCnews Charity News Network (YouTube channel)
Supporting Subsections: 7.2, 7.3

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
Author/Publishing Organization: Facultad de Medicina UNAM (YouTube channel)
Supporting Subsections: 7.1, 7.3

Title: Fuerza de trabajo en salud y la inteligencia artificial: seminario web
Author/Publishing Organization: PAHO TV (YouTube channel)

Supporting Subsections: 7.1,7.2,7.3

Title: Health-IT Talk: IT-Sicherheit: Mit KI zum resilienten Klinikbetrieb
Author/Publishing Organization: SIBB e.V. (YouTube channel)

Supporting Subsections: 7.2, 7.3

Title: IA et santé : les enjeux réglementaires entre RGPD, RIA et Code de la santé publique
Author/Publishing Organization: HAAS Avocats - Droit IT-IP (YouTube channel)

Supporting Subsections: 7.1,7.2,7.3
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Chapter 8 Barriers to Adoption and Next Steps
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8.1 Technical Infrastructure and Field Validation

1. Data Infrastructure

Fragmented Data: Healthcare information originates from multiple sources
and exists in a fragmented state across various channels and technologies.
For example, in Japan's medical information architecture, data from each
department (medication, laboratory, imaging, etc.) exists independently,
making horizontal integration difficult. These heterogeneous systems and the

lack of interoperability pose a major barrier to Al adoption.

Importance of FHIR (Fast Healthcare Interoperability Resources): FHIR is
emerging as a core technology for medical data integration. FHIR is
emphasized as the most important technology compared to other
technologies such as Al, transformers, and digital twins, because only FHIR
can integrate all data, and once data is integrated, all innovations become
possible. Taiwan aims to become the world's first country to connect all

medical centers through FHIR.

2. Model Generalization

Just because an Al model demonstrates successful performance in a specific
research environment does not mean it will achieve the same performance in
all clinical settings. The generalizability of a model is a crucial factor in the

actual clinical application of Al.
Limitations of Small Datasets: Many Al studies are based on small patient

datasets (e.g., 47 patients, 25 patients) or imbalanced data (e.g., 26 positive
cases vs. 108 negative cases), limiting the generalizability of their results.
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Variability of Al Models: Al software has the characteristic of changing over
time through machine learning. This conflicts with traditional medical device
clearance (which requires a fixed configuration). Considering this variability of
Al, the FDA released a "predetermined change control plan," proposing a
scheme that allows changes within a certain range based solely on monitoring

without requiring re-approval.

3. External Validation

For the actual clinical application of Al models, rigorous external validation

using independent datasets outside the training environment is essential.

Evaluation Criteria: Prior to clinical use, Al models must demonstrate
performance above a certain threshold through performance metrics such as
sensitivity and specificity. However, according to a 2025 study, while 65% of

U.S. hospitals use Al prediction tools, only two-thirds evaluate their accuracy.

4. Hospital System Integration

For Al systems to be used effectively in medical settings, seamless integration

with existing hospital systems (EMR, PACS, etc.) is essential.

Interoperability Issues: Al application integration faces interoperability
challenges with heterogeneous information systems. In Japan, for example,
differing architectures among EMR vendors make horizontal deployment of Al
systems difficult.

Importance of EMR Integration: When Al applications are directly integrated
into EMRs, administrative efficiency for medical staff improves significantly;
otherwise, copy-and-paste operations between multiple software programs

increase the workload burden and can hinder Al adoption.
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Data Fusion: Al can be used to analyze and make predictions by fusing diverse
patient medical data (DNA, metabolomics, MRI, ultrasound, clinical notes)
into large-scale models. To achieve this, both structured and unstructured
data (medical records, imaging reports, etc.) must be integrated and

organized into a standardized format.

FHIR-Based Standardization: Taiwan is developing powerful conversion tools
to link existing EMR systems with new standards (FHIR, Smart on FHIR,
Federated Learning, DICOM), aiming through this effort to connect all medical
centers via FHIR.

Data Integrity and Risk of Errors: When Al models integrate EMR data to
generate new content, the likelihood of errors increases. Therefore, it is
crucial to accurately understand how well the Al model integrates with

hospital information systems and what data it retrieves.

Data Lakes and Federated Learning: Building central data lakes for training Al
models or using federated learning platforms, which train models without
sending data outside healthcare institutions, enables integrated learning

while protecting data privacy.

5. Post-deployment Performance Monitoring

Even after deployment, Al models require continuous performance
monitoring to adapt to changing environments and prevent unexpected

errors or performance degradation.

Performance Changes: Because Al model performance can change over time,

continuous retraining and updates are essential.

