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Abstract

Objectives: The main aim of this work is to enhance the quality of medical care by reducing the turnaround time of re-
minder and maintenance. This work intends to propose suitable Decision Support System (DSS) for medical industry.
Methods: DSS can interpret information and create a supporting system for decision making. In medical industry, DSS
is highly important since the disease, symptoms of the disease and relevant treatment methods are not predictable.
This study proposes a DSS for helping medical experts in a ubiquitous medical system which can use the DSS. Findings:
Here we proposed a web-based editor to create a rule which can be understood and can be modified by the clinicians.
The proposed DSS can support the healthcare experts by rule-set method and expert system. To improve the qual-
ity of care in a medical industry, a clinical reminder to get alert automatically from the clinical documents is of much
use. From the evidence of the document, a Novel Rule set is created. The new rule can be inferred and it can be imple-
mented after the approval of clinicians. It is based on the previous rules and histories have to infer new rules to apply.
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1. Introduction

Data mining is one of the growing research industries
used in various applications. Some of the big data, espe-
cially medical industry data has more objectives, different
structure and more conflicts. Due to the conflicts, the
data analysis is difficult in medical/healthcare dataset.
Data mining accuracy is better in any kind of big data
if the quality of the data is improved. To improve the
quality of the data, preprocessing, data cleaning by error
elimination, redundancy removal and store it in a stan-
dard format are some of the sequences of data-processing
methods applied on the data. Almost, all of the IT com-
panies need data processing and data mining process
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efficiently. One of the main tasks in data mining in deci-
sion making where it selects a particular constraint-based
data using logical relationship. A human can take best
choice of decision for a specific condition based on the
user requirement or certain constraints for efficient deci-
sion making. In other words, decision making helps the
managing people in a company to solve problems by veri-
fying the choices and decide a better route.

Decision making highly provides a positive impact on
selecting the results. One of the main process supports
decision making process is Decision Support System
(DSS), is a human computer interactive model which
helps the user to judge about their choice of result gen-
eration. DSS provides an enhanced information retrieval
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system in various data models. Some of the popular areas
where DSS is used are healthcare, military and various
businesses. Any application using DSS can manage and
hit the decision at any kind of situation in their busi-
ness process. One of the most famous DSS applications
is a Clinical Decision Support System where it is used to
analyse the data for helping healthcare industry to create
some clinical decisions. Clinical Decision Support System
(CDSS) is a continuous, circumstantial and embryonic
process and it gather, interpret and evaluate the data to
choose a better choice.

In order to maintain and improve the healthcare
quality and cost of the data management, it is very much
important to find out innovations in various aspects con-
tinuously. Innovations can be obtained in any of the aspects
like new idea, method, concept, processes, instrument,
diagnosing method, services and treatment methodolo-
gies'. Each medical industry has a minimum of six service
departments like diagnosing, treating, preventing, edu-
cating and research on patients and the diseases. While
serving the above said processes, the medical industry
needs to maintain the quality in management, costs,
security, efficacy and outcomes. Innovations in healthcare
industry mainly focused on the three core areas like, how
caring the patient, how the patient’s requirements are ful-
filled.

2. Background Study

Earlier CDSS were created using expert systems where it
has been developed using logical rules where make the
model to think like a clinical expert challenged with a
patient. CDSS in the earlier days are considered as knowl-
edge based DSS, since it includes pre-compiled clinical
knowledge. In? stated that the earlier research work was
increasing rapidly as a recognition system used vari-
ous applications including clinical industry. It has been
used for deciding about a task different from routine
tasks where it provides accurate suggestions regarding
clinician’s query. A detailed review was presented in?
stating that CDS was considered as knowledge based
CDS because it includes prior knowledge about clinical

B 2 | voii2(12) | March 2019 | wwwindjst.org

systems. In* has presented an elaborated taxonomy of
Clinical Decision Support System and their functional-
ities. In® various existing CDS methods provide clinical
expert consultation for diagnosing the medical data. But
in recent days CDSS is improved by the efficiency regard-

ing suggestions provided on the data and query.

