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Current Status and Future Direction of Artificial Intelligence in Healthcare

and Medical Education
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The rapid development of artificial intelligence (Al), including deep learning, has led to the development
of technologies that may assist in the diagnosis and treatment of diseases, prediction of disease risk and
prognosis, health index monitoring, drug development, and healthcare management and administration.
However, in order for Al technology to improve the quality of medical care, technical problems and the
efficacy of algorithms should be evaluated in real clinical environments rather than the environment in which
algorithms are developed. Further consideration should be given to whether these models can improve the
quality of medical care and clinical outcomes of patients. In addition, the development of regulatory systems
to secure the safety of Al medical technology, the ethical and legal issues related to the proliferation of
Al technology, and the impacts on the relationship with patients also need to be addressed. Systematic
training of healthcare personnel is needed to enable adaption to the rapid changes in the healthcare environment.
An overall review and revision of undergraduate medical curriculum is required to enable extraction of significant
information from rapidly expanding medical information, data science literacy, empathy/compassion for patients,
and communication among various healthcare providers. Specialized postgraduate Al education programs
for each medical specialty are needed to develop proper utilization of Al models in clinical practice.
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Artificial intelligence

Any technique for the simulation of human
intelligence in machines

Machine learning

A subset of artificial intelligence that provides systems the ability to
automatically learn and improve from experience without explicit
programming

Deep learning

A machine learning technique using
neural networks that learn the
important features by themselves

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040

Figure 1. The relationship of among artificial intelligence, machine learning and deep learning and their development timeline.
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Tahle 1. List of the Food and Drug Administration approved artificial intelligence models since September 2019

Approval date Company

Description

DreaMed Diabetes
GE Healthcare
HeartFlow
Biofourmis
HeartVista

Omega Medical Imaging
Subtle Medical
HealthLytix

Hologic

Ultromics

Zebra Medical Vision
Sight Diagnostics

2019. 9

2019. 10

2019. 1

2019. 12

Insulin delivery recommendations

Triage of pneumothorax patients in portable chest X-ray
Modeling of coronary artery disease

Monitoring of vital signs in ambulatory patients

Cardiac MRI analysis

Diminution of radiation exposure during cardiac fluorography
Improvement of brain MRI image

Detection of prostate cancer in MRI

Diminution of image volume for breast tomography
Analysis of echocardiography

Pleural effusion detection in chest X-ray

Complete blood count analysis

MRI, magnetic resonance imaging.
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Tahle 2. List of Ministry of Food and Drug Safety approved artificial intelligence models

Year Company and product name Description
2018 Infomeditec NeuroAl Dementia prediction from brain MRI
JLK UNISTRO Brain infarction pattern analysis in CT and MRI

Lunit Insight CXR1
Vuno BoneAge

2019 DeepNoid Deepspine
JLK' Inspection ASTOSCAN
JLK Inspection Colonoscopy
JLK Inspection Gastroscopy
JLK Inspection Lung CT
Lunit Insight MMG
Samsung Electronics ALND
Vuno Chest X-ray
Vuno Deepbrain

Lung nodule detection in chest X-ray
Bone age diagnosis

Lumbar compression fracture in X-ray
Brain aging prediction in brain three-dimensional MRI
Colonoscopic image analysis

Gastroscopic image analysis

Nodule detection in lung CT

Nodule detection in breast mammography
Lung nodule in chest X-ray

Image analysis of chest X-ray

Dementia diagnosis

MRI, magnetic resonance imaging; CT, computed tomography.
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Figure 2. Schematic diagram of deep neural network. (A) The building block of deep neural networks. (B) Example of a feedforward multilayer neural network.

(C) Representative examples of activation functions.
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Tahle 3. List of interdisciplinary programs for adaptive learning
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Medical school Name of program Format References
Harvard University Advanced integrated science course 4 weeks, 2 courses during 3rd and 4th year [133]
Johns Hopkins University Topics in interdisciplinary medicine 3-4 days, 16 times over 1-4 years [134]

Translational science intersession 1 day, 4 times during core clinical clerkship, 8-week [135]
intervals
Stanford University Reflections, research, & advances in patient care 1 day, 8-week intervals during core clinical clerkship [136]
University of California, San Francisco  Inquiry immersion 2 weeks mid 1st year [137]
Tahle 4. Examples of artificial intelligence related elective courses

Medical school Course name Reference
Boston University Machine learning for biomedical applications [145]
Harvard University Computationally-enabled medicine [146]
University of Pittsburgh Avrtificial intelligence and machine learning in healthcare [147]
Stanford University Precision medicine and big data [148]
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