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Abstract

In clinical decision-making, data are fundamental elements for extracting knowledge for knowledge-based systems. Clinical Deci-
sion Support Systems (CDSS) need to ensure that stored data are semantically interoperable to, in turn, represent clinical knowledge
and improve the quality of healthcare delivery. The openEHR standard provides a set of specifications that allow health informa-
tion systems to manage electronic health records in a structured and standardized format. Therefore, this article aims to present a
decision support tool capable of creating decision rules, including rules, decision tables, and scores. based on the decision language
specifications of the openEHR.
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1. Introduction

Electronic Health Record (EHR) systems in hospitals, aim to store all different types of patient data, i.e. information
about hospital visits, as well as detailed patient records, for instance examination results, symptoms, diagnoses that are
made and medication prescriptions [1]. In recent years, Clinical Decision Support Systems (CDSS) are being adopted
to extract clinical knowledge from EHR in order to stimulate the behavior of healthcare professionals and promote the
collaboration between them, improving the decision-making process [2].

All patient data and other types of information are essential to providing insights to support the decisions made by
healthcare professionals. However, knowledge-based systems face some challenges regarding the storage and manage-
ment of knowledge, as with the large amount of data, it becomes difficult to build a common interpretable structure for
different types of systems. This problem translates into the lack of interoperability, that is, the ability of heterogeneous
systems to communicate with each other [3].
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To overcome the semantic interoperability problem, the openEHR standard aims to provide specifications that
guarantee a standardized structure for EHR [4]. Following a set of components, the Decision Language (DL) is a
recent documentation under development that presents a proper format to express rules and guidelines to represent
knowledge to clinical decision support [5].

Previous studies allowed us to investigate the DL specification in more detail and test its use through the construc-
tion of a logical decision model. Therefore, this article presents a tool designed based on the structure of Decision
Logical Modules (DLM), for the construction and management of clinical rules and guidelines. In addition, knowl-
edge representation techniques for rule-based systems were also studied [6], adopting different types of inference as
production rules, decision tables, and scores.

This article is structured in four sections. First, an introduction is made. Section two describes standardized lan-
guages for decision support. The third section presents the decision logic tool developed, focusing on its features and
architecture. Finally, a conclusion is described.

2. Standardized Decision Language

2.1. Arden Syntax

One of the first languages to be built for standards-based CDSSs was Arden Syntax, which emerged in 1992
with the adoption of the American Society for Testing and Materials (ASTM) standard. It now no longer belongs to
ASTM, but to the Health Level Seven International (HL7) standard [7]. The use of this language is intended to help
healthcare professionals represent clinical knowledge. As such, knowledge representation is organized through groups
of modules referred to as Medical Logic Modules (MLMs) [8]. The modules must follow the structure of the language
in order to be able to process all the clinical knowledge, as well as the logic present in the system. By following
this structure, it is possible to separate the clinical knowledge from the logic, for example by using variables, and
consequently promote the transparency of the MLM [9].

2.2. Guildeline Interchange Format

The InterMed Collaboratory organization developed a project on a language for representing guidelines called
Guideline Interchange Format (GLIF). This project involved members of Harvard, Columbia and Standford Universi-
ties, where they were biomedical informaticists. Collaboration is the main objective of this organization, so they seek
to promote the sharing of a structure for representing guidelines in the different software that healthcare institutions
contain, which allows them to manipulate, analyse and process guidelines [10].

GLIF is currently in its third version. Compared to previous versions, it has been more structured in terms of its
representation, with the implementation of object-oriented expressions and query languages. Flow control has been
improved through better class management, i.e. revision and addition of classes that were missing in the previous
version. With regard to the integration of GLIF3 with clinical information systems, a layered model was built so that
patient data and clinical knowledge could be visualized more clearly when processing guidelines. In this version, open
standards were implemented as frameworks to develop syntax for the guidelines and the HL7 standard was used to
integrate medical terminology into their structures [11].

