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Abstract. Phenotyping, or the identification of patient cohorts, is a recurring chal-

lenge in medical informatics. While there are open source tools such as i2b2 that 

address this problem by providing user-friendly querying interfaces, these plat-

forms lack semantic expressiveness to model complex phenotyping algorithms. 

The Arden Syntax provides procedural programming language construct, designed 

specifically for medical decision support and knowledge transfer. In this work, we 

investigate how language constructs of the Arden Syntax can be used for generic 

phenotyping. We implemented a prototypical tool to integrate i2b2 with an open 

source Arden execution environment. To demonstrate the applicability of our ap-

proach, we used the tool together with an Arden-based phenotyping algorithm to 

derive statistics about ICU-acquired hypernatremia. Finally, we discuss how the 

combination of i2b2’s user-friendly cohort pre-selection and Arden’s procedural 

expressiveness could benefit phenotyping. 
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1. Introduction 

The process of identifying patient cohorts based on a set of characterizing patient data 

elements is commonly referred to as "phenotyping" in the literature. According to the 

SHARPn project [1], phenotyping is the algorithmic recognition of patients. It includes 

clinical trials, quality metrics, outcomes research, observational studies, decision sup-

port, and other tasks [1]. The search strategy to identify a patient cohort is called “phe-

notyping algorithm”. According to [1], such algorithms consist of complex sets of 

inclusion and exclusion criteria, coupled using sets of logical operators. Mo et al. [2] 

have found that “phenotyping algorithms can involve multiple complex logical steps, 

integrating various operations”. These can be Boolean logic, numeric comparator oper-

ations, arithmetic functions (e.g. to calculate BMI), aggregative operations (e.g. 

COUNT, FIRST), negation (negative assertion vs. exclusion/empty set) and temporal 

relations between events [2]. Ross et al. [3] found that 85% of the eligibility criteria of 

clinical trials had a significant semantic complexity and 40% relied on temporal data. 

The widely used Informatics for Integrating Biology and the Bedside (i2b2) [4,5] 

is a software platform that can be used for basic phenotyping. The system contains 
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special features such as automatic unit conversion or conceptual subsumption to auto-

matically query for child concepts as found in hierarchically structured terminologies. 

The query logic relies on Boolean logic, numeric comparison operations, negation and 

temporal aspects. However, as outlined by Mo et al. [2], the complexity of phenotyping 

algorithms (like those in eMERGE [6]) can exceed the capabilities of platforms such as 

i2b2. While the current i2b2 version 1.7 has included support for complex temporal 

relations, there are still some limitations. For example, i2b2 limits numeric comparators 

to fixed values (e.g. “A > 120”) and it is not possible to model relative comparisons 

(e.g. “A > B”). Furthermore, it does not support arithmetic functions, which could be 

used to compute criteria on-the-fly (e.g. “BMI = weight / height2”). 

The Arden Syntax for Medical Logic Systems [7] may be a suitable technology to 

address these shortcomings. It is an HL7 standard that was designed to enable clinical 

decision support functions in the form of Medical Logic Modules (MLMs), which are 

typically used to monitor clinical events. It was intended to be user-friendly, enabling 

even non-experts in computer science to write MLMs. It also features a rich set of 

operators and a time-stamped data type system that is tailored to medical data. 

In this paper, we investigate if i2b2 can be used together with the Arden Syntax to 

go beyond the functionality of current phenotyping systems. It is our aim to provide a 

proof of concept and to discuss the assets and drawbacks of this approach.  

2. Methods 

We created a prototypical Java tool. It contains an integrated MLM editor that uses the 

RSyntaxTextArea library (https://github.com/bobbylight/RSyntaxTextArea) for which 

we implemented Arden Syntax highlighting (see Figure 1). 

We then developed and integrated a method for translating i2b2 queries into “tem-

plate” MLMs. By deriving and parsing the i2b2 query XML definitions from the i2b2 

database, we create Arden Syntax lists for all i2b2 ontology concepts that were used in 

the original query. To populate these with data, our tool creates Arden “curly braces” 

expressions, which contain the SQL statements to retrieve the data records directly 

from the i2b2 database. It then adds further Arden code, which merges all lists into one 

central data structure in the form of a list of patient objects, which we called “Patient-

Data”. Each patient object within “PatientData” provides an attribute for the patient 

number, as well as one attribute for each original i2b2 query concept. To assist the user 

with later converting the “template” MLM into a true phenotyping algorithm, a com-

ment is automatically generated and inserted into the MLM to reveal the available 

attributes of the “PatientData” object (Figure 1, first visible line of code). 

Finally, we integrated Arden2ByteCode, a Java-based, open source Arden Syntax 

environment [8], into our tool. The execution of an MLM in Arden2ByteCode can be 

triggered from within our program, which also displays the result of the execution. 

