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Abstract. The Arden Syntax for Medical Logic Systems is a standard for encoding 
and sharing knowledge in the form of Medical Logic Modules (MLMs). Although 

the Arden Syntax has been designed to meet the requirements of data-driven clinical 

event monitoring, multiple studies suggest that its language constructs may be 
suitable for use outside the intended application area and even as a common clinical 

application language. Such a broader context, however, requires to reconsider some 
language features. The purpose of this paper is to outline the related modifications 

on the basis of a generalized Arden Syntax version. The implemented prototype 

provides multiple adjustments to the standard, such as an option to use programming 
language constructs without the frame-like MLM structure, a JSON compliant data 

type system, a means to use MLMs as user-defined functions, and native support of 

restful web services with integrated data mapping. This study does not aim to 
promote an actually new language, but a more generic version of the proven Arden 

Syntax standard. Such an easy-to-understand domain-specific language for common 

clinical applications might cover multiple additional medical subdomains and serve 
as a lingua franca for arbitrary clinical algorithms, therefore avoiding a patchwork 

of multiple all-purpose languages between, and even within, institutions. 
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1. Introduction 

The Arden Syntax for Medical Logic Systems is a Health Level 7 standard for encoding 

and sharing knowledge in the form of Medical Logic Modules (MLMs) [1]. In contrast 

to all-purpose programming languages such as Java or Python, the Arden Syntax is 

specifically designed to meet the requirements of data-driven clinical event monitoring 

[2]. Such special-purpose languages are commonly referred to as domain-specific 

languages (DSLs). An MLM typically makes a single clinical decision; it corresponds to 

a production rule insofar as it evaluates a condition and possibly performs an action. 

Each MLM has a mandatory frame-like structure, consisting of categories and slots. The 

behavior of an MLM at runtime is determined by procedural programming language 

constructs within specific slots. Consequently, an MLM is both a program and a 

production rule, also known as the hybrid character of the Arden Syntax. 

In 2006, University Hospital Erlangen (UHER) introduced a commercial patient 

data management system (PDMS); at the largest intensive care unit (ICU) with currently 

35 beds, a commercial Arden Syntax environment has been integrated [3]. Ever since the 

PDMS is in routine use, clinicians repeatedly demanded various kinds of add-ons to 

process electronic medical record (EMR) data, such as specific views of microbiology 
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results, billing support functions, or the calculation of multiple ICU-related clinical 

scores in the form of a graphically displayed time series. Although most of these add-

ons were clearly outside the original scope of the Arden Syntax, its language constructs 

nevertheless proved mostly suitable for such purposes. The rich set of operators and the 

timestamped data type system, both tailored to EMR data, resulted in concise and easy-

to-understand code. Therefore, we increasingly used the Arden Syntax in multiple other 

subdomains, such as information retrieval at the bedside, or patient recruiting. However, 

some features of the Arden Syntax that are suitable for its original purpose need to be 

revised with regard to additional application areas. The modifications resulted in a 

generalized version of the Arden Syntax that may be used as a DSL for common clinical 

applications. The purpose of this paper is to introduce this language, to outline those 

features that differ from the standard, and to discuss the necessity for such a DSL. 

2. Methods 

A prototype of a domain-specific language for common clinical applications has been 

created in the form of a generalized Arden Syntax version. The language was named 

Programming Language, Arden-INspired (PLAIN) to point out its origin. Syntax and 

semantics of statements and operators have been defined to largely comply with version 

2.8 of the standard [4]; several language features, however, have been altered, and some 

new conceptual approaches have been introduced, such as a means to use an MLM in 

arbitrary expressions as a user-defined function (UDF), identified by an MLM name 

prefixed with "@" (see example in Figure 1). The execution environment has been 

implemented in the form of a compiler and a virtual machine. Most parts have been 

written in the Haxe programming language [5], which supports the translation of the 

prototype into multiple all-purpose target languages. 

The grammar provided by the Arden Syntax specification has been rewritten from 

scratch to remove some ambiguities. The definition of the frame-like MLM structure has 

been relocated from the grammar to a frame detector component that is capable of 

defining arbitrary alternative structures. The data type system has been harmonized with 

the JavaScript Object Notation (JSON) format, whereby the handling of time stamps has 

been retained. In contrast to the Arden Syntax, JSON supports nested lists, so two 

additional operators have been introduced to support their handling. To provide access 

to EMRs from network resources, native support of restful web services has been 

integrated, complemented with a data mapper that automatically transforms the query 

results into congruent PLAIN data types. To support a convenient mapping of entire 

EMRs, a minimalist PLAIN Data Markup Language (PDML) has been specified, which 

largely complies with the approach described in [6]. 

3. Results 

The prototype of PLAIN is an application program, including a lightweight development 

environment designed for users with little programming knowledge. The most obvious 

difference from the Arden Syntax standard is that the frame-like MLM structure can be 

omitted, enabling “free-style” code that supports the benefits of well-tried statements and 

operators without the complexity of complete MLMs. While the Arden Syntax standard 

is limited to the frame type data-driven, PLAIN supports alternative types, such as user-
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driven, or sub-module for code reuse. Additional types can be defined using the frame 

detector, where appropriate. In case MLMs invoke each other, MLMs with and without 

frame structure can be mixed. 

 

 

Figure 1. Basic PLAIN example MLM comprising two statements. The first statement reads an entire patient 

record and maps its contents to the variable emr. The variable casenumber is automatically set in any MLM 

that has a single patient context. The second statement graphically displays the patient's procalcitonin values. 

