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Abstract. To re-examine the validity of the medical knowledge that are embedded
in the legacy system, we trandated a Medica Logic Module (MLM) for
hyperkalemia patient screening into the GuideLine Interchange Format (GLIF).
We used a set of guiding principles to direct the trandation. In addition, we used
the GLIF3 Guideline Execution Engine (GLEE) as a testing tool to validate the
encoded GLIF guideline by applying it to 5 simulated patient cases. The result has
shown that it is possible to translate Arden MLMsinto GLIF guidelines. However,
significant efforts are necessary to handle the problems arose during the trandlation
process. Automatic translation could be a more generalizable approach for future
work.

1. Introduction

Studies have shown that computer-based clinical decision support systems can improve
clinician performance and patient outcomes [1-4]. Representation of medical knowledgeis
acritical issue for the success of such systems. A variety of formalisms have been used to
represent the medical knowledge in clinical decision support systems. For example, the
Arden Syntax has been developed to represent the modular medical logic [5]; the
GuideLine Interchange Format (GLIF) has been developed to represent clinical practice
guidelines [6]. Although there are previous studies to compare different medical
knowledge representation formats [7-9], few of them performed direct trandation of
specific pieces of medical knowledge from one format to another and applied them to
particular patient cases.

Columbia Presbyterian Medical Center (CPMC) is the hirthplace of the Arden
Syntax [5]. There are more than 200 Medical Logic Modules (MLMs) encoded in the
Arden Syntax that have been developed over a period of 6 years[10]. In 1999, the clinical
information system at CPMC underwent a major overhaul due to the Y 2K requirement. As
aresult, the MLMs in the legacy system were no longer executable. Recently, in a new
clinical event monitor project, we have been trying to re-examine the validity of the
medical knowledge that are embedded in the existing MLMs. A possible approach is to
use the GLIF3 Guideline Execution Engine (GLEE) [11,12] as a testing tool for this
purpose. Accordingly, we need to re-encode the medical knowledge embedded in the
existing MLMs into the GLIF format such that GLEE can be used to simulate the
application of the medical knowledge to specific patient cases. In this paper, we describe
our approach to the trandation of Arden MLMs into GLIF guidelines. We use the
trandation of an MLM for hyperkalemia patient screening as an example to discuss the
issues arose during the translation process.



2. Methods

Based on an existing MLM for hyperkalemia patient screening [13], a faculty-level
clinician informaticist made a slight modification to it such that the revised MLM could
reflect the most updated medical knowledge and avoid the decisions that were based on
arguable criteria. The resulting MLM was then taken as the starting point of the
tranglation. All the major representation features of the Arden Syntax, including most of
the dlotsin the mai nt enance, | i brary, and know edge category, were used in thisMLM.

The GLIF model used in this study contains different types of guideline step, such
as the action_step, case_step, choice_step, and patient_state_step, which are
used to represent specific tasks in guideline application. In addition, the model contains
elements that are used to represent patient data, clinical events, guideline maintenance, and
guideline documentation. This version of the GLIF model, represented in the RDF format,
is available at: http://www.dbmi.columbia.edu/homepages/wandong/ GESDOR/GLIF.rdfg
During the translation process, we took Protégé-2000 as the GLIF editing tool [14].

We used a set of guiding principles to direct the translation from Arden MLMs into
GLIF guidelines. These principles include: (1) In general, an MLM is trandated into a
Gui del i ne instance of GLIF. In case an MLM invokes another MLM, the second MLM is
trandated into a Gui del i ne instance that is nested as a subgui del i ne of the Gui del i ne
instance to which the first MLM is trandated. (2) Most dot information in the
mai nt enance category of an MLM is trandated into a Mai nt enance_I nf o instance of
GLIF, which in turn is attached as the value of the mai ntenance_info dot of the
Gui del i ne instance to which the MLM istranslated. The mapping between the slotsin the
mai nt enance category of an MLM and the GLIF elements can be found in Table 1. (3)
Most dlot information in the Iibrary category of an MLM is trandated into a
Suppl enent al _Material _Li st instance of GLIF, which in turn is attached as the value
of the di dactics dlot of the Gui del i ne instance to which the MLM is trandlated. The
mapping between the dots in the Ii brary category of an MLM and the GLIF elements
can aso be found in Table 1. (4) The definitions of clinical data in the dat a slot of an
MLM are trandated into a set of instances of the Literal Data_Item class, the
Vari abl e_Data_ltemclass, or the Event class of GLIF, which are then referenced by
other entities of the translated GLIF guideline in different context. (5) The procedure
codes in the 1 ogi ¢ dot of an MLM are trandated into a sequence of Gui del i ne_St ep
instances that constitute the al gori t hmof the Gui del i ne instance to which the MLM is
trandated. Specifically, the data assignment statements of an MLM are trandated into the
Act i on_St ep instances of GLIF with the Assi gnment _Act i on Or Get _Dat a_Act i on type
of task; the if...then statements of an MLM are trandated into the Case_St ep instances of
GLIF with options and associated Deci si on_Condi ti ons specified; when necessary,
instances of Patient_State_Step are inserted into the al gorithm to facilitate the
trandation of specific flow control. Here the specification of the Criterion for
Deci si on_Condi tion is a rewriting of Arden’s logical expression using the Guideline
Expression Language (GEL) [15]. (6) The definitions of clinical events in the evoke slot
of an MLM are trandated into the t ri ggeri ng_event s of the Gui del i ne_St ep instance
at the start of the al gori t hmof the GLIF guideline. (7) The statements in the act i on slot
of an MLM are translated into a sequence of Action_Step instances with the
Medi cal | y_Ori ented_Action_Speci fi cati on type of task, which is then attached to the
sequence of Gui del i ne_St ep instances that are trandlated from the | ogi ¢ slot.

