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Abstract. Supporting medical processes is among the most difficult
endeavors. In contrast to uniform and unvaried workflows, the complex-
ity and dynamics of patient treatment processes prevents the application
of standard methodologies and tools, such as workflow systems. Despite
long-term research in flexible and adaptive workflows as well as com-
puterized clinical guidelines there are hardly any applications used in
clinical routine. However, Standard Operation Procedures are a key ele-
ment for any hospital to continuously improve their processes with regard
to quality of patient care as well as resources required. Based on a three-
level representation of know-how about patient care and treatment, we
present a methodology for a stepwise formalisation and automation of
clinical guidelines embedded into a patient data management system.

1 Introduction

Patient care and treatment certainly constitutes a knowledge intensive endeavor.
Knowledge about indications and treatment options is overwhelming and each
member of an intensive care unit is confronted with a continuous and dynamic
flow of information about the patient [1]. Increasing numbers of implementations
of quality management procedures in addition to cost pressure foster the applica-
tion of best practices according to evaluated standards [2]. Hence, a methodology
for capturing the know-how about processes and the use of this know-how for
process guidance is an essential ingredient for any hospital management.

Several knowledge and process management approaches have been proposed.
A clinical pathway describes a complete diagnosis and treatment plan during
hospitalization of a patient related to a diagnosis or a symptom [2]. Such struc-
tured care plans are aimed to reduce variability, to reduce cost and to increase
quality of care by describing essential steps in the care of patients with a spe-
cific clinical problem while each step may be formalized in terms of a Standard
Operating Procedure (SOP).
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Clinical practice guidelines are ”systematically developed statements to assist
practitioner decisions about appropriate health actions for specific clinical cir-
cumstances” (Field/Lohr, Institute of Medicine, 1990). In Germany, ”Leitlinien”
are medical and scientific recommendations for medical treatment in specific sit-
uations. They are issued by national and medical associations. Notably, they do
not deal with any economic issues and have no legal implications such as liability
(http://www.bda.de).

This body of information about patient care and treatment is increasing due
to its promotion by organizations around the world: Internet portals such as
http://www.guidelines.gov and http://www.leinlinien.de offer access to guide-
line repositories in text format such as HTML, Microsoft Word or PDF.

Once providing a uniform modeling methodology, repositories of formalized
clinical and medical processes will establish reference processes and hence en-
able the reuse of evidence-based knowledge. Thus, health care providers can
share their knowledge about treatment eventually leading to the establishment
of standards across hospitals.

However, formal representations of this know-how are scarce and often lim-
ited to well structured processes such as the treatment of chronic diseases [3,4].
However, there is little support in complex and dynamic cases.

To start with, one first has to reach a consensus among clinical experts about
best practices. From a technology point of view, there are four major obstacles
for a formalisation and automation of guidelines [5]:

– Diversity of different control patterns for structuring activities, i.e. some
follow well defined paths whereas others need to be re-arranged on the fly
according to the patient’s status;

– Representation of ad-hoc decisions that are based on personal experience
rather than on text-book knowledge;

– Monitoring of the patient’s state of health (in terms of a patient data man-
agement system);

– Integration into an operational environment.

Project OLGA (Online Guideline Assist) has been conducted as an interdisci-
plinary endeavor of physicians and computer scientists to develop a methodology
for the capture of processes in the clinical domain and the utilization of these
processes for online assistance in terms of guidelines. The pivotal objective of
OLGA is the translation of mainly text-based guidelines into executable work-
flow (fragments) with a full-fledged integration into patient data management
systems (PDMS). In the course of this translation GLIF (Guideline Interchange
Format) [6] is employed as intermediary between medical and technical spec-
ifications. Moreover, awareness concepts are included in the PDMS to make
physicians aware of recommendations for treatment or any change of a patient’s
condition.

This paper is organized as follows. Section 2 reviews the state-of-the-art of
computerized support for medical processes. Then, section 3 presents our ap-
proach for online guideline assistance for hospitals with a focus on intensive care
units, which can be characterized by their high level of process complexity and
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vitality. A particular focus will be put on workflow support that builds upon
an existing PDMS. Section 4 describes the implementation of our system at
the level of executable guidelines, while section 5 concludes with an outlook on
future services that are enabled by our core implementation.

