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Introduction

From earliest moments in the history of the computer sci-

\ Abstract

Coronary Artery Disease (CAD) is one of the most dangerous dis-
eases which lead to sudden cardiac death. The diagnosis of CAD is
very expensive and time consuming which made computer scientists
to use artificial techniques such as expert system to diagnose CAD’
patients. This study presents a state-of-the-art of the methods and
techniques used for the development of expert system to diagnose
CAD by scholars. The study found fuzzy logic as the most frequently
used and successful technique for the development of the expert
system to diagnose CAD. While data mining techniques found to be
the second and neural network as third most frequently used and
successful technique for the development of the expert system to
diagnose CAD. The study further found that, 40% of the studies re-
viewed to use hybrid approach where fuzzy logic and data mining
techniques were used in the development of the expert system for
diagnosis of CAD.

Keywords: expert system; artificial intelligence; fuzzy logic; data
mining; coronary artery disease.

cial Intelligence in Medicine (AIM) [10]. These researchers had
a bold vision of the way AIM would revolutionize medicine, and
push forward the frontiers of technology which led the emer-

ence, computer scientists have dreamed of creating an elec-
tronic brain of all the modern technological quests. The search
led to create artificial intelligence systems which have one of
the most ambitious and not surprisingly, controversial. It also
seems that very early on, scientists and doctors alike were cap-
tivated by the potential such a technology might have in medi-
cine. With intelligent computers able to store and process vast
stores of knowledge, the hope was that they would become
perfect ‘doctors in a box’, assisting or surpassing clinicians with
tasks like diagnosis [8].

With such motivations, a small but talented community of
computer scientists and healthcare professionals set about
shaping a research program for a new discipline called Artifi-

gence expert system [8].

In this study, research and conference papers published by
reputable publishers that employed expert system for diagnosis
of coronary artery disease were searched and reviewed in this
work.

Coronary artery disease

Coronary Artery Disease (CAD) is also known as Ischemic
Heart Disease (IHD) or Coronary Heart Disease (CHD) [34]. CAD
is one of the deadliest diseases in the world. The disease oc-
curs when plaque builds up inside the coronary arteries. The ar-
teries supply heart muscle with oxygenated blood [13]. Plaque
is made up of cholesterol, fat, calcium, and other substances
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found in the blood [35,36]. Therefore, over time, plaque nar-
rows and hardens arteries that resulted of reduction of blood
flow to heart muscles. Eventually, an area of plaque can cause a
blood clot to form on the surface of the plaque or rupture. If the
clot becomes large enough, it can mostly or completely block
the flow of oxygen-rich blood to the part of the heart muscle
fed by the artery [21]. This can lead to the following

i Angina: chest pain or discomfort that occurs when inad-
equate amount of oxygen-rich blood is flowing to an area
of heart muscle. Angina may feel like pressure or squeez-
ing in chest. The pain also may occur in shoulders, arms,
neck, jaw, or back [21].

iii. Heart attack: occurs when blood flow to an area of the
heart muscle is completely blocked. This prevents oxy-
gen-rich blood from reaching that area of heart muscle,
causing it to die. Without quick treatment, a heart attack
can lead to serious problems or death [21].

It has been estimated that nearly one half of all middle-aged
men and one third of middle-aged women in the United States
have been affected with the CAD disease [30]. In the developed
countries CAD is one of the the number one killers with over
7.4 million deaths attributed to (Word Health Organization [31].
It has been estimated that, CAD is one in every seven deaths
in the United States is due to heart disease [37]. According to
[6] CAD is the primary cause of death in women, taking more
lives than all cancers combined The proportion of deaths in the
United States that are due to CAD has been decreasing slowly
but continuously over the past half century. Nonetheless, CAD
remains the single most common cause of death in the United
States. According [31]. CAD is not just an American problem but
however the problem of the world in general and the  disease
causes more deaths and disabilities and is responsible for more
economic costs than any other single illness.

