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KEY POINTS

¢ Artificial intelligence (Al), as an interdisciplinary science, has the potential to play a signif-
icant role in enhancing health care services.

e Al-based methods and algorithms, such as machine learning and deep learning, can facil-
itate disease diagnosis and treatment, enhance accuracy, and mitigate human errors.
e Humans and Al can complement each other in providing health care.

e Al, leveraging vast amounts of health care data, has the potential to transform health care
delivery and introduce novel processes.

DEFINITION AND LEVELS OF ARTIFICIAL INTELLIGENCE

Artificial intelligence (Al) is an interdisciplinary field that combines computer science,
psychology, linguistics, and philosophy. It primarily focuses on developing machines
that emulate cognitive functions typically attributed to the human mind, such as
learning and problem-solving. In his book Superintelligence, philosopher Nick Bos-
trom outlines 3 main stages in the evolution of Al:

1. Artificial Narrow Intelligence (ANI) refers to algorithms that excel at performing spe-
cific tasks. ANI demonstrates remarkable pattern recognition abilities within large
datasets, making it highly effective for classification and clustering challenges in
text, voice, and image data.
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Abbreviations

Al artificial intelligence

ANI artificial narrow intelligence
ANN artificial neural network

CNN convolutional neural network
DL  deep learning

KNN K-nearest neighbor

ML  machine learning

MLP multilayer perceptron

RBM restricted Boltzmann machine
RL reinforcement learning

SL supervised learning

SVM support vector machine

UL  unsupervised learning

2. Artificial General Intelligence represents Al that functions at a human level. This
type of intelligence is capable of reasoning, arguing, memorizing, and solving prob-
lems with cognitive abilities equivalent to a human being.

3. Atrtificial Superintelligence theoretically surpasses the combined cognitive abilities
of all humans. Because of its significant implications, many organizations are work-
ing to prevent its development.’

HISTORY OF ARTIFICIAL INTELLIGENCE

The history of Al spans over 70 years and can be divided into several key stages. The
introduction of the artificial neuron model in 1943 marked the beginning of research
into artificial neural networks (ANNs). The term “artificial intelligence” was formally intro-
duced in 1956, which sparked a global surge in Al research and academic collaboration.
However, the 1960s witnessed a decline in the development of intelligent technologies. In
the 1970s, research on the backpropagation algorithm began, but computers’ high costs
and limited computing power hindered the progress and application of expert systems.

The 1980s saw widespread recognition of backpropagation neural networks, signif-
icant advancements in algorithm research based on ANNs, and major improvements
in computer hardware. The rise of the Internet during this time also slowed down Al
development.

The advent of mobile Internet in the early twenty-first century expanded Al applica-
tions. A significant breakthrough occurred in 2012 with the emergence of deep
learning (DL), particularly in speech and visual recognition. Table 1 outlines the key
events in the timeline of Al development.?

RANKING OF COUNTRIES BY THEIR ARTIFICIAL INTELLIGENCE CAPACITY AT THE
INTERNATIONAL LEVEL

The Global Artificial Intelligence Index is a detailed assessment tool that ranks countries
according to their Al capabilities.® This index offers reliable data and insights into the
Al capabilities of different nations. Table 2 illustrates the leading Al superpowers.>*

The Global Artificial Intelligence Index evaluates 83 countries based on 122 distinct
indicators organized into 3 main categories: Implementation, Innovation, and Invest-
ment (Table 3). This index measures each country’s Al capabilities using absolute
and relative criteria, ultimately combining these for the final rankings. The evaluation
can be divided into “Scale” and “Intensity.” “Scale” measures a nation’s total Al capa-
bility, reflecting its performance on a global level, while “Intensity” assesses the Al
capability of the country’s population or economy.*
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Table 1

The development of artificial intelligence?

Period Events and Details

Founding In the summer of 1956, several distinguished scientists discussed how to
period make machines simulate intelligence at an academic conference at

Dartmouth University. McCarthy first proposed the term “artificial
intelligence,” which marked the beginning of this emerging discipline.