2 State of the Art: Process Support

Research on the support of medical processes can be traced back as early as the
70s when expert systems offered support in the execution of clinical guidelines
such as ONCOCIN [7]. At that time, those systems were standalone expert shells
requiring manual input of patient data due to a lack of electronic patient records.
In addition, as stand-alone tools they were not integrated into the clinical work-
flow, but external applications that required massive user attendance.

Today, recent patient data management systems (PDMS) offer electronic ac-
cess to the complete dataset of a patient, enabling the development of online
support systems.

On the one hand, workflow management approaches are moving to the med-
ical domain. Flexible solutions are investigated and some have been applied to
the medical applications. On the other hand, experts in the medical domain
studied computerized clinical guidelines, yet rather independently from classical
workflow management.

2.1 Workflow Management

For many years, automating office and production processes has fostered the de-
velopment of various kinds of workflow systems. A model of processes, activities
and resources is specified which is interpreted by a runtime engine to distribute
tasks and data among users and applications. Numerous standards exist (see
e.g. www.ebpml.org or www.bpm-guide.de), which differ by support for different
standards, products, vendors or domains [8].

Workflow systems come to their full potential when standardized, fixed process
flows exist. However, in many cases and domains this condition is not met, be-
cause processes cannot be fully specified a-priori (complexity) or too many con-
text specific dependencies alter the flow (dynamics) [9]. Thus, means to increase
flexibility in workflows are a topic of intensive research including:

– Workflow models are changed during execution: the runtime engine reacts on
pre-defined events and conditions and alters the process according to a list
of rules. Well known representatives of this approach are Event Condition
Action rules (ECA) used e.g. by AgentWork [10];

– Generic place-holder processes will be replaced during runtime by frag-
ments from a repository of alternative implementations (e.g. Worklets in
YAWL [11]);

– Instead of using a fixed, predefined process model a set of process fragments
are combined during runtime according to rules and constraints [12,13] or
its configuration is interactively supported [14];
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– The case handling approach replaces the explicit model of activity flow by
implicit routing, i.e. activities are enabled if its preconditions are met. Con-
ditions are based on the data of the process [15,16].

Flexibility is mainly achieved by two techniques [17], viz flexibility by selection
or flexibility by adaptation. Selection is supported for example by the Worklet
approach [11] and allows to build a hierarchical repertoire of alternative process
implementations which are selected during runtime based on the specific context
of the executing instance. This allows to modify and extend alternatives inde-
pendently from the overall process specification even during runtime. However,
this kind of selection is useful mainly when the requirements for flexibility in
the workflow process can be identified in advance. In other cases, flexibility by
adaptation is needed. Adaptation means the modification of either the work-
flow schema or the current instance. This adaptation can be based for example
on rules [10], constraints [13] or user decisions [14]. However, current enterprise
workflow standards and engines do not have broad support for this kind of
flexibility.

Besides the many approaches for making classical workflows more flexible
by techniques such as ECA rules, innovative approaches, such as case handling
and ad-hoc workflows, exist. However, despite naming the medical domain as a
model environment, the mapping of clinical guidelines to classical or adaptive
workflows still needs further research.

2.2 Computerized Clinical Guidelines

A number of methods have been developed during the last decade to support
the computerization of guidelines [3,18]. These vary from XML-based document
formats over rule-based decision support systems to workflow-like execution sys-
tems (see http://www.openclinical.org for a comprehensive list).

The intention in which a guideline modeling system has been developed sig-
nificantly influences the scope of the model: support for

– different types of guidelines,
– different modes of use,
– adaptation of guidelines for local use,
– integration with institutional systems,
– revision tracking, and
– managing complexity.

Hence, different representation formalisms and computational techniques, such
as rule-based, logic-based, networke-based and workflow-like, are used and each
system puts a specific emphasis only on certain aspects such as specification of
intentions or formal languages [6].

Despite differences in the technical realization, each approach models care
delivery as a process, a chain of activities over time, decisions and condition
states.
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In the end, the process and decision models shall be automatically executable
by execution engines. However, existing execution engines are mainly proprietary
implementations by the authors of the models as a proof-of-concept and only
a few have been commercialized (e.g. PROForma [19]). None of the guideline
systems except GUIDE [20] has been built on top of enterprise standards or
tools.

