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Abstract. Medicine is evolving at a very fast pace. The overwhelming quantity of
new data compels the practician to be consistently informed about the most recent
scientific advances. While medical guidelines have proven to be an acceptable tool
for bringing new medical knowledge into clinical practice and also support
medical personnel, reading them may be rather time-consuming. Clinical decision
support systems have been developed to simplify this process. However, the
implementation or adaptation of such systems for individual guidelines involves
substantial effort. This paper introduces a clinical decision support platform that
uses Arden Syntax to implement medical guidelines using client—server
architecture. It provides a means of implementing different guidelines without the
need for adapting the system’s source code. To implement a prototype, three Lyme
borreliosis guidelines were aggregated and a knowledge base created. The
prototype employs transfer objects to represent any text-based medical guideline.
As part of the implementation, we show how Fuzzy Arden Syntax can improve the
overall usability of a clinical decision support system.

Keywords. Clinical decision support system, Arden Syntax, fuzzy logic, Lyme
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1. Introduction

Evidence-based medical guidelines are being developed to support clinicians and assist
in decision-making. These guidelines usually summarize and evaluate the evidence and
most recent information on prevention, diagnosis, prognosis, therapy, risk/benefit, and
cost-effectiveness with reference to a specific medical issue. Even in their simplest
form—as plain documents—guidelines serve clinicians by providing the most recent
medical knowledge in a procedural form that can be applied in clinical routine.
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Regrettably, paper-based guidelines are still time-consuming to read and difficult to
update. Furthermore, several guidelines exist for one and the same subject,
recommending diverse diagnostic and treatment procedures and thus increasing
ambiguity.

Computerized guidelines, e.g., special forms, dialog systems, or wizards, used to
guide clinicians through a decision-making process eliminate the need to read entire
text-based documents. By providing relevant medical knowledge, these systems are
able to reduce the time needed for transferring new medical knowledge into clinical
practice. However, one disadvantage is that any changes made to the knowledge base
require its representation to be adapted as well.

Clinical decision support systems (CDSSs) try to solve this problem by separating
medical knowledge implementation from technical implementation. Based on this
consideration, we developed a platform for Arden-Syntax-based guidelines and a
CDSS prototype for Lyme borreliosis. This platform gives medical professionals access
to current clinical knowledge, stored on a central CDS server. By ensuring client—
server independence, any text-based guideline may be implemented, provided the two
key concepts explained in this paper are taken into account. Using the described
platform, CDSS administrators (at least one clinical informatician and one medical
expert) are able to add, manage, update, or remove guidelines on the server without
changing a single line of the user interface or the server code. A patient database
permits the representation of guidelines over longer periods of time, storing patient data
over multiple sessions.

2. Methods

A first step when converting paper-based guidelines into computer-interpretable
formats is to find a suitable formalism to represent clinical knowledge. Arden Syntax
[1-3], a Health Level Seven (HL7) [4] standard for medical knowledge representation,
has proven to be an effective language for this purpose. The latest version of Arden
Syntax introduced fuzzy sets and logic, adding new concepts, data types and operators,
to extend present methods for processing linguistic and propositional uncertainty (see
Figure 1) [5].

Our platform employs a client-server architecture. The model describes the
distribution of tasks and services within a network. An Arden Syntax server [6] is used
for this purpose. It stores and processes the implemented knowledge of medical
guidelines in the form of so-called medical logic modules (MLMs), and provides an
interface for administrative and maintenance tasks. A hypertext preprocessor (PHP) [7]
web client [8] is used to communicate with the Arden Syntax server via
representational state transfer (REST) interfaces.

The implemented communication process is divided into four steps. First, the
client retrieves all available patient data from a database established in the course of
previous sessions. Second, it creates a connection with the Arden Syntax server,
requesting the execution of a specific MLM and sending the retrieved patient data as
payload. This payload is structured as an Arden Syntax list containing key—value pair
objects. While the value may be of any type, each key has to be a string. The executed
MLM uses received patient data as input to traverse the implemented decision tree.
Whenever the decision tree checks for conditions, the parameter list is used to look up
the required data. If the required data are available, the process continues and
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Figure 1. This figure describes how fuzziness is computed by the Arden Syntax engine. When evaluating an
if-then-else statement for a proposition, which is neither true nor false, represented as a value greater than
zero and less than one, the engine evaluates both branches simultaneously. This is done for every if-then-else
statement in an MLM, resulting in multiple final outcomes, each with its own computed degree of
compatibility. Combined propositional uncertainties (e.g., not, and, or) are calculated according to the HL7
Arden Syntax specification (which at this point is derived from fuzzy logic).

recommendations are generated. If the required data are not available, a question object
asking for further information is generated, while the current execution of the MLM
stops. In a third step, the Arden Syntax server sends the generated answer back to the
client as a transfer object (see Figure 2) with a predefined structure.