The first Since the Dartmouth Conference, the emergence of expert systems—such as
golden the Bender Chemical Mass Spectrometry System, the MTCIN Disease
age Diagnosis and Treatment System, and the Hearsay-11 Language

Understanding System—has laid the foundation for the practical
application of Al. In the early days of Al research, institutions like the
Massachusetts Institute of Technology, Carnegie Mellon University, and
Stanford University established Al laboratories. They received research and
development funding from government agencies.

In the late 1970s, Feigenbaum introduced the concept of knowledge
engineering, which led to rapid advancements in expert systems and
significant benefits from their applications. However, challenges such as
the difficulty in acquiring knowledge from these expert systems began to
emerge, marking the onset of the first period of decline in Al research.

The second The Hopfield neural network and the Backpropagation Through Time
golden training algorithm, proposed in 1982, sparked significant advancements in
period Al, particularly in speech translation and recognition. However, by the late

1990s, many believed that Al was still distant from becoming integrated
into everyday life. Consequently, around the year 2000, the field of Al
experienced another decline.

The third From 2006 to the present, there has been a rapid development in Al. This
golden growth can primarily be attributed to the widespread adoption of
period graphics processing units (GPUs), which enables faster and more powerful

parallel processing. Additionally, the unlimited expansion of storage
capacity allows for large-scale access to various types of data, including

maps, images, text, and other information.

LEARNING METHODS
Supervised Learning

Supervised learning (SL) involves manually annotating data to establish a relationship
between input and output variables. These models are tailored for specific tasks and
depend on large, manually labeled datasets. Typically, the dataset is divided into 3
segments: training, testing, and validation.®

Unsupervised Learning

Unsupervised learning (UL) aims to discover previously hidden patterns within a data-
set without predefined output labels and with minimal human intervention. In UL, algo-
rithms analyze the intrinsic features and relationships within the data, revealing
patterns and structures through methods such as clustering, dimensionality reduction,
and association rule mining.®

Semisupervised Learning

In semisupervised learning, only a tiny portion of the training data is labeled. The
models learn from labeled and unlabeled samples in the training data to make predic-
tions or decisions on the test data.”
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Table 2
The artificial intelligence superpowers*

Operating Government
Overall  Country Talent Infrastructure  Environment Research Development Strategy Commercial Scale Intensity
1 United States 1 1 2 1 1 2 1 1 3
2 China 9 2 21 2 2 5 2 2 21
3 Singapore 6 3 48 3 5 10 4 11 1
4 United Kingdom 4 17 4 4 16 7 5 3 9
5 France 10 14 19 6 4 9 8 6 10
6 South Korea 13 6 35 13 3 4 12 7 11
7 Germany 3 13 8 8 11 8 9 5 15
8 Canada 8 18 16 9 10 3 6 8 8
9 Israel 7 26 65 7 6 32 3 14 2
10 India 2 68 3 14 13 1 13 4 36
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Table 3
Pillars and subpillars of analysis*
Implementation Talent refers to the presence of skilled professionals in Al solutions
Infrastructure evaluates the extent of advanced computing systems and
semiconductor manufacturing capabilities
Operating Environment examines the regulatory context and public opinion
regarding Al

Innovation Research examines the quantity and quality of specialized academic and
industry studies

Development focuses on creating new Al models and applying Al technology
in various fields

Investment Government Strategy assesses the level of commitment from national
governments to Al by examining spending and national strategies

Commercial Ecosystem examines startup activity, private investment, and
business initiatives in Al

Reinforcement Learning

Reinforcement learning (RL) focuses on finding a series of actions that maximize the
chances of reaching a specific goal. To solve RL problems, it employs a trial-and-
error learning process that mimics human behavior.®

TECHNOLOGIES OF ARTIFICIAL INTELLIGENCE
Natural Language Processing

Natural language processing is a branch of Al that analyzes linguistic structures in text,
interpreting elements such as sentence structure, synonyms, abbreviations, negation,
and inflections indicating plurality and tense.®

Expert Systems

Expert or knowledge-based systems are designed to solve specific real-world prob-
lems, achieving performance levels similar to human experts. These systems enhance
decision-making by formalizing and sharing information.'°

Fuzzy Logic

Fuzzy logic mimics the intricate ways humans process information, enabling the cre-
ation of intelligent systems that reason based on vague, subjective, or imprecise
knowledge rather than relying on strict precision. A fuzzy set is associated with a
membership function that maps elements from the variable’s universe of discourse
to a value within the [0-1] interval. This value indicates the degree of truth in a logical
statement, allowing statements to be partially true or false depending on the degree
specified by the membership function.