The authors of GLIF and PROforma investigated an approach of Guideline
Execution by Semantic Decomposition of Representation (GESDOR) [21]: while
developing a common standard modeling language for guideline specification
seems to be impractical, the various models share common tasks and elements
on an implementation level in an execution engine.

Primitive tasks such as data collection, decision making, branching, and syn-
chronization as well as auxiliary tasks, such as criterion evaluation and event
management, are common to all models. Each of these tasks can be described
by a set of input and output elements, subtasks and constraints. As such, the
GLIF and PROforma models have been mapped to these generic tasks. The
GESDOR engine – which is based on GLEE (see below) – was able to success-
fully execute guidelines of either models. However, no attempt has been made
to map these execution primitives to standard workflow concepts.

Clinical guidelines and SOPs do not represent process models as defined by
workflow management. They are a set of rules that gather knowledge about pa-
tient care and medical treatment. Only some of them include process fragments.
Most projects focus on the modeling of expert knowledge. In doing so, the models
are used for planning tasks or certain analysis [22]. So far, hardly any considers
an automated execution of a guideline in terms of a workflow system.

Recent approaches take workflow systems into account but abandon the top-
down specification of guidelines. Instead, activities will be triggered by events
in the workflow system (bottom up) [23]. However, typical workflow properties
such as reliability, security and scalability, are still out of consideration although
they are of importance for any operational system.

3 Our Approach

Our approach is distinguished from related projects in two regards:

– online access to patient data in the course of process execution; and
– interdisciplinary translation of text-based guidelines into workflows that can

be executed on top of PDMS.

It is founded in the HL7-centric patient data management system (PDMS)
ICUdata (http://www.imeso.de) that is operational in Giessen since 1999. GLIF
is employed as intermediary language for capturing know-how about medical
processes.

OLGA obeys a three-step approach towards the capture of know-how for
the automation of clinical guidelines. Figure 1 depicts the different degrees of
formalisation and presents the process of stepwise translation from text-based
representations towards an executable workflow representation.
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Fig. 1. Stepwise formalization of guidelines in OLGA

1. First, a consensus has to be reached on the medical process flow. The defini-
tion is to be based on relevant literature and knowledge sources and has to be
adapted to the specific settings in the ward by experienced domain experts.
This consensus process yields simple flowcharts and textual descriptions.
This first step is in line with guideline definition procedures in the medical
domain.

2. Second, these charts and texts have to be formalized, i.e. have to be trans-
lated into a process modeling language. We use GLIF as an intermediary
language between medical and technical specifications since GLIF is an ac-
knowledged format for guideline modeling.

3. Third, the formal GLIF model is translated into executable workflow lan-
guages with the help of mapping assistants. These workflows then can be
executed by workflow engines like YAWL or JBPM. Despite differences of
the modeling languages in expressiveness, control constructs and the like, the
mapping process shares the same issues: not all domain relevant concepts can
unambiguously be mapped to workflow elements.

3.1 Formalization

In Germany, the Society of German Anesthetists (Bund Deutscher Anästhesisten,
BDA) and the Society of Anesthesiology and Intensive Care (DGAI) operate a
SOP exchange platform in the Internet. We have analyzed 23 SOPs from this
repository according to formalization in GLIF and automation [24].

Even the most detailed treatment procedures require additional annotations if
they are to be automatically executed. Often the description of temporal aspects
and priorities of steps in the care process are too vague, taking interpretation by
the human expert user for granted. For example, the diagnosis of a heart stroke
depends not on a single event but on a complex combination of findings which
have a certain temporal relationship.

Looking into the control patterns of the guideline models, one can find se-
quences, loops and the like as in any other process models [5]. The expressiveness
of Event-driven Process Chains (EPC) has been compared with process samples
collected in hospitals and concludes with the open issues of expressing intuitive,
non-deterministic decisions, modeling the inner dynamics of the patient and its
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effect on the process flow, the complexity of time relations of activities and the
many kinds of iterations. These issues go beyond the possibilities of many process
languages [25].