The client generates the user interface utilizing this transfer object during a fourth
step. In case of user interaction, all additional patient data provided during this
interaction is stored in the database before the entire process is repeated. This permits
the user to stop the decision support process at any time and resume whenever new data
are available. Thus, the system is able to support guidelines spanning long periods of
time, such as multiple patient consultations.

The client does not have to know anything about the executed MLM as long as the
structure of the transfer object is known. The latter is kept simple and very general in
order to permit the implementation of any medical guideline. The result list contains
results and recommendations in text format, generated by the MLM during its previous
execution, and can be displayed by the client in a straightforward manner. Question
objects constitute data required to further traverse the implemented decision tree.

Transfer object

result: A list of strings containing recommendations generated by the CDSS.
next_questions: A list of question objects gathering more patient data.
q_label: Represents the actual question as a string (text).

q_type: Describes the type of a question (e.g., Boolean, fuzzy).

q_info: Additional information useful to answer the question.

Figure 2. Actual structure of the transfer object using JavaScript Object Notation [9], which is generated by
an MLM, executed by the Arden Syntax server, and used to build the graphical user interface for the CDSS
client, e.g., result{"Check patient for carditis"}, next question{q label{"Carditis"}, q_type{fuzzy},
q_info{"description of carditis"}}.
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Figure 3. Graphical user interface elements: Buttons to represent the Boolean question type, anticipating
either “yes” or “no” as the answer. Sliders represent the fuzzy question type, permitting clinicians to specify
the degree to which signs presented by a patient match certain symptoms of a disease. The entire real unit
interval [0,1] is available, with zero representing false and one representing true.

A question object contains a question type, a label, and explanatory details. With
this information the client determines the appearance of the actual graphical user
interface. Resolved results and recommendations are displayed and, if question objects
exist, additional input fields are generated. Different layouts may be used in querying
the question type (see Figure 3). The CDSS prototype employs two question types:
Boolean and fuzzy. While Boolean describes a question for which only the answers
“yes” or “no” are expected, fuzzy describes a question for which the user has to specify
the degree of certainty to which specific situations or symptoms apply [10].

Using all these concepts, it is the MLM representation of a guideline that defines
the client’s user interface and its elements for user interaction. Finally, if a guideline
has to be updated, MLMs are the only elements affected by these changes.

3. Implementation

To demonstrate the proposed framework, we implemented a guideline for the diagnosis
and treatment of Lyme borreliosis. Lyme borreliosis, also known as Lyme disease, is
an illness transmitted by ticks. It is caused by the bacterium Borrelia burgdorferi sensu
lato, and was discovered as an independent illness by Allen Steere et al. according to
[11] in 1975. The main challenge in diagnosing Lyme borreliosis is that its signs and
symptoms differ from person to person, and no composition of symptoms is
pathognomonic [12]. The existence of several medical guidelines is another difficulty.
These different guidelines focus on various aspects of the patient’s examination,
diagnostic and therapeutic procedures. Despite their similar appearance the guidelines
differ in terms of detail.

Three Lyme borreliosis guidelines, created by the German Society for
Dermatology [13], the Swiss Society for Infectious Diseases [14], and an Austrian
expert on Lyme borreliosis, were selected to serve as the starting point for the CDSS
prototype. A single combined guideline was created. As a first step, all three guidelines
were transformed into decision trees represented by flowcharts. Using this style of
knowledge representation, we were able to identify ambiguities. Missing information in
each guideline became manageable. The implementation promotes the
comprehensibility of the represented decision-making process and clearly shows
whether all of its parts are covered in sufficient detail or not covered at all. Besides
facilitating the identification of ambiguities and contradictions within medical
guidelines, the use of detailed flowcharts as intermediate representation was found to
simplify the transformation of medical guidelines into computer-interpretable Arden
Syntax. As a second step, these flowcharts were used to analyze similarities. This step
disclosed contradictions in guideline statements. In case of contradictions, medical
domain experts involved in the project discussed the problem and agreed on a decision.
As a final step, all three guidelines were merged. The details of one guideline were
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used to fill gaps in others. The final Lyme borreliosis decision tree was used to
implement corresponding MLMs.

The CDSS prototype also provides a range of predefined entry points for the
clinician to choose from during the creation of a patient ID database entry. Since the
medical guideline is implemented as a decision tree, it is necessary to provide a means
of skipping parts of this tree which would be irrelevant for a specific case. The patient
ID is used to save and retrieve relevant data for decision support with reference to a
specific patient.

4. Results

The implemented CDSS prototype for Lyme borreliosis demonstrates the manual
process of transforming text-based medical guidelines into Arden Syntax MLMs. These
can be used in our developed platform without adapting a single line of the system code.
Any MLM following the given transfer object specification works with the
implemented system. The CDSS prototype (see Figure 4) can be accessed by any
device capable of executing an internet browser.

