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Abstract. Modern researchers in medicine have access te imjcal databases. Mining those
resources often includes exploration of temporé&.da liver transplantation, a researcher might
be interested in patients that exhibit an unusuaé tpattern of clinical tests. Standard query
languages like SQL do not support this kind of gpgewvery well due to an insufficient time
model. A very flexible approach is Knowledge-baSezinporal Abstraction, which has been
implemented in a number of proprietary systems.ikareased availability in clinical research,
we extended the knowledge-based temporal abstnatinework by creating an open-source
platform, SPOT. It supports the statistical pack&yand knowledge representation standards
(OWL, SWRL) using the open source Semantic WebRootégé-OWL.

1 Introduction

Modern researchers in medicine have access toatige Iclinical databases that have become morelyeadi
available recently. One important aspect of dataimgi those resources is the exploration of tempaaid. For
example, in liver transplantation, where a wealthparameters is obtained from continuously mondore
patients, a researcher might be interested totgeddients or patient episodes that exhibit an uaugattern of
potential complications of the transplanted orgeach following a typical pattern in time. Standapgery
languages like SQL are not well suited for thisdkad research because of an insufficient time mddelever,

a very useful and flexible approach is Knowledgeesh Temporal Abstraction (KBTA), which has been
implemented in a number of proprietary systems.eHtime-stamped data points are transformed into an
interval-based representation that can utilize i#leapproach of temporal relationships [1]. To m#&TA
more readily available for clinical research, wereleped SPOT, an implementation using open sounce a
standardized tools: the Web Ontology Language (OWlt;p: / / www. W3. or g/ TR/ ow - f eat ur es), the
Semantic Web Rule Language (SWRIhttp://ww:.dam . org/ 2003/ 11/sw ), Protégé plug-ins;
http://protege.stanford. edu/, and open source statistical software (Rttp://ww. r-
project.org/).

2 Application in Liver Transplantation

Liver transplantation is a complex and challengsnggical procedure that is followed by a completemsive
care and clinical monitoring schedule. A wealthpafameters is obtained from the patients. Poteh&phtic
complications follow a typical pattern in time. Hostance, “acute rejection” can be characteriaethbreasing
AST and ALT (liver enzymes) values [2], which dexse as soon as the rejection therapy is starteideré is
no response to the therapy or a negative biopsig itot considered rejection. The phase with irgirea
enzymes may vary in length and range of valuesyen only one enzyme may be elevated, same fqtthse
of decreasing values, but still the time patterid$oln this example a few typical issues are askird. First,
clinical data come with different time granulargjéhourly, daily, monthly or yearly. Second, claliconcepts
can be expressed in terms of phases or intervalsinereasing or decreasing enzymes, rejectioraptyeover 3
days, which can be consecutive or overlapping, estdblish a typical pattern in time. Third, it istiso0 much
single parameter values but the relationship a@rirals that establishes the clinical concept. Tlhespects are
captured in the valid time model as used in temmatabase research and in temporal abstraction.

Temporal abstraction is a comprehensive approactietd with time-oriented data in medicine. Time-
stamped data points are transformed into an intdased representation of data that can utilizeer’d
temporal relationships [1]. Here in general a fior@l approach is used that maps raw data intoehnitgvel
concepts like “states” (e.g. peak, rejection thgyaqr “trends” (e.g. increasing, decreasing). Tihalgs to
represent complex medical concepts by these prigsitusing Allen’s time relationships. Shahar [3taduces
Knowledge-Based Temporal Abstraction (KBTA). The KBmethod has a formal model of input and output
entities, their relations, and the domain-speqifioperties that are associated with these entitieslled the
KBTA ontology. Shahar describes four different autpypes, state, gradient, rate, and pattern atigira
States could be low or high bilirubin test levefstioe transplanted liver, gradients increasing ecrdasing
enzymes, rates could be slow or fast, and a panindic.



There are different implementations of the KBTA hwet all over the world. Almost all of them focus on
describing individual patient courses for clinidarapeutic purposes. An overview is found in [4].

3 Implementation and Application to Liver Transplantation

For the implementation we use the open source S@mateb tool Protégé-OWL and the SWRLTab[5] using
temporal built-ins it t p: // protege. ci nB. net/ cgi -bi n/wi ki . pl ?SWRLTenpor al Bui | t1ns)
and extensions built-insh{t p: / / pr ot ege. ci nB. net/ cgi - bi n/ wi ki . pl ?SWRLEXt ensi onsBui | t I ns).
Ontologies are used in OWL to formally specify miegnof annotations by providing a vocabulary ofrer
New terms can be formed by combining existing orfde Protégé-OWL plug-in allows to easily building
ontologies that are backed by OWL code. OWL ont@egoughly contain three types of resourdélsisses
represent concepts from the knowledge domain (thg.class patientindividuals are specific instances of
classes (e.g., the patient transplanted today),peopkrties determine the values allowed to each individual
(e.g., the specific Patient has an ID).