3. Problem Statement

For the medical practitioners, the Clinical Decision
Support Systems (CDSSs) provides best support to make
decisions with good knowledge gaining and making
foremost role to play in the support systems. There are
limitations in the enhancement of these support systems
to make convenient for the medical practitioners. First
limitation is that incorporating the CDSSs in to hospital
management systems and their database — requires more
time and work for the medical practitioners. They have to
make and maintain the data bases and also sharing and
reusing the validated knowledge bases are the most dif-
ficult job to them because of their eccentricity and lack of
intelligibility for users outside the originating organiza-
tion. And also, it is hard for them to maintain and update
the CDSSs on the daily basis.

A massive amount of data is generated every single day
by the health care industry solitarily. In order to capture
and transfer information, we use Information Technology
(IT) The ultimate goal of the healthcare industry is to
provide better and effective services for enabling the
protection of mental and physical health of human and
animals. For automating processes like transaction,
inventory keeping and maintaining records which in turn
eliminates mundane and repetitive processes is done with
the help of IT? and therefore making healthcare industry
grow faster. Physicians and other healthcare professionals
are assisted by a well-defined decision support system to
do clinical decisions. Any medical DSS is used to man-
age, persist and explode the huge amount of medical data.
This system avoids errors due to physicians” insufficient
knowledge which in turn improves the data management,
searching and retrieving accurate medical information to
do accurate disease diagnosis and appropriate treatment.
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Using medical DSS enables, fast and specific diagnosis,
more efficient drug prescriptions processing and reduces
the need for specialist consultations, thus decreasing
healthcare cost®?. The medical diagnosis of an illness can
be done oral investigation with the patient, manual tests
and laboratory tests. The MDSS impact on the quality of
care must be monitored continuously and its outcome
must be studied carefully. Also, in cases, where the user
overrides the system’s advice, the MDSS should provide a

method to capture such anomalies.

4. Healthcare Engineering

Innovation in healthcare industry leads by utilizing
system-engineering tools. The tools of Engineering
- Information Technology are being used widely in vari-
ous applications to attain major improvements in the
efficiency, quality, safety or process where customer is
the most prioritised. Though the healthcare has shown
valuable returns to the increasing number of healthcare
organisations, they have been very slow to embrace the
above-mentioned tools.

In higher levels of healthcare system, healthcare
engineering tools are used to measure, characterize and
optimize performance. The various healthcare systems
for e.g. are:

o Individual healthcare organisations,
o Regional care system,
o Public healthcare system, etc.

Some of the healthcare engineering tools are dis-

cussed below.

5. Healthcare Support System

Medical DSS are attaining more popularity in differ-
ent fields of medical/healthcare industries. All these are
individually valuable based on the situations where the
patient and medical information are prohibitive. Each

medical data or information can provide a better deci-
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sion or suggestions for future actions which helps to treat
other patients. Other than the people related to medical
industry, none of them should access the medical data.
DSS in medical industry helps the human cognitive insuf-
ficiencies by incorporating different sources of health
information, provides intellectual access to appropriate
healthcare knowledge and assisting the process of organ-
ising the medical decisions.

The medical support systems can be built from any
one of the formal approaches like decision theory, opera-
tion research and statistics. Artificial Intelligence methods
can also be included in the DSS. If the problem is more
complicated or big data based then DSS can be derived
from heuristic or metaheuristic methods to obtain opti-
mal decisions. During the decision-making time, various
constraints and checkpoints need to be fulfilled to provide
better decision on diagnostic and treatment. The medical
information provides more general, clinical knowledge,
guidance and intellectual information with the relevant
supporting information. Some of the components used in
Medical Decision Support System are:

6. Data Mining

The amount of data generated in healthcare/medical
industry is increasing day by day. The structure of the
data comes from various sources which are different in
nature and structure, managing all the data in a single
point is highly complex. The data is about patient, dis-
eases, diagnosing report, history of treatment applied to
the patient, hospital history, medical devices used and
various resources. Medical industry always needs the
prior knowledge about the patient and treatment applied
for the particular patient to precede further treatment
and care. Hence it is essential to extract the relevant
knowledge from the existing medical information to sup-
port further processes in medical industry. This helps to
save time, improve the accuracy in treatment and reduce
the cost. It helps to provide a better decision support sys-
tem in medical industry. In order to extract the relevant,
data mining tools are applied. The data mining tools and
methods can extract the visible and hidden information
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about the data to help the medical professionals in getting
additional information for decision making. The knowl-
edge extraction can able to help medical diagnosis.