Using the newest feature of Arden Syntax—data processing involving fuzzy
logic—the Lyme borreliosis prototype allows clinicians to enter clinical data in a more
natural way. Instead of merely processing sharply bounded “yes” or “no” answers, this
platform is able to compute linguistic and propositional uncertainty, allowing clinicians

Alternative 1 - Truthvalue: 0.81

Recommendation: 1) Check patient for neurologic symptoms.
2) Check patient for carditis.

Neurologic symptoms Certainty level

0.0

Certainty level
Carditis

o

Reasoning: Findings: erythema_migrans : false --> erythema_migrans_ present : true

| cxpand/nide 4

Alternative 2 - Truth value: 0.1

Recommendation- 1) Check if erythema migrans persists for more than a week

L cxpand/hide 4
Alternative 3 - Truth value: 0.09
Recommendation: 1) Search for other symptoms.
expand/hide

Figure 4. A graphical user interface generated using the transfer object which was returned by an MLM,
executed by the Arden Syntax server. When a clinician provides fuzzy data as input, the Arden Syntax server
returns all recommendations as alternatives which match entered patient data at least to some extent.
However, each alternative is weighted according to how well it fits the provided data.
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to select degrees of certainty as to which symptoms apply. In doing so, the system can
take every possibility into account and is able to generate results according to the
extent they match the provided patient data. Complex situations are no longer
oversimplified by providing a single recommendation.
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Figure 5. Excerpt of a Lyme borreliosis guideline created by analyzing and combining three guidelines [12,
14, 15], using their strengths to compensate their mutual weaknesses.
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We also showed a method for manual transformation of multiple medical
guidelines covering the same subject into a computer-interpretable language (e.g.,
Arden Syntax). Flowcharts were used to analyze each guideline individually and
compare them with each other, subsequently merging the available medical knowledge
into a single guideline. The combined Lyme borreliosis guideline (see Figure 5),
encompassing medical knowledge provided by the three guidelines [12, 14, 15], is a
detailed decision tree covering all aspects of the diagnosis and treatment of Lyme
borreliosis. As many Lyme borreliosis guidelines focus on individual aspects of the
disease, we found no guideline covering all aspects in adequate detail.

5. Discussion

CDSSs are by no means commonplace although they would certainly improve the
quality of clinical practice. This is due to the absence of common medical standards,
strict legal frameworks, and CDSSs not being well integrated into routine medical
workflows. Current CDSSs have to be linked tightly to specific clinical information
systems in order to exploit their full potential [15]. Sharing such CDSSs with other
institutions involves significant effort and resources.

Our clinical decision support platform permits the user to focus on managing
medical knowledge rather than adapting the surrounding system to every change in the
knowledge base. As Arden Syntax is an HL7 standard, institutions are able to share
MLMs with one another and upload them to their Arden Syntax servers. Given
adequate security measures, other institutions may be granted access to the web
interface via the internet. Additionally, its ability to access the hospital network from
any location promotes smooth integration into clinical routine, making decision support
available when it is needed. Moreover, the clients are always up-to-date by default, as
all medical knowledge is stored centrally on the Arden Syntax server.

Like SANDS [16], our platform is centralized and supports modularity. MLMs
may be developed as self-contained modules. One MLM may also be called from
another. Platform components are divided into front-end and back-end, and may be
deployed on separate servers. Furthermore, the costs and risks of trying new decision
support modules are reduced because MLMs can be uploaded to and deleted from the
Arden Syntax server at any time. In contrast to SANDS, our platform uses Arden
Syntax and provides decision support only on request, using the client interface to enter
patient data manually in a stepwise manner. However, data can be read from local
electronic health record system databases using Arden Syntax curly brace expressions.
Further, the user can view decision support rules directly, which is not possible in
SANDS.

Our Lyme borreliosis CDSS prototype is one of the few systems attempting to
cover all aspects of the disease in adequate detail. Other systems [17, 18] or rule sets
[19] cover individual parts. Unlike the Electronic Medical Record Support for Public
Health platform [17], which analyzes electronic medical records provided by primary
care providers for events of public health interest (e.g., Lyme borreliosis, diabetes), our
platform is focused on individual patient care. Nevertheless, it is possible to implement
MLMs analyzing patient data for events of public health interest by coupling the
system to specific clinical information systems.

The workflow of the CDSS prototype was verified on six selected Lyme
borreliosis cases. Some were provided by a dermatologist while others were compiled
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using data derived from the internet. An extensive clinical investigation will be needed
to perform a comprehensive analysis of the effectiveness of the combined medical
guideline as well as the usability and stability of the implemented framework.
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