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Abstract—In recent years, the healthcare sector has
shown inclination towards restructuring of healthcare
systems to harmonize with technological innovations and
adopting decision support system in routine clin ical
practices. The objective of th is paper is to summarize
challenges of Clin ical Decision Support System (CDSS)
and focus on the effectiveness of CDSS to imp rove
clin ical practice. This paper also describes the experience
of CDSS in healthcare sector in Saudi Arabia and
addresses the requirements for imp lementing successful
CDSS with a real examp le. This study concludes that
healthcare sector is in dire need to increase quality of
patients‘ care and improve clin ical practices by adopting
CDSS.
Index Terms—CDSS in Saudi A rabia, the effect iveness
of CDSS, challenges in CDSS, CDSS implementation.

I. INT RODUCT ION
The health sector personnel including ad ministration,
physicians, nurses, and pharmacists rely heavily on
patients‘ medical informat ion. They consider it as a
treasure to improve patients‘ healthcare and rapidly
adapted to the latest technological tools that support
patients‘ information storage and processing. The
healthcare info rmation systems support the healthcare
environment to address the issues regarding the quality
and cost of care.
Decision Support System (DSS) has been a part of
healthcare informat ion system for a long time . However,
it supported only the financial or ad min istrative do main.
It has recently entered the domain of clinical data and
clin ical decision support system (CDSS) has emerged.
The early CDSS is an extended form of previous expert
system, where the goal is to create computer programs to
simu late the human thinking by using machine-learn ing
techniques. The machine learning is a class of co mputer
algorith ms that have the ability to understand human
patterns of actions and intelligently use them to make
decisions or forecast the future. The machine learn ing
algorith ms heavily rely on the available data fro m
previous observations, which include informat ion
provided by the physician, staff, pharmacy and other
healthcare individuals [1]. The health record entered
electronically or registered manually by the clinicians is
Copyright © 2016 MECS

