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Cardiovascular diseases (CVD) is a mgjor threat to hu-
man health and the leading cause of death worldwide!™ The
incidence of CVD caused 17.6 million deaths in 2016, an
increase of 14.5% from 2006 to 2016./2 Unfortunately, the
mortality and morbidity rates of CVD are increasing year by
year, especialy in developing regions. Studies have shown
that approximately 80% of CVD-related deaths occur in
low- and middle-income countries. Besides, these deaths
occur a ayounger age than in high-income countries.”!

In developing countries, rapid economic transformation
leads to environmental changes and unhealthy lifestyles; in
addition, population ageing may increase cardiovascular
risk factors and increase the incidence of CVD.[ CVD has
placed a heavy burden on patients and society as a whole.
Therefore, it is necessary to provide strategies for improving
the diagnosis and treatment of CVD in the future. Currently,
artificial intelligence (Al) may have the potentia to solve
this problem. However, it has been more than sixty years
since the introduction of the concept of Al. The application
of Al in medicineis till unclear. Furthermore, the role of Al
in medicine in the future? Whether it will lead to a large
number of unemployed clinicians due to the development of
Al technology, the current research results cannot provide
an answer. This article attempts to make a brief review of
the current state of Al in clinica applications based on
available information based on the following six themes.

1. What isAl?

2. Thevaue of medical Al.

3. The gpplication of Al in CVD.

4. Future prospect.

5. Current shortcomings.
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6. Possible solution—*the primary use of Al” and a novel
medical moddl.

1 WhatisAl?

Al, aso known as machine intelligence, can be defined
as a branch of computer science that mimics the human
mind process™ It was first proposed by Alan Mathison
Turing more than sixty years ago. According to the Turing
test, if a human being could not distinguish whether a ma-
chin€' s responses are from a machine or a human, then the
machine could be considered “intelligent” [® Although Tur-
ing proposed the idea of Al in 1950, the definition of Al is
still unclear. At present, no one has explained the exact
concept of Al; we only know that Al isakind of computer
science, is multidisciplinary in theory and practice, and Al
can improve the quality of our lives.

Although the specific definition of Al is till controver-
sial, many researchers are till optimistic about the future of
Al and believe that it will have a profound influence on
society, but aso beneficia to everyone!” In the medical
field, Al islikely to be implemented in the fields of medical
diagnosis, treatment, risk prediction, clinical care and drug
discovery.’® Moreover, the application of Al in medicine is
accelerating at an impressive rate. Al technologies mainly
include machine learning, cognitive computing and big data
analytics.

11 Machinelearning (the hotspot of Al)

One of the most popular technologies of Al is called
machine learning, which enables dgorithms to understand
and learn data. In fact, machine learning is usually synony-
mous with Al. Additionally, the key of machine learning is
to find the regular pattern behind an observed data and build
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amodel based on that data. Therefore, the machine can use
this model to predict and determine future data® Besides,
machine learning can be categorized into supervised learn-
ing, unsupervised learning and reinforcement learning, de-
pending on the amount and type of supervision that the a-
gorithms receive during training.

12 Threeclassic genresof machinelearning

Supervised learning plays an important role not only in
the operation of many biologica networks but also plays an
important role in the operation of artificia neura net-
works™? Moreover, supervised learning has been widely
applied and can solve any problem. In supervised learning,
manually set 1abels to help the machine achieve the desired
results. Therefore, supervised learning is applicable to
medical diagnosis and treatment, and has clear clinica
guiding significance.

In contrast, the unsupervised learning data set does not
have a given labdl, which means that the machine must find
the label itself. Furthermore, unsupervised learning ago-
rithms have been successfully implemented in problems
such as CVD prediction, diagnosis and treatment, and car-
diovascular image analysis.”

Reinforcement learning has two different characteristics.
Firdt, there is no need to complete the proposed goals. Hu-
mans propose a goal and require Al to achieve this goa
through supervised learning and unsupervised learning.

After that, there is a feedback mechanism, often de-
scribed as a ‘reward’ ™ The aim of reinforcement learning
is not to reach the proposed goal, but to maximize the re-
ward for the model during the learning process. This rein-
forcement learning has been deployed in intensive care units
(ICV) to optimize the process of patients off of mechanical
ventilation.!*?

