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Abstract: Ever since “Deep Blue” defeated the human champion chess player in 1997, artificial intelligence has
caused extensive attention and discussion. With the development of computing and data storage technologies,
artificial intelligence has been made great progress and applied in a wide range of fields. Here, we focus on several
creative and novel applications of artificial intelligence in the healthcare field and also discuss their future trends.

1. Introduction

As the technology and economy develop rapidly in
recent decades, healthcare problems have also made
great progress. Traditionally, the only way to diagnose
and cure diseases is through the knowledge and
experience that controlled by clinicians, which is an
ineffective way with high costs and error rates™>.
However, with the assistant of intelligence algorithms
and accumulating data, artificial intelligence (Al) offers
a number of advantages over traditional analytics and
clinical  decision-making techniques, such as
diagnostics, care processes, treatment variability,
patient outcomes and so on®. Here, we reviewed some
applications that have already revolutionized in the
field of healthcare. In addition to their current status,
their future trends will also be discussed.

2. Specific Applications: Al has already successfully
applied in a variety of medical fields, such as oncology;,
cardiology, gastroenterology, etc.*® In order to obtain a
more comprehensive understanding in this topic, it is
necessary to find out their current status and future
trends.

2.1 Al in Managing Medical Data: Medical data,
including treatments given, providers used, billed
amounts, prescriptions, and so on, has been increased
rapidly in recent years®. The main defect of these data
is that they are not capable of providing adequate
patients’ health status and clinical severity”. To solve
these problems, recently, these data are often combined
with other data sources, such as census data and
electronic medical records (EMRs)°. After combination,

these data are able to provide more detailed patients’
situations and information, including videos, photos,
basic physiological indices and so on. However, some
problems like massive and compilated data calculation
and interpretation still remain unsolved. The high
demand of standard statistical analysis ability presents
challenges for clinicians®. Due to the ability of learning
and extracting complex patterns from raw data, Al can
play an important role in managing medical data®’. For
instance, machine learning can diagnose diseases by
learning form experience (see Fig. la) and neutral
network can find relation between two different pieces
of information (see Fig. 1b)®.

Furthermore, Al has potentials to reduce the bias in
healthcare when it manages medical records, including
doctor biases (see Fig. 1c) and omitted variables
biases®. Doctor biases come from limitation of
diagnosis time, shortage of information, personal
experience, and forecasting biases’. Al copes with
these shortcomings by combining more knowledge and
varied experience to form a diagnosis tool, which can
complement doctors’ judgment with unbiased tool'**".

To sum up briefly, medical records and data are
important to both patients and doctors. Al can reduce
mistakes and improve efficiency and utility in this field.
It can excavate much more useful information and
draw conclusion that human may ignore. In the future,
the application of Al in managing medical data will be
prevailing and adopted by more and more hospitals
since it provides fundamental assistance in medicine.
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Figure 1. Machine learning® (a) and neutral network’ (b) in managing medical data. (c) Effects of doctors’ biases
in the final diagnosis®.

2.2 GeoAl in Healthcare: Geospatial science artificial
intelligence (GeoAl) is the combination of methods in
spatial science (e.g., geography information system or
GIS), data mining and computer algorithms to extract
data from raw information*?.

learning has potential to analyze DNA’s and RNA’s
sequence of basic groups in gene-environment
interaction (GXE) studies and to examine the
intersections of genetics and environment, which offer
an opportunity to restrict the spread of epidemics of
eliminate them fundamentally®®. Last but not the least,

GeoAl is meant to promote healthcare at the population
level*®. First, GeoAl can improve environment health
by detecting environmental exposure, some of which is
difficult to capture by human'?. Second, GeoAl can
assist researchers to map and monitor the spatial spread
of epidemics and to analyze their causes and
consequences with geospatial data. Third, machine

combine with EMRs, GeoAl is able to identify social
and behavioral determinants of health and conduct
interventions using geospatial data™.

In private sector, GeoAl is powerful in precision
medicine as well, bases on detailed and enormous
information about a patient’s health. Precision
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medicine is a method to customize patients’ treatment
and diagnosis strategies through considering individual
genetics, lifestyles and environment™. This technique
is widely accepted in mobile health applications which
provides convenient and basic self-diagnosis. By
referring to patients’ history, these applications can
provide recommendations in treatments and conclude
the environmental factors'®. A snapshot and a
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Figure 2. Different factors in GeoA

2.3 Al in Mental Health: In mental health domain, Al
is also a powerful diagnosis tool. One of the main
applications is monitoring. Al can record patients’
mood diaries, sleeping patterns and some other
physiological conditions, even outside the clinical
setting. Adequate monitoring benefits (potential)
patients a lot, especially in the early detection and
prevention of relapse, which have significant impacts
on outcomes'’. Sensors can collect multiple types of
data such as distance travelled, variation of voice,
speaking rate and voice quality, which are good
predictors of symptoms of depression and
post-traumatic stress disorder (PTSD)*®. Another aspect
of monitoring is medicine adherence, causing a big
issue in medicine quality and allergic reactions.
Machine learning is able to analyze patients’ history to
draw a conclusion about the effect of a particular
medicine and allergen, which can facilitate the quality
and customization of treatments™.