7. Decision Support System in
Healthcare

DSS is used in healthcare industry in two different ways
such as lower level processes and higher-level processes.
Patient management, disease diagnosis, appropriate treat-
ment applying, record maintenance, finance management
and inventory management are the lower-level processes
in healthcare industry. Decision making, doctor allo-
cation and medicine suggestions are the higher-level
processes. DSS in healthcare industry provides a knowl-
edge dictionary having the information about diseases,
symptoms, diagnosed reports and treatment applied with
success and bad stories. It provides to which disease what
kind of assistance can be provided, patient condition at
each stage of the treatment, drug applied, dosage limit

and time of drug usage.

7.1 Expert System

Expert system comprises of various applications for vari-
ous domains. It can be selected according to the situations
where the exert is not currently available. An expert sys-
tem can be designed by extracting knowledge from the
corresponding domain experts. Then it will be converted
into a computer program, implemented and executed for
the core data. Knowledge is extracted from the domain
experts by the engineer to perform a task using any expert
system like rule-based expert system which basically uses
the knowledge. Figures 1 and 2 illustrate the various
modules of the rule-based system. Expert system can be
developed and used in many fields. Knowledge is a kind
of problem understanding theoretically and practically
about the corresponding domain or the subject.

Knowledge is the entire known contents about any
domain. Medical diagnosis system is one of the systems
which find out the diseases and symptoms using a device,
manual check-up or by giving any drug inside the human

body. Online knowledge-based system is developed for
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Figure 1. A conceptual framework for innovation in healthcare.
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Figure 2.

diagnosing the diseases in accordance to the knowledge
given by medical experts in the system. All the medical
professionals like medical students, research scholars,
pharmacists, doctors keep their knowledge up-to-date to
create a knowledge database where it has been updated

regularly.
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7.2 DSS Design

The entire functionality of the medical DSS is illustrated
in Figure 3. It explains how the DSS functions in a medi-

cal industry. Patient complaints are initially recorded and
learn the patient condition by interviewing the patient
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by manual interaction. It is well known that the patient
comes to doctor because of a disease. So, the doctor
interviews the patient in order to understand thoroughly
about the patient and the disease. It helps the doctor to
find out the possible disease and the stage of the disease
as mild, moderate or severe. After confirming the disease,
the doctor prepares a description about the disease, medi-
cine, dosage limit and the appropriate time.

7.3 Proposed System

In this paper, the objective is to design and develop a
Medical Decision Support System for assisting medical
professionals in diagnosing their diseases. While diag-
nosing, the DSS extracts the relevant information from
knowledge-based database created already to improve
the accuracy of the diagnosing results. One of the major
aims of developing a DSS is to provide a relevant data or
information to the user for assisting in preparing diagno-
sis report.

The medical DSS connects the patient and the doc-
tor/medical experts to treat the patient based on their

clinical condition and ensure the standard patient condi-

tion/information and it will be exchanged among various
health institutions. In this paper a DSS based service is
provided for chronic diseases by referring the physicians’
rule set.