In Nigeria, CAD is at the moment gaining much popularity
following the rising number of health issues related to the
disease, including higher death rate, which is mostly due to
lack of proper awareness among the common people [38].
According to the latest WHO data published in May 2014
Coronary Artery Disease Deaths in Nigeria reached 53,836
or 2.82% of total deaths. Most of the victims of Coronary
Artery Disease in Nigeria usually neglect or handle the initial
symptoms casually and only consult medical attention when
those symptoms become severe or critical. But at that time the
treatment becomes complicated and sometimes due to the
acuteness and severity of the disease, the patients die before
getting proper medication.

Several research efforts have shown that CAD has overtaken
infectious disease to become the foremost most fatal disease
in Nigeria [7]. This epidemic invasion of the CAD into Nigerian
society, combined with the challenges of an apparently weak
health sector in Nigeria, which lacks the requisite capacity and
needed humanandfinancial resources prevent propertreatment
of the disease and its risk factors, only aggravates the situation.
Substantial proactive measures are therefore necessary to
properlyaddressthisepidemic[39,40]. Theuseofinformationand
computing technologies to improve on the processes of health
care delivery and management is not a new endeavor [29,32].

Expert system

According to [15] expert system is a computer program that
uses knowledge and inference procedures to solve problems
that was difficult enough to acquire significant human expertise
for their solutions. It can also be defined as a computer system
that uses human knowledge to solve problems that normally
would require human intelligence[4]. The expert systems repre-
sent the expertise knowledge as data or rules within the com-
puter. These rules and data can be called upon when needed
to solve problems [10]. Expert systems are only those systems
where the knowledge for the definition of the system (regard-
less of the importance of its role in the performance, or the par-
ticular method of representation) comes from a human whose
ability to solve problems is well beyond the common, up to the
rank of unusual expertise [32]. According to [24], Expert Sys-
tem is defined as an intelligence system which uses extracted
knowledge from past domain expert decision making reasoning
in form of rules to solve problems that ordinarily require human
expertise for their solution, and has the capability to update its
rule-base as new knowledge is discovered. Expert system de-
fined as an intelligence system that extracted its knowledge
using appropriate technique with the perception of human ex-
pert, to solve the problems or make decision as human being
does [16].

There are many application areas of expert system such as
medicine, education, agriculture, oil and gas, environment, law,
manufacturing, telecommunication and power systems etc.
[10]. In contrast to conventional computer programs where
the knowledge base is often embedded in the program codes,
so that as the knowledge changes, the program has to be re-
built, the knowledge-based expert systems collect the small
fragments of human knowledge into a knowledge-base, which
is used to reason through a problem, using knowledge that is
appropriate [4]. An important advantage here is that within
the domain of the knowledge-base, a different problem can be
solved using the same program without programming efforts.
Also, expert systems have the ability to explain the reasoning
process and handle levels of confidence and uncertainty that
conventional algorithms could not handle [12].

Expert systems are the commonest type of Artificial Intel-
ligence systems in routine clinical use. They contain medical
knowledge, usually about a very specifically defined task, and
are able to reason with data from individual patients to come
up with reasoned conclusions. There are many different types
of clinical task to which expert systems can be applied.

i Diagnostic assistance: When a patient’s case is complex,
rare or the person making the diagnosis is simply inexpe-
rienced, an expert system can help come up with likely
diagnoses based on patient data.

ii.  Therapy critiquing and planning: Systems can either look
for inconsistencies, errors and omissions in an existing
treatment plan, or can be used to formulate a treatment
based upon a patient’s specific condition and accepted
treatment guidelines.

iii. Image recognition and interpretation: Many medical im-
ages can now be automatically interpreted, from plane
X-rays through to more complex images like angiograms,
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CT and MRI scans. This is of value in mass-screenings, for
instance, when the system can flag potentially abnormal
images for detailed human attention.

Methods

In this study research and conference papers published by
reputable publishers that employed expert system for diagnosis
of coronary artery disease were searched and reviewed in this
work.