 

The basic example MLM in Figure 1 shows multiple features that distinguish PLAIN 

from the Arden Syntax standard. It contains free-style code without frame structure. The 

first statement reads an entire EMR, using the UDF patientrecord, which internally 

applies a REST statement to retrieve the EMR for the specific case number from a 

network resource. The variable casenumber is automatically set in any MLM that has a 

single patient context. The retrieved EMR is mapped onto the variable emr, whereby its 

internal structure is fully preserved. The data mapper natively supports PDML and JSON 

encoded data structures. The second statement graphically displays the patient's 

procalcitonin values, which the EMR contains in the form of a time series. It utilizes the 

UDF lineplot, which takes a JSON encoded object as the argument. An object 

instantiated by means of this notation is of the generic type structure. In contrast to the 

static Arden Syntax object type, the attributes of such an object can be extended at 

runtime. This enables MLMs for generic and fully reusable preprocessing of patient data. 

After about one year of using PLAIN for research and teaching at the local chair of 

medical informatics, it replaced the Arden Syntax in clinical routine at UHER. 

4. Discussion 

This study introduces a generalized version of the Arden Syntax, motivated by the 

repeated observation that this standard might be beneficial in many application areas 

beyond its originally intended scope. The literature provides multiple examples of such 

an "off-label" use. Although Arden Syntax MLMs have been specifically designed for 

modularly independent data-driven event monitoring functions, they have been used for 
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clinical protocols and care plans [7, 8], user-driven decision support functions [3, 9, 10], 

multi-patient clinical dashboards [11], patient recruiting [12, 13], discharge letters [14], 

and telemedical training of patients [15]. Such attempts may at least indicate a demand 

for a generalized version. The personal view of an individual user regarding this matter 

will mostly depend on his programming skills, the intended application area, and the 

computational environment at the specific institution. 

Only a minority of those working in medical informatics are trained information 

scientists. Many colleagues originating from other disciplines frankly admit that they are 

not willing or able to learn an all-purpose programming language, but nevertheless show 

considerable interest in a simple and easy-to-learn programming language tailored to the 

medical domain. Algorithms used in clinical routine are not necessarily of high 

complexity. An easy-to-understand medical informatics DSL, such as a generalized 

version of the Arden Syntax, may be used as a lingua franca for such programming tasks, 

therefore avoiding a patchwork of multiple all-purpose languages between, and even 

within, institutions. The Arden Syntax itself may be seen as a lingua franca with respect 

to clinical decision support functions, especially in the context of data-driven event 

monitoring. A more generic Arden Syntax version may cover multiple additional medical 

subdomains, such as billing support, information retrieval, clinical dashboards, or patient 

recruiting. Moreover, it may decrease the dependence on healthcare information system 

vendors, as an integrated medical informatics DSL could provide the customer with a 

simple yet generic tool for defining versatile customized add-ons. 

Whenever a new technology is introduced, one should be aware of the ubiquitous 

danger of creating "yet another standard" that hardly anyone uses in the end. However, 

PLAIN is not a new technology, but closely related with the proven Arden Syntax 

standard, which has been constantly improved during its evolution and is in routine use 

for more than two decades [16]. Furthermore, the number of publications in recent years 

reflects a continued interest in this standard, and the prototype described in this study is 

a result of an actual clinical demand. Representatives from several universities in 

German-speaking countries expressed their interest in a simple but generic medical 

informatics DSL, and the further development of PLAIN will be based on continued 

cooperation with periodic feedback, under the supervision of the working group for 

knowledge-based systems of the German Association for Medical Informatics. 

The overall extent of the adjustments to generalize the Arden Syntax is limited. An 

important modification refers to the frame-like MLM structure. In Arden Syntax, each 

MLM behaves like a production rule, which is reflected in the characteristics of those 

slots that contain programming language constructs. For data-driven monitoring 

functions, a production rule behavior is beneficial. For several other use cases, this 

behavior is needless, like in case of user-driven information retrieval. In case MLMs 

process multiple EMRs, for example in patient recruitment or clinical dashboards, this 

behavior can even be obstructive. The resulting separation of the frame-like structure 

from the other language constructs considerably simplified the grammar. Such a 

separation could likewise simplify the maintenance of the Arden Syntax. It is at least 

conceivable that some characteristics of PLAIN could have an impact on the further 

evolution of the Arden Syntax standard. 

Some of the differences between PLAIN and the Arden Syntax may require 

additional user skills. For example, PLAIN supports nested lists, while the designers of 

the Arden Syntax decided not to support them because they are difficult to handle and 

not necessarily required for data-driven clinical event monitoring. However, in more 

generic algorithms that process complex data structures such as lists of entire EMRs, the 
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list handling of the Arden Syntax (many operators implicitly process lists by element) 

would in some cases unavoidably result in nested lists. Thus, a more generic language 

must be able to handle such situations that will rarely occur within the original 

application range of MLMs. There may be other solutions to the issue of potentially 

nested lists and some other language details that may require reconsideration, and PLAIN 

is also intended as a testing area for future research in order to find an optimum in a 

spectrum of potential solutions, in particular to find a balance between computational 

performance and ease-of-use. Currently, there are multiple ongoing investigations in this 

field that concentrate on specific details, such as the handling of timestamps in medical 

calculations, the introduction of a specific time range data type, the creation of clinical 

dashboards, multi-patient reporting functions, and patient phenotyping in clinical trials. 
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