1.3 Thenext step of machine lear ning-deep learning

In recent years, Geoffrey Hinton has proposed deep
learning and quickly became a hot topic in the field of Al.
Deep learning is a subset of machine learning that can be
described as the next generation of machine learning.** It
is a computational method that enables the algorithm to
automatically program and learns from big data'® The pur-
pose of deep learning is to train the artificia neural net-
work,® which is composed of artificia neurons, or nodes.
So far, it has made significant breakthroughs in the proc-
essing of image, video, voice and audio data™ In general,
deep learning is very powerful and is especially suitable for
medical imaging or radiology. When considering Al or
machine learning, it is not known what practical medical
value these systems have.

2 Thevalueof medical Al

In general, governments and authorities around the world
have developed and implemented laws and regulations to
establish a better medical environment for patients. The
current medical system still has many shortcomings, in-
cluding uneven distribution of senior clinicians, high rate of
misdiagnosis of primary clinicians, long training period for
clinicians, shortage of clinicians in undeveloped areas, and
high medical expensesfor patients.

However, with the development and advancement of
machine learning technology in recent years, Al has gradu-
aly changed from theory to practicality. The multiple ap-
plications of Al in medicine are being proven. Additionaly,
Al technology has become an important factor that may
affect the development of the medica industry and may
improve the level of medical services.

Al has severa applications in the medica field. Firstly,
Al can help clinicians diagnose disease and optimize treat-
ment processes. After being applied to traditional medical
procedures, Al can reduce the rate of misdiagnosis and im-
prove diagnogtic efficiency. Then, with the advent of deep
learning, Al has the ability to recognize medical images and
provide clinicians with more reliable imaging diagnostic
information. Thirdly, by using big data analysis (Al can
analyze extremely large data sets that are difficult to analyze
by traditional data processing methods),”® Al algorithms can
often provide more accurate results for patient prediction.
Al can aso help support drug research and improve the
efficiency of new drug development. Finaly, the combina-
tion of Al and surgica robots will improve the accuracy of
many complex and difficult operations. With the develop-
ment of Al, big data analysis and cloud computing tech-
nologies, Al can provide patients with high quality medical
services. Besides, Al will enhance the advancement of
smart medical and precision medicine, which will reduce
patient waiting time and cost, and obtain safe, convenient
and high quality medical services. Therefore, the imple-
mentation of deep learning of Al will benefit cardiovascular
medicine.

3 Theapplication of Al in CVD

As mentioned above, Al has been around for along time.
At present, Al technologies have been applied in cardio-
vascular medicine including precison medicine, clinical
prediction, cardiac imaging analysis and intelligent robots.
There are optimistic prospects of the use of Al in cardio-
vascular medicine.
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3.1 Precison medicine

From the patient aspect, Al can be initialy applied for
remote follow-ups, medication reminders, real-time disease
counsdling and early warnings of symptoms. At the same
time, from the perspective of clinicians, Al can help collect
voice information (such as medica history), connect elec-
tronic medica records systems and reduce the workload of
dinicians™ In the future, cognitive computers (devices
that are trained through machine learning or deep learning
algorithms and can solve problems without human assis-
tance) will help clinicians make accurate decisions and pre-
dict patient outcomes. With the help of Al, it is most likely
to implement an accurate medical plan that customizes
healthcare for each patient. People think that Al will not
replace clinicians. In contrast, clinicians should know how
to use Al technology and gain experience in the clinical
practice of applying Al to improve cardiovascular disease
diagnosis and treatment by anayzing big data. Will help
enter the era of precision medicine. Precision medicine will
customize healthcare for each individual patient, is most
likely to be achieved with the help of Al. It is thought that
Al will not replace clinicians.