157 (Kim Kyung-jin, Attorney at Law)



Organizational Governance: Healthcare institutions must establish
governance processes for selecting, deploying, and maintaining Al systems,
limit "shadow IT," and oversee the entire process of Al adoption through a

committee involving all relevant stakeholders (users, IT, legal, administrators).

6. Failure Case Response

Risk of Misdiagnosis and Hallucination:

Al models can cause severe harm to patient health by providing incorrect
health information or advice through hallucinations. For example, cases have
been reported where Al recommended toxic substances to patients, or where

diagnostic accuracy was only 31%.

Managing Al Uncertainty: Rather than rendering judgment when evidence is
insufficient, Al models should express uncertainty and possess "safety
capabilities" such as requesting additional information. A model that refrains
from answering in 10% of cases to provide reliable answers in 90% of cases is

a good example of managing uncertainty.

As such, safe adoption and effective use of Al-based medical systems require
technical infrastructure robustness, model generalizability, thorough external
validation, seamless integration with hospital systems, continuous
post-deployment performance monitoring, and systematic management of
errors. Throughout this entire process, critical judgment and final
responsibility of human medical staff must remain unshakeable core
principles of medicine in the Al era.
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8.2 Personnel, Regulation, Insurance, and Policy

1. Medical Staff Training: Al Literacy and Capability Building

The rapid advancement of Al technology demands new capabilities from
medical professionals, making medical staff training an essential component

for successful Al adoption.

Need for Al Literacy: Although many medical students (over 90%) have not yet
received formal Al education, approximately 75% desire systematic Al training
including clinical applications and ethical issues. While both students and
faculty have experience using Al tools, formal education in this field remains
lacking. UNESCO's approach emphasizes a humanistic framework to prevent

digital divides and protect physician-patient relationships.

Capability Building: Digital literacy training that includes basic competencies,
such as data literacy, understanding basic information architecture,
evaluating model outputs, and identifying algorithmic bias, is essential for all
healthcare professionals. In Canada, Al scribe training has shown positive
results by increasing patient-facing time for medical staff and reducing

administrative and cognitive burdens.

Continuous Education: Because Al technology is constantly evolving, Al
education and training must be conducted continuously and iteratively. In
Japan, discussions are underway to mandate annual regular training on the
appropriate use of Al starting in 2026.

2. Regulatory Approval: Challenges of "Living Software"

Regulatory Frameworks by Country:
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U.S. FDA: Released guidelines emphasizing clinical validation, continuous

monitoring, and transparency regarding Al capabilities.

Japan: Is promoting responsible Al integration through the Al Network Society
Initiative, and requires compliance with the "3 Ministries 2 Guidelines
(Ministry of Health, Labour and Welfare; Ministry of Economy, Trade and
Industry; Ministry of Internal Affairs and Communications)" particularly when

processing patient information.

3. Accountability/Responsibility: Human-Centered Final Judgment

5. Institutional Governance: Systematizing Al Adoption

Systematic governance by healthcare institutions is essential for safe and

efficient integration of Al into clinical practice.

Organizational Readiness: Al adoption is not merely a technical issue; it
requires organization-wide change management. Hospitals and medical
institutions must contextualize and align Al projects with their institutional

vision and strategy.

Governance Structure: Ethics committees such as a "human guarantee
committee (college de garantie humaine)" should be established to evaluate
the ethical impacts of Al projects and oversee the selection, deployment, and
maintenance of Al systems. This committee should include executive
leadership, IT departments, legal experts, ethics board members, patient

representatives, and practicing medical personnel.

Technological Sovereignty: Healthcare institutions must secure technological

sovereignty over Al systems to reduce dependence on external vendors and
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increase transparency and control over Al models.

6. Gaps between Regions and Countries: Concerns Over Deepening Inequality

While Al possesses the potential to bridge healthcare disparities, it also carries
the risk of deepening inequality.

Healthcare Resource Imbalance: Al can help improve imbalanced healthcare
resource distribution. For example, Al-powered portable devices and reading
systems can supplement imaging diagnostic capabilities in medically

underserved rural areas, contributing to narrowing regional healthcare gaps.

Technological Sovereignty and Dependency: If Al models are not developed in
an open, transparent, and auditable manner, specific countries or regions
may face technological dependency on Al technology and risk losing

sovereignty over their healthcare systems.

Importance of Leadership: In the Al era, a lack of leadership can fragment
healthcare systems and cause them to focus solely on short-term profitability,
undermining long-term development and innovation. Strategic vision and
leadership at the national level are essential for the fair and inclusive
adoption of Al.
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8.3 Smart Hospitals, Remote Monitoring, and Medical Al Agents

1. Smart Hospitals

Smart hospitals refer to future-oriented medical institutions that use Al and
digital technologies to improve operational efficiency and deliver

patient-centered healthcare services.

