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Abstract

This  review  highlights  the  integration  of  artificial  intelligence  (AI)  in

simulation-based  medical  training.  AI  enhances  realism  and  adaptability  in

simulations,  especially  in  surgical  training,  by  providing  real-time  feedback  and

adjusting  scenarios  based  on  trainee  performance.  It  supports  clinical  decision-

making,  enables  personalized  learning,  and  increases  training  accessibility  while

improving patient safety. Despite benefits, challenges include technical limits, costs,

ethical concerns, and potential overreliance. Continued innovation in AI and machine

learning is essential for advancing medical education and global healthcare outcomes.
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ИСКУССТВЕННЫЙ ИНТЕЛЛЕКТ, ПРЕОБРАЗУЮЩИЙ МЕДИЦИНСКОЕ

ОБУЧЕНИЕ И УХОД ЗА ПАЦИЕНТАМИ В СИМУЛЯЦИОННОЙ

МЕДИЦИНЕ

В обзоре рассматривается внедрение искусственного интеллекта (ИИ) в

симуляционное  медицинское  обучение.  ИИ  повышает  реалистичность  и

адаптивность симуляций, особенно в хирургии, обеспечивая обратную связь в

реальном  времени  и  адаптацию  сценариев.  Он  способствует  клиническому

мышлению,  персонализированному  обучению  и  повышению  безопасности

пациентов.  Несмотря  на  преимущества,  существуют  трудности:  технические
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ограничения, высокая стоимость, этические риски и зависимость от ИИ. Для

прогресса в медицинском образовании необходимы дальнейшие разработки ИИ

и алгоритмов машинного обучения.

Ключевые слова: Искусственный интеллект, Симуляционная медицина, 

Медицинское обучение, Машинное обучение, Хирургические симуляции

Introduction.  Simulation  medicine,  a  pivotal  aspect  of  modern  healthcare

education  and  training,  employs  various  technologies  to  mimic  real-life  medical

scenarios.  This educational  approach allows healthcare professionals,  from novice

students  to  experienced  practitioners,  to  hone  their  skills,  make  decisions,  and

perform procedures in a risk-free environment. The realism and fidelity offered by

simulation  medicine  are  crucial  for  effective  learning  and  the  safe  translation  of

medical knowledge into practice [1, 5, 7]. The integration of AI technologies across

multiple  sectors  has been transformative,  with medicine being no exception.  AI's

potential  to  enhance  the  complexity  and  usefulness  of  simulations  is  significant,

leveraging  advanced  algorithms,  machine  learning,  and  other  computational

methodologies to  create  more accurate,  responsive,  and adaptive medical  training

tools. This technological infusion not only enriches the educational experience but

also pushes the boundaries of what simulation can achieve, from basic procedural

training to complex decision-making scenarios [2, 3, 10]. The objective of this review

is to thoroughly examine how AI is revolutionizing simulation medicine. We will

explore various AI-driven innovations and their applications within this field, assess

the  impact  on  training and patient  care,  and discuss  the  future  directions  of  this

burgeoning integration. 

Materials and Methods. This section outlines the methodology used to gather,

analyze,  and synthesize  the  relevant  information on the  role  of  AI  in  simulation

medicine.  A  systematic  approach  was  employed  to  ensure  a  comprehensive

understanding of the current applications and potential future directions of AI in this

field. 
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Results. AI has transformed the landscape of medical training and education

by  introducing  more  realistic  and  adaptive  learning  environments.  AI-enhanced

simulators can analyze the behavior of trainees in real time, adjusting the complexity

and nature of scenarios to match their proficiency levels. This personalized approach

ensures that each learner faces challenges tailored to their current skills, promoting

faster and more effective learning. Moreover, AI enables the incorporation of virtual

patients with diverse backgrounds and medical histories, offering a broader spectrum

of clinical interactions. This capability ensures comprehensive training that prepares

healthcare professionals for a variety of clinical settings and patient needs [1, 2, 5]. In

the realm of surgical training, AI-driven simulators are pivotal in bridging the gap

between theoretical knowledge and clinical practice. These simulators use advanced

algorithms to create highly detailed and accurate surgical scenarios that mimic real-

life operations, including the unpredictable nature of human anatomy and surgical

complications.  Trainees  can  perform  surgeries  on  virtual  platforms  that  respond

realistically to surgical techniques, providing immediate feedback on their precision

and adherence to best practices. This form of simulation is invaluable for training

surgeons, allowing them to refine their skills in a controlled, risk-free environment

before performing actual surgeries [4, 5, 9, 10].

AI also plays a crucial role in developing clinical decision support simulators,

which  are  designed  to  enhance  decision-making  skills  under  pressure.  These

simulators  present  complex  medical  scenarios  that  require  quick  and  effective

decision-making, mimicking the high-stress conditions often found in real medical

environments like emergency rooms or intensive care units. By integrating real-time

data  processing  and  predictive  analytics,  AI  enables  these  simulators  to  present

dynamically  changing  scenarios  that  challenge  the  decision-making  process  of

healthcare professionals. This training is critical in preparing medical personnel to

make swift, accurate, and potentially life-saving decisions in actual clinical settings

[1, 3, 7,]. Together, these applications of AI not only enhance the quality of training

provided in  simulation medicine  but  also ensure that  the healthcare  workforce  is
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better prepared to meet the challenges of modern medical practice with confidence

and competence.

Role of Machine Learning Algorithms. Machine learning algorithms are at the

forefront  of  enhancing  the  fidelity  and  realism  of  medical  simulations.  These

algorithms  can  process  vast  amounts  of  data  from  real  clinical  cases  to  model

complex medical scenarios with high accuracy. By learning from past simulations

and their outcomes, machine learning helps in refining simulation models to better

replicate  the  nuances  and  variability  of  human  pathologies  and  responses.  This

ongoing learning process ensures that simulations become increasingly sophisticated

over  time,  providing training experiences  that  are  indistinguishable  from real-life

interactions and procedures [3-6].

One  of  the  most  significant  benefits  of  AI  in  simulation  medicine  is  the

enhancement  of  learning  outcomes  through  personalized  and  adaptive  learning

experiences.  AI  algorithms  analyze  the  performance  of  each  trainee,  adapting

scenarios in real-time to suit their learning pace and skill level. This personalization

ensures  that  learners  are  neither  under-challenged  nor  overwhelmed,  promoting

optimal learning conditions that cater to individual needs. Such tailored training not

only accelerates skill acquisition but also deepens understanding by focusing on areas

that  require  additional  practice.  Consequently,  trainees  emerge  from  simulation

training  better  prepared  and  more  competent,  leading  to  more  effective  clinical

practice [3, 2, 10].

Conclusions.  This  review has  comprehensively  explored the  transformative

role  of  AI  in  simulation  medicine,  revealing  its  profound  impact  across  various

domains such as training and education, surgical simulations, and clinical decision

support systems. AI enhances the realism and adaptiveness of medical simulations,

thereby elevating their  effectiveness as  training tools  for  healthcare professionals.

The  overall  impact  of  AI  on  simulation  medicine  has  been  profoundly  positive,

personalizing learning experiences, enhancing the accessibility of training tools, and

improving  patient  safety  through  risk-free,  realistic  practice  environments.  AI's
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ability  to  provide  detailed  analytics  and  real-time  feedback  has  revolutionized

medical training approaches, leading to higher competence and confidence among

healthcare providers.
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