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Abstract

WHO has defined three standards for classification and terminology used in Healthcare
Information Systems: ICD (International Classification of Disease), ICF (International
Classification of Functioning, Disability and Health) and ICHI (International Classification
of Health Intervention). They are used for clinical and diagnosis coding, classification of the
health components of functioning and disability, and classifying procedure codes in
medicine respectively. These classifications provide the terminology to describe clinical
data and diagnosis. To represent the semantic meaning of e-patient records, WHO launched
a project of implementation of ICD-10 plus, ICD-11 draft and ICD-11 Ontology in March of
2007. The new ICD standard guides the classification and representation of knowledge of
clinical data. So, what is the next generation of e-patient record? How does the e-patient
record move from being information-based to being knowledge-based? What kinds of
research questions need to be tackled in the new evolution of e-patient records?

1. Introduction

WHO defined three standards for classification and terminology used in Healthcare
Information Systems. ICD is an international classification of disease for clinical and
diagnosis coding (World Health Organization?, 2008). The classification ICF (International
Classification of Functioning, Disability and Health) complements ICD, which contains
information on diagnosis and health condition, but not on functional status (World Health
Organizationb, 2008). ICHI (International Classification of Health Intervention) is for
classifying procedure codes in medicine (World Health Organizationc, 2008). The vision of
ICD (World Health Organization, 2007) is to assist in public health policy, resource
allocation and monitoring outcomes by recording mortality, morbidity and other population
health parameters. In addition, ICD aims to support clinical decisions and health system
management and to be integrated into routine practice in different settings, including
primary care, more specialized clinical care and research.

In order to transfer the e-patient record from an information to a knowledge-based system,
the new vision of ICD aims to guide the classification and representation of knowledge of
clinical data. It expands the level of detail of classification entities by linking them to
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standard description of signs, symptoms and other descriptors of illness (World Health
Organization, 2007). Thus, the new version of ICD (10 plus, 11) is appropriate for using
electronic health records for knowledge capture and sharing. To represent knowledge
adequately, the classification will be built using ontological tools with various domains such
as constellations of signs and symptoms, severity and course, as well as genetic and other
information. This ontological approach enables standardized information processing and
communication by computers in e-health applications, and facilitates knowledge capture
and sharing across different healthcare information systems. Therefore, the aims of this
paper are to discuss what the next generation of e-patient record might look like, how the e-
patient record moves from being information-based to being knowledge-based, and what
research questions are to be tackled in the new evolution of the e-patient record.

2. How ICD Standards Facilitate Knowledge Capture and Sharing

As stated in the white paper on ICD (World Health Organization, 2007), ICD-10 Plus is a
web application that allows users to enter structured proposals for ICD revision for
standardization of the exchange and communication of e-patient records. ICD11 draft aims
to define the ICD ontology. The selected expert can use a wiki-like structured joint-
authoring tool to define the health/medical terminology (e.g. the name of each entity,
relevant inclusion and exclusion terms and a textual description), taxonomy rules (e.g. in
what chapter or section in the classification tree, and whether it is a disease, disorder, injury,
syndrome, sign, symptom, other), and clinical and/ or research rules for diagnosis and place
them into the WHO web portal. Expert drafting groups will use terminology/ontology tools
such as SNOMED (The International Health Terminology Standards Development
Organisation, 2008) and/or any other terminology (NANDA International, 2007; National
Cancer Institute, 2008) to identify core constructs and concepts of ICD11. A taxonomic
review, clarification and comment on the proposed ontology will be carried out by WHO
experts, scientific peer review and the public afterward. Thus, ICD11 facilitates creating
knowledge linkages and algorithms for symptom-diagnosis or diagnosis-treatment decision
support. Since ICD11 standardizes the health/clinical/medical terminology and medical
records so that the patient data can be represented and exchanged in semantic manner, it
supports and facilitates knowledge capture, creation and sharing in health/nursing/
medical diagnosis and treatment.

3. Next Generation of E-patient Record

The next generation of e-patient record can be divided into four layers (see figure 1 below).
The data and transaction layer has the traditional healthcare transaction information
systems, such as e-patient record and medical insurance claim systems for storing and
archiving the patient’s personal profile, insurance profile, clinical data and transaction data.
Thus, this layer is designed for data input and is used by the clinical professional such as the
nurse, physician and accounting manager for their daily activities.
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Fig. 1. The information architecture of the next generation of e-patient record

On top of the data and transaction layer, the ontology layer provides the
health/clinical/medical ontological tools such as ICD11 for ontology management and
ontology-based patient record management. Ontology management provides the services
of co-authoring, mapping and exchanging the ontologies from different sources. The
defined ontology is stored in ontology databases. Ontology-based patient record
management parses and processes the ontology from the ontology databases for
implementing the ontology-based patient records. In addition, this layer provides a patient
record mapping service to map different record standards and formats of healthcare
information systems for patient record exchange.

