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Abstract Formalization of a clinical guideline for
purposes of automated application and quality
assessment mainly involves conversion of its free-
text representation into a machine comprehensible
representation, i.e., a formal language, thus ena-
bling automated support. The main issues involved
in this process are related to the collaboration
between the expert physician and the knowledge
engineer. We introduce GESHER - a graphical
framework for specification of clinical guidelines
at multiple representation levels. The GESHER
architecture facilitates incremental specification
through a set of views adapted to each representa-
tion level, enabling this process to proceed
smoothly and in a transparent fashion, fostering
extensive collaboration among the various types of
users. The GESHER framework supports specifica-
tion of guidelines at multiple representation levels,
in more than one specification language, and uses
the DeGeL digital guideline library architecture as
its knomedge base. The GESHER architecture also
uses a temporal abstraction knowedge base to
store its declarative knowedge, and a standard
medi cal-vocabularies server for generic specifica-
tion of key terms, thus enabling reuse of the speci-
fication at multiple sites.

Introduction: Automated Tools for
Specification of Clinical Guidelines

Clinical guidelines (GLs) have been shown to im-
prove the quality of medical care, and are expected
to assist in containment of its costs as well.

During the past 20 years, there have been several
efforts to support complex GL-based care over time
in automated fashion. This kind of automated sup-
port requires formal GL-modeling methods. Most
of the methods [1-11] use knowledge acquisition
(KA) tools for eliciting the medical knowledge
needed for the knowledge roles (KRs) of the GL
specification ontology (key concepts, properties and

relations) that each method assumes, in order to
specify it in a formal format. Using a recent defini-
tion [12], there are 2 main approaches to GL speci-
fication: document-centric, i.e., start from a free-
text document and map it to a given GL ontology,
and model-centric, i.e., model the GL de-novo us-
ing a predefined ontology and computational
model, and refer to the source text only for docu-
mentation. We shall see that our architecture pro-
vide support for both approaches.

In most of those tools, however, the process of
specification the GL into a formal language is not
sufficiently smooth and transparent. The core of
the problem involved in specification a large mass
of free-text GLs into a formal machine readable
format, is that expert physicians (EPs) cannot (and
need not) program in GL specification languages,
while programmers and knowledge engineers
(KEs) do not understand the clinical semantics of
the GL. In addition, some of the GL’s knowledge is
implicit and must become explicit during the speci-
fication process. The process should also support
and facilitate iterative collaboration between these
two different types of users - EPs and KRs. Finally,
there is a need for a framework that deals with GLs
represented in multiple ontologies.

The DeGelL Framework

The Digital electronic Guideline Library (De-
Gel)[13], is a web-based, distributed architecture
that embeds several web-based software tools. De-
GelL supports GL classification, semantic markup,
context-sensitive search, browsing, run-time appli-
cation, and retrospective quality assessment. The
DeGelL library supports multiple GL ontologies, in
each of which, GLs represented in a hybrid format.
One of the functions the DeGelL architecture
supports is the process of gravitating a set of GLs
gracefully from text-based, to semi-structured text
(labeled by the semantic KRs of selected target GL
ontology), through semi-formal, down to formal,
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machine-readable, executable representations. This
incremental process is accomplished as follow:
free-text GLs are loaded into DeGelL. EPs index
and mark up the GL, using semantic labels from
chosen target GL ontology (GL specification lan-
guage), creating semi-structured representation,
and in collaboration with a KR creating semi-
formal GL representation. Then, KRs use an ontol-
ogy-specific tool to add executable expressions in
the formal syntax of the target ontology. Thus, each
GL is represented in one or more representations
levels: free-text, semi-structured text, semi-formal,
and a fully structured representation. It is even pos-
sible to specify different KRs in the same GL using
different representation levels (e.g., having fully
structured eligibility conditions supports automated
eligibility determination). All of those hybrid GL's
representation levels co-exist and are organized in
the DeGelL library in a unified structure - the hy-
brid GL representation.

