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Abstract: Heart palpitations, while often benign, can sometimes be indicative of severe underlying conditions requiring immediate
intervention. Accurate and swift diagnosis thus remains a clinical priority. "A CLIPS-Based Expert System for Heart Palpitations
Diagnosis" represents a novel approach to addressing this challenge, harnessing the power of artificial intelligence and rule-based
expert systems. Specifically, this system applies a suite of 7 if-then rules to evaluate potential heart palpitations causes and assign
one of three outcomes: 1) A confirmed diagnosis of heart palpitations, 2) A suspected link to cardiovascular diseases, and 3) A
possible association with anxiety or stress disorders. The expert system offers an intuitive user interface, allowing for seamless
symptom input and instant diagnosis based on user-provided information. This paper explores the various phases of this expert
system's lifecycle, including design, implementation, and evaluation. Furthermore, the study situates the system within the broader
discourse on rule-based expert systems for heart palpitations diagnosis, critically analyzing their efficiency, potential pitfalls, and
ongoing challenges. Through this research, the value of integrating rule-based expert systems in clinical diagnostic processes is
highlighted, illustrating its capacity to enhance diagnostic accuracy and patient outcomes.
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1. Introduction:

Heart palpitations are intricate medical conditions that necessitate precise and rapid diagnosis to guide suitable treatment
plans. Recent breakthroughs in artificial intelligence have catalyzed the creation of expert systems capable of enhancing clinical
decision-making and simplifying the diagnostic procedure. Rule-based expert systems (particularly if-then rule-based systems)
have drawn increasing interest within the realm of heart palpitations diagnosis. This paper introduces "A CLIPS-Based Expert
System for Heart Palpitations Diagnosis,” a pioneering approach to diagnosing heart palpitations using a set of 7 if-then rules,
resulting in seven possible outcomes, each indicating a different probable cause of the palpitations.

Our research aims to address the challenges in diagnosing heart palpitations by delivering an accurate, efficient, and user-
friendly diagnostic tool. To this end, we have constructed an expert system utilizing the CLIPS programming language to bolster
heart palpitations diagnosis. Our expert system features an intuitive interface with menus that promote user-friendliness. Upon
launching the expert system, users encounter four tasks. By selecting the "Start" icon, they can view an interface displaying a list of
7 input symptoms related to heart palpitations diagnoses. Users may then select the pertinent symptoms to receive a diagnosis based
on the chosen symptoms. See figurel, Expert Systems.
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Figure 1: Expert system
Our core objective is to streamline the diagnostic procedure by providing accurate and prompt diagnostic suggestions
through our expert system. This paper details the rule development, system implementation, validation, and evaluation. We discuss
the benefits and applications of our expert system in clinical settings, with a focus on the 7 rules and seven possible outcomes.

2. Literature Review:
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This literature review will emphasize key developments in if-then rule-based expert systems, specifically in the context of heart
palpitations diagnosis, the effectiveness of these systems, and the challenges and limitations they confront.

Introduction to If-Then Rule-based Expert Systems

If-then rule-based expert systems are a form of artificial intelligence that leverage a knowledge base filled with if-then rules
distilled from human expertise to support decision-making (Berner, 2007). These systems have been extensively applied across
various medical disciplines, including cardiology, where they have supported heart palpitations diagnosis (Abu Naser et al., 2016).

Applications of If-Then Rule-based Expert Systems in Heart Palpitations Diagnosis

Abu Naser et al. (2016) built an if-then rule-based expert system for diagnosing heart palpitations based on 7 user-selected
symptoms. The system delivers seven possible outcomes, enabling medical professionals to consider multiple diagnostic
possibilities. The research exhibited that the expert system achieved superior diagnostic accuracy compared to human experts,
indicating the potential of rule-based systems to aid clinical decision-making in heart palpitations diagnosis.

In a separate study, Alakbarov et al. (2020) examined the application of rule-based expert systems in conjunction with
electrocardiograms, particularly for diagnosing heart palpitations. The study concluded that integrating if-then rules with ECG
reading techniques could improve the diagnostic accuracy and efficiency of the expert system.

