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Abstract

The market for health care systems supporting physicians and improving their daily
routine is steadily growing. The development of these systems requires handling medical
knowledge and process knowledge. One promising knowledge management technique that
has been applied in various medical assistant systems is Case-Based Reasoning (CBR). This
paper presents selected work from the history of “CBR in Medicine”, clarifying that several
systems already have been developed in the past, but the medical domain also still provides
new problems and challenges, where a CBR-approach can be profitably applied. Currently,
we are developing a CBR-based component, able to retrieve medical documents in written
text form and to convert them into new patterns like a DICOM Structured Report. The
component will be integrated in our existing transparent gateway for distributed data access
to enable the collaboration of several health care organizations.

1. Introduction

“The increasing pressure on health care organizations (HCOs) to ensure efficiency and
cost-effectiveness, balancing quality of care and cost containment, will drive them towards a
more effective knowledge management.” [1]

The costs of health care are increasing dramatically during the last decades, partially
caused by the growing demand for improved health services by patients. Hence, HCOs are
changing their operating philosophies to become profitable, enterprise-like organizations.
Thus, the market for health care systems supporting the health professionals and improving
their daily routine is dynamically growing. One central problem is, that the general
knowledge in the domain of medicine is growing steadily. Nowadays, it is not possible for
one health professional to know “everything”, so the provision of sensible medical knowledge
in certain situations can be advantageous. One promising knowledge management technique
that has been applied in various medical assistant systems to solve this “information problem”
is Case-Based Reasoning (CBR). This technique has been mainly applied in the diagnosis
support area, but it can be applied effectively in other areas of the health care process.
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2. CBR in medicine

The history of knowledge based systems, aiming to support health professionals
during diagnosis, classification of diseases, and other typical tasks, hands back to the
1970s. Representation of medical domain knowledge, formulation of medical
connections as rules, and application of statistical methods to support decision making
have been the first approaches implemented in these early systems. “But all these
systems produced only academic toy solutions.” [2] The main reasons for failure were
the complexity of the domain, huge amount of data, contradicting information and
parameters, incomplete information, and a lot of “exceptional” cases. CBR is a
powerful technology that can handle these problems, so during its relatively young
history, CBR was applied in very different contexts and areas in the large field of
medicine. We present here a small extract of systems. Further information to most of
the systems can be found in the book chapter “CBR in Medicine” [2]; the other systems
are described in the indicated sources.

Several systems are dealing with diagnostic questions: CASEY was used in the
domain of heart failure diagnosis, FLORENCE deals with health care planning, PSIQ
gives diagnostic and therapeutic advice in the domain of mental disorders, GS.52
supports the diagnosis of Dysmorphic Syndromes and TROPIX [3] is used to diagnose
tropical diseases. Image interpretation tasks to support diagnosis are performed by
ImageCreek and SCINA. FM-Ultranet [4,5] supports ultrasonographists during
interpretation of ultrasonographic scans by retrieving similar cases. ProtolSIS and
MacRad classify medical images, whereas other systems classify special disease patterns
like eating disorders (MNAOMIA). ROENTGEN, COSYL, and ICONS support health
professionals during therapy planning, and CcAMP plans personal and material
resources.

Prognosis is a topic, where attention was paid to recently. Example-systems are
TeCoMED, whose task is the forecasting of epidemics of infections diseases, TA3IVF [6]
that aims to increase the success rate of in vitro fertilization, and cim [7] that aims to
prevent clinical incidents in general practice. Representatives for Tutoring systems are
PlanAlyzer that provides knowledge about anemia and coronary heart diseases and
NeurologyTrainer that instructs users in the neurological domain. PHIGDS [8], whose
idea is the provision of an “intelligent” Web-portal, can be seen as a configuration
system.