The GESHER System

We have designed and implemented a new frame-
work for GL specification in multiple representa-
tion Levels called GESHER". GESHER is a
graphical client application, developed with Micro-
soft Dot.Net WinForm technology (see figure 1).
GESHER supports the gradual specification proc-
ess of the GL according to DeGelL's hybrid GL rep-
resentation model which is not dependent on any
particular medical domain. The GESHER system
manages the specification process which incremen-
tally structures a GL at multiple representation
levels, according to the chosen target ontology.
Each target ontology composed from KRs whose
semantics are determined by the specification on-
tology (e.g., filter condition KR in the case of As-
bru ontology)

During this incremental process, several of the
GL's KRs might exist at different levels of specifi-
cation. In addition, the GL itself might be decom-
posed into sub-guidelines that are candidate for
further specification. The specification task is best
handled within one integrated framework. Thus,
GESHER uses DeGeL server (see figure 1) for
managing, storing and accessing the relevant pro-
cedural knowledge at all levels during the specifi-
cation process. GESHER uses graphical interface,
enabling the gradual specification process be ac-
complished by an EP with relatively little training,
by KE, or by both collaborating together. EPs are
usually involved in the semi-structuring phase as
they are familiar with the clinical knowledge in-
hered to the GL. KEs are usually involved with the

1 GESHER means " bridge" in Hebrew and stands for
the bridge between the expert physician and the knowl-
edge engineer in the process of guideline specification .

semi-formal and formal phases as they are familiar
with the GL specification language (the underlying

target GL ontology). Sometimes, both EP and KE
may work together (see figure 1), especially on the
semi-formal level. GESHER provides specification

tools for the different types of users in all stages of
the specification process, allowing capturing the
GL's semantics and enabling EPs and KEs to de-
fine its procedural and declarative knowledge. The
task of using multiple ontologies in GESHER is

supported by DeGel's hybrid meta ontology[13],

which supports specification of multi-ontologies of

GLs, at least at the semi-structures level, using
multiple target ontologies such as GEM or DeGel's
default ontology, Asbru. The meta ontology speci-

fies the KRs common to all GL ontologies (e.qg.

documentation, classification indices) and the for-

mat in which any ontology is described. The

knowledge editing authentication model is taken

very seriously and is handled by DeGel's authori-
zation and authentication model- DeGelLock[13].

After a user is authenticated, her profile is re-

trieved. The user's profile contains only the tasks
she is permitted to perform in GESHER (and im-

plicitly on DeGelL's KB).

Some of the of the GL's specification is of a de-
clarative type. For example, in the semi-structured
level, an EP can find a description of what is "high
HGB state" in a particular context. The concept
"HGB State" is an example of declarative knowl-
edge, which should be defined in a formal format
according to its various allowed states: High, Nor-
mal or Low. For this task, or when needed to define
complex expressions, GESHER is linked the tem-
poral abstracted knowledge acquisition tool
(TAKAT) (see figure 1), which is one of the tools
used within the IDAN architecture [14]. For simple
expressions (e.g. "HGB > 7.8 gr/dl"), the GESHER
system uses the Expression Builder module. When
EPs or KEs need to define a clinical term (e.g.,
"serum hemoglobin"), they can select standard
term from a medical vocabulary. Standard terms
are defined using several controlled medical vo-
cabularies and can be searched and retrieved using
the MEIDA[13] system (see figure 1), which in-
cludes a vocabulary server and a search engine.
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Figure 1. The GESHER Architecture
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The use of standardized vocabularies and terms
enables execution of queries in the IDAN frame-
work by the Spock GL runtime application system
[13], regardless of the terminology used in each
local clinical DB. Using the highly intuitive, user
friendly, graphically oriented interface of the
GESHER system, the specification process becomes
smooth for both the EP and the KE.

By developing specific graphical widgets for ac-
quisition of each KR at each representation level,
GESHER answers the needs of each one of the user
types. For example, the methods needed by the EP
specifying semi-structured knowledge (e.g., widget
for markup of free text) are significantly different
from the methods needed by the KE (e.g., widget
for visual programming).

