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ABSTRACT

Recent advances in patient safety have been hampered by the hard dealing with the development of a
uniform classification of patient safety concepts in a systematic way. Therefore, many believe that medical
expert systems have great potential to improve health care. A framework for computer-based medical
errors diagnoses of primary systems’ deficiencies is presented. Results of this research assisted in
developing the hierarchical structure of the medical errors expert system which was written and complied
in CLIPS. It has 225 rules, 52 parameters and 830 conditional paragraphs. The system prompts the user
for response with suggested input formats. The system checks the user input for consistency within the
given limits. In addition, the system was validated through numerous consultations with the experts in the
field. The benefits that are gained from such types of expert systems are eliminating the fear from dealing
with personal mistake, and providing the up-date information and helps medical staff as a learning tool.
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1. INTRODUCTION

In the medica field al kinds of errors are significant, and can have potentially dramatic effects
[1, 2]. It was found that the incidence of error included and affected al types of medica
professionals at different stages of administration of medical care. This includes physicians,
physician's assistants, pharmacists, nurses, and administrative personnd [3]. A complex
relationship exists between medica errors and contributing factors. The same medica error or
circumstance may be perceived as a medical error or a contributing factor, depending on the
context, circumstance or outcome [4]. A medical error always has a set of contributing factors.
Although a medical error can be a contributing factor to the origin or development of another
incident, some contributing factors can not be incidents in their own right [5,6]. Research shows
that most medical errors are largely preventable [7-9]. Harvard University conducted a study on
medica errors, which led to the recognition that engineers specializing in human factors and
health systems are needed to improve the existing system [10].

To reduce medica errors, identification and classification of errors must be stated in a cleared
statement [11]. The identification and classification of medical errors in the medical setting is a
very complicated process, and this process may be simplified by implementing an effective
classification system [12, 13]. In order to reach a consensus on the classification of medical
errors, it is necessary to develop a generally accepted international medical error classification
system [14]. Findings have indicated that errors are likely to affect patients in similar ways in
countries with similar healthcare systems [15]. With this taxonomy, the major types of errors can
be categorized and each major type can then be associated with a specific underlying mechanism.
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This can explain why and even predict when and where an error will occur [16], which in turn
will assist in the generation of intervention strategies for each type of error, and it will assist in
the reduction of medical errors[17-19].

Expert systems are software systems that can be compared to human experts. Their purpose is
mostly advisory. Besides, they give explanation and advice to human experts when performing
certain tasks. They areintelligent information systems, and are capable to explain and justify their
conclusions [20]. There are severa types of problems that can be solved using knowledge-based
systems [21-26]. Durkin [27] listed different application areas, including business, which
encompasses marketing, management, finance, accounting, medical, etc. for doing control,
design, diagnosis, ingtruction, interpretation, monitoring, planning, prediction, prescription,
selection, detection, evaluation, computation, and classification.

In addition to the expert systems that have applicationsin different areas of medicine, avariety of
medical expert systems tools are available and can function as intelligent assistants to clinicians,
helping in diagnostic processes, laboratory analysis, treastment protocol, and teaching of medical
students and residents [28-33]. Expert systems also have certain bad features such as they can not
examine a patient instead of physicians. Finadly, expert system that is good for one certain fidld is
often not good for another one. They may confuse a physician and make him/her commit wrong
decisions practicaly under time stress.

The primary goal of this research is to develop expert system applying recent medical errors
classification and adverse events that are encountered in current medical practice to present some
advice that might help to prevent those medical errors.

2. BACKGROUND

Many patient safety-related classifications were developed all over the world [6]. They were built
using different techniques and contain different concepts, definitions and terms. Internationally,
the agreed definition of patient safety concepts and a uniform approach to classify the concepts
hinders comparison of information, learning and system improvement

Currently the World Health Organization’s World league for patient safety has engaged in a
project to develop an International Classification for Patient Safety “ICPS” to develop a
classification system, which converts patient safety information collected from different systems
into acommon format to simplify aggregation, analysis and learning across fields, boundaries and
times.

Knowledge-based expert systems employ human knowledge to solve problems that normally
would require human expertise. These expert systems represent the expertise knowledge as data
or rules within the computer. These rules and data can be caled upon when needed to solve
problems. Books and manuals have a huge amount of knowledge but a human has to read and
interpret the knowledge for it to be utilized. Most of the expert systems are developed via
specialized software tools called shells. These shells come equipped with an inference mechanism
(backward chaining, forward chaining, or both), and require knowledge to be entered according to
a specified format (all of which might lead some to categorize CLIPS ver. 6.3 [34] as a shell).
Usually they appear with a number of other features, such as tools for writing hypertext, for
building friendly user interfaces, for manipulating lists, strings, and objects, and for connecting
with external programs and databases. These shells populate as languages, although certainly with
alimited range of application than most programming languages. For more detailed information
on expert system shells, see the "Expert System Shells at Work™ series by Schmuller [35].
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3. DEVELOPING PREVENTIVE MEDICAL ERRORS EXPERT
SYSTEM