In Ref [30] an expert system for the diagnosis of the level of
coronary heart disease by taking into account the problem of
data imbalance has been developed. The first stage of the re-
search was preprocessing, which included resampled non-strat-
ified random sampling (R), the synthetic minority over-sampling
technique (SMOTE), clean data out of range attribute (COR),
and Remove Duplicate (RD). The second step was the sharing
of data for training and testing using a k-fold cross-validation
model and training multiclass classification by the K-star algo-
rithm. The third step was performance evaluation.

In the study of [11] a fuzzy soft sets expert system to pre-
dict patients suffer coronary artery disease was developed. The
research was a pioneering approach in applying fuzzy soft sets
to a medical diagnosis problem in the form of predicting pa-
tients who may be suffering from coronary artery disease. The
data used in the study was obtained from the Cardiac Unit, De-
partment of Cardiology, Faculty of Medicine, Assiut University,
Egypt of 200 patients containing 76 attributes. But however
only six of the attributes were considered because the author
of the study opinioned on these six attributes are relevant to
coronary artery disease which include blood pressure, choles-
terol, maximum heart rate, blood sugar, old peak, age.

In ref. [23] a web based Fuzzy Logic-based Expert System for
the diagnosis of heart failure disease was developed. The sys-
tem consists of a Knowledge Base (which is made up of a Da-
tabase), a fuzzy logic component, a Fuzzy Inference Engine and
a Decision Support Engine which comprises of cognitive and
emotional filter as well as Tele medicine facilities. The system
was implemented using Hypertext Preprocessor (PHP), JavaS-
cript and Hypertext Mark-up Language (HTML) with My Struc-
tured Query Language (MySQL) as the Database Management
System.

An evolutionary fuzzy expert system is proposed for the di-
agnosis of the Coronary Artery Disease (CAD) based on Cleve-
land clinic foundation datasets for heart diseases in the study of
[32]. The decision tree was used to select the most significant
attributes and the output is converted into crisp if-then rules.
The crisp sets of rules are transformed into the fuzzy rules and
these rules constitute the fuzzy rule base. Genetic Algorithm
(GA) is used to tune the fuzzy membership functions and the
optimized of membership functions using GA helps to achieve
better accuracy.

In the study [1] patients with coronary artery disease were
identified and classified through the neuro-fuzzy network
with the capacity of automatically extracting fuzzy rules. Fuzzy
expert system was implemented using facilities and functions
of MATLAB software (7.12.0 version). Network parameters,
introductory and lower parameters, were trained by back-
propagation error (gradient descent) method. The proposed
method was evaluated through data collected from medical
files of 152 patients with coronary angiography in Kowsar
Hospital, Shiraz, Iran during September, 2013. The performance

indicators of this system were specificity and sensitivity. The
indicators, as extracted from testing results, were found to be
0.88 and 1, respectively.

A fuzzy expert system for diagnosis of coronary artery dis-
ease by a non-invasive procedure was implemented in the
study of [18]. The imperialist competitive algorithm is used to
adjust the fuzzy membership functions. The proposed method
has been evaluated with the Cleveland and Hungarian datasets.
The advantage of the method adopted in the study compared
with others, is its interpretability.

The adaptive neuro fuzzy inference system and Advanced
fuzzy resolution mechanism has been proposed in the study of
[2] to diagnose the heart disease. The Advanced fuzzy resolution
mechanism was designed with predictive value and if then rules
to diagnosis the heart disease.

In ref. [22] a computer intelligent based approach for the
diagnosis of heart diseases have been developed. Apriori, Pre-
dictive Apriori and Tertius were the three different rule mining
algorithms used to present rule extraction experiment on heart
disease data and showed as efficiency algorithm for diagnosis
task.