intelligently refined and presented to CDSS to enhance
the quality of care in real time. The use of CDSS is rising
in healthcare sector, especially in the organizations that
suffer fro m problems with healthcare quality. The
problems in healthcare quality are mainly due to the
errors caused by human inattention and dangerous
interaction between the treatments. CDSS can be
effectively used to min imize such errors and enhance the
patient‘s care quality.
The healthcare in Saudi Arabia has been significantly
supported by the Saudi Govern ment. Over the past few
years, a rap id progress has been observed in the field of
quality of care by the imp lementation of powerfu l CDSS
techniques used in developed countries. In this paper, we
briefly p resent different types of CDSS and the impact of
CDSS in healthcare. We also summarize the challenges in
implementation of CDSS. Then, we describe the
requirements for successful imp lementation of CDSS. We
also describe the use of CDSS in Saudi health sector.
Further, we discuss the role of Saudi M inistry of Health
in addressing healthcare issues in Saudi Arabia. Finally,
we present literature survey of CDSS.
This paper organized as fo llo ws. Section II describes
the related work. In Section III, we present different types
of CDSS, followed by the impact of CDSS in healthcare
in Section IV. We exp lain major challenges in
implementation of CDSS in Sect ion V. We describe main
requirements for successful implementation of CDSS in
Section VI. Section VII presents how CDSS is
implemented in Saudi Arab ia and the role of Min istry of
Health to improve the clin ical practices in Saudi Arabia.
Finally, we conclude in Section VIII.
II. RELAT ED W ORK
Many published studies discuss the CDSS
effectiveness. The system and the diagnostic programs
alert clinicians about the dangerous interactions of drugs.
These programs can minimize the problems and errors,
prevent complicat ions and thus imp rove the clinicians‘
diagnoses. Early warning on the occurrence of damage
may affect the quality of care and the cost involved [18,
19, 20, 48]. According to a study in England, the
researchers found that imp lementing the co mputer-based
guidelines can bring about a change in the health
outcomes and the unanswered questions faced by the
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clin icians during the clinical encounter will offer a
chance for using the CDSS [21, 22].
According to [23], they comb ined the four factors that
were associated with imp lementing successful CDSS
fro m various studies. The factors were 1) automat ing
alerts and reminders, 2) providing suggestions at decision
location
and
time,
3)
offering
actionable
recommendations, and 4) computerizing the whole
operation. These factors affect the process of care and
handling of emergency situations. Decision making in
emergency conditions in healthcare sector is discussed in
[24], where the authors developed the emergency DSS
framework. A case study approach was used to show how
fast the emergency decision support system deployed.
The sharing of informat ion is an important factor to
implement the CDSS effectively [21, 24, 25].
In an art icle published in 2015, there is a study in
Malaysia on 12 public and private hospitals to determine
the attitude of physicians in sharing their knowledge and
understanding and to know their intention in adopting
CDSS [25]. The findings indicate that following the
advice given by CDSS, the clinicians assume that they
lose their control on their wo rk and lose specialized skills
and knowledge where any non-professional can access to
med ical knowledge that is exclusive to the physician. So
professional autonomy plays an important role in
physicians' decision in adopting CDSS. In addition, this
study improves 1) framework that encourages the
decision maker to provide an environment to physicians
to have efficient knowledge sharing and imp lement
interactive CDSS, 2) the quality of services provided to
the patient by using appropriate clin ical IT systems in
hospitals.
Sittig et al. [6] d iscuss the critical need of high-quality
CDSS to assist clinicians to do their work. They arranged
the challenges depending on their importance. They
classified the top challenges into three main classes; first
class illustrates the concept of improving the efficiency of
CDSS interference, second is creating new CDSS
interventions, last one is related to distributing the
interventions and knowledge of CDSS [6].
Jaspers and others argue that the EBM is a solution for
reducing non-optimal patient care. They carried out
literature search on renowned clinical libraries and
analyzed h igh quality systematic reviews on CDSS. The
objective is to conclude the effects of CDSS on the
consequences of practitioners and outcomes of the patient.
52 out of 91 studies proved that CDSS had a positive
effect on practitioners‘ performance (57%) whereas 25
out of 82 studies showed its positive impact on patient
outcomes (30%) [7].
Sanchez et al. [26] discussed the main difficult ies
associated with CDSS. These are automat ion of the whole
CDSS, integration in clinical workflow, extensibility and
maintainability of the system, timely counselling,
evaluation of effects and costs, and requirement for
architectures that permit reusing and sharing of CDSS
services and modules [26].
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III. TYPES OF CLINICAL DECISION SUPPORT SYST EM
There are various types of CDSS depending upon the
organization framework, time of decision during the
treatment, and to whom it is designed for (clinicians,
nurses, pharmacists or staff). Basically, CDSS generates
alerts based on patient‘s condition or responds to a
clin ician‘s input. Technically CDSS can be classified as a
standalone system or part of the computer-based patient
informat ion system. The most general classification of
CDSS is knowledge-based system (depends on
mathematical foundation) or non-knowledge based
system (apply machine learning approaches and
mathematical foundation) [21].
A. Knowledge-based system
The most of the knowledge-based systems have
emerged fro m the earlier research on expert systems,
which intended to design computer programs to simu late
human thinking in processing of data. It is widely
believed that healthcare and patient care are among the
most impo rtant fields to introduce knowledge-based
systems to improve healthcare quality. The core of
knowledge-based system is a database that contains
clin ical data. Every knowledge-based system contains
three parts: knowledge-base, an inference engine, and a
communication mechanism [2].
1.

2.

3.

Knowledge-base: It contains a collection of
informat ion utilized by using if-then ru les and the
probability of d iseases, sign, symptoms along with
diagnoses and drug-drug interaction.
Inference engine: It integrates patient‘s current
data with the informat ion availab le fro m the
knowledge base and makes suitable inferences
about patient‘s condition.
Co mmunicat ion mechanis m: It is a way of how to
get the outcome to the user by bringing the
patient‘s data to the system to assist the user in
making a decision. In the stand-alone system, the
user enters the patient data into the system
integrated with electronic medical record (EM R).
The output is either in the form of an alert or some
recommendations for taking the decision. For
example, the user enters the sign and symptoms to
the system or gets it fro m EM R. Then the
inference engine integrates this information with
that in the knowledge base. After that, the
communicat ion mechanism gives the output as a
list of d iagnoses to the user and the user selects the
diagnoses [21].