To understand the patient’s or the medical expert’s
role, Table 1 gives detailed information. One of the main
advantages is, the medical DSS can be customized accord-
ing to the health condition of the patient through the
inference engine. The output of the knowledge base is a
conclusion message using a pattern matching method
or a solution finder. Searching is obtained by integrating
the pattern with attribute of the patient data. The pat-
tern matching match the value of the variables and rule
set through inference engine. The final message is created
according to the health condition of the patient. The out-
put message can also personalise through the interface.
Figure 4 illustrates the entire functionality of the medical
DSS where it provides an output message for the patient,
which can be easily understand. Each time the Body Mass
Index is compared with the knowledge base and the DSS
provides a suggestion. It is very fast and eflicient. The

present patient BMI value is recorded and use the pat-
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Figure 4. Rule based Medical Decision Support System.
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tern matcher and solution finder in order to obtain the Figure 5 illustrates the increased inference using
decision. attribute values of the blood level, cholesterol level and

Table 1. Role of the patient and physician

Role involved in HDSS Rule creation and evolution Self-management

Lifestyle infa i health i
Existing can be developed by receiving ifestyle information and health screening

Patient schedule service are provide timely for self
feed-back data from patient p e
management of chronic
Rules are create to provide customized ,
o . . o Patients can perform self management eases
guide lines to patient with chronic disease . o
.. . . through the rules provided by physicians
Physician on the basis of medical knowledge such as )
L . o the rules are evolved through patient
new scientific findings and clinical study
feedback
results
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systolic-diastolic blood pressures. The rule-based infer-
ence system uses attributes (which is new facts) of the
objects and compare with a predefined threshold values

which could helps to obtain a decision.

8. Experimental Results and
Discussion

To experiment and verify the efficiency of the proposed
medical DSS, more than 9000 patient’s electronic records
are collected and input into the DSS. According to the
rule-based system the entire data is experimented and the

decision results are verified. To reduce the execution time
and computational complexity the experiment is carried
out into five numbers of times with different size of data
and it is given in Table 2. Each set of data is considered
as different dataset and decision making applied. From
the entire dataset, initially based on the Body Mass Index
(BMI) value the normal, disease and various symptoms-
based records are classified and it is given in Table 2. It
illustrates the classification applied by comparing the
general BMI values. For example, BMI value is from 20 to
25 and then the patient health condition is normal. If the
BMI value is lesser than 18.5, then it indicates the patient

Table 2. Data classification based on the BMI general value
Data in DB Normal Data (%) Disease (%) Symptoms (%)
Dataset-1 (1000-Numbers) 45% 42% 13%
Dataset-2 (2000-Numbers) 33% 40% 27%
Dataset-3 (2000-Numbers) 36% 29% 35%
Dataset-4 (2000-Numbers) 23% 43% 28%
Dataset-5 (2000-Numbers) 39% 51% 10%
Table 3. Disease classification
Gender Age Cancer TB Viral Infection
Male 15-25 4% 23% 14%
25-35 17% 36% 17%
35-50 46% 26% 18%
>60 53% 19% 21%
Female 15-25 6% 35% 28%
25-35 19% 43% 27%
35-50 36% 29% 33%
>60 43% 27% 38%
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Table 4. Performance analysis

Data set Data base Proposed DSS
Total Normal Abnormal Normal Abnormal
Dataset-1 4500 2800 1700 2797 1695
Dataset-2 4500 3400 1100 3398 1098
Total 9000 6200 2800 6195 2793

condition is less than normal and dissevers. Comparing
with the classification, the average classification says that,
the number of patients affected by various diseases is little
high than the normal. A moderate number of patients
health condition shows the symptoms through their
record. In certain cases, symptoms may be available but
cannot decide about the diseases. In some other case, it is
very easy to judge about the disease but cannot find out
any related symptoms. Hence the DSS requires deciding
about the health condition of the patient based on the dis-
eases, symptoms and combining both. Decision making
in terms of diseases using medical DSS is given in Table
3. It classifieds the gender, age and the number of patients
affected by cancer, TB and viral infection. The number of
patient’s age group from 35 to 50 and above 60 has been
affected by various diseases than the younger age group
patients.