3. CBR alone is not enough

The evaluation studies performed for some of the systems presented in section 2 are very
promising, but despite these optimistic results, only few systems are really applied in
everyday practice. In our opinion, the reason for the few spreading is that the majority of
systems is not really integrated into the environments of the HCOs or that they are only
integrated into the special environment of the medical research partner. But “parallel” and
additional systems will not be used. Medical information systems aiming to increase the
quality of decision-making and problem-solving must provide relevant knowledge in the
current work context and must cooperate interactively with the health professionals. This can
mean the presentation of similar cases, the (statistical) analysis of data, or the suggestion or
verification of a diagnosis, treatment procedure, or drug-dose. Thereby, the main problem is
the integration of human agents and software agents and the division of labor between them.
For the development of a flexible, interactive system, the examination and understanding of
the processes in an HCO is of high importance. As a top-level process, the administrative
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workflow can be identified, consisting of several other sub-processes belonging to one of the
following groups:

o Reasoning Processes: Processes handling with diagnostic, planning, and prognostic
issues, e.g., the diagnosis of a certain disease, the development of a treatment plan, or
the assessment of the chance for an epidemic outbreak, can be categorized into this
first group of processes. For them, techniques like CBR are suitable and these are the
processes typically supported by the systems presented in section 2.

e Guidelines: They concern special examinations, e.g., the radiological examination of
the knee, and can be defined as “systematically developed statements to assist
practitioner and patient decisions about appropriate health care for specific clinical
circumstances.” [9] or “as an attempt to distill a large body of medical expertise into
a convenient, readily usable format.” [10].

e Organizational Processes: These processes are usually simpler than the others, but
they are nonetheless necessary steps in the administrative workflow. Processes like
the registration of a patient at the registration desk, his/her waiting in the anteroom of
the X-ray tube, or the referring to another HCO belongs to this third group. Important
for their modeling is the specification of time and location.

After CBR technology itself has proven its usefulness in medical domains, especially for
the support of reasoning processes, the main focus of research should now be set to the
integration of such “CBR-modules” into a system, supporting medical processes. Therefore,
flexible solutions have to be designed and implemented which can be integrated in HCOs
easily; knowledge about typical processes in HCOs and special processes in the usage
environment must be gathered and represented. Only then a CBR-module can be accessed at
the place where diagnosis is performed and in the time when it is performed.

4. Integrating CBR with DICOM and SNOMED in medical information
systems

4.1 Motivation

In our German-Brazilian cooperation project Cyclops, we are developing intelligent
software to support radiological hospitals and clinics for several years now. We also
have developed solutions for very special problems, amongst others a system to detect
breast cancer in contrast enhanced MR sequences early [5], a system to reconstruct and
measure aortic aneurysms for the design of personalized endoluminal prostheses [11],
and an application to detect and quantify Neurocysticercosis in CT scans of epileptic
patients [12]. All these systems are used in the daily routine of our partner hospitals and
clinics in Germany and Brazil, because they are connected with CyclopsDistMedDB,
our transparent gateway for distributed data access in DICOM' format [13].
CyclopsDistMedDB is Client/Server based and is installed on every computer within
the hospitals, so during every process step (registration of the patient, anamnesis,
diagnosis, etc.) all information stored for a patient can be accessed and all our
specialized tools can be triggered.

CyclopsDistMedDB does not only support the collaboration within one HCO, but
also supports collaboration between several HCOs, e.g., by the possibility to send
DICOM images or DICOM Structured Reports [14,15] via E-Mail to a colleague. We
want to enhance the collaboration possibilities, having the following Scenario in mind:

! Digital Imaging and Communications in Medicine
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In an outpatient primary care unit, such as a in Latin America, the clinician is
confronted with a patient showing symptoms which probably are related to a pathology
that is difficult to diagnose and which the doctor has never encountered before. The
doctor needs more information to confirm or rule out a hypothesis. Therefore, he or she
can not only search in the own electronic patient record and databases for similar cases
and the related reports in DICOM or another format, notes, advisories, etc., but also in a
shared database of several incorporated HCOs. Thereby, these HCOs does not
necessarily need to be located in one country; on the contrary, a collaboration “without
frontiers” is advisable, e.g., to have an adequate number of cases for very seldom
pathologies.