Improving Patient Experience: Al concierge services or avatar-form Al answer
patient inquiries and provide guidance at hospital reception desks,
contributing to improved patient experience and reduced waiting times. Al
also bridges health information gaps by explaining medical content in

easy-to-understand language.

2. Wearable Remote Monitoring

Al and wearable devices continuously monitor patient health outside
hospitals, opening new horizons for personalized healthcare management

and chronic disease management.

3. Medical Al Agents

Al agents assist medical personnel in various areas such as patient
consultation, information provision, and administrative support, increasing

the efficiency and accessibility of medical services.

Patient Consultation and Information Provision: Al chatbots answer
health-related questions from patients to bridge health information gaps, and
respond to inquiries about personal health concerns even during nighttime

hours, helping patients obtain necessary information at any time. Al
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significantly improves patient information accessibility by providing
usefulinformation, explaining medical details in easy-to-understand terms,

andoffering information on the pros, cons, and alternatives of treatments.

Symptom Triage and Appointment Management: Al agents can be used to
triage symptoms based on patient inquiries and guide them to appropriate
medical services. In addition, automating appointment management and
rescheduling shortens patient wait times and optimizes outpatient

scheduling, raising patient satisfaction.

Administrative Task Automation: Al agents handle repetitive administrative
tasks such as drafting medical records, generating discharge summaries,
assigning billing codes, and documenting compliance, freeing up time for
medical staff to focus on patient care. This allows nurses to spend more time

interacting with patients and escape repetitive documentation tasks.

Future Al Agents: Al agents may potentially act as legal proxies for patients in
the future. This is because Al can become the entity that best understands the

patient, based on information accumulated over decades of conversation.

4. Patient Safety

Innovative changes that Al brings to the medical field simultaneously raise

significant concerns regarding patient safety.

Crisis Detection and Safety Protocols: Al systems that interact directly with
patients, such as Al chatbots in mental health, must detect crisis situations
and activate safety protocols. For example, features that alert professionals or
connect to emergency services when a patient is at risk of suicide are
essential.
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5. Human Oversight

6. Digital Divide

The adoption of Al-based medical services provides opportunities to resolve
healthcare inequality, but simultaneously carries the risk of deepening the
digital divide.

Source Materials

The following is a list of source materials supporting 8.1, 8.2, and 8.3 of
Chapter 8, "Barriers to Adoption and Next Steps."

Source Materials List

Title: #49 [Academic Conference Report] Presentation Tips and Preparation, Al, Large-Scale Studies vs. Case
Reports [ESICM, Japanese Association for Acute Medicine]

Author/Publishing Organization: ICU Talk (YouTube Channel)
Supporting Subsections: 8.1, 8.2, 8.3

Title: 2026 Kuang Tien General Hospital Generative Al Medical Practical Application Course 0301 Tunghai
University Dr. Chiang Tzu-chiang 20260701 161424 Meeting Recording

Author/Publishing Organization: Chiang Tzu-chiang (YouTube Channel)
Supporting Subsections: 8.1

Title: 2026-07-08: Planet Sustainable Health Online Live Stream - Al Healthcare Governance (2): Al Safety Gate
Governance Sandbox (Al Airlock)

Author/Publishing Organization: Healthy Smart Life Circle (YouTube Channel)
Upload Date: 2026-07-08

URL: https://www.youtube.com/watch?v=_yani8XjOe0

Supporting Subsections: 8.1, 8.2, 8.3

Title: Conferencia Mas Salud. IA en Medicina: la herramienta del estudiante moderno
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Title: [SunNet Core Competency Public Interest Lecture] Health Early Warning and Precision Care in the Al Era:
How Can the Sandwich Generation Protect the Family's Future? 2026/5/28 19:00-21:00 | Wang Meng-chi, Director
of Jen-Shih-Ming Eye Clinic | Pei Chin-kuo, Full-time Assistant Professor, Master's Program, Kainan University
Author/Publishing Organization: Loxue (YouTube Channel)

Upload Date: 2026-05-28

Supporting Subsections: 8.3

Title: Generative Al Case Study Meeting Part 2: Practical Application to Medical Care, Research, and Medical DX
Author/Publishing Organization: Kamijo Kyosuke (YouTube Channel)

Supporting Subsections: 8.1, 8.3

Title: "Latest Updates on 'Mastering' Generative Al to Improve Clinical Quality"

Author/Publishing Organization: MEXT Post-Corona Project Mountain-Village-Sea Medical Co-Education Project
(YouTube Channel)

Supporting Subsections: 8.2
Title: First Al Medical Imaging 3D Standardization and MR Application Results Presentation Conference
Author/Publishing Organization: Smart Care Medical Technology (YouTube Channel)

Supporting Subsections: 8.1, 8.3
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