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1. INTRODUCTION
Although the concept of artificial intelligence (AI) was initially 
introduced >60 years ago, the rapid evolution of AI-based tech-
nology and applications occurred after the improvement of 
graphic processing units in 2010s.1 As for now, AI-based algo-
rithms can simulate human high-order judgment and behavior 
with equal, or even better accuracy and consistency. Today, AI 
along with various other technological developments such as 
Internet of Things (IoT) and big data led the fourth industrial 
revolution of humankind and have already progressively modi-
fied our everyday life. Ways of shopping, daily living, manu-
facturing, and government administration are all influenced 
by these technologies. Plenty of information technologists and 
researchers put in lots of time and money for exploring the new 
algorithms and applications of AI, especially in medical science.

Machine learning (ML) is the most common AI technique 
used nowadays. ML programs were first introduced in 1959.2 
In ML, the mathematical models are designed based on huge 
training data sets that are used as input to train algorithms to 

make correct predictions. ML algorithms can be categorized 
into three types: supervised learning, unsupervised learning, 
and reinforcement learning algorithms. Deep learning (DL) is a 
subset of ML that has become the most popular approach for 
ongoing work in the field of AI. In DL algorithms, the program 
learns and modifies itself repeatedly and automatically by the 
feedback from multiple layers until it has the highest and most 
stable prediction outcome. The most important part of DL is 
that programmers are not involved in the learning process of 
middle layers.3

2. AI IN MEDICAL SCIENCE

Recently, more and more AI algorithms have been studied and 
established in various medical fields to facilitate the exam inter-
pretations, improve the accuracy of diagnoses, and reduce the 
time and manpower consumption. Modern medicine applies 
not only binary (e.g. positive or negative results) and numeri-
cal information, but also huge amount of image data from the 
patients. For the latter, detailed reports cannot be easily inter-
preted by traditional computer programs. On the other hand, 
modern AI has been proven to be able to efficiently process and 
analyze such image data.

Convolutional Neural Network (CNN) is a deep neural 
network which is usually adopted for processing and analyz-
ing visual images. The network consists of multiple processing 
layers. It transforms the image from plenty of free param-
eters in the input layers through the hidden layers, which 
can markedly reduce the number of parameters in different 
ways, into the output layers. CNNs have been widely used 
in medical science for image recognition and diseases classi-
fication, especially in radiology, pathology, dermatology, and 
ophthalmology.4–7
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In fact, the medical application of AI is not simply limited to 
the image recognition. Together with the ML and the other neu-
ral networks, such as recurrent neural networks, which can be 
applied for time series data, the application of AI algorithms has 
already been proposed in many medical fields. It could be used 
for detecting abnormal lesions, identifying tumor cells, or even 
predicting clinical outcomes.

3. AI IN OPHTHALMOLOGY
Ophthalmology is one of the major fields in which AI can be 
applied in many ways. Nowadays, clinical ophthalmology 
employs tons of image exams such as true color and specific 
color filtering photography, fluorescence angiography, ecograms, 
and optical coherence tomography (OCT). Each type of images 
provides various useful information for diagnosing ocular dis-
eases or predicting patients’ outcome.

In the past 5 years, AI studies in ophthalmology focused on 
diabetic retinopathy (DR), maculopathy, and glaucoma. These 
diseases are the major causes of legal blindness in all countries. 
DR is one of the priority diseases listed in the VISION 2020, a 
global initiative promoted by the World Health Organization. 
An estimation showed that DR accounted for 2.6% of world 
blindness, represented by 0.8 million of blindness cases in 2010.8 
With the aging of global population and the rapidly increasing 
incidence of diabetes, prevention of blindness becomes one of 
the most important issues in public health. Since the progres-
sion of DR can be stopped or retarded by intensive blood sugar 
control and various ophthalmologic treatments (e.g. laser, anti–
vascular endothelial growth factor therapy), early detection and 
intervention are the most important strategies for preventing 
visual impairment in diabetic patients.

Indirect ophthalmoscopy and fundus photography are the 
main tools for the diagnosis and clinical classification of DR. 
In the past 5 years, hundreds of AI algorithms that use fundal 
images have been established and tested for the screening and 
classification of DR. In 2018, the Food and Drug Administration 
(FDA) of the United States approved the first AI device, IDx-DR 
(IDx; Coralville, IA, USA) for diagnosing DR in diabetic patients 
with a sensitivity of 87% and a specificity of 96%.9 There are 

many other AI programs being developed that can achieve a sen-
sitivity as high as 100% and a specificity as high as 98%.10,11 
These AI systems are useful in clinical screening, especially for 
improving accessibility and reducing manpower consumption.