The Guideline Interchange Format GLIF has been developed as a joint effort of
research groups at Columbia, Stanford, and Harvard (Intermed Collaboratory)
and was first published in 1998 [6]. Its main purpose has been the sharing of
guidelines across institutions. GLIF models are not limited to knowledge about
the treatment process, but also include applicability criteria, strength of rec-
ommendation (for scientific assessment), links to further knowledge sources and
authoring maintenance information.

Specifications of guidelines take place on three layers of abstraction in GLIF.
At the conceptual level, a guideline is drawn as flowchart to catch the generic
chain of activities without having to concentrate on details. These details, e.g.,
data definition, decision criteria and control flow, are specified at the computable
level. The mapping of tasks and data to any institutional system is represented
at the implementable level (which has not yet been defined in GLIF).

The flowchart graph contains nodes for actions, decisions, routing (branch
and synchronization), and patient states. The data model uses the HL7 Ref-
erence Information Model (RIM, see http://www.hl7.org). The expression lan-
guage GELLO [26] is based on the Object Constraint Language (OCL) and has
become an accepted standard by HL7 and ANSI.

The ontology editor Protege (http://protege.stanford.edu) is used as stan-
dard editor for GLIF guidelines. A number of add-ons such as the GraphWiz
for the flowchart or the InstanceTree for editing are available. GLIF guidelines
for vaccination and chronic cough treatment have been executed and evaluated
with about 2000 patient cases using by the GLIF Guidelines Execution Engine
(GLEE) [27].

3.2 Automation and Support

We have been looking into implementation options based on workflow tech-
niques and tools after deciding to support GLIF in OLGA. Two options exist
for automating the formalized guidelines: direct execution by a kind of GLIF
interpreter or indirect execution by mapping GLIF models into another process
language.

For direct execution, a runtime engine such as the Guideline Execution En-
gine (GLEE) for GLIF [27] manages execution states of the model elements
(Guideline Steps) such as active, prepared, started and finished and allows for
user-defined schedules between the states. Such a proprietary implementation
allows developers to concentrate on the automatable subset of the modeling
standard, but is bound to it. GESDOR [21] introduced an interesting approach
by aiming at a kind of virtual machine for guideline execution engines providing
common functions of GLIF and PROforma.

Indirect execution – by translating a GLIF guideline into another workflow
format – allows for utilization of established business standards. It may utilize
already existing infrastructure and inter-operate with other applications. Though
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not all concepts of GLIF can be directly mapped to standard workflow elements
(e.g. events, see below), careful selection and modeling of guidelines can prevent
the usage of not-mappable structures. This approach has been chosen for the
implementation of OLGA.

4 Implementation

OLGA provides tools and services for supporting care providers in the selection
and execution of guidelines. These are integrated into the patient data man-
agement system (PDMS) at the anaesthesiological intensive care unit of the
university hospital in Giessen. Next to each of the 14 beds on the ward is a
terminal showing the electronic patient chart.

The PDMS uses HL7 messages to communicate among clients and the server.
The OLGA execution engine filters relevant messages and triggers activities in
the guideline repository. Activities and recommendations are communicated back
using HL7 and become part of the electronic health record. Visualisation towards
the user is inside the PDMS as part of the patient’s chart.

4.1 System Design

The patient data management system PDMS used in the ICU in Giessen sup-
ports modular information processing. Data are exchanged through HL7 mes-
sages routed by master services between modules [28]. Any change to patient
data is propagated to the database as well as to all clients that operate on
this patient’s data (event-based communication). The communication network
and event mechanism is open not only to PDMS modules but also to external
applications.

The OLGA execution engine implements such an external module. It uses the
notification services to listen to HL7 messages and filters relevant data to trig-
ger guideline execution. Automatically generated advise, recommendations and
request for further input (observations) are sent as HL7 messages and become
part of the patient record. There is no direct interaction between the OLGA
tools and the end-user: medical recommendations as result of a guideline exe-
cution are part of the patient record shown in the user interface of the PDMS
(see Figure 3). Therefore, OLGA integrates with the normal tools and work-
flow of physicians and nurses and does not appear as another tool on top to
handle.

