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Abstract 
Electronic health record systems (EHR) are used to store relevant 
heath facts about patients. The main use of the EHR is in the care of 
the patient, but an additional use is to reuse the EHR information to 
locate and evaluate clinical evidence for treatments. To efficiently use 
the EHR information it is essential to use appropriate methods for 
information compilations. This thesis deals with use of information in 
medical terminology systems and ontologies to be able to better use 
and reuse EHR information and other medical information. 

The first objective of the thesis is to examine if word alignment on 
bilingual English-Swedish rubrics from five medical terminology 
systems can be used to build a bilingual dictionary. A study found 
that it was possible to generate a dictionary with 42 000 entries 
containing a high proportion of medical entries using word 
alignment. The method worked best using sets of rubrics with many 
unique words that are consistently translated. The dictionary can be 
used as a general medical dictionary, for use in semi-automatic 
translation methods, for use in cross-language information retrieval 
systems, and for enrichment of other terminology systems. 

The second objective of the thesis is to explore how connections from 
existing terminology systems and information models to 
SNOMED CT and the structure in SNOMED CT can be used to reuse 
information. A study examined whether the primary health care 
diagnose terminology system KSH97-P can obtain a richer structure 
using category and chapter mappings from KSH97-P to SNOMED CT 
and the structure in SNOMED CT. The study showed that KSH97-P 
can be enriched with a poly-hierarchical chapter division and 
additional attributes. The richer structure was used to compile 
statistics in new manners that showed new views of the primary care 
diagnoses. A literature study evaluated which kinds of information 
compilations those are necessary to create graphical patient overviews 
based on information from EHRs. It was found that a third of the 
patient overviews can have their information needs satisfied using 
compilations based on SNOMED CT encodings of the information 
entities in the EHR and the structure in SNOMED CT. The other 
overviews also need access to individual values in the EHR. This can 
be achieved by using well-defined information models in the EHR. 
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Populärvetenskaplig 
sammanfattning 
Datoriserade patientjournalsystem har ganska nyligen ersatt de 
pappersbaserade patientjournalerna inom hälso- och sjukvården. De 
datoriserade patientjournalsystemen underlättar hanteringen av 
informationen i patientjournalerna avsevärt, men tar ännu inte tillvara 
datoriseringens fulla förmåga. Ett av problemen är att de datoriserade 
patientjournalsystemen fortfarande är ganska lika de 
pappersbaserade patientjournalerna. 

Snomed CT 
Ett sätt att förbättra datorernas förmåga att hantera informationen i de 
datoriserade patientjournalerna är att ta hjälp av en ny ontologi som 
heter Snomed CT. En ontologi är ett begreppssystem som består av 
begrepp och definitioner av begreppen. Begreppen och definitionerna 
är utformade så att både människor och datorer kan använda dem. 

Ett exempel på begrepp är Bakteriell lunginflammation. Begreppets 
definition kan bestå av relationer till andra begrepp, som att Bakteriell 
lunginflammation Är en typ av Inflammation, har Fyndplats i Lungorna 
och har Orsak av Bakterie. Begreppen i definitionen av Bakteriell 
lunginflammation kan i sin tur vara definierade. Till exempel kan 
Bakterie vara definierad som Är en typ av Mikroorganism. En 
illustration av det här exemplet finns i Figur I. 

 

Figur I Exempel på definition av begreppet Bakteriell 
lunginflammation 
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Patientöversikt 
I en av studierna undersöktes om Snomed CT kan användas för att 
sammanställa information från en datoriserad patientjournal till en 
patientöversikt. En patientöversikt är en grafisk sammanställning, 
eller ”innehållsförteckning”, av informationen i en patients 
patientjournal. Patientöversikter kan förenkla för hälso- och 
sjukvårdspersonal som ska sätta sig in i en patients journal genom att 
göra det lättare att se vilken information som finns i patientjournalen. 