Age-related macular degeneration (AMD) is another common 
sight-threatening disease. Patients who suffer from maculopathy 
may experience sudden visual distortion and impairment caused 
by the choroidal neovascular abnormal growth at the macular 
area. This disease usually requires prompt and repeated treat-
ment once the neovascularity becomes clinically active. Unlike 
DR, diagnosis and monitoring of AMD requires not only fundus 
photos but also other specific exams such as OCT. Many DL 
algorithms have been established to distinguish AMD-affected 
from normal retinas using the OCT images. Kermany and col-
leagues12 have used 203  170 OCT images to train an AI DL 
algorithm to develop a diagnostic program for categorizing 
AMD, drusen, diabetic macular edema, and normal fovea with a 
96.6% accuracy. In the United Kingdom, Jeffrey and colleagues 
have developed an AI DL algorithm using 14 884 OCT images 
as training data. With the proposed two-step framework, it can 
diagnose various referral maculopathies and make the referral 
suggestion with an accuracy of 94.5%.13

Diagnosis of glaucoma also requires multiple ophthalmic 
exams. The major challenge for developing an AI program for 
diagnosing glaucoma is that even for a glaucoma specialist, it is 
hard to diagnose glaucoma using only one machine, be it fundal 
photo, OCT, or visual field exam. Phene et al14 have used a data 
set of 86 618 disc photos to train the AI network and developed 
a program which could identify the referable glaucomatous 
optic neuropathy with a higher sensitivity and a comparable 
specificity to some eye care providers (sensitivity of 80.0% and 
specificity of 90.2%). Ran et al15 developed a DL program using 
three-dimensional OCT images of disc to identify glaucoma and 
showed an accuracy of 91%.

Besides, AI programs have also been used to enhance the 
image quality, thus improving the efficiency of disease detection. 
Halupka et al have developed a CNN DL algorithm, which can 
denoise OCT images while maintaining subtle details. AI could 
also be designed to segment the image. The auto-segmentation 
process can identify the lesion or isolate the specific layer of 

Fig. 1 The era of artificial intelligence (AI)-based individualized telemedicine will arrive soon. In the future, the medical image can be obtained from the 
ophthalmological inspection instrument, then transmitted to the telemedicine platform through the Internet. The AI-based telemedicine platform will analyze the 
image to make diagnosis and provide remedy suggestion to the user (specialist or patient) for personal precision medicine.
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tissue from the original picture. This procedure could assist cli-
nicians to make more accurate reports or diagnoses.16

4. THE FUTURE AND NEXT GENERATION OF AI
Although there is still a debate on ethical concerns, the trend of 
applying AI in medical field is unstoppable. With the improve-
ment and combination of other technologies, AI would certainly 
evolve into a different level. One of the dramatic changes in 
modern science is the appearance of “big data.” It usually refers 
to a rapid collection of a large amount of complex information, 
not only for the insurance reimbursement but also for any other 
research or non-research purposes. AI models usually require 
relatively large number of training data for performing with an 
optimized sensitivity. The combination with big data can make 
the future AI algorithms achieve higher accuracy of prediction 
and wider extrapolation to other populations.

The IoT is another development, which may influence the 
application of AI in the medical field. Various platforms have 
been used for applying AI in ophthalmology. The most common 
and easy way is to build the program in the machine, for exam-
ple, OCT. In such a case, patient might instantly get the results 
after the exam. However, such AI algorithms need to be well-
trained and tested before being installed into the machine and 
are also relatively hard to be updated. The recent development 
of the fifth generation mobile networks may change the situa-
tion. Our team has proposed a cloud-based AI algorithm, which 
can diagnose AMD based on patients’ OCT images.17 Using this 
platform, AI service can be applied to every machine and every-
where where the connection to Internet is available. Besides, the 
algorithm can keep improving its accuracy based on the feed-
back from the clinically confirmed results.

Providing accessible screening tools in the poorer areas of 
the planet with less developed health care system is one of the 
important applications of AI in the medical field. However, the 
modern trend of AI development follows the design of more 
complicated networks for achieving higher diagnostic sensitiv-
ity. This requires higher level and more expensive computer 
systems which are sometimes unaffordable in those poor areas. 
Recently, our team also demonstrated a possible way of develop-
ing a mobile AI algorithm using MobileNet which can be built 
in a smartphone. Such development provides the accessibility 
not only to a health care provider but also patients themselves.

Most of the clinical diseases are dynamic and vary across 
patients. To achieve the optimized treatment outcome for each 
patient, we must adopt the individualized treatment strategy based 
on each patient’s own disease course. For this purpose, highly accu-
rate AI algorithms trained with big data and constantly updating 
according to the feedback are required. Such AI programs can be 
built on a cloud platform or in the personal cellphone. With the 
development of portable devices, patients may perform the simple 
tests at home by themselves and obtain the immediate referral sug-
gestion from the AI program. At the same time, all data may also 
be sent to a health care center to be examined by a physician. In 
such a way, patients may markedly reduce their visit times, but still 
get the best individualized medical treatment.

In conclusion, during the fourth industrial revolution, a pleth-
ora of technologies evolved day by day, including the AI. AI is 
already deeply involved in our daily life. In the medical field, 
more and more AI algorithms are designed and applied in the 
clinic. With the introduction and combination with bid data and 
IoT, the accessibility and applicability of AI would certainly be 
increased. It is possible that with the assistance of AI, patients 
in the future will get the highly valued medical advice for their 

diseases promptly and accurately. We believe that the era of 
AI-based individualized telemedicine is already at our doorsteps 
(Fig. 1).
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