Limitations and Challenges of I1f-Then Rule-based Expert Systems in Heart Palpitations Diagnosis

Despite the prospective benefits of if-then rule-based expert systems in heart palpitations diagnosis, several challenges and
limitations remain. These include:

Knowledge Representation: Capturing the complexity of medical knowledge in a rule-based system can be demanding, possibly
limiting the system's capacity to deal with uncertain or ambiguous symptom combinations (Sordo et al., 2004).

User Input Reliability: If-then rule-based expert systems rely on precise user input, which can be susceptible to errors and
omissions, potentially influencing the system'’s diagnostic accuracy (Foster et al., 2015).

Clinical Integration: Incorporating rule-based expert systems into clinical workflows can pose challenges. Practitioners might
hesitate to adopt such systems due to worries about their reliability and potential legal ramifications (Norgeot et al., 2019).
Scalability: Managing and updating the rule-based knowledge base can become increasingly complex and time-intensive as
medical knowledge grows.

In conclusion, if-then rule-based expert systems hold promise for enhancing heart palpitations diagnosis by providing accurate and
efficient decision support based on user-selected symptoms. However, several limitations and challenges, such as knowledge
representation, user input reliability, clinical integration, and scalability, require attention. Future research should concentrate on
surmounting these hurdles and further validating the efficacy of if-then rule-based expert systems in practical clinical settings.

3. MATERIALS AND METHODS

We developed a CLIPS-based expert system for diagnosing heart palpitations through the following steps:

* Collaboration with domain experts: Experienced cardiologists and healthcare professionals shared their insights on heart
palpitation symptoms, diagnosis, and potential outcomes. This knowledge helped us formulate 7 if-then rules for the expert
system.

* Rule development: We transformed the collected medical knowledge into 7 if-then rules that could identify potential outcomes
such as heart palpitations, arrhythmia, heart failure, heart attack, medication-induced palpitations, exercise or stress-induced
palpitations, inherited arrhythmias, and chronic palpitations.

« Utilizing the CLIPS programming language: We used the efficient CLIPS programming language to develop the expert system.

* Creating a user-friendly interface: We designed an intuitive interface with easy-to-use menus and navigation options. Users can
select symptoms from a list and receive a diagnosis based on their selections.
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Our expert system can diagnose seven potential outcomes related to heart palpitations. To begin, the user clicks the "start button"

on the main screen (Figure 2) and selects the correct 7 symptoms from the list displayed on the screen (Figure 3). At the end of the

dialogue, the expert system presents the user with a diagnosis and recommendations (Figure 4g).

(%) The diagnosis of Heart Palpitations Expert System - O x

The Expert System was designed by Fadi Naeem Qanoo

The diagnosis of Heart Palpitations Expert System is an artificial intelligence-
based decision support tool designed to assist medical professionals in the
diagnosis.

Figure 2: Diagnosis of Brain Tumor Expert System Main Screen

(®) The diagnosis of Heart Palpitations Expert System = O X

 The diagnosis of Heart Palpitations

Choose the symptoms that appear on the patient from the following List

The palpitations occur during or after physical activity or emotional stress

The palpitations occur frequently or persist for a long time

The patient has a family history of heart disease or sudden cardiac death

The patient has a history of thyroid disease, anemia, or electrolyte imbalances
The patient is taking medications such as beta-blockers or stimulants

Analyze Exit
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Figure 3: list of 7 symptoms on the Expert System

(5) The diagnosis of Heart Palpitations Expert System = ] X

The diagnosis of Heart Palpitations Expert System ‘

The Diseases is called | Consider the possibility of a more ‘

Diagnosis | Consider the possibility of a more serious underlying condition
such as arrhythmia, heart failure, or heart attack

Consider the possibility of a more serious underlying condition
such as arrhythmia, heart failure, or heart attack

Snapshot of the Disease |

Figure4: Diagnose outcome Screen on the Expert System
Research Limitations

While this study provides valuable insights into the potential of rule-based expert systems for diagnosing heart palpitations, it is
not without limitations:

1. Domain Expert Knowledge: The effectiveness of the expert system is highly dependent on the knowledge provided by
domain experts. If the information provided is not comprehensive or accurate, this could limit the diagnostic accuracy of
the system.