Two options exist for the architecture of OLGA: client/bed-side installation
or as central server. Bed-side terminals have the most complete and current
record of patient data. If the network communication fails, new data about
the patient arrives from manual interaction with the chart and from connected
devices (ventilator, patient monitor). This means, guidelines can be executed
locally even if there is no connection with the network. Synchronization with
the database and other clients is handled by the local communication master.
Therefore, client-side seems advantageous with respect to reliability, safety and
scalability and hence has been chosen for the implementation of OLGA.
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4.2 Formalization Using GLIF

We have modeled several guidelines in GLIF using Protege. The guidelines com-
prise weaning from long-term ventilation, SIRS/sepsis therapy, acute coronary
syndrome and scoring. The examples ought to cover all kinds of control struc-
tures, interaction patterns and data patterns. Our experience using GLIF needs
to be distinguished between GLIF itself and the modeling tool Protege.

Fig. 2. Simplified weaning protocol modelled in GLIF

Using a flowchart at the conceptual layer is perceived very well among users.
It is an intuitive graphical representation of the flow of activities. The simple flow
can be successively orchestrated by events, conditions and decision rules. How-
ever, it is not easy to decide which should go on either level. In our experience,
users tend to put as much as possible on the graphical level: for example decision
criteria are modeled as a chain of Decision Steps instead of a single decision
containing a set of rules. It is argued that although the flowchart becomes more
complex, the reasoning about the algorithm as well as comprehension is felt to
be better.

Partly, the confusion is caused by the Protege modeling tool. While Protege
is a well known and often used tool for modeling ontologies, it offers little sup-
port specific to GLIF modeling. Its generic view on ontologies as classes, slots
and instances makes editing more complicated. Usually more than ten windows
are open when modeling a GLIF decision criterion. In addition, some functions
seem to misbehave, for example the arrows in the graphical widget and the cor-
responding attributes in the model (next step, branches) are not synchronised
leaving the model prone to constraint errors.

As a consequence, we decided to build a graphical editor for OLGA guidelines
more focused on the medical end-user. While being inspired by GLIF, Protege
and other workflow editors will allow us for more flexibility towards visualization,
simulation and advanced modeling features not yet specified [25].
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4.3 Workflow Mapping

We have implemented a mapping assistance tool to be used by the knowledge
engineer to translate GLIF models into jPDL to be executed by jBPM. The
JBoss Business Management Framework jBPM by Jboss is a flexible and ex-
tensible open-source environment for executing workflows specified in the jBPM
Process Definition Language jPDL (http://www.jbpm.org). The graph oriented
programming model can be easily extended by own node types and therefore
looks promising for implementing GLIF execution. Further, jBPM can easily be
integrated with the leading Jboss application server as well as the rule engine
Drools (for rule-based decision support).

Based on the Protege API, OLGA reads the GLIF model and translates step-
by-step to jPDL. In principle, each guideline step maps to a node in the workflow
model and relations are mapped to transitions. Advanced concepts such as in-
terpretation of decision rules are delegated to specific classes (implementations
of the interface Action Handler in jBPM). Also, task specifications in GLIF
(Action Specification) are mapped to Action Handlers in jBPM. It can be
observed, that it is the first of the three conceptual layers in GLIF (conceptual
layer) that is mapped straight forward to the workflow whereas the details on
layer two and three are implemented by extensions to the workflow engine. A
more in-depth discussion on the mapping can be found in [29].

The following excerpt shows the beginning of the weaning protocol mapped
to jPDL workflow language in XML. The workflow is used to implement the
transitions between action states whereas the implementation of the action is
delegated to external action handlers (e.g. GetInputAction to read the re-
sult of the spontaneous breathing test (parameter sbt status) of the current
patient).

...
<node name="order SBT">

<action class="jpdl.handler.WriteOrderAction">
...

</action>
<transition to="wait for SBT" />

</node>
<node name="wait for SBT">

<action class="jpdl.handler.GetInputAction">
<parameter>sbt_status</parameter>

</action>
<transition to="SBT ok?"/>

</node>
<decision name="SBT ok?">

<transition name="no" to="wait 4h"/>
<transition name="yes" to="order sedation reduction">
<condition>#{sbt_status == "ok"}</condition>

</transition>
</decision>
...
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The converter was tested successfully first for process-oriented test cases spec-
ified in GLIF and then using simpflified clinical guidelines. Guideline Steps,
Action Specifications and decision conditions are mapped whereas iterations
and events are to be done.