B. Non-knowledge-based system
This type of CDSS uses machine-learning techniques
as a kind of artificial intelligence that learns from
experience by recognizing the pattern. The main types of
non-knowledge-based system use genetic algorith m, and
artificial neural network [3]. Artificial neural network
learns fro m experiment to simulate hu man thinking. It
consists of layer(s) of neurons, which are connected
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through weights. It has an input layer to get data and a
hidden layer that processes the input data. The output
layer provides result [13]. It has the ability to process the
incomp lete data and export the output so it does not need
big database.

IV. THE IMPACT OF CDSS IN HEALT HCARE
To deal with some deficiencies, healthcare
organizations have started to adapt CDSS that helps the
clin icians to make decisions depending on the evidence
by providing them with reco mmendation in real t ime.
[15]. There are more studies that discuss the impact of
CDSS on clinical pract ices. Jaspers et al. [16] found 52 of
91 studies, which showed the positive impact of CDSS in
preventive care and drug prescription.
There are studies, which discuss how the CDSS can
significantly imp rove clinicians‘ performance by
recommending the order, dosage and frequency of drug.
In addition, CDSS contributes in improving the
diagnostic accuracy and reducing the erro r, wh ich
consequently develops the workflow procedure to
enhance the healthcare. It analyzes the patient‘s situation
and provides recommendation to assist physicians in
making the decision appropriate for the patient. CDSS
also can create a plan to overcome the disease. It analyzes
and matches the patient data with clinical database and
generates a special treat ment plan and thus gives clinician
a way to imp rove the patient health and attain preferable
outcomes. On the other hand, CDSS improves the clin ical
practices by cutting down the cost of care by using, for
example , reminder system to avoid test repetition or
avoid the drug-drug-interaction that may lead to extra
treatment to handle the caused problems [17].
Implementation of CDSS provides an automatic
support to clinician in decision making thus saving their
time and improving quality of healthcare [15]. However,
an effective imp lementation of CDSS in clin ical practices
must involve in-depth knowledge and training of
clinicians.