The GESHER Interface

The GESHER architecture integrates several tools.
The main one is a graphical tool for guideline
mark-up, editing and specification in multiple rep-
resentation levels, which facilitates the collabora
tion between the EP and the KE. The main inter-
face of GESHER system is presented in figure 2:
with GESHER an EP can a new GL document
(GLDoc) according to one of the target ontologies
available in DeGeL (e.g., GEM, Asbru). Then, one
or more guideline sources (GLSrc), are selected
from the DeGeL GL library using the Vaidurya GL
search and retrieve engine [13], and portions of it's
free text are labeled as a starting point (see figure

File Dots Souces IndexiGude Knowledge Windows Help

Ei GLDoc 247

Semi-Stuctured
=11 recommendation

:ry

Seni Strustured

decision varizble

action

reason

evidence qualy

ecommendation stie

esibilty
Semi-Strustured

fe o) 17 ]
value-defs
=1 [H) fiker-precondion
etup-precondition

=1 [ hybrid st
-] defouits
= agmerts
preferences
intertions
Je SemiStuctwed
&5 SemiFomal
uspendtcondiion
acivate-condition

L 1o
:
5B contions
1t Fomal
ete-condifion

|| | e CiBosa| = Soucet = Soucs? | g ntentions | fie_ plarbosy |

i G AL 2o v
hese additional criteria may be us

support a diagnosis of PID inchude the following:

2). The smooth process of specification is enabled
by theHybrid Ontology Tree (HOT).

HOT is composed from the KRs of the selected
target ontology and has three different displayed
views according to the three representation levels:
semi-structured, semi-formal and formal view. The
KRs which composing the HOT might be in differ-
ent specification levels and are depending on the
displayed view. For example, the KiRtain values
is relevant to the semi-structured and semi-formal
levels and therefore will be display when viewing
those two views, while formal KRs such as Asbru's
returns or arguments, are relevanto the formal
level and therefore will be display in the formal
view only. The different representation levels for
every KR are implemented in the HOT as nodes
and sub nodes. Each level is a sub-node of the par-
ent KR node.

Thus, for the same KR, there are three different
sub nodes, each node for each representation level.
For each KR at a representation level, a graphical
widget is generated on the fly (see figure 2). This
widget is added to the upperew area or to the
lower design area, enabling specification of the
selected KR according to the selected representa-
tion level. Currently, we support the semi-
structured level for multiple GL ontologies (e.g
GEM, Asbru), and the semi-formal level for the
default ontology used in DeGelL, Asbru. Thus, we
have created thiybrid Asbru ontology which em-
beds the semi-structured, semi-formal and formal
Asbru semantics in one hybrid ontology.
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Figure 2. The GESHER system's main interface. Two guidelines deatsrare shown, each with a different target ontol-
ogy: GEM (background window) and hybrid Asbru (front window). In theridyAsbru front document, the hybrid ontology

tree appears in the upper left, showing the semi-structuredfaremal and formal views. The guideline source is open in
the upper view area and the semi structured filter-condition ledge role (KR) (along with other KRs) is open in the

lower design area, containing portion of the labeled text
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The Semi-Structured Representation View

The semi-structured view is implemented as a
graphical widget generated for any KR in the semi-
structured representation level (in any target ontol-
ogy). This widget contains HTMLEditor frame
which enables the user to perform semi-structured
mark-up by dragging a portion of labeled content
from one or more GLSrcs (this content may be text,
tables of figures) into a selected KR's frame, and
perform manipulation on this text with reach des-
igntoolbar. The positions of this markup at each
GLSrc are saved and the labeled text is highlighted
(see figure 2). This process enables turning implicit
knowledge into more explicit fashion by the EP,
facilitating the task of the KE towards formal level.

The Semi-Formal Representation View

Structuring GL at the semi-formal level requires
developing designated widgets with intuitive inter-
faces to handle the acquisition accordance KR se-
mantics. For example, we implemented a semi-
formal view for semi-formal Asbru. Semi-formal
Asbru is a simplified version of Asbru, with similar
semantics to the full version, but with somewhat
less complex syntax. The main reason we use semi-
formal Asbru is to improve the collaboration be-
tween the EP and the KE during the GL specifica-
tion process, especially after an EP semi-structured
the GL and before a KE semi-formalized it. Semi-
formal Asbru has most of Asbru's KRs such as
plan-body which embedded the procedural knowl-
edge of the GL and acquired with the Hierarchical
Plan Builder Tool and conditions (e.g. eligibility
completion, and filter condition) for describing
time-annotations and simple temporal constraint
which are acquired with the Expression Builder.