3.2 Clinical predictions

Through machine learning and big data analytics, Al can
help clinicians to make more accurate predictions for pa-
tients. Research from Dawes TIW suggests that Al can pre-
dict possible time periods of death for heart disease pa
tients*® In their research, Al software recorded the results
of cardiac magnetic resonance imaging (MRI) scans and
blood tests of 256 heart disease patients. The software
measured the movement of 30,000 points that are marked
on the heart structures in each heartbeat. By combining
these data with the patients' eight-year health records, Al
could predict the abnormal conditions that will lead to pa-
tient death. Additionally, their software was able to predict
the survival rates of patients for the next five years, and the
prediction accuracy of the next year survival of patients
could easily reach 80%. However, the prediction accuracy
of the clinicians was only 60%. Furthermore, Motwani M
and his colleagues established a predictive modd through
the use of deep learning, in order to evauate the risk of
death for the next five years, for 10,030 suspected coronary
heart disease (CHD) patients. Their results indicated that the
risk assessment based on Al is superior to traditional clinical
judgement and coronary computed tomographic angiogra-
phy_[17]

3.3 Cardiacimaging analysis
In recent years, with the advent of deep learning, cardiac

imaging analysis has shown great development prospects.
Deep learning can help to analyze coronary angiography,
echocardiography and electrocardiogram (ECG). Cardiac
intervention has been the main treatment for cardiovascular
disease in recent decades, including CHD and acute coro-
nary syndrome (ACS). In the near future, by using deep
learning, Al can identify coronary atherosclerotic plagues
more accurately than clinicians. In addition, Al can aso be
used to analyze echocardiographic images, including auto-
meatic measurement of the size of each chamber and assess-
ment of left ventricular function. Moreover, it can be used to
assess structural diseases, such as vavular disease, to help
determine the classification and staging of the disease.

Rima Arnaout, an assistant professor at the University of
Cdlifornia, San Francisco, built convolutional neura net-
works by using the echocardiographies of 267 randomized
patients (age range: 2096 years) between 2000 and 2017
from the university medical center. From the perspective,
223,000 images were divided into fifteen categories. Fur-
thermore, this classification algorithm has outperformed the
human cardiovascular physicians in the classification com-
petition of cardiac ultrasound images!*® Another study
from Samad, et al.!*¥ demonstrated that deep learning can
predict survival with higher accuracy after analyzing echo-
cardiography of multiple cases. Other applications of Al in
cardiac imaging analysis include intravascular ultrasound
(for the detection of the border of the lumen and the me-
dia-adventitia),® optical coherence tomography (for the
classification of the three layers of the coronary artery),*”
cardiac single-photon emission computed tomography (for
the diagnosis of myocardia ischemid®® and for the im-
provement of the diagnostic accuracy of myocardial perfu-
sion imaging)!® and MRI (for the efficient and fast visuali-
zation of the cardiac segmentation in short-axis MRI).[?1 As
is well known, cardiovascular imaging is one of the most
significant standards for the diagnosis of CVD. In the future,
deep learning will make imaging diagnostics more reliable,
easier and faster to obtain results.

34 Inteligent robots

With the advent of surgical robots, the machine has been
able to help clinicians perform bladder replacement surgery
and hysteromyoma resection.®! |n the future, the combi-
nation of Al and minimaly invasive surgery technology,
such as the Da Vinci Surgical Robot, can make the use of
automated surgery more redlistic, which will reduce trauma
to patient, improve surgical safety and shorten hospital stays.
Moreover, with this kind of combination, instead of clini-
cians, Al can peform cardiac interventional operations,
such as percutaneous coronary intervention (PCl) operations
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and catheter ablations of atrid fibrillation, on patients;
which will reduce the radiation exposure for the clinicians
from the use of digita subtraction angiography. With the
use of reinforcement learning, the ability of Al will be far
superior to that of a human being, especidly for uses in
repetition drills. Thus, the Al will learn how to more quickly
perform operations than human clinicians. Altogether, the
combined use of Al and surgica robots will promote the
revolution of traditional medicine.