ROBOTICS

Robots are remarkable machines engineered to imitate human behavior, expanding
the possibilities of automation in various sectors.? These robotic systems can be cate-
gorized into robot-assisted tools, co-manipulation systems, teleoperated devices,
magnetically controlled instruments, and fully automated tools, each serving a unique
purpose and driving efficiency in unprecedented ways.'?
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MACHINE LEARNING

At the heart of Al, machine learning (ML) reshapes our interaction with data by devel-
oping sophisticated algorithms that truly represent complex datasets. Unlike tradi-
tional programming, which relies on rigidly defined features, ML harnesses the
power of data subsets to create dynamic algorithms. This approach allows for innova-
tive combinations of features and weights, enhancing decision-making processes
across diverse applications.'®

Linear and Logistic Regression

Regression analysis is a powerful method for understanding relationships between
variables. Linear regression excels in predicting continuous outcomes, while logistic
regression shines in binary outcome predictions. By employing these techniques,
businesses can make informed decisions based on clear, data-driven insights.'

K-Means Clustering

K-means clustering is an invaluable tool for uncovering hidden patterns within data.’®
This algorithm adeptly identifies natural groupings in bivariate datasets, iteratively refining
cluster means to minimize distances. By transforming chaos into clarity, K-means pro-
vides organizations with strategic insights that drive growth and innovation.'®

Support Vector Machine

Harness the power of support vector machines (SVMs) for accurate classification
tasks. By establishing a hyperplane that maximizes the margin between classes,
SVMs ensure that each classification is based on a solid foundation of training data.
This technique empowers organizations to classify new instances efficiently and
with high confidence.!”

K-Nearest Neighbor

The K-nearest neighbor (KNN) algorithm is a powerful SL tool for classification tasks.
By identifying the “k” closest data points to a query, KNN leverages proximity to clas-
sify new instances based on majority voting among neighbors. This method not only
enhances classification accuracy but also makes it an essential technique for a
wide range of applications, from recommendation systems to predictive analytics.'®

Decision Tree

A decision tree classifier is an incredibly effective SL tool that excels at predicting
target values through clear-cut decision rules derived from input variables. By con-
structing a tree-like structure, it systematically divides data into smaller, manageable
subsets, enhancing both clarity and usability. This process hinges on the strategic se-
lection of input variables that maximize information gain at every decision point, mak-
ing it an outstanding option for achieving precise predictions. In this model, each
internal node conducts a test on a specific attribute, with branches illustrating the out-
comes of those tests. Leaf nodes represent final class labels, making it straightforward
to understand the classification process. The central objective is to accurately predict
the class label of new observations by examining their features, ensuring high reli-
ability and effectiveness in classification.'®

Random Forest

The Random Forest algorithm is an ensemble learning method that constructs multiple
decision trees based on input features. The final output is determined by a majority
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vote among the individual trees, which helps reduce the risk of inaccurate predictions
from any single tree. This SL technique converts data into information by learning the
rules for correct answers through examples.?°

ARTIFICIAL NEURAL NETWORKS

ANNs simulate biological neural systems consisting of interconnected neuron nodes
that form a web-like structure. In these networks, the nodes are organized in layers.
Each node receives input signals from the previous layer, processes them, and trans-
mits output signals to nodes in subsequent layers. These nodes, or neurons, serve as
the fundamental computational units of the network.?"

Multilayer Perceptron

A multilayer perceptron (MLP) is an advanced type of feedforward ANN that closely
resembles the brain’s parallel processing and interconnected nature. Comprising 3
essential layers—an input layer, hidden layers, and an output layer—an MLP is
designed for effective data analysis and decision-making.

At the input layer, data are transformed into actionable signals made up of feature
values. Following this, the output layer makes predictions and classifications based on
the processed information from the input layer. By comparing the predicted output
with the actual results, the network efficiently computes the error, a crucial step that
enables the fine-tuning of weights from the output layer back to the input layer.