The performance of the proposed DSS is evaluated by
comparing the classified results and the existing results
in the database. The compared result is given in Table 4.
From the table it is clear and noticed that the proposed
DSS is better in decision making in medical industry. To
evaluate the performance, some of the performance met-
rics are calculated in the experiment. True Positive, False
Positive, True Negative and False Negative are some of the

metrics used for performance comparison.

o True positive is correctly identifying the malicious

users as malicious users.

o False positive is incorrectly identifying the normal

user as malicious user.
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o True negative is correctly identifying normal user

as the normal user.

o False negative is incorrectly identifying the abnor-
mal user as normal user.

From the Table 4, the calculated TP, TN, FP and FN
are:

TP =2793

TN =6195

FP=5

FN =7

From the performance metrics

TP+TN 279346195 8988

Accuracy = = =—— = 09986 = 99.86%.
TP+TN+FP+FN 2793+6195+5+7 9000

From the accuracy it is decided that the proposed
medical DSS can support any medical industry or health-

care system in real time.

9. Conclusion

This study motivated and implemented a Medical
Decision Support System which incorporates manual
interaction with the patient, domain knowledge creation
and comparison, knowledge extraction and rule-based
knowledge system. This approach provides a better
decision-making assistance to the medical experts at the
right time in online as well as in offline to take care of the
patients. From the experimental results, it is concluded
that the proposed medical DSS provides better service in

terms classification accuracy and proved.

Indian Journal of Science and Technology




A Rule based Clinical Decision Support System for Healthcare Industry

10. References

1. Weberg D. Innovation in healthcare: A concept anal-
ysis.  Nursing  Administration  Quarterly.  2009;
33(3):227-37. PMid: 19546742. https://doi.org/10.1097/
NAQ.0b013e3181accaf5.

2. DesRoches CM, Campbell EG, Rao R. Electronic health
records in ambulatory care - A National Survey of
Physicians, National Engineering Journal of Medicine.
2008; 359(1):50-60.

3. Preventing medication errors. 2006. https://psnet.ahrq.gov/
resources/resource/4053/Preventing-Medication-Errors-
Quality-Chasm-Series.

4. Menachemi N, Saunders C, Chukmaitov A, Matthews
MC, Brooks RG. Hospital adoption of information tech-
nologies and improved patient safety: A study of 98
hospitals in Florida. Journal of Healthcare Management.
2007; 52(6):398-409. PMid: 18087980. https://doi.
org/10.1097/00115514-200711000-00008.

5. Hsiao CJ, Burt CW, Rechtsteiner E, Hing E, Woodwell DA,
Sisk JE. Preliminary estimates of electronic medical records

B 0 | voli2(12) | March 2019 | wwwindjst.org

use by office-based physicians: United States. Health E-Stat
National Centerfor Health Statistics; 2008. p. 1-2. PMCid:
PMC2675163..

6. Miller RA. Medical diagnostic decision support systems
- past, present and future: A threaded bibliography and
brief commentary. Journal of the American Medical
Informatics  Association. 1994; 1(1):8-27. PMid:
7719792 PMCid: PMC116181. https://doi.org/10.1136/
jamia.1994.95236141.

7. Tan JK, Sheps SB. Health decision support systems. Jones and
Bartlett Learning; 1998..

8. Wickramasinghe N, Schaffer J. Realizing value driven e-health
solutions. Washington DC: Report for IBM; 2010..

9. Adams ID, Chan M, Clifford PC, Cooke WM, Dallos V,
De Dombal FT, Edwards MH, Hancock DM, Hewett DJ,
McIntyre N. Computer aided diagnosis of acute abdomi-
nal pain: A multicentre study. Archive of British Medical
Journal. 1986; 293(6550): 800-4. https://doi.org/10.1136/
bmj.293.6550.800.

Indian Journal of Science and Technology


https://doi.org/10.1097/NAQ.0b013e3181accaf5
https://doi.org/10.1097/NAQ.0b013e3181accaf5
https://doi.org/10.1097/00115514-200711000-00008
https://doi.org/10.1097/00115514-200711000-00008
https://doi.org/10.1136/jamia.1994.95236141
https://doi.org/10.1136/jamia.1994.95236141
https://doi.org/10.1136/bmj.293.6550.800
https://doi.org/10.1136/bmj.293.6550.800