The Hierarchical Plan Builder

The semi-formal representation level is usually
specific to each selected GL ontology, therefore, we
have implemented the Hierarchical Plan Builder
(HPB) (see figure 3), which is customized for the
procedural aspects of the hybrid Asbru ontology
(e.g., the plan-body KR in the case of the hybrid
Asbru ontology). However, most of GL ontologies
describe the procedural knowledge as a hierarchy
of plans and sub plans, thus, this tool is actually
quite generic. The HPB facilitates the task of de-
composing the GL into sub-guidelines in a trans-
parent process: The first step towards decomposing
the GL into sub-plans is very straightforward and
usually performed by the EP by specifying in gen-
eral fashion the GL structure using an initial plans
with basic semantic type (see figure 3). This type
can be Intervention (e.geducation, Procedure, or
Drug types) or more general a8bservation or

Follow-Up types. In addition, we allovGeneral
plan, which its type will define later. For referring
a pre-defined GL in DeGelBublic-Ref plan can be
created. When needed control elements, plans with
semantics ofperiodic, condition, or Saitch-case
can be defined. Each plan is candidate for decom-
posing into sub-plans. When it decomposed, a new
sub-level is created with at least two plans which
are might further decomposed as well. In addition,
control structure of ordering (e.g. sequential, paral-
lel) might be added for each group of plans in the
same level (see figure 3). A labeled portion of text
with the plan's description can be related to each
plan from its parent plan textual content. In the
next step, which usually performed by the KE, or
together with the EP, the user further specifies the
plans and its sub-plans into semi-formal format
(semi-formal Asbru in this case). For example,
each plan with initial semantic type (e.g., drug,
education) is'To-Be-Defined" plan in semi-formal
Asbru. A decomposed plan specified &bplan”,
periodic plan asCyclical", and conditional plan as
"if-then-else” in the semi-formal Asbru. Condition
and switch-case plans have an expression as part of
their semi-formal Asbru semantics. This expression
can be specified in a semi-formal format using the
Expression Builder). Thus, the HPB is a bridge
between the EP and the KE, enabling collaboration
towards the semi-formal and formal representation
levels.

Figure 3. The Hierarchical Plan Builder in GESHER,
showing how the procedural aspects for the guideline
being specified. In this case, a plan for IV treatment of
the Pelvic Inflammatory Disease, which specifies three
different regimens that should be performed in parallel

The Expression Builder

Conditions (e.g., filter, complete) are one of the
most important KRs in hybrid Asbru. A condition
is a boolean expression which is evaluated to true
or false. An example of using condition as filter
condition is when trying to formalize the sentence
"a pregnant woman whose hemoglobin level is
greater then 20.gl/dl". The graphical widget used
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within the GESHER system for defining conditions
is called the "Expression Builder". IDAN language
[14] used as the default formal query language.

The Formal Level Representation View

Our research focused mostly on the semi-formal
level, which is the main phase in the GL specifica-
tion process. After this phase most of the GL speci-
fication was defined and the KE can continue to
the final step, the formal representation level. Nev-
ertheless, work was done towards full-structured
level: expressions, time annotations and simple
temporal patterns which are conditions can be ex-
pressed with the Expression Builder and thus ena-
bling execution in the IDAN by Spock system.
Discussion

We have presented GESHER, a client application
graphical tool for specification of clinical GLs in
multiple representations and in multiple GL on-
tologies. By using the GESHER tool, which is in-
dependent of any particular medical domain, the
specification process of the GL becomes smooth
and transparent, enabling collaboration between EP
and KE. Using previously defined terms, GESHER
can be characterized as bothdacument-centric
and amodel-centric tool, since it supports both a
bottom-up ontology-driven semantic markup of the
source document (mostly for declarative knowledge
roles), as well as a top-down construction of the
procedural body of the GL. GESHER uses DeGeL
as the procedural knowledge server, allowing stor-
age and re-use of knowledge that was acquired us-
ing graphical widgets which are generated for
each knowledge role, for any representation level.
Finally, temporal abstracted knowledge base en-
ables declarative specification of the GL, and terms
from standard medical vocabularies can be
searched and use in the GL by using the MEIDA
search engine.

An ongoing evaluation of the GESHER tool is
currently being conducted as a joint study with col-
laborators in several clinical domains, with encour-
aging preliminary results. We have developed a
methodology for the markup process and for evalu-
ating the tool according to a detailed scaling and
grading scheme. Future work on the GESHER
framework will focus on the formal representation
level. We aim to develop additional graphical wid-
gets to support the specification of formal. In addi-
tion, we expect GL ontology designers to develop
additional widgets to support the semi-formal, and
formal views of other specification languages.
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