V. CHALLENGES IN CDSS IMPLEMENT AT ION
As healthcare organizat ions are moving towards CDSS
era, some challenges have arisen. This part addresses the
challenges that hinder the imp lementation of CDSS.
These challenges main ly include issues regarding
procedures, finance, society, and ethics.
A. Alert Fatigue:
The alert fatigue occurs when clinicians are
encumbered with alerts and they turn off and ignore them.
It is the source of continuing concern in CDSS [30].
Some clinicians set the alerts at a very high threshold i.e.
for the most critical conditions only, considering the
otherwise less important to be alerted about. Studies have
proven that the clinicians do not take the advice of CDSS
because of two reasons: overconfidence and difficulties to
distinguish correct advice fro m incorrect one [31, 36].
Copyright © 2016 MECS
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Such practices restrict the utility of CDSS to full extent
[31]. To use this system optimally, it is needed to refine
the developed tools, which take electronic informat ion of
patient and based on this information p rovide suggestions
and alerts, that may be follo wed by clinicians. If the
clin icians understand the reasons behind the
recommendations, they may accept them. So, the CDSS
coupled with exp lanation services to provide rational and
definit ions of the reco mmendations may imp rove
clin icians‘ confidence in the system [31, 73]. However,
there is a need to filter the alerts provided by CDSS
because turning off all alerts for avoid ing alert fatigue is a
crude attempt [31, 38]. Multilevel alert t iers approach has
been recommended to avoid alert fatigue [38]. Also,
approaches of context-sensitive decision support should
be developed to handle too much data available in an erecord. CDSS should be available for review and operate
in the background to alert the clin ician in some situations
or conditions i.e. the clinician may turn on all alerts for
especially high-risk patients and leaving only the most
dangerous alerts on for low-risk patients. The use of
CDSSs should be less complex and redesigned to
implement context-sensitive decision support, which may
improve the result [31].
B. Integration of Workflow:
CDSS is co mplicated because it may use a wide range
of in formation such as symptoms of patient, family
history, genes history, as well as occurrence of disease
trends [34]. A major challenge to CDSS imp lementation
is workflow integration. Workflo w has features, structure,
and processes, which support clin ical care. To imp rove
the care, the workflo w may need to be changed before,
during or after the imp lementation of CDSS. The first
step in the implementation process should be to analyze
of workflow and identify the CDSS requirements . The
clin icians should also be involved in the imp lementation.
It has been reco mmended that they must also be trained
to properly used CDSS [34]. Most of CDSS require the
clin ician to d iscontinue operating on their existing system,
move to CDSS, enter the important information, and test
the output [30]. CDSS needs to be flexib le for all
possibilit ies to fit the special requirements and a variety
of workflows [29].
C. Resistance to CDSS from patients and clinicians:
Patients and clinicians may deny adopting CDSS
because of the privacy and confidentiality issues [32, 35].
Furthermore, CDSS may also be rejected due to
clin icians‘ reluctance to switch to a new system. Under
pressure, the clinicians want to make quick decisions and
record them in an easy and effective way without loss of
much time. Whereas, with CDSS imp lementation, they
may feel that it takes more time and their work is
increased [29]. A lso, the clin icians perceive knowledge
sharing through CDSS as a threat to their professional
autonomy [25]. Finally, the clinicians are also concerned
about their relations with the patients when the CDSS
becomes the third partner. Such concerns may not totally
wrong in some cases, but should not to the point of
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refusal or resistance to the system that helps them to
increase the healthcare cost and quality.
D. Poor human interface:
System interface is very important for clinical
recommendation. The interface must be redesigned to
improve the workflow and provide clear display of the
recommendations and advice to facilitate the clinician
work [6].
E. Information filtered and integrated:
The CDSS contains a large amount of patient data that
must be filtered intelligently and presented briefly.
Automatic summarization of data must provide the
clin ician a clear view about the patient‘s condition fro m
previous visit and treatment. Also, the information in
healthcare is dispersed and there is no rule or standard to
integrate the data [47]. A large clinical database is thus
needed to improve the CDSS [6].
F. CDSS is regarded an expensive project:
High cost of CDSS includes costs of adoption,
implementation, continuing maintenance, support, and
training required after CDSS installation [33]. The high
costs of CDSS adoption and implementation come fro m
the installation and purchasing of hardware and software
devices like laptops or personal computers, scanners , and
printers. The CDSS adoption and implementation costs
also include cost of end-users‘ train ing [33]. The ongoing
maintenance of CDSS is also costly because sometimes
hardware needs to be changed and software needs to be
upgraded. However, with increased adoption of CDSS in
recent years the systems costs have descended drastically.
Therefore, managers should reconsider the costs of
software maintenance and equipment upgrade [32, 39].
G. Standard of Care:
The ‗standard of care‘ is a term that describes the steps
clin icians should take to provide appropriate care for the
patient [40]. The clinicians are responsible to do the best
for patient care and should learn how to meet this
responsibility. Any healthcare informat ion system is
supposed to have an important responsibility, but
sometimes there is a negative side the clinician must
avoid [27]. The risk avoidance is an ethical duty of
clin icians that they must do [40]. This requires a suitable
approach to motivate the clin icians for proper use of
CDSS to avoid growing risk of patients. A well-known
approach to do this is called ―progressive caution‖. The
progressive caution encourages use of CDSS by taking its
core values with suitable oversight and caution levels [41,
46].
H. Appropriate Use and Users:

I. Professional Relationship:
Recently, an idea of ―engage in decision making‖
emerged where the patients and care providers are
considered as participants. This idea emerged due to the
fact that the patients have mistakenly been recognized as
unaware and that the physicians have knowledge of
everything [42]. For this, co mputer as a third partner has
been introduced. Two ethical concerns rise here. First, a
conceptual distance will be created by the computer
between patient and provider.
Some patients and
providers take a v iew that a co mputer output is more
accurate and correct than human output. This view
produces destruction into shared decision-making.
Whereas, the computer can present a diagnosis , which
can increase the probability of misleading a patient‘s
decision [41]. Right now, the clinician is supposed not to
reveal to a patient that CDSS was utilized as a part of his
or her state. But here the second ethical issue appears as
to whether patients ought to be given this information. It
must be determined that the patient has an understanding
of medical information and clin ician can understand
strategies and connections. In any situation, the use of
computer data to trump patients is inappropriate [43].
Here, an issue arises frequently as to give patients an
access to CDSS and make them demand fro m clin icians
or criticize or challenge them. Over recent years, there
was a slant to the use of CDSS by patients though it is
inappropriate and dangerous. A clinician should make
clear that CDSS is not an alternative to professionals in
health sector and that the clin ical practices require more
than statistical induction from lab values and others [41].