Finally, we used GLEE as a tool to test the validity of the trandated GLIF
guideline. For this purpose, we applied the encoded guideline to 5 simulated patient cases,
which covered all the possible execution paths of the guideline as expected by the expert
who created the cases.



http://www.dbmi.columbia.edu/homepages/wandong/GESDOR/GLIF.rdfs

3. Reault

Based on the guiding principles described in the Methods Section, we translated the MLM
for hyperkalemia patient screening into a GLIF guideline. The mapping between specific
slots and statements of the MLM to the entities of the GLIF guideline is summarized in
Table 1. The algorithm of the encoded GLIF guidelineis shown in Figure 1.

Table 1: Translation of MLM slots and statements to GLIF entities

MLM Slotsand Statements GLIF Entities
MLM (1) Guideline (1)
maintenance.title (1) Guideline.maintenance_info.title (1)
maintenance.filename (1)
maintenance.version (1) Guideline.maintenance info.encoded guideline version (1)
maintenance.institution (1) Guideline.maintenance_info.developing_institution (1)
maintenance.author (1) Guideline.maintenance _info.author (1)
maintenance.specialist (1) Guideline.maintenance _info.author (1)
maintenance.date (1) Guideline.maintenance _info.authoring_date (1)
maintenance.validation (1) Guideline.maintenance_info.representation_status (1)
library.purpose (1) Guideline.didactics.items.material (1)
library.explanation (1) Guideline.didactics.items.material (1)
library.keywords (1) Guideline.didactics.items.material (1)
knowledge.type (1)
knowledge.data (1) Event (1)
knowledge.data (4) Variable Data Item (4)
knowledge.data (4) (leave tolocal system)
knowledge.evoke (1) Triggering_Event (1)
knowledge.logic.assignment_statement (6) Action Step (7), Variable Data Item (5)
knowledge.logic.if_then statement (5) Case_Step (4), Three Valued Criterion (8)

Patient State Step (2)

knowledge.action (1) Action_Step (1), Literal Data Item (1)
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Figure 1. The agorithm of the GLIF guideline trandated from the MLM for
hyperkalemia patient screening. The diamond boxes are patient state steps; the rectangle
boxes are action steps; the hexagon boxes are case steps. The arrows represent the flow
control during guideline application.

To validate the encoding of the GLIF guideline, we used GLEE as a tool to
examine the correctness of execution when the encoded guideline was applied to 5
simulated patient cases that covered all possible execution paths. The result has shown that
the actual execution path for each of the 5 cases matched with its expected path.



4. Discussion

Severa problems have been found in the translation of the MLM into the GLIF guideline.
First, the general medical knowledge and the local policy to use the knowledge (such as
the generation of aerts during specific clinical shifts) were mixed together in the MLM.
During the tranglation, we separated these two types of statementsin the MLM — only the
general medical knowledge was trandated and the policy issues were left to the local
system to handle. Accordingly, we dlightly modified the definitions of the clinical datain
the original MLM that were used solely for policy issues, such that the values of these data
could be directly used as the indicators of the local policy. Second, the flow control of
decisions and actionsin the MLM was embedded within the procedure codes. The order of
the case steps and action steps in the resulting GLIF guideline was thus decided by the
order of the statements in the MLM from which these steps were trandated. The insertion
of patient state steps depended on specific statements in the MLM, such as “concl ude
fal se” that implied the end of execution. Branch steps and synchronization steps were
never used in the resulting guideline, which indicated the possible limitation of MLM to
model concurrent tasks or tasks with undefined order. As the MLM for hyperkalemia
patient screening did not invoke any other MLMs, there was no subguideline in the
resulting GLIF guideline. Third, the definition of datain MLM was based on the local
method for their retrieval; therefore the curly braces problem arose [16]. During the
translation, we had to redefine these data using the local controlled medical terminology,
the Medical Entity Dictionary (MED) [17], and the local data model [18]. Although thisis
a step toward the sharing of data definition, final solution to the curly braces problem
depends on a widely accepted standard for controlled medical terminology and clinical
data model [8]. Fourth, the clinical event that drives the execution of the MLM was
encoded as the triggering event of the guideline step at the start of the algorithm. Although
this approach worked well when applying the guideline to individual patient case, the
performance could be a serious issue when a batch of patientsis eligible for the guideline.
An alternative approach is to use the triggering event to populate the patient list for batch-
mode execution and then use GLEE to execute the guideline in the batch-mode [12].
Finally, we were unable to trans ate the information in some of the MLM dlots, such as the
fil ename dot in the mai nt enance category and thet ype dot in the know edge category,
to the GLIF guideline side. However, the information in these slots did not have direct
effects to guideline execution, as shown in the result.

We have shown that it is possible to trandate the medical knowledge embedded
within the Arden MLM into the GLIF format. However, such trandation is labor-
intensive, error-prone, and difficult to be generalized to a larger scale. An dternative
approach isto automatically perform this trans ation based on the mapping of the elements
between these two knowledge representation formats. Considering that direct tranglation
could be difficult, such trandation can be reaized through an intermediate layer that
comprises the generalized elements derived from different models [12,19]. The guiding
principles we used for the trandation from the MLM to the GLIF guideline in this work
can be taken as the starting point for this purpose.

5. Conclusion

It is feasible to translate the medical knowledge embedded in the Arden MLMs into the
GLIF format. However, due to the different representation features of Arden Syntax and
GLIF, significant efforts are necessary to handle the problems arose during the trandlation
process. Automatic translation could be a more generalizable approach for future work.
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