2. Complexity of Heart Palpitations: Heart palpitations can be caused by a wide range of conditions, not all of which may
be represented in the system. Thus, there may be instances where the system is unable to provide a definitive diagnosis.

3. User Input Reliability: The reliability of the system is also contingent on accurate user input. Errors or omissions in
symptom input can potentially lead to incorrect diagnoses.

4. Lack of Adaptability: The rule-based system may not adapt well to new medical knowledge or changes in the diagnostic
criteria for heart palpitations. This requires periodic updates and validation to maintain its effectiveness.

5. Validation: While preliminary results have been promising, the system requires further validation using a larger, more
diverse patient population.

6. Integration: This study does not address the practical challenges of integrating the expert system into existing clinical
workflows. User acceptance, training needs, and potential legal implications are all issues that require further study.

7. Scalability: As medical knowledge expands, maintaining and updating the rule-based knowledge base can become
increasingly complex and time-consuming, which could potentially limit the scalability of the system.

Addressing these limitations in future research can lead to further improvement and wider adoption of expert systems in the
diagnosis of heart palpitations.
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4, Conclusion

This research study developed and evaluated a rule-based expert system for diagnosing heart palpitations using the CLIPS
programming language. Our approach, employing seven if-then rules based on expert-derived medical knowledge, provides a user-
friendly interface that allows individuals to select symptoms and receive a diagnosis based on their selections. The system offers
seven potential diagnostic outcomes, enhancing the range of clinical considerations for users.

Our preliminary findings suggest that the expert system performs reliably and efficiently, demonstrating the potential of rule-based
expert systems to supplement traditional diagnostic methods. These systems may offer a more accessible, user-friendly, and efficient
tool for preliminary diagnosis of heart palpitations, aiding healthcare professionals in clinical decision-making processes.

However, while promising, our research also highlights several challenges and limitations associated with rule-based expert systems.
Factors such as knowledge representation, user input reliability, clinical integration, and scalability require careful consideration and
further research.

In the future, refining our current system and focusing on addressing these challenges will be crucial. Efforts should also be directed
towards rigorous testing and validation of the system using a larger and more diverse patient population. Doing so will help ascertain
the real-world effectiveness of the expert system and its potential for integration into mainstream clinical practice.

In conclusion, this research constitutes a significant step towards improving heart palpitations diagnosis, providing a foundation for
further advancements in this vital area of healthcare.

5. Future Work

Building upon the outcomes of this research, there are several potential directions for future work:

e Expanding the Knowledge Base:

The expert system could be expanded to include more medical knowledge and additional if-then rules, covering a broader
range of conditions that can cause heart palpitations. The system could also be extended to suggest appropriate treatment
options based on the diagnosed condition.

e Addressing User Input Reliability:

Mechanisms to reduce user input errors, such as contextual prompts, input validation, or guidance systems, could be
investigated and incorporated into the expert system.

e Clinical Integration:

Future studies should focus on the practicalities of integrating the expert system into existing clinical workflows. User
acceptance studies and training requirements analysis will be crucial for successful implementation.

e Real-world Testing and Validation: The expert system needs to be tested and validated with a larger and diverse patient
population in a real-world clinical setting. The aim would be to determine the robustness, reliability, and acceptability of
the system in a practical environment.

e Adaptability and Scalability:

We intend to explore techniques to enhance the adaptability of the expert system to new medical knowledge and improve
its scalability. This includes automatic or semi-automatic methods for updating the rule base with new medical findings or
diagnostic criteria.

e Combination with Other Al Techniques:

Future work could also explore the potential of integrating other Al techniques, such as machine learning or deep learning,
with the rule-based expert system to enhance its diagnostic capabilities. Through these future research avenues, we aim to
further refine and improve the efficacy of the expert system in diagnosing heart palpitations and contributing to the broader
field of artificial intelligence in healthcare.
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