Based on the above literature, errors in the medical field can occur in many different ways, with
potentialy diverse, wide-ranging and hazardous effects. A review of the varied errors related to
fundamental areas such as medication, diagnosis, treatment procedures and clerical proceduresin
terms of their number, etiology and possible ramifications, is a complex domain. Consideration of
the number of possible alterations of specific elements or actions in a health-related setting that
might be identified as error(s), connected with the large variety of “system” type errors, drives us
to conclude that we are dealing with a tremendous range of possibilities.

A classification is an arrangement of concepts into classes and their subdivisions linked to
express the semantic rel ationships between them. For example, “contributing factors’ precede and
perform a role in the generation of any ‘incident type’ (see, Figure 1). An incident can be a
reportable circumstance, near miss, or harmful incident (adverse event). A reportable
circumstance is a situation in which there was significant chance for harm, but no incident
occurred (i.e., a busy intensive care unit remaining grossly understaffed during all shift time, or
taking a defibrillator to an emergency and finding it out does not work athough it was not
needed). A near miss is an incident which did not reach the patient (e.g., a unit of blood being
connected to the wrong patient’s vascular, but the error was discovered before the infusion
started). A no harm incident is one in which an event reached a patient but no discernible harm
resulted (e.g., if the unit of blood was infused, but was compatible). A harmful incident is an
incident that resultsin harm to a patient (e.g., the wrong unit of blood was infused and the patient
died from a haemolytic reaction).

Incidents are classified into a number of severa types. An incident type is a class made up of
incidents of a widespread nature, grouped because of shared agreed features and is a “parent”
class under which many ideas may be grouped. For example, an incident in which an infusion
pump was set up wrongly and delivered a sedative overdose, causing respiratory arrest, would be
allocated both ‘medication’ and ‘equipment’ incident types. Incident types include clinical
adminigtration, clinical procedure, documentation, healthcare-associated infection, medication,
blood, blood products, nutrition, oxygen, gas, vapour, medical device, medical equipment,
behavior, patient accidents, infrastructure fixtures, resources and organizational management [6].

Expert System shell CLIPS is used to design this system. The system classifies errors based on a
set of decision rules. Rule-based programming is one of the most commonly used techniques for
developing expert systems. In the programming paradigm, rules are used as heuristics, which
specify a set of actions to be executed and performed for a given situation. In the event that two
rules match a given problem situation, the system will employ a conflict resolution strategy to
best resolve the tie based on the specified decision rules. For example, it could break atie based
on which rule is more specific, or which rule is shorter or based on “refreshing” that is, rules,
which had recently been done after conflict resolution, might not be used again for some timein
prejudice of new rules.
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Figure 1. Part of the Network of Classifications of Medical Errors.

Actions taken to eliminate hazard are actions taken to eliminate and manage any future harm, or
probability of harm, associated with an incident. Such actions can influence incidents,
contributing factors, and can be pro-active or reactive. Pro-active actions may be identified by
methods such as failure mode and effects analysis [36, 37] and probabilistic risk analysis [16],
whereas reactive actions are taken in answering to insights obtained after incidents (e.g. root
cause analysis). Resilience refers to the degree to which a system constantly prevents, detects,
aleviates or improves risks or incidents. Resilience alows an organization to get back to its
origina ability to supply main functions as soon as possible after incurring harm (injury) [38].

The hierarchical structure of the expert system has been fully developed. It consists of a main
program which is written and complied in CLIPS. It has 225 rules, 52 parameters and 830
conditional paragraphs of advice. The main sources of information for the development of the
knowledge base were taken from different recourses [6, 12, 39-48].

The medical error knowledge domain is based on a variety of rules and utilizes CLIPS shell from
NASA [34]. The knowledge base contains al information that the shell expert system can display
a given material, as well as the information needed to construct and decide the displayed advice.
All notifications were collected through consultations with medication staff from Tabouk area, an
area in northern Saudi Arabia, as well as from Kopec et a. [49], Miller [50], and Halbach and
Sullivan [51]. The data-base sections were divided into control, explanation, and advice logic
rules. The purpose of control logic rules is to control where the consultation is and where will it
go next. In addition, it assigns the values of user answers to the data base variables. An example
of suchrulesis:

Rule# 71
IF incident type = Healthcare Associated Infection
AND
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Healthcare Associated I nfection = Type/Site of infection