4  Future prospect

Al is the next step in cardiovascular medicine practice.
The integration of Al and cardiovascular medicine requires
professional skills, advanced technologies and substantial
investment. Therefore, in the near future, Al projects are
most likely to be conducted by large technology corpora
tions such as Apple, Google and Microsoft, which have
invested heavily in Al to improve the productivity of clini-
ca staff. Last year, Apple and Stanford launched a project
called “Apple Heart Study” with the help of machine learn-
ing. In addition, the development of sensor technology has
furthered the application of Al in cardiovascular medicine.
The latest Apple watch series 4 has a new transducer that
measure ECG. This new feature has been approved by the
US Food and Drug Administration (FDA). In early 2018,
scientists from Verily (Google Life Sciences-Alphabet
Inc.’s research organization) used machine learning to as-
sess the risk of a patient suffering from cardiovascular dis-
ease. They successfully developed an dgorithm to analyze
the scanned image of the patient’s eye, then accurately in-
ferred various types of data, including the patient's age,
blood pressure and smoking status. Consequently, this al-
lowed the scientists to predict the patient’s risk of cardio-
vascular disease. To train the algorithm, they used machine
learning to analyze the medical data of nearly 300,000 pa-
tients. As aresult, the accuracy of the algorithm in identify-
ing patients with cardiovascular disease was as high as 70%,
which is close to the accuracy of traditiona cardiovascular
disease risk prediction methods, such as the measurement of
blood cholesterol levels?” Furthermore, Microsoft recently
announced that they are going to cooperate with Apollo
Hospita in India in writing agorithms to help clinicians in
predicting the risk factors for CVD. On January 9, 2017, the
FDA gave clearance for the use of a cardiac MRI analysis
software called Cardio DL (from Arterys), which uses deep
learning for medical image anaysis and provides automated
ventricular segmentation for traditional cardiac MRI scans.
By using cloud computing, Cardio DL can automatically
complete image processing in less than 10 seconds, and can

draw the outline of the ventricular epicardium and subcar-
dium, so as to accurately evaluate the function of the ventri-
cle!® Siemens has built a large database of more than 250
million related images, reports, surgical data and other ma-
terials for training its Al calculation programs. A team of
cardiologists at the University Hospital of Heidelberg con-
ducted a six-year trial. They used data from patients with
heart failure to generate 100 digitally smulated hearts and
used Al to predict the prognosis of these patients, and then
compared the predicted results with the actua situation of
the patients. Clinicians can even use 3D printing technology
to create models of the heart, in order to develop a more
appropriate treatment.

All these data suggest that a major revolution in the
clinica application of Al in cardiovascular medicine
(analogous to a Cambrian explosion) may occur soon, and
this application is only the beginning of the overall use of
Al.

5 Current shortcomings

At present, the application of Al in cardiovascular medi-
cine is very close to reality. Nowadays, getting personal
medical advice from virtual assistants such as Alexa or Siri
is no longer a far-fetched attachment.” However, some
researchers are concerned about the rapid development of
Al, and they believe that guidelines should be created in
artificial-intelligence research to protect human rights.!*”

Besides, there are till several unsolved technical prob-
lems in the clinical application of Al. The human brain can
solve highly abstract reasoning problems by using physical
neura networks. However, the mechanism of the network is
only partially understood; therefore, artificial networks can
only provide narrow insights®” A key factor in preventing
the implementation of machine learning in medicine is that
the training of a model requires massive datasets, which are
not easily accessible. Additionally, without a large amount
of high-quality data, the modd can likely be influenced,
which will lead to biases and inevitably cause the failure of
the model when it makes predictions about future data. Fur-
thermore, the difficulty of Al in making differential diagno-
ses is another major problem, which can be attributed to the
relatively dow development of Al use in medicine. Ulti-
mately, the superficia knowledge of the human brain’'s
processing, the poor data quality, the complex computa-
tional processes, the difficulty in measuring antidiastole and
the inaccessibility to traditional clinical workflow have led
to controversy in the clinical application of Al.*2 Medicine
is considered to be the first field of application of Al. How-
ever, clinical applications require higher quality than Al
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applications in other fields. Therefore, the application and
acceptance of Al will be avery long process.

6 Possible solution—*the primary use of Al”
(PUALI) and a novel medical model

6.1 Phenomenon of PUAI

Due to the issues that the entire medical industry has en-
countered, most of the current implications of Al in cardio-
vascular medicine can be described as ‘PUALI’. In clinical
prectice, the main problem faced by doctors every day
should be solved first, such as the correct diagnosis and
effective treatment for patient.

The application and capabilities of Al are based on
large-scde and mature clinica information on machine
learning. Currently, it can be applied in certain specific en-
vironments, such as emergency room and chest pain center
(CPC).