Furthermore, basing on machine learning and voice
recognition, Al chatbots can directly assist clinicians in
mental disease treatments. According to a research,
college students who have conversations with chatbots
decrease their depressions and anxiety®.

Generally speaking, Al in mental healthcare can
drastically reduce the burden of clinicians and
therapists, especially in complicated and monotonous
chores. After the re-balance of workload, clinicians can
pay more attention to the interactions with patients,
which improve the quality of treatments™. The future
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In conclusion, GeoAl acts as an important role in both
public and private healthcare. It turns geospatial data
into practice, placing the whole society as beneficiary.

In the future, GeoAl will enter more and more fields in
research and daily life.
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prospect of Al in mental healthcare will be promising,
since the number of people who pursue mental health
increases swiftly these years.

24 Al in Surgery: Surgery is the most
technique-needed and complicated process in treatment
and Al can improve many aspects in surgery operations,
such as anesthesia support, time management and
patient’s safety, monitoring patient’s physiological
indices, etc.’. Due to the characteristics of machine
learning, the more surgery it processes, the more
experience it can learn, resulting in improvement in
efficiency and safety. Therefore, the value of Al in
surgery is to improve accuracy and safety, reduce the
burden of operator, and even enable automatic
operations™.

In conclusion, since operation is a vital procedure in
many treatments, both clinicians and patients welcome
the benefits brought by Al. Al can assist a surgeon not
only by enhancing motor skills, but also augment the
surgeon’s thought process and knowledge, which will
improve patient outcome. The future combination of
surgery and Al will be more promising and effective.

2.5 Al in Radiology: In recent years, Al has been
applied to radiology in some aspects. Especially for
deep-learning based radiology, the effectiveness of
imaging is improved?. Deep learning is suitable for
image analysis and experience comprehension.
Therefore, when it comes to multi-layer image, Al can
convert the complication into simplicity. The inception
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layer is form by a combination of multiple convolution
filters, which helps in quick convergence and
generalization without increasing the complexity™*.
Figure 3A gives an example of inception layer in
detection of fractures and calculation of the trabecular
bone density. Deep learning is also widely applied in
treatment in MR-based ischemic stroke?® and CT-based
respiratory disease?*. A deep learning model with three
layers (Layer 1 output: arrow (a); Layer 2 output:
arrow (b) Layer 3 output: arrow (c)) is shown in figure
3B. Moreover, due to the cost of computer hardware
and software decreases these years and the
performance keeps going higher, it drastically
decreases the time and budget for hospital to utilize and
train the deep-learning-based radiology system?2?°,

Furthermore, especially in radiology domain, the
traditional methods may be ineffective in the future.
With the support of Al technology, the effectiveness

A

B Laver1

A

2.6 Al in Personalized Treatment: Molecular
biomarkers and pharmacogenetic tools are able to
demonstrate and predict drug efficiency and treatment
response in patients. These components glay a vital
role in development of precision medicine®. Previously,
identifying and developing a new treatment option is
extremely challenging. However, Al can manage this
job by using deep learning. Al is capable of identifying
genetic variants and molecular factors by using data

Figure 3. Inception layer® (A) and deep learning model (B) in radiology?.

can be guaranteed. A radiologist can analyze an
average 200 case a day®®. However, a
deep-learning-based radiology system can help
radiologists to improve efficiency and precision b;/
reading 600 cases a day, both remotely and locally™.
Moreover, the combination of artificial and human
intelligence can result in better prediction. As for stable
and continuous data, deep learning can perform its
powerful functions to the greatest extent. Whereas, if
the data is sporadic or the quality is low, the
hybridization of human and computer can offer better
accuracy’’ %,