A fuzzy rule-based system which concentrated only on ac-
curacy and interpretability of the system was proposed by [20].
Fuzzy decision tree method was used based on fuzzy Relational
Database Management System (RDBMS) and rules were gener-
ated based on C4.5 algorithm known as Fuzzy Rule Generation
System (FRGS) algorithm. A fuzzy decision tree was developed
by converting a medical application of heart relational database
to fuzzy heart relational database and then the decision tree
using C4.5 algorithm. However, the study concentrates only on
the interpretability of the output of the system rather than ac-
curacy of the generated rules and knowledge acquisition of the
system fuzzy decision tree method based on fuzzy Relational
Database Management System (RDBMS).

In Ref. [27] an expert system that provided a heart disease
patient with background for suitable diagnosis and treatment
(Especially Angina Pectoris and Myocardial infarction) has been
developed. The system was composed of four stages. The first
stage was receiving the symptoms from the patient. The second
stage was requesting from the patient to make some analysis
and investigation to help the system to make a correct decision
in the diagnosis. The third stage was doing diagnosis of patient
according to information from patient (symptoms, analysis and
investigation). The four stage was determining the name of ap-
propriate medication or what should be done until the patient
recovers (step therapy). The system was only able to give appro-
priate diagnosis and treatment for two heart diseases namely;
angina pectoris and infarction. The programs used for diagnosis
and system analysis include CLIPS and PROLOG.

In ref. [25] a weighted fuzzy rule-based Clinical Decision Sup-
port System (CDSS) for computer-aided diagnosis of the heart
disease has been developed. The proposed CDSS for risk predic-
tion of the heart patients contains two steps such as: generation
of weighted fuzzy rules and developing of a fuzzy rule-based
decision support system. The automatic procedure to generate
the fuzzy rules was an advantage of the proposed system and
the weighted procedure introduced in the proposed work was
additional advantage for effective learning of the fuzzy system.
These weighted fuzzy rules were used to build the CDSS using
Mamdani fuzzy inference system.
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The different data mining techniques such as neural
networks, decision trees and naive bayes has been proposed by
[28] for the study of heart disease prediction system. The multi-
layer perceptron neural networks were used to map the input
data onto the output data.

A coronary artery disease fuzzy expert system for microar-
ray data classification using a novel Genetic Swarm Algorithm,
has been proposed in the study of [33] for obtaining near rule
set and membership function tuning. The convergence of ge-
netic swarm algorithm and their classification accuracy were
improved by using the advanced and problem specific genetic
operators. The major disadvantages in the study is that, the
probability distribution of genes is not here to compute the mu-
tual information and the rule set is not tuned properly due to
rounding off problems.

In the study of [26] a screening system has been developed
for the early detection of Coronary Artery Disease. The system
is able to identify the risk group of patients at an early stage for
proper guidance and medication. A well-defined questionnaire
was developed advised by domain experts and sample data
are collected from the patients. The risk factors identified, are
mainly based on Indian population and they have been identi-
fied from the past experience and the expertise of the medical
experts. These factors are age, smoking habit, having obesity,
hypertension, diabetes, and hyperlipidemia. Symptoms consid-
ered for first level information are angina pectoris or chest pain.

Inthe study of [17] a fuzzy rule-based system was designed to
serve as a decision support system for diagnosis Coronary heart
disease. A multi-objective genetic algorithm was employed
optimize both the accuracy and transparency of the system.
Furthermore, a new way for employing Ensemble Classifiers
Strategy (ECS) method was also proposed to enhance the clas-
sification ability of the system. The result of the study showed
the rules generated by the system are humanly understandable
and the system is able to identify the uncertainty cases so that
the physician can give a special consideration to deal with them.

In ref [5] a Fuzzy Expert System for heart disease diagnosis
using V. A. Medical Center, Long Beach and Cleveland Clinic
Foundation database has been developed. The system is design
with in Matlab software and it is viewed as an alternative for
existing methods to distinguish of heart disease presence.

In ref [3] a fuzzy decision support system for the diagnosis of
coronary artery disease based on evidence has been developed.
The coronary artery disease data sets were collected from Uni-
versity California Irvine (UCI). The knowledge base of the sys-
tem is taken by using rules extraction method based on Rough
Set Theory. The rules then are selected and fuzzified based on
information from discretization of numerical attributes. The
result of the study showed that the system is able to give the
percentage of coronary artery blocking better than cardiologists
and angiography.