With the improvement of Al technology, we till cannot
guarantee that the technology is absolutely reliable. Some
expertsworry that some clinicians will rely entirely on Al to
deal with patients!® At any time, doctors are the mainstay,
and Al can help doctors improve the effectiveness of their
treatment. Verghese, et al.®¥ pointed out that clinicians can
use Al to better serve patients. Studies have suggested that
the combination of clinicians and Al skills will provide pa
tients with higher quality diagnostic results than experience
aone!® To this end, based on the fact that our team has
invented a new regiona cooperative rescue model to opti-
mize the diagnosis and treatment system for CPCs*® we
have designed a new medicad mode that may help young
clinicians reduce the rate of misdiagnosis.

6.2 Nove medical modd

Currently, clinicians provide patients with direct treat-
ment options based on their own judgment. However, due to
the clinician's experience, stress, or overwork, other reasons
may make a wrong judgment, and even lead to catastrophic
consequences. In the new modd (Figure 1), the clinician
can pass the diagnosis plan through Al, and if the instruc-
tions are correct, the Al will execute. If the instructions are
unclear, ignore the instructions given by the Al based on
machine learning and ask the senior clinician for assistance.
It is hoped that this new model will reduce the incidence of
medical malpractice caused by clinician errors.

6.3 Novel medical mode plus PUAI

Moreover, we are able to incorporate the concept of
PUAII into this novel medical model. We may find an easier
way to build an Al modd. Currently, the limited use of Al
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Figure 1. Traditional mode and novel mode. Al: artificial in-
telligence.

for clinica diagnosis involves the differentia diagnosis of
CVD. There are severa types of CVD, each with different
diagnogtic methods; therefore, complex agorithms and
models, such as deep learning and reinforcement learning,
are required to increase the difficulty of writing agorithms
and increase the size of training data sets and Al models.
However, by incorporating PUAI into a new medical model,
it is only necessary to design a small and simple mode! for
the diagnosis of critical diseases such as ACS and aortic
dissection by using simpler agorithms. There is no need to
worry about the limitations of current Al resistance between
these diseases. For example, these types of ideas can be
applied to establish awarning system in the current medical
system (Figure 2).

After the patient enters the hospitd, the patient’s infor-
mation is simultaneoudly entered into the database when the
clinician collects the history. Based on the clinician’s diag-
nosis, the Al will according the diagnostic criteria for the
disease (Standard A) from the database, compared to the
patient’s actual condition (Standard B). If the comparison
results match, the warning system will not be derting. In the
event of conflicting results, the Al will generate an dert
aerting the clinician to carefully examine his’her diagnosis.

This new clinica warning system is suitable for 1CUs,
including the coronary care unit and CPC, which is espe-
cialy useful during night shifts. Because, in these specific
areas, the performance of night shifts doctors has a direct
impact on patient safety.*” Studies from Maltese, et al.l*®
have shown that the decision-making ability of ICU doctors
has dropped significantly. Currently, this new clinica early
warning system shows great potential for avoiding misdi-
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Figure2. Clinical warning system. “Comparison: the comparison uses supervised learning to optimize the percentages of each standard.

agnosis caused by night shift clinicians' cognitive decline.
Besides, the warning system is easy to apply. Our team has
designed a new regional cooperative rescue model to opti-
mize the diagnosis and treatment system for CPCs!® |t
provides timely and effective PCI for patients with ST-seg-
ment elevation myocardia infarction, especiadly in devel-
oping countries such as China The key point of this model
isto reduce the time from symptom onset to reperfusion and
cardiovascular mortality. In the future, our god is to apply
this novel medica model to existing systems. By using a
machine learning-based algorithm, Al can carefully exam-
ine the clinician’s diagnosis and treatment plan. The goal is
to save more lives. We will continue to refine this novel
medical model and test its practical application value in
clinical practice.

At present, CVD remains a mgjor health problem affect-
ing the entire world, especialy in low- and middle-income
countries. It will continue to be the main cause of mortality
in the next twenty years** The use of Al, especialy ma-
chine learning, has shown great potential in managing and
treating this troublesome disease. Besides, we firmly believe
that in the future, Al will be an assistant to clinicians, not an
adversary, because Al was originadly designed to mimic
human thinking processes rather than innovation. Therefore,
the clinician should understand the meaning of Al and be
familiar with its application vaue. The ability of Al will
increase as clinicians become more aware of the disease.
The development of clinical skills and in-depth clinica re-
search is the basis for the development of Al. Clinicians
must not neglect to continuoudy learn to improve their abil-
ity to serve patients, and not to rely too much on machines
and Al.
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