The hidden layers, which can be extensive, act as the powerhouse of computation
within the MLP. Each neuron in a hidden layer is intricately connected to neurons in
the next layer through weighted connections, allowing for sophisticated learning
that adapts over time. This iterative learning process continues until the network
achieves a minimal error level. The backpropagation algorithm plays a vital role in
training these neurons, ensuring that the MLP continually improves its accuracy
and effectiveness.??

Restricted Boltzmann Machine

An restricted Boltzmann machine (RBM) is an advanced type of neural network that
effectively captures relationships between visible and hidden nodes through undi-
rected and symmetric connections, all while avoiding connections within the same
layer. This unique architecture allows it to learn and represent complex probability dis-
tributions from input patterns, making it a powerful tool in data modeling.?®

DEEP LEARNING

DL is a subset of ML that uses multilayered ANNs to learn data representations with mul-
tiple levels of abstraction. DL algorithms are designed to automatically extract hierarchi-
cal features from complex data, optimizing weighted parameters in the process. This
results in a more efficient learning experience and reduced prediction errors.?

Convolutional Neural Networks

Convolutional neural networks (CNNs) are a specialized class of ANNs. Each CNN
consists of numerous processing units similar to neurons, organized in interconnected
layers that resemble brain areas. The connections between these units are defined by
weights that simulate synaptic integration and activation properties. The output from
each processing stage is a nonlinear combination of incoming input, which is then
passed to the next layer. This hierarchical structure is repeated multiple times, ulti-
mately leading to a classification or regression output generated by the final layers.?®
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Recurrent Neural Networks

Recurrent neural networks are characterized by feedback connections, making them
suitable for handling sequential or time-series data. At each time step, the network’s
output is fed back as input alongside new data. This feedback mechanism allows the
network to retain information from previous data points, which influences the process-
ing of subsequent outputs.?®

Generative Adversarial Networks

Generative adversarial networks are structured as a neural network architecture
comprising 2 components: one that generates solutions for a specific task and another
that evaluates these solutions against existing, known solutions. This setup enables
the network to learn how to differentiate between generated and accurate solutions.
As the discriminator accurately identifies discrepancies, it provides feedback to
enhance the generator’s performance.?’

Deep Belief Networks

The training process for deep belief networks involves 2 main phases: layer-wise
feature extraction and fine-tuning of reconstruction weights. Initially, a series of
RBMs establish the reconstruction weights for each layer. Afterward, backpropaga-
tion refines these weights, improving the network’s overall performance.® It illustrates
the interconnections among Al, ML, ANNs, and DL (Fig. 1).

HOW CAN ARTIFICIAL INTELLIGENCE TRANSFORM HEALTH CARE?

Human and machine capabilities each possess distinct strengths and limitations that
can be effectively harnessed together to transform health care delivery. The American
Medical Association has recently framed the role of Al in health care as “augmented
intelligence.” This emphasizes Al’s purpose to support and enhance human cognitive
functions rather than replace them. Such a perspective highlights the powerful collab-
oration between humans and machines, offering significant benefits for the integration

Fig. 1. Relationship between Al, ML, ANNs, and DL.?°
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of Al into health care practices.*° As shown in Fig. 2, various industries are investing in
the Al market, with health care leading the pack in 2022, underscoring its potential for
advancement and improved patient outcomes.®'

THE BENEFITS OF ARTIFICIAL INTELLIGENCE

The impact of Al on the workforce, especially in the health care sector, deserves close
examination through 4 essential concepts: relieving, splitting up, replacing, and aug-
menting. Understanding these concepts can help us appreciate how Al supports pro-
fessionals and transforms the industry for the better (Fig. 3).%?

CHALLENGES OF ARTIFICIAL INTELLIGENCE IN HEALTH CARE

The challenges we face are significant, encompassing privacy concerns, ethical di-
lemmas, data integrity issues, and the necessity for social and patient awareness.
Additionally, the roles of health care and technology organizations are crucial in
addressing these challenges. Fig. 4 effectively illustrates these critical issues within
the realm of Al, highlighting the urgent need for a collaborative approach to overcome
them.*3

WILL DOCTORS BE REPLACED BY ARTIFICIAL INTELLIGENCE?