4.2 Our approach

During the design and planning phase of our new collaboration component, we have
evaluated the applied information systems, especially of our “new” medical partners.
We found out, that in many HCOs, especially in non-radiological hospitals, the
information systems are mostly focused on administrative and financial aspects than on
clinical patient information and although the spreading of DICOM-based electronic
patient records is steadily increasing, it is still common to register all the clinical
patient information such as anamnesis, diagnosis, prescriptions, and others in
unstructured written texts form. Our medical partners that already use DICOM have
established it no more than a few years ago, and the majority of knowledge and patient
information is still stored as plain text. Thus, in medicine - like in most other areas - the
mainly used communication medium is still written text. But in such a way of
communication, different languages, synonyms, figure languages, etc. are used, which
are difficult to interpret and conduct to errors. So, the written text form in the medical
area has the same interpretation problems like in other areas, even though a technical,
medical language is used.

Therefore, the success of a collaboration component is hardly depending on an
intelligent retrieval component, able to relate very different information sources and to
compare them. A CBR approach is flexible enough to combine several storing
techniques and patterns and its retrieval method always leads to a solution, allowing the
effective use of medical information systems. So, CBR can enhance a simple database
with only few relevance to an “intelligent”, relevant one. This retrieval component is
currently under development. We combine several knowledge sources like papers,
printed films, clinical patient information such as anamnesis, diagnosis, and
prescriptions in written text form, medical data such as patient data, images,
waveforms, and structured reports stored DICOM format, and SNOMED terms.
Especially SNOMED [16] is very important for our system, because it contains a
variety of standardized medical terms and synonyms, which are important for the
similarity assessment.

The retrieval component can be used in the following way: a physician wants to find
all relevant information for a case, e.g., he or she uses a DICOM Structured Report of a
current patient’s case as query and can retrieve suitable old reports in text form,
relevant passages from medical text books, and DICOM Structured Reports of other
similar cases. This helps to shorten examination time, because the physician can access
all relevant information from his or her computer and does not need to search in the
library, in archives, and in the PACS? manually. So this system will automatically be
integrated into the administrative workflow.

2 picture Archiving and Communications System
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Our approach lends itself to provide also a converter for different patterns:
information from old medical texts can be retrieved and can be converted to a new
pattern like a DICOM Structured Report. Another advantage is the transparence for the
health professionals: they can use their written medical texts and transfer them to
information systems in an easy way, motivating them to use the system without
impositions. Thus would have additional benefits for the new health professional’s
apprenticeship, because they could use the database to find similar cases to compare
with the one that they are carrying on. Experts who look for solutions in the shared
database of several incorporated HCOs in difficult cases can take the same advantage.

5. Discussion

Additional to the focus on CBR, research has also to be done in the process modeling
and workflow area, because only a combination of these technologies has a chance of
being accepted and used by health professionals. It is essential to identify the process
steps in the medical workflow, where CBR-based retrieval can support knowledge
intensive tasks. During the last years, research has already started and several systems
supporting guidelines and dealing with the execution and analysis of organizational
processes have been developed [5]. First steps heading in the direction to support the
complete administrative workflow have also been performed and good representatives
are Ward-in-Hand [17] and the “Communication approach” [1].

For future developments in medicine, a look at other areas is advised: The German
Research Center for Artificial Intelligence (DFKI) in Kaiserslautern, Germany, handles
with explicit modeling of business processes and their enactment in workflow systems
for several years now [18] and their process-oriented view has proved to be valuable in
increasing the efficiency of work in organizations. Another alternative is to tailor a
process-centered software engineering environment (PSEE) like MILOS (Minimally
Invasive Long-term Organizational Support) [19] that was developed for supporting
software development processes. However, clinical processes can be considered as
somewhat similar to software development processes because they usually follow a
basic methodology but must be flexible at each particular step. The advantage of
MILOS would be that it already supports multiple alternative methods for individual
processes and that the decision, which method to choose next, can be deferred to
execution time. Furthermore, a decision can be retracted or, even better, the entire
process can be redefined at any time.

The main challenges in the medical domain are the flexibility of the processes and
the huge amount of experience based knowledge. This is the main difference to
technical domains, where the knowledge can easily be formalized. CBR is a key
technology to support knowledge needs in flexible medical processes, but it is
important to intelligently integrate CBR-based applications within the administrative
workflow.
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