AND

Type/Site of infection = Bloodstream

Then

1. Compliance with basic prevention measures.

2. Active hand hygiene.

3. Robust decontamination rather than relying on a single approach.

The explanation logic rules are designed messages at any time the users press how or why keys,
or help when they are confused to understand the given question. The following example is a
sample of the explanation rules:

“Human error in medical practice can be reduced if a culture of awareness emphasizing when
and how errors are prone to occur, in part by implementing Expert System models, is affected.
The general nature of human error(s) in complex systems is reviewed and focused on issues
raised by Ingtitute of Medicine, 1999'. From this background categorized error(s) in medical
practice, including medication, procedures, diagnosis, clerical error(s), and others are classified
the World Health Organization, 2009% The primary goal of this developed Expert System is to
identify and classify medical errorsthat are encountered in current medical practice. In addition,
we would like to make recommendations for the design of a new type of “preventative system”
that will introduce a new ‘““gold” standard for medical systems. This includes physicians,
physician’s assistants, pharmacists, nurses, administrative personnel, and patient”.

The advice rules express the conclusion that has been reached through the consultation execution
such as:

Recommendations of clinical process-procedure problems

1. Making patient safety a priority need and the
responsibility of all staff members.

2. Improving the quality of communication among health-care
workers and between patients,

3. Health-care workers can help prevent thiserror.

The system prompts the user for response with suggested input formats. The system checks the
user input for consistency within the given limits. In addition, the system provides a brief
explanation when the user is confused about particular prompt. Subsequently, the system was
validated through numerous consultations with the expertsin the field.

4. RESULTS

Consultation Session

Figure 2 shows the information presented as inputs and outputs that appear to the user during a
consultation session with the developed expert system. First, the Medica Errors Clips software
should be run using the CLIPS software version 6.3 provided from NASA [34]. Then, the user
clicks on the “execution” command and “run” command in order to run the program.

Now the Expert System is ready for the consultation. If a medication incident exist and counter-
measure for such type of incident are needed. Then the user needs to type “medication” and press
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Enter key. Figure 3 will then appear; and one of the causes of medication incident may be typed
such as “wrong drug”, for example. Enter key must then be pressed again. A window showing the
expert recommendations will be displayed as shown in Figure 4. At the end of this session, the
expert system may be run again by just clicking on the “execution” command and “run”
command in order to run the program again.

5. DISCUSSIONS AND CONCLUSIONS

Results of this research assisted in developing the hierarchical structure of an expert system
which consists of main program written and complied in CLIPS. The system prompts the user for
response with suggested input formats. The system checks the user input for consistency within
the given limits. In addition, the system provides a brief explanation if the user is confused about
particular prompt. The period of knowledge acquisition lasted about 9 months; development of
data bases required 5 months. Subseguently, the proposed medical errors expert system was
evaluated and validated through numerous consultations with the expertsin the field testing.

This study achieved its goal by developing expert system software to prevent medical errors. This
study represents a continuous learning and improvement cycle emphasizing risk identification,
prevention, detection, and reduction; incident recovery and system resilience. The developed
expert system provides actions that should be taken to reduce risk. These actions concentrate on
steps taken to prevent the reoccurrence of the same or similar patient safety incident and on
improving system resilience. Actions taken to reduce hazard are those actions taken to minimize
and control the hazard, or the probability of harm associated with an incident. These actions may
be directed toward the patient (e.g., decision support), toward staff (e.g., training, availability of
policies/procedures), toward the organization (e.g., improved leadership and guidance, proactive
hazard assessment), and toward therapeutic agents and equipment (e.g., regular audits).
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Figure 2. Appearance of starting expert system screen.
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Figure 3. Input facts of a case study screen.
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Figure 4. Output fact of a case study screen.

The following items are desiderata for responsible and appropriate medical errors classification
expert systems. mechanisms of action; documentation of nomenclature; required training and
skills for safe usage; mechanisms for obtaining help; intended uses and indications;
contraindications and limitations to use; software version numbers and system function history;
documentation of processes for building and maintenance of the system’s knowledge base;
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expected duration of validity, existence of pre-programmed expirations, and suggested frequency
of updates, record of previous evaluations; conformance to standards;, and problem and error
reporting.

The medical errors occurred by medical practitioners has received considerable attention in recent
years. Yet there is a fundamental conflict amongst experts as to whether the number of deaths
caused by these errors has been either under or over-estimated. Regardless, the number of deaths
cause by such errors is frightening. Therefore, the nature of medical errors was anayzed,
including errors in medications, treatment procedures, diagnosis, and clerical functions. This
naturally led to our trial to extend the classification of medical errors. In addition we have
discussed the possible past and future roles of computer software applications in reducing the
rates of such errors. Devel opments and changes in software applications today offer unbelievable
opportunities for “error-prevention and error-reduction.” Hence we are optimistic that great
progress can and will be made in thisfied.
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