The neural networks ensemble method has been proposed
in the study of [9] for the effective diagnosis of the heart
disease. This ensemble method was able to create new models
by combining the posterior probabilities or the predicted values
from multiple predecessor models.

A rule-based Decision Support System was developed and
implemented in study of [19] for the diagnosis of Coronary Ar-
tery Disease. The generation of the decision support system is
realized automatically using a three stage methodology which

induction of a decision tree from a training set and extraction of
a set of rules using id3 clarification algorithm, transformation
of the set of rules into a fuzzy model and optimization of the
parameters of the fuzzy model.

The fuzzy neural network and k-fold cross validation has
been proposed in the study of [14] a hybrid system for the
diabetes and heart diseases. The back propagation algorithm
was used to train a fuzzy network. The classification accuracies
of the datasets were obtained by the k-fold cross validation. The
major disadvantage of study is that, the missing values are not
handled properly.

Results and discussion

The results of this study have been drawn from the pub-
lished articles reviewed in the literature review of the study
which termed a methodology. Fuzzy logic has emerged the
most frequently used and successful technique for the devel-
opment of the expert system for diagnosis of CAD. While data
mining techniques have emerged as the second while neural
network emerged as third most frequently used and successful
technique for the development of the expert system for diagno-
sis of CAD. It should be noted that, 40% of the studies reviewed
in this study used hybrid approach where fuzzy logic and data
mining techniques were used in the development of the expert
system for diagnosis of CAD. Table 1 shown the summary of the
reviewed papers with the method/tools/techniques used for
development expert system to diagnose CAD.

\/ Table 1: Summary of the Result. \\

\ /

SN Ref. Method/Tools for development

1 [30] | Data mining

2 [11] | fuzzy soft sets

3 3 Fuzzy Logic, web development tools PHP, JavaScript and Hypertext
Mark-up Language, MySQL

4 | [32] | fuzzy logic and Genetic Algorithm

5 [1] |fuzzy logic and MATLAB

6  [18] | fuzzy logic, competitive algorithm and MATLAB

7 [2] | adaptive neuro fuzzy

8 [22] | Apriori Predictive data mining technique

9 |[20] | C4.5 Data mining algorithm/ DBMS and Fuzzy Logic

10 |[27] | Logic, CLIPS and PROLOG.

11 [25] | Fuzzy inference system.

12 [28] as neural networks, decision trees and naive bayes

13 [32] fuzzy logic and novel Genetic Swarm Algorithm

14 [26] | fuzzy logic and C4.5 data mining algorithm

15 | [17] fuzzy logic and Ensemble Classifiers Strategy (ECS) method

16 | [5] | fuzzy logic, data mining algorithm and MATLAB

17 [3] | fuzzy logic, Rough Set Theory and data mining algorithm

18 [9] | neural networks

19 [19] fuzzy logic and Id3 decision tree data mining algorithm

20 [14] | fuzzy logic and neural network
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Conclusion

In this study state of art methods or techniques for develop-
ment of expert system for diagnosis of coronary artery disease
have been reviewed. Fuzzy logic found to be the most frequent-
ly used and successful technique for the development of the ex-
pert system for diagnosis of CAD. While data mining techniques
found to be the second while neural network emerged as third
most frequently used and successful technique for the devel-
opment of the expert system for diagnosis of CAD. The study
further found that, 40% of the studies reviewed to use hybrid
approach where fuzzy logic and data mining techniques were
used in the development of the expert system for diagnosis of
CAD. Furthermore, in future research for the development of
the expert system for diagnosis of coronary artery disease a
new approach should be proposed where fuzzy logic, data min-
ing and database management system would be used as hybrid
approach and the performance and efficiency of the approach
must to be ascertained.
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Fund (IBR) for Federal University of Kashere, Gombe State, Ni-
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