VI. THE REQUIREMENT S FOR SUCCESSFUL
IMPLEMENT AT ION OF CDSS
The recommendations and requirements can be
classified into three categories as shown in figure 1. The
first requirement is related to the clinical guidelines about
the involved CDSS content and knowledge. The second
group of requirements is concerned with incorporating
CDSS and Hospital Informat ion System (HIS),
corresponding to clinical workflow practice and adopting
a mechanism of active and passive alert. Lastly, the
remain ing requirements related to the quality o f advice
provided by CDSS as output.
A. The contents of CDSS

The appropriate use of CDSS refers to its use only for
purposes it is developed for. For examp le, if a system is
designed for learn ing students , it cannot be relied on for
CDSS. Secondly, use CDSS with a sufficient practicing.
The key requirements for using CDSS are proper train ing
and distinguishing capabilities for utilizing the system [44,
Copyright © 2016 MECS

45]. Eth ical concerns emerge due to uncertain training
levels and inadequate capabilit ies of users [28]. The third
ethical concern is its suitable utilization in practice
assessment, quality evaluation and so fo rth. There are
insufficient reasons to set a policy to prefer decisions
recommended by CDSS [41].



The clinical contents must be right

The hospital's clinical protocols, rules, and guidelines
have to be converted into computerized formats to be
incorporated with HIS that can support medical ev idence.
In fact, this is very difficult because the clinical protocols,
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rules, and guidelines are usually generalized and not
specific fo r patients that make this issue very complicated
[7]. To overcome this challenge, the hospital should
assign mult idisciplinary experts to develop the reliable
clinical rules.


27

topics relative to new evidence or practices in their
expertise domain [9]. To construct more confidence in the
accuracy, veracity, and credib ility of the CDS system,
they should provide the source of information that they
have with the provided advice.
C. Integrity of CDSS

The clinical contents must be reliable


The major situations, which decrease or weaken such
system‘s value, are mainly the unclear informat ion
content, the min imu m alert specificity, very generalized,
and a high sensitivity of the system [12]. So, to assure the
accuracy of alerts and messages and guarantee the
validity of clinical rules/guidelines, the contents should
be tested
during
computerizing
the clin ical
rules/guidelines.

CDSS must be integrated with clinical workflow

One of the factors for success is to make CDSS
appropriate for integration in normal and regular clin ical
workflow [12]. The perfect understanding of clin ical
workflow and user expectations/needs will have a very
positive effect on CDSS success.


CDSS must be integrated with HISs

It is very difficult for clin icians to find enough time
fro m their routine activit ies to enter each patient data in
CDSS on regular basis [6]. With integration of CDSS
with HIS especially with electronic health records (EHR)
will p rovide pertinent informat ion to clin icians at a
suitable time [12]. This integration can guarantee the
acceptance of CDSS by clinicians.


Fig.1. Requirements of CDSS success



The clinical content must be updated

CDSS rely on knowledge of clin ical that is in a case of
continuous change [10]. So there is needed to establish a
mechanis m for reviewing and updating clinical
knowledge related to rules and guidelines in order to
maintain the effective use of CDSS.

The alerts are classified into three levels : critical,
moderately important and least important [12]. The
critical alert is an active alert, where clin icians are
informed by CDSS to make decision and take pro mpt
action. While fo r least and moderately important, a
passive alert is sent to clinicians, where they need to
inquire about the correct recommendations to follow [12].
In nutshell the following are the main requirements for
successful implementation of CDSS:
1.

B. The clinical advice of CDSS


2.

Simple to recognize and respond

The effectiveness of CDSS lies on delivering messages,
which are easy to understand and respond and thus reduce
the time and effort required by clinicians to respond to
the system advice [12, 6, 7]. The developers of such
system must foresee the need of users for interpreting and
summarizing data into actionable advice.