I studien undersöktes ett antal vetenskapliga rapporter som beskriver 
olika typer av patientöversikter och vilken information som behövdes 
för att kunna skapa de olika patientöversikterna. För en tredjedel av 
patientöversikterna gick det att sammanställa all information som 
behövdes genom att märka upp de olika styckena i patientjournalen 
med begrepp från Snomed CT och använda Snomed CT:s definitioner 
för att göra sammanställningen. För de övriga två tredjedelarna av 
patientöversikterna kunde samma metod användas för att 
sammanställa delar av den information som behövdes. För att 
sammanställa de resterande delarna behövdes även enskilda värden, 
som till exempel mätvärdet av patientens vikt, vara enkelt läsbar för 
datorn som gör sammanställningen. För att åstadkomma detta 
behöver patientjournalerna bli mer strukturerade än vad de är i de 
flesta av dagens datoriserade patientjournalsystem. 

Statistiska sammanställningar 
I en annan av studierna undersöktes om Snomed CT kan användas för 
att sammanställa statistik över de diagnoser som förekommer i svensk 
primärvård på ett bättre sätt än vad som görs idag. Efter ett 
patientbesök hos en läkare i primärvården skriver läkaren in 
information om besöket i patientjournalen. Dessutom sammanfattar 
läkaren normalt besöket genom att välja en eller flera diagnoser från 
en lista med knappt 1 000 diagnoser och för in de valda diagnoserna i 
patientjournalen. När dessa diagnoser sammanställs statistiskt 
grupperas de normalt enbart i enkla grupper, vilket kan ge en alltför 
förenklad bild av vilka typer av diagnoser som förekommer i 
primärvården. Till exempel ingår normalt diagnosen Diabetes under 
graviditeten enbart i gruppen Graviditet, förlossning och barnsängstid och 
inte i gruppen Endokrina sjukdomar, nutritionsrubbningar och 
ämnesomsättningssjukdomar där de andra typerna av diabetesdiagnoser 
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ingår. Det här beror på att varje diagnos normalt bara ingår i en 
grupp. 

I studien undersöktes om det går att märka upp listan över diagnoser 
med begrepp från Snomed CT och använda Snomed CT:s definitioner 
för att sammanställa diagnoserna på nya sätt. Det visade sig att det 
gick. Ett av resultaten visade att diagnoserna automatiskt kunde bli 
instoppade i mer än en grupp av diagnoser. Ett annat resultat visade 
att det automatiskt gick att få fram vilken kroppsdel en viss diagnos 
angriper. De här resultaten möjliggör att nya typer av statistiska 
sammanställningar av diagnoser kan skapas. Resultaten i sig kan 
verka enkla, men studien visar även att samma metod går att använda 
i mer komplicerade fall där det är betydligt mer resurskrävande att få 
fram motsvarande resultat. 

Ordlänkning 
I ytterligare en studie undersöktes om en samling av termer för bland 
annat diagnoser och kirurgiska åtgärder som finns på både svenska 
och engelska kan användas för att skapa ett svensk-engelsk medicinsk 
lexikon. Arbetet startade med att de svenska termerna parades ihop 
med sina engelska motsvarigheter och efter det delades de termer som 
bestod av flera ord ner i mindre delar. Det här gjordes på ett sätt så att 
den svenska delen av termen fortfarande var hopparad med 
motsvarande del av den engelska termen. Den här metoden kallas för 
ordlänkning. När ordlänkning användes med de inställningar som 
gav bäst resultat blev resultatet ett lexikon med 42 000 uppslagsord. 

Snomed CT är i grunden en engelskspråkig ontologi. Det skapade 
lexikonet kan bland annat användas för att halvautomatiskt översätta 
nya begrepp i Snomed CT till svenska. Lexikonet kan även användas 
som ett vanligt medicinskt svenskt-engelskt lexikon och för att stödja 
svenskspråkiga personer att söka efter information på engelska. Ett 
annat användningsområde för ordlänkning är att undersöka 
kvaliteten på den svenska översättningen av Snomed CT. 
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Introduction 
A central interest in medical informatics is the creation, organization, 
management and maintenance of health records. The goal is often to, 
in the long run, create an electronic health record system (EHR) that 
contain all relevant facts about the patient [1]. The EHR should also be 
accessible everywhere and always to anyone with the proper 
permissions in a representation that is suitable for all systems and 
users. The main purpose of the health record information is use in the 
care of the patient [1]. 