The information layer on top of the ontological layer provides the service of
health/clinical/medical information retrieval and reporting. Healthcare management and
policy makers can retrieve the information and report on population health, healthcare
outcomes, and administration plans. This enables the healthcare management and policy
maker to better plan infection control and disaster prevention, healthcare initiatives, and
healthcare resources allocation and scheduling.

On top of the information layer, the knowledge layer provides the services of medical
intelligence, personalized patient record management and health monitoring and alerts. By
using the symptom-diagnosis and diagnosis-treatment rules defined in the ontology,
medical knowledge and a knowledge base can be created for decision support. In addition,
since all e-patient records are stored in semantic manner using computing power and
artificial intelligence, similar cases and medical rules can be discovered. This facilitates the
development of a case-based, rule-based or expert-based clinical/medical intelligence
system. Further, the symptoms, diseases and treatment from different cases can be related
and evaluated to generate a clinical/medical outcome assessment. Most importantly, the
patient’s health profile can be personalized and evaluated by relating the patient’s medical
records with the signs and symptoms, symptoms with diagnosis, diagnosis with disease,
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and disease with treatment knowledge. As a result, the patient’s health can be monitored
and alerted. In addition, the captured rules can be used to generate a health/medical
knowledge map or knowledge base. By using the health/medical knowledge map and
patient records, population health status and distribution can be captured so that infection
and disease control can be exercised. Lastly, by reviewing the healthcare system and the
health of the population, health professional knowledge capital and assets can be measured
and planned.

4. Transforming E-patient Record from Information-based into Knowledge-
based

In the past few years, researchers have studied how to develop and integrate the medical
ontologies (Charlet et al., 2006; Jon et al., 2007; Lee et al., 2006; Meton et al., 2006) and apply
them to medical knowledge management (Dieng-Kuntz et al., 2006; Haung & Chen, 2007;
Shah et al., 2007). Thus, the next generation of e-patient records will transfer from being
information-based to being knowledge-based (see figure 2 below). All the health/clinical/
medical ontologies are standardized and mapped. The health/clinical/medical knowledge
such as symptom-diagnosis rules, diagnosis-treatment rules, etc., is captured and codified.
By using the patient records data and ontological representation and rules, new
health/clinical/medical knowledge can be created and discovered. The ontology, patient
records and new health/clinical/ medical knowledge are shared and exchanged over the
virtual integrated platform so that patient health knowledge profiling and healthcare system
monitoring and control can be exercised.
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Fig. 2. Transformation from information-based to knowledge-based records in the next
generation of e-patient record

In summary, the next generation of e-patient record has the new features of semantic patient
record management, health/clinical/medical knowledge representation, integrated
ontology-based e-patient record, virtual medical knowledge collaboration, sharing and
exchange, medical, clinical and healthcare reporting, monitoring and forecasting, intelligent
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medical knowledge repository, personalized health knowledge management, and healthcare
system knowledge management and capital measurement.
Research Questions to be Tackled in Next Generation of E-patient Record

Therefore, the research questions to be tackled in the next generation of e-patient records
include (but are not limited to):

e How to apply wiki-features and technologies to develop a co-authoring platform for
ontology creation and sharing?

¢ How semantic web representation language and technologies represent the semantic
meaning of the e-patient record?

e How to construct a knowledge map of medical symptoms, diagnosis and treatment
as a knowledge base?

e What knowledge can be discovered from the symptom-diagnosis rules and
diagnosis-treatment rules of medical ontologies and e-patient records?

e Research on the algorithms of ontology-based text mining to discover knowledge,
such as symptom-diagnosis, diagnosis-treatment, etc., from e-patient records.

e How to map different clinical/medical ontologies such as ICD10, SNOMED, NCI
ontology, Gene Ontology, MGED Ontology, MedDRA, VANDEFRT, LOINC, and
GALEN across different healthcare information systems?

e  What web services and semantic web technologies are to be used for virtual patient
record exchange and sharing?

e How to apply web/knowledge management technologies for personalizing patient
records and profiles?

e How to apply data and text mining techniques for health monitoring and alerts?

5. Conclusions

The next generation of e-patient record standardizes the health/clinical/medical
terminology. All the patient data can be represented in a semantic manner so that it
facilitates knowledge capture, creation and sharing in health/nursing/medical diagnosis
and treatment. The research questions to be tackled for the next generation of e-patient
records cover the research topics of ontology knowledge representation and co-authoring,
the ontology engineering process, social network analysis, knowledge repositories, text
mining, knowledge discovery and knowledge intellectual capital measurement.
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