2.3. Decision Language

Initially, openEHR created a decision language to support clinical guidelines called Guideline Definition Language
(GDL). In order to add more functionalities, a second version of GDL was also developed, aiming to improve the
previous version. GDL2 is already implemented in some health information systems to support clinical decisions
[12]. Of late, a need was identified to support workflows and simplify the syntax of the language, and, in consequence,
the decision language (DL) specification was presented. The DL proposes a sectioned structure capable of building
Decision Logic Modules (DLM) for the representation of clinical guidelines and rules. In this sense, DLM is used
in EHR systems, as a way of assisting plans, guidelines and data entered through rules. The DLM language contains
several attributes [5]:
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• Reference data: attributes related to medical knowledge;
• Input variables: patient data;
• Conditions: patient data and have a Boolean value;
• Rules: set of conditions that give rise to one or more actions;
• Rule set: the formation of several rules with different conditions and actions;
• Results: outputs resulting from the execution of the rules.

DL aims to build decision logic by using functions to be perceived as rules, conditions, decision tables, scores,
and whatever else is necessary. Functions are the crux of this language, as this format makes it possible to translate
clinical rules in a way that is intuitive and easy for healthcare professionals to understand. In addition to the DLM, the
DL is also used in the Subject Data Proxy (SDP), in which case it is not related to logical decisions, but involves the
formulation of variables that involve states or events, and these are consumed by the DLM [13]. The choice of decision
language was based on the criterion of a language that supported decisions related to workflows. In addition, it was
also important that the decision language delved into other types of decision models so that it wasn’t just restricted to
creating rules. All these criteria contribute to the choice of the DLM language.

3. Decision Logic Tool

3.1. Architecture

Based on the need to achieve a flexible and interoperable decision support mechanism, a decision logic tool is
proposed based on the structure of the openEHR decision language, allowing the creation of clinical guidelines and
rules. Figure 3 demonstrates the architecture designed for the proposed system, which comprises a tool for creating
logical decision modules and an inference engine.

Fig. 1. Architecture.

The creation of the decision logic modules is a web interface developed to be simple and user-friendly, ensuring
ease of interaction. The solution includes predefined sections, namely ”Description”, ”Inputs”, ”Conditions”, ”Rules”,
”Decision tables” and ”Scores”. These sections were defined based on the structure specified in the openEHR decision
language specification and also by needs identified in the context of use. When the decision module is created, it will
be used by the inference engine that will process the rules defined in response to decisions requested by other services.

3.2. Decision creation flow

To represent and visualize the entire process adopted in the tool, figure 2 shows a detailed flow diagram with a
sequence of actions. The purpose of this diagram is to distill and generalize the diverse features of the tool, fostering
a more profound and nuanced understanding and enhancing overall comprehension of its capabilities.

The process initializes by filling in the fields in the ”Description” section, which include details about the model
(type, status, purpose, dates of its creation), as well as information about its author. The second step is to create the
input variables. These variables can into different types, as ”input”, ”rule”, ”field”, ”subject proxy”, and ”calculation”.
The diverse variable types enable the tool to create both complex variables, like rule variables with specific conditions,
and simpler ones that only require the input of a name. After that, there are two options: create more input variables
again or proceed to the next stage of the flow. Once the input variables have been defined, the conditions can be
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Fig. 2. Flow Diagram.

created, as these require a input variable to be joined with an operator and a value. The definition of the conditions in
the model are important for the next functionalities.

Once that step has been completed, the process allows for the creation of more conditions or the selection of the
type of rule to be created. There are three decision logic models: simple rule statements, decision table, and score. Each
model has a different way of knowledge representation, leading to a clear distinction in their respective workflows.
Simple rule statements operates on IF-THEN logic, decision table involves a set of rules with varied outputs, and
score combines criteria with assigned points, and totals them to produce an output. The process can be expanded by
incorporating additional rules or proceed with model validation. After having all the fields created, the tool system is
responsible for validating the model, checking whether there are errors in the data entered or missing. Once validated,
the model is stored in a standardized form and can be readily integrated and interoperable with the inference engine
and other services.