4.4 Automation

The current state of the implementations allows for the automation of the se-
lected guidelines. For example, a simplified version of the SOP for weaning of a
patient from automated ventilation has been formalized and converted into an
executable workflow.

Whenever a ventilated patient arrives on ward, the guideline/workflow is trig-
gered. It enters an order into the chart for additional findings such as ”Is patient
status ok?” and ”Is patient awake?”, if not already present in the record, to
trigger the next steps (”reduce sedation”, ”extubate”).

Fig. 3. Patient chart of the PDMS showing an order entry triggered by the weaning
protocol

In Figure 3 one can see the entry to reassess the state of ventilation of the
patient as entered by the automated workflow. The order was triggered by the
patient being intubated and ventilated afterwards (”orale Intubation”).

Although rather simple in its current state, the process shows all patterns of
[5]. Whereas activities in each of the ventilation and sedation threads are sequen-
tial, both threads happen in parallel. Exceptions occur, if a patient extubates
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himself. Advanced iteration specification is necessary, because patients should
not be extubated or woken up (sedation) during night time.

Our tools will implement a framework that will allow us to try various ap-
proaches of process mapping to overcome the described problems based on real
patient data in a PDMS. The iterative, bottom-up approach starting with sim-
plified guidelines enables early and continuous feedback by having operational
guidelines applied in daily routine.

5 Conclusion

Computerized support of medical processes has surfaced as challenging research
question. This challenge is founded in the fact, that process management con-
cepts appear beneficiary for process improvements for hospitals at first glimpse.
However, once leaving the domain of administrative processes (where hospitals
currently witness a widespread deployment of EPC-based modelling) and the
domain of well-definable chronic diseases, one is confronted with an increased
complexity and flexibility of medical processes. Although the process manage-
ment community has developed an array of concepts for more flexible workflows,
such approaches still fell short for accurately representing medical processes. On
the other hand, the medical community has developed knowledge representa-
tion languages for the capture of medical processes without accounting for the
execution of processes. Such languages merely allow for the representation of
medical know-how, but they do not support the execution of processes. Our
approach strives to bridge this gap by an interdisciplinary development method-
ology. This methodology allows a stepwise formalization of medical processes
from flowchart-oriented representations in GLIF, via mapping assistants towards
executable process fragments for workflow management systems.

Our approach contributes to two research issues:

1. Formalization of clinical guidelines – Our formalization of medical processes
is based on the knowledge representation language GLIF, which is dedicated
to the capture of processes by medical experts. Various interaction tools
support medical experts in the capture and maintenance of their know-how.
Due to the ambiguous semantics of representations concepts, mapping as-
sistants have been implemented for the translation of GLIF specifications
into workflow specifications.

2. Automation of medical workflows – Once translated into a workflow specifi-
cation, the PDMS hosts the workflow processes. Rather than interacting with
a workflow management system, the physician uses the PDMS as interface
to the workflow system.

Currently OLGA supports the specification and execution of medical processes
on top of an operational PDMS. Until now, the system has been developed in
a testbed environment. Once a reasonable number of medical pathways have
been specified and operationalized, field trials will be conducted in a hospital
environment to evaluate system performance and acceptance. OLGA will be
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tested in daily routine on the ICU ward in Giessen. The permission of the ethics
commission and experience of the personnel in using research prototypes for
electronic patient records make this rare opportunity possible.

In addition, awareness and notification concepts have been studied to explore
options on how to make physicians aware of incoming messages, alerts and cer-
tain changes in a patients record [30]. The primary design goal is to stick with
the interface of the PDMS for workflow interaction.

Future work will address the topics of:

– Evidence-based medicine – Once medical pathways have been used in daily
routine, the electronic patient records managed by the PDMS serve as valu-
able source for data- and process mining of patient care and treatment. Thus,
impacts of specific medical pathways can be traced and evaluated leading to
evidence about medical processes.

– Control patterns – Control patterns have until now only been studied for
business processes [8]. Medical processes have given birth to new types of
control patterns, yet more research is needed to identify typical control pat-
terns and design appropriate means for interaction and support. Initial ex-
periences with the GLIF environment have unveiled such control patterns,
but corresponding workflow counterparts have to be designed.
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