High speed and low time

To gain user satisfaction and acceptance, the computer
systems should be of high speed to response quickly [8].
Therefore, CDSS advice and reco mmendations have to be
obtainable to the clinician at the right point in a timely
manner in the process of decision-making.


Advice with references

Clin icians usually want to know more about specific
Copyright © 2016 MECS

Active and passive mechanisms of CDSS alert

To embrace expert clin icians fro m start in the
process of development of clin ical protocols,
principles and guidelines
To raise the acceptance of these rules and enhance
user commit ment where these expert clin icians are
the end users of the system.

Implement ing the system in clinical pract ices will
encourage other users to utilize and accept such system.
Clin icians find it challenging to invest effort and time in
using and learning computer systems [12, 6]. With these
strategies, CDSS can help clin icians by providing
associations and links between various data fields to
enable clinicians to navigate between them.

VII. IMPLEMENT AT ION OF CDSS IN SAUDI A RABIA
The CDSS has become an important Ev idence-Based
Medicine (EBM ) tool to improve safety of patients.
However, it requires obligation to guidelines for
treatment and prevention and to avoid errors in
med ication. CDSS provides clinicians with the desired
knowledge of specific d isease or patient. According to the
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department of medical informatics in the hospital of King
Faisal Specialist and Research Center in Riyadh,
Information Technology (IT) worked on determin ing best
strategies and factors for successfully manage CDSS
knowledge [12, 13]. In the follo wing, we will d iscuss the
role of M inistry of Health (MoH) to imp rove the clin ical
practices and some examples of CDSS imp lementation in
Saudi Arabia.
A. Example of CDSS implementation in Saudi Arabia
In emergency department, there is a critical need to
make the decision quickly and accurately to save the life
in real time [14]. The emergency physicians face some
serious and sensitive situations of diseases. They do not
have adequate knowledge to deal with all aspects of
diseases. So the emergency department needs some
guidelines to define the quality of care and provide
support to the physician to make a decision by
establishing computerized clin ical practices guideline
(CPG). In the emergency department of Saudi Arabian
hospitals a CDSS to deal with Acute Coronary Syndrome
(ACS) is under development [14].
This system depends on evidence and involves the
updates on the guidelines and priorit izes the decision
according to the medical resources. The computerized
CPG are evaluated by comparing the recommendations
provided by the system with physicians‘ decision [14].
This system gives emergency physicians the ability to
improve their practices and assists them to deal with life
threatening diseases and provides accurate decision in
real time to save patients‘ life.
Another examp le of CDSS imp lementation in KSA is
Co mputerized Physician Order Entry (CPOE) system at
King Saud Medical Co mplex Hospital (KSMCH) [11].
CPOE is a co mputer-based system that has replaced hand
written notes. An authorized personnel enters the clinical
orders, prescriptions, and diagnostic tests in the system.
The system also sends alerts to physicians about possible
drug allergies and drug-drug interactions. At KSMCH,
this system was evaluated for its effects on the
performance of clin ical practices [11]. CPOE in KSM C
gained 80 % to 90% satisfaction of physicians. The
system also saved med ication wastage up to 45%,
reduced medication transcription error to 90%, provided
quick alerts on potential drugs interaction and speeded up
treatment to the patient [11].

problems [5]. This service, available for free to all
clin icians throughout the kingdom, will imp rove the
clinical practices in Saudi Arabian hospitals.

VIII. CONCLUSION
CDSS aids physicians in making a decision and has a
significant role in patient safety. It also increases the
quality of care in health sector. In our research, we
display the great impact of CDSS in healthcare and the
most important challenges
related
to
CDSS
implementation including financial, ethical, technical,
and social issues. We have also discussed the
requirements for successful CDSS imp lementation. For
this purpose, we have div ided it into three categories, 1)
CDSS content and knowledge, 2) incorporating CDSS
with HIS, 3) the quality of advice provided by CDSS.
Then we discussed the implementation of CDSS in Saudi
Arabia as a case study by reviewing some examples and
explaining the role of health min istry to support CDSS in
health organizations. Despite of so me weaknesses CDSS
has evolved as a powerful tool to increase the quality of
care in health sector. We hope that new generations of
CDSS will address the challenges discussed here and in
previous researches and will have greater capability and
usability.
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