In conclusion, Al is able to manage most of the
complicated and repeated work in radiology. However,
clinicians are still the decision makers and monitors.
The basic effect of Al in radiology is the enhancement
of efficiency and accuracy. Besides, it can offer a better
connection between patients and doctors.
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mining and transforming the harvest evidence and
assays’ results into real practice®®. These are integrated
into a deep learning model shown in Figure 4.
Therefore, the tailored treatments offered by Al can
result in better outcome in particular diseases than
unified treatments do. In the future, personalized
treatment will be a major trend in healthcare, and Al
will be the most effective and useful treatments
provider.
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2.7 Al in Ophthalmology: Al in ophthalmology has
been well-cooperated to diseases such as retinopathy of
prematurity (ROP), diabetic retinopathy, glaucoma,
etc.®'. Two main types of technique can manage this
job well- machine learning and natural language
processing, which is a method that extracts information
from raw data and converts them into data that can be
analyze by machine learning. With the support of
remote screening technique, Al is able to detect eye
diseases in their early stages for the people living in
rural areas. Moreover, Al adapted in smartphones plus
basic ophthalmology equipment allow diagnosis to
expand beyond the confines of clinic offices®. In other
words, Al can assist the management of patients both in
office and those in remote areas as well.

Referable diabetic retinopathy (RDR)
EYEPACS-1

MESSIDOR-2

Specifically, diabetic retinopathy (DR) affects millions
of people’s normal function of retina, resulting in
reduction of vision or even fully blindness®. According
to a study, Al had a higher sensitivity and specificity
rate in analyzing patients’ data and images than seven
experts in ophthalmology did®*, which proves that Al
has significant potential in the early diagnosis of DR.
As shown in Figure 5, two types of validation sets are
applied to detect DR with the support of Al.

Generally speaking, as the population who are
possessed with optical diseases increases exponentially
these years due to the excessive usage of smart devices,
Al will play a key role in the diagnosis of ophthalmic
diseases.

All-cause referable cases
EYEPACS-1

[ 9963 Potentially eligible images |

| 9963 Potentially eligible images I

[ 9963 Potentially eligible images |

17 Excluded (circular
mask detection failed

9946 Eligible images

1158 Excluded (not
fully gradable

1748 Eligible images

17 Excluded (circular

mask detection failed

9946 Eligible images
3 Excluded (not fully
gradable)

)
‘ 8788 Graded by algorithm for
RDR (index test)

1745 Graded by algorithm for
RDR (index test)

9946 Graded by algorithm for
all-cause referability (index test)

i 1

I

) ) v .
8021 Graded 767 Graded as 1503 Graded 242 Graded as 7636 Graded as 2310 Graded as
as no RDR RDR as no RDR RDR not referable all-cause referable
1 ¥ v ! v v
8021 Graded 767 Graded 1503 Graded 242 Graded
by 8 by 8 by 7 by 7 7636 Graded by 8 2310 Graded by 8
ophthalmologi ophthalmologi ophthalmologi ophthalmologi ophthalmologists ophthalmologists
Sts sts sts sts
. v I . .
7965 No RDR | | 150 No RDR 1469 NoRDR | | 22 No RDR 74?3 6":::3:::‘:’“ 4?:2’;";;;’:::’:‘
66 RDR 617 RDR 34 RDR 220 RDR L% =
referable cases referable cases

Figure 5. Two types of clinical validation set for detection of diabetic retinopathy®*.

3. Risks and challenges: Even though Al can offer
many advantages in many fields, it still has several
defects and risks remained to be solved. First, just like
most of the computer programs, bugs are still
unavoidable as well in Al. Indeed, these bugs may
bring serious damage to patients and clinicians. Second,
Al is an algorithm after all, which needs an artificial
database to train itself. This required private server to
store patients’ data, increasing the probability of data
breach. Third, it augments people’s cautiousness that
Al in medicine is something related to their health.
When it comes to health problems, people tend to rely
more on doctors instead of a cold machine. Human
interactions play a necessary role in treatment.
Therefore, Al is not meant to and definitely cannot
replace human clinicians, but rather act as an assistance
to improve the abilities of clinicians. The final decision
makers should be the clinicians.

4. Conclusion: Al is a widely applied technology in
many fields, which is able to improve the efficiency
and precision and to reduce the cost. In healthcare
domains, the main jobs of Al are pre-diagnosis and
assisting treatments. The integration of Al and
healthcare data has significantly improved the
workflow, meanwhile, decreased heavily the burden of
clinicians. GeoAl is able to improve health from public
and private view. Al in surgery, radiology and
ophthalmology enhances the precision and accuracy of

diagnosis. Al is a perfect assisting tool in curing mental
diseases and offering personalized treatments as well.
While the potential seems to be practical, some of them
still remains theoretical and exists some risks and
challenges, which requires further research and practice.
In conclusion, the future of Al in healthcare is
promising, but it has a long journey to go.
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