3.3. Implementation

In this section, the tool will be explored through clinical examples about diabetes. It should be noted that these
are fictitious examples and were not applied in a real context. All the essential fields about the module are easily
identified and understood regarding to its theme and creation details. This tool is also responsible for the management
of decision modules in terms of status and versioning. Figure 3 visually represents the initial components of the tool,
namely the ’Description’ and ’Input’ sections.

(a) Description Section. (b) Input Section.

Fig. 3. Example of tool Description and Input sections.

In the description section (figure 3a), it is necessary to indicate the type of module to be created, which can be a
template or workflow, and, in turn, associate the previously created template or task plan. The clinical purpose of the
decision module must also be indicated. The creation date, update date, status, version, and author information will
be automatically recorded by the system. Figure 3b presents the input section that allows the creation of variables to
be used in accordance with the rules. Variables have a name, a type, and a possible value that may or may not be
associated.

The input variables will provide a starting point for creating the conditions. Therefore, a condition is structured
by combining a variable, an operator, and a specified value, identified by an intuitive name. The conditions created
are represented in a list, as shown in figure 4a, which can be edited or deleted. The main effort was to associate the
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operators with symbols for better understanding, i.e., ”equal” or ”not equal”, contributing to the logical connectives
that define the relationships between these variables and values.

After defining conditions, the next section is responsible for creating decision rules related to the inference model,
which may be production rules, decision tables or scores. Figure 4b) represents the list of rules that are composed of
one or more conditions, having a logical operator (AND or ANY) to relate the link between them. If the conditions
are truthful, an output is triggered, which can be of the event or message type.

(a) Conditions Section. (b) Rules Section.

Fig. 4. Example of tool Conditions and Rules sections.

In the case of decision table (Figure 5a), the goal was to create a decision table that was 100% personalized, i.e. the
entire process of creating the set of rules, as well as the associated outputs, are all selected in the table itself. There is
a division in the table where it is clear that there are conditions on the left and the outputs on the right. Columns can
be related with a variable or a rule type.

Scores are a point-oriented decision model. This model contains two types of tables, criteria and scales (Figure 5b).
Each criteria table is linked to a variable and its conditions are associated with a value point. In the end, all the points
are added up and the result can be seen in the scales table, which contains various conditions in relation to the final
score. In the tool is possible to create various criteria tables and then access them via a dropdown. Figure ?? presents a
table of criteria for the type 2 diabetes risk assessment score for the variable “Age”, however, there are other variables
associated with the criteria tables for this case, such as body mass index, waist circumference, among others.

(a) Decision Table Section. (b) Score Section.

Fig. 5. Example of tool Decision Table and Score sections.

4. Conclusion

This short paper presents a decision tool developed to create decision rules and guidelines for healthcare. The
knowledge representation was based on the openEHR decision language specification that provides a standardized
structure in the decision support.

One of the benefits offered by the proposed tool is the autonomy and flexibility it provides for healthcare profession-
als. This capability allows them to automatically represent rules or guidelines related to forms or clinical pathways,
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without relying on an Information Technology (IT) expert to make modifications in the EHR system itself. Besides,
the usage of the tool will also allow healthcare professionals to reduce time and erros on the decision-making process,
as well as promoting a collaborative environment where healthcare professionals can reuse guidelines that have been
created by others. One of the challenges faced during the course of this study was the incomplete nature of the DL
specification. Consequently, the authors had to address this issue by supplementing the lacking information based on
our perspective and requirements. In doing so, we perceive this accomplishment as a substantial contribution to this
research.

As a part of our forthcoming efforts, we intend to implement the tool in real contexts conducted in various case
studies to verify its effectiveness and guarantee its suitability for all environments. Moreover, we plan to integrate
decision trees as a visualization approach, allowing the transformation of decision models into a tree structure.
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