SWRL allows users to write rules that can be exg@ésn terms of OWL concepts and that can reasountab
OWL individuals. In the application, we use a temgbantology implementing the valid time model, amd
hierarchical patient ontology with classes: Pat{bat) Procedure (has) Interval/Event (has) Vaiider

In the sequel we describe a concept of biliruboréase from a high bilirubin level (see [2] — a sobcept
of “acute rejection”), abbreviated by “High_Bili_ drease”. Bilirubin is a product that results fromme t
breakdown of hemoglobin in the liver. When bilirabevels are high, it is a sign that the livernsapable of
adequately removing bilirubin in a timely manneheTconcept is described in terms of SWRL codeguaré 1,
using SWRL built-ins and extensions. Each concepates a “result interval”, i.e., an interval imgta in the
valid time model, using the SWRL extensioneat eOALThi ng. This allows for modularization of time
concepts, i.e., breaking down concepts into (pa@kyin other clinical domains re-usable) sub ogpis.

Explanation SWRL - Code

init variables Patient(?p) A

to capturethe hasProcedure(?p, ?proc) A

underlying hasTest (?proc, ?test) A

ontology hasTest Nane(?test, ?testNane) A

bilirubin swrl b: equal (?test Name, "BILIRUBIN') A

increase S7tVT HasQut put Type(?test, ?testType) A
swrl b: equal (?test Type, "INCREASE') A
tenporal : hasVal i dTi me(?test, ?2tVI) A

hasTest (?proc, ?test2) A
bilirubin hasTest Nane(?t est 2, ?testNane2) A
high VT2 swrl b: equal (2t est Name2, "BILIRUBIN') A

HasQut put Type(?test2, ?testType2) A

swl b: equal (?test Type2, "HGH') A

t enpor al : hasVal i dTi ne(?test2, ?tVI2) A
tenporal : overl aps(?t VT, ?tVT2, "days") A

tenporal : hasStartTi me(?t VT, ?startTinme) A

overlapsintervals
2tVT and ?tVT2

save ?startTime

and ?finishTime t enpor al : hasFi ni shTi ne(?t VT, ?finishTinme) A
variables swr | x: creat eOALThi ng( ?hbVT, ?proc)

create -> t enpor al : Val i dPeri od( ?hbVT) A

result interval tenporal : hasStart Ti me( ?hbVT, ?start Ti me) A
and attach t empor al : hasFi ni shTi me( ?hbVT, ?fi ni shTi me) A

to procedure hasHi ghBi | i | ncrease(?proc, ?hbVT)

Fig. 1. SWRL Code for the concept “High_Bili_Increase”
(?t VT, 2t VT2, and?hbVT are interval instances in the valid time modeinpor al : denotes temporal
built-ins based on Allen’s temporal relationshipsr | x: denotes SWRL extensions.)

4 The Architecture

An overview over the SPOT architecture is depidredigure 2. The researcher (user) can define adini
concepts, e.g., rejection, and then search foepistior episodes with that concept in the clinizabbase. Two



steps are necessary to accomplish this: Trainiegsifstem to learn concepts from a subset of thecali
database, and searching for the learned concepl® iantire database. The user has to performoitenving
tasks in order to train the system: Estimationnéérvals from a learning sample, e.g., learningsholds for a
running average of the bilirubin parameter valuesnbdel an “increasing bilirubin” interval, buildjnof high
level concepts (Temporal Abstraction) (implemeniadProtégé-OWL/SWRLTab), and validation of the
generated intervals. The statistical tasks aregemriin S, an interactive environment for data agialgnd at the
same time a statistical programming language. Aenaggpurce tool based on S is called R, which isl heee
for the implementation. R is under the GNU GenBrathlic License.

The user might go through that process severalstiomtil the classification error for the clinicabrcepts
he/she models is sufficiently small. Adjustments &8 made by changing thresholds or adding addition
constraints to the SWRL concepts. Finally, therledrabstractions are submitted to the originallzete.

Besides using the time stamped data from the eliniatabase, the user needs to identify interealy, one
parameter at a time (e.g., bilirubin). Several edéht non-overlapping intervals are allowed, i.arkmas
“increasing”, “decreasing”, “high”, etc. The intedwalue is attached to the time-stamped parametae.

I Read Data from Database I
]
)I Generate Intervals / Data Cleansing I
I R <
I Transform to Valid Time Model I
]
I Java Interface -> Protégé-OWL I
]
| SWRL Building Blocks |
| OWL/SWRL
User Creates New Concepts
|
I Java Interface -> R I
|
: Statistical Evaluations I R .

Fig. 2. The SPOT $ —Protégé -OWL/SWRL —Temporal Abstraction) architecture.

5 Conclusion and Future Aspects

This report shows that SPOT is a feasible apprdachse the Protégé-Owl SWRLTab and open source
software. The next step is the development of a @&lhg the R and Protégé APIs for easy access and
manipulation by the user, especially creating mddte constructs that generate part of the SWRLecod
automatically.
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