3. Results 

Our implementation allows for post-processing i2b2 query results with Arden Syntax 

MLMs by applying additional (more restrictive) filtering or computations on patient  

data, which have been found with the i2b2 system previously. The user has to go 

through the following steps to use our system: 
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Figure 1. i2b2Arden user interface with a phenotyping algorithm (patient numbers anonymized). 

 

 

1. The user creates and executes a query within the i2b2 environment. This query 

includes the clinical data elements of interest, along with their Boolean relations. It 

may also use other i2b2 features, such as temporal relations and value restrictions. 

2. The user opens our tool and selects this i2b2 query. The tool then analyzes the i2b2 

query and automatically prepares an MLM template. This transforms the facts data 

of the i2b2 query’s data elements into appropriate Arden Syntax data structures. 

3. The user adds further phenotyping logic, based on the Arden Syntax’ rich set of 

around 150 operators, to the MLM. This may include complex temporal logic, op-

erations on values and comparisons between multiple data elements. 

 

To test our prototype in a real environment, we designed and performed a data analysis 

for the largest 35-bed ICU at our local University Hospital. ICU-acquired hyper-

natremia (IAH) is a commonly described phenomenon, where sodium blood values 

increase during hospitalization. Risk factors associated with IAH have been reported, 

such as male gender and age above 50 [9]. 

We exported the patient age, gender and sodium measurements since 2015 from 

our ICU system and uploaded these into an i2b2 project on our i2b2 version 1.7.07 

instance. As described above, the first step was to run a query in i2b2. In our example, 

this initially included only one concept, “Sodium”. This i2b2 query returned 2,242 

patients (the whole database). After creating the MLM template with our tool, we cre-
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ated the phenotyping algorithm, which is shown in Figure 1. The program counts and 

lists all applicable patients with increasing sodium values. By replacing the “<” com-

parator in line 23 with “>”, the patients with decreasing sodium were found. For 43.8%, 

the sodium values were increasing. We then repeated the test and modified the initial 

i2b2 query to include the constraints “Age > 50 years” and “Gender = Male”. After 

running the Arden Syntax MLM again, we found 48.5% of second group having in-

creasing values, which supports the findings of [9]. 

4. Discussion 

While our phenotyping MLM still needs refinement and further evaluation of the re-

sults, it demonstrates that our approach is capable of executing complex procedural 

phenotyping algorithms, and is able to benefit from the easy-to-use, graphical pre-

selection of patient cohorts within i2b2. We plan further investigations on how to de-

sign easy-to-use, yet powerful, phenotyping environments. Tools such as i2b2 were not 

intended to be fully featured data analysis or dedicated phenotyping environments, but 

rather meant to serve as user-friendly hypothesis generation and validation tools to 

allow for pre-selecting patient cohorts. Yet, it would still be useful for researchers not 

having to fall back on low-level technology (such as SQL) or complex statistical soft-

ware for pursuing complex phenotyping. It is a matter of discussion where to draw the 

line between user-friendliness and computational power. Future work might focus on 

integrating our Arden code editor directly into the i2b2 workbench. 

Similar approaches are described in the literature. For example, there are various 

“R” environment integrations for i2b2 (e.g. [10]). These, however, do not allow for 

“live” editing of program code, in contrast to our approach. There are also other proce-

dural approaches (e.g. [11]), but these do not build upon i2b2 or similar platforms to 

enable an easy-to-use pre-selection of patient cohorts. 

From a technical point of view, computationally equivalent “phenotyping power” 

could be achieved in any Turing-complete programming language. However, we be-

lieve that our example illustrates that the Arden Syntax code might be easier to under-

stand for non-experts in computer science, which was one of the design goals of the 

Arden Syntax standard [12]. Applying an all-purpose programming language instead 

may considerably reduce the number of potential users. 

Our tool is of prototypical character and there is room for future improvements. It 

is based on Arden Syntax version 2.5, which is the latest version supported by Ar-

den2Bytecode. Therefore we had to make some concessions: As described above, our 

tool prepares an MLM to include all concepts from the i2b2 query. This has been im-

plemented by embedding SQL queries to access the i2b2 database. However, as they 

only return a database record set, we had to post-process these data records to properly 

align values and their associated time stamps. Otherwise it would not be possible to 

make use of certain Arden Syntax constructs, such as time of. This post-processing 

requires about 40 lines of additional Arden Syntax code for each concept that has been 

used in the i2b2 query. Our current workaround is to allow hiding the automatically 

generated code in our tool via a checkbox (as shown in Figure 1). Therefore support for 

later versions of the Arden Syntax would considerably facilitate the integration process. 

In particular, the as time operator introduced in version 2.8 would save the additional 

code required to transform the string representation of a timestamp into the time data 

type of the Arden Syntax. 
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Finally, another aspect of later versions of the Arden Syntax is the support for fuzzy 

logic. The possibility of applying “soft” inclusion and exclusion criteria instead of 

“hard” Boolean logic could improve current patient identification methods. 
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