Another central interest in medical informatics is to reuse and pool 
information from EHRs and other sources to locate and evaluate 
clinical evidence for treatments [2]. The purpose for this use is to assist 
the health care system in the task of finding, testing, and evaluating 
new treatments [2]. 

The EHR of today is an advance over paper-based records, but there 
are still improvements to be made [1]. Three examples are better 
integration of information between different systems, opportunities to 
routinely reuse information in medical research and systems that react 
on prior information about a patient [1]. 

The amount of available information in the medical domain is 
constantly increasing [3]. One factor is the introduction of better EHRs 
that are able to handle more and more of the patients’ health 
information. Another factor is the information from related fields, 
such as genome sequencing and protein identification also are starting 
to be collected [3]. This increase of information increases the 
possibilities for medical research, but also creates an information 
overload that makes information use and reuse even more difficult 
[3]. 

To efficiently use EHR information for direct patient care and, 
especially, to reuse it for research, administration, payment and 
epidemiology it is essential to have a common agreement about how 
to store the information [4]. One element in the agreement is to use 
common terminology systems for encoding the information. Another 
element in the agreement is to use common information models for 
structuring the information. These agreements would lead to well-
defined information structures containing information encoded in 
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well-defined categories and concepts [4]. Currently, both common 
terminology systems and common information models that satisfy the 
needs for reuse, are generally lacking. Most patient databases are 
today developed independently and have varying content and 
structures. An initiative to create a common terminology system is 
SNOMED CT [5], and two initiatives to create common information 
models are openEHR [6], and HL7 [7]. 

This thesis deals with use of information in medical terminology 
systems and ontologies to enrich other medical information sources to 
make them more useful. 
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Objective and Scope 
The general objective of this thesis is to examine if information in 
medical terminology systems and ontologies can be used to enrich 
other medical information sources. 

The first main objective is to examine if word alignment on bilingual 
rubrics from medical terminology systems can be used to build a 
bilingual dictionary tailored for the medical domain and to analyze 
the content of medical terminology systems. The second main 
objective is to explore how connections from existing terminology 
systems and information models to SNOMED CT, and the structure in 
SNOMED CT, can be used for creating new structures in the existing 
systems. 

There are also the following secondary research questions: 

• How can word alignment best be performed on rubrics from 
medical terminology systems and how does this word 
alignment relate to word alignments on other kinds of medical 
text? 

• What can word aligned medical terminology system rubrics be 
used for? 

• Can the structure in SNOMED CT be used for information 
compilation, and if so, how and which kinds of information 
compilations? 

• What are the requirements for using SNOMED CT for 
information compilation? 

• How can mappings between medical terminology systems be 
verified? 

This thesis does not specifically include terminology systems and 
ontologies from the broader biological domain, such as The Gene 
Ontology and The Open Biological and Biomedical Ontologies. Nor 
does it focus on the integration between terminology systems and 
information models or formal representations of terminology systems 
or information models. It also excludes applications for multilingual 
support. 

The thesis is organized along the following lines. The thesis starts 
with two background chapters. The first describes electronic health 
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record systems and their use, organization, and interoperability and 
the general need of medical information. The second describes 
terminology systems and their use, features and mappings. The 
material chapter describes the used terminology systems, the used 
KSH97-P to SNOMED CT mappings, and the used primary care 
diagnosis data. The method chapter describes the used methods for 
word alignment and ontology use. A chapter that summarizes the 
papers is then included. The papers are also included as appendices. 
The general discussion chapter discusses the objectives, limitations 
and generalizations, and future work and clinical impact of the work. 
The last three chapters contain the conclusions, acknowledgements 
and references. 

Paper I reports on the process of creating a medical English-Swedish 
dictionary tailored for the medical terminology systems field using 
interactive word alignment. The inputs to the process are English and 
Swedish versions of five medical terminology systems. Translation 
errors in the used medical terminology systems that were found 
during the process are also reported. 

Paper II is a follow up to Paper I and its focus is to optimize the 
automatic parts of the word alignment process. One evaluation is 
which types of resources give the best word alignment. Another 
evaluation is which medical terminology systems that can be used to 
create the best resources for the word alignment process. As part of 
this evaluation the similarities and differences inside and among the 
terminology systems are studied. 

Paper III explores how mappings from KSH97-P, which is a primary 
health care version of