The literature strongly indicates that Al will not replace physicians; instead, cutting-
edge medical technologies are designed to enhance the capabilities of physicians
and improve patient care. Too often, studies mistakenly pit Al solutions against phy-
sicians, framing them as competitors. To truly understand the value of Al, future
research should compare physicians who integrate Al tools into their practice with
those who do not, including these comparisons in translational clinical trials. This
approach will position Al as an essential complement to the physician’s role. Today,
health care professionals are uniquely positioned to harness digital advancements
and spearhead transformative changes in medicine. However, to achieve this poten-
tial, a comprehensive revision of medical education is crucial to equip future health
care leaders with the skills they need to thrive.>*

Healthcare

Finance

Manufacturing

Business and legal services
B Transportation

Security
H Energy
B Media and Entertainment
M Retail
B Semiconductor

H Others

Fig. 2. Market size share by industry.?’
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Fig. 3. A summary of the benefits of Al in health care, as proposed by Eggers.>?

Fig. 4. Description of Al challenges in health care.>?
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WHAT STEPS CAN BE TAKEN FOR ARTIFICIAL INTELLIGENCE-DRIVEN MEDICAL
TECHNOLOGIES TO INTEGRATE INTO ROUTINE PRACTICE?

For Al to be integrated as a standard medical tool, it is critical to establish clear guide-
lines from medical associations, advocate for supportive policies from policymakers,
and foster a favorable perception within the medical community. Just as the stetho-
scope revolutionized patient care in the past, Al can become an indispensable instru-
ment for advancing health care in the twenty-first century.’

FUTURE OF ARTIFICIAL INTELLIGENCE

Al technology represents a significant advancement that aligns with current develop-
ments, emerging as a natural outcome of scientific and technological progress. In
the medical sector, integrating new Al technologies has dramatically transformed
the traditional health care environment. This transformation has notably improved
patient diagnosis in radiology, pathology, endoscopy, ultrasonography, and
biochemistry, achieving higher accuracy and reducing the workload for medical
professionals.

Moreover, medical treatments during the perioperative period—including preoper-
ative preparation, the surgical phase, and postoperative recovery —have seen marked
improvements, leading to better surgical outcomes. Additionally, Al has played a
crucial role in revolutionizing medical drug production, health care management,
and medical education, driving these fields in new directions. The rise of Al signifies
the beginning of an unprecedented era in medicine.®®

CLINICS CARE POINTS

Pearls

e Through the meticulous examination of clinical data derived from radiological modalities
(including X ray, computed tomography [CT], and MRI), alongside pathologic, endoscopic,
ultrasonographic, and biochemical assessments pertinent to various human physiologic
indicators, Al is capable of delivering results with remarkable rapidity. The expeditious
problem-solving capabilities of Al enable medical practitioners to devise more thoughtful
and judicious treatment strategies in accordance with the specific conditions presented by
the patient.

e The implementation of point of care testing facilitated by Al is on the verge of effectively
addressing significant challenges such as the scarcity of accessible health care facilities, the
deficiency of adequately trained personnel to conduct tests, and the inadequate adherence
to quality assurance standards.

e Point of care sensors are now commonly integrated into bedside clinical environments for
the swift screening and evaluation of diagnostic conditions.

e The domain of digital pathology, wherein histologic slides are subjected to scanning and
subsequent analysis through Al algorithms, has significantly enhanced the precision and
velocity of disease diagnoses. The proficiency of Al in pattern recognition is vital for the
identification of pathologic markers within tissue specimens. This advancement is
particularly consequential in oncological diagnostics, where Al can support pathologists in
the detection of neoplastic cells, frequently achieving greater accuracy and expedience
relative to conventional diagnostic approaches.

Pitfalls

e Limited availability of appropriate and extensive datasets for model training and validation.
e Discrepancies or incompleteness in data between clinical practice and the information
recorded in databases.

Challenges in accessing and utilizing the algorithm efficiently at the point of care.

e Misalignment between the algorithm’s outputs and routine clinical practice.
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e Lack of confidence in the results generated by algorithm-based information.
e Algorithms may not be founded on causal relationships, which contrasts with clinicians’
reliance on causality.

DECLARATION OF Al AND AI-ASSISTED TECHNOLOGIES IN THE WRITING PROCESS

During the preparation of this work, the authors used ChatGPT and DeepSeek in order
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reviewed and edited the content as needed and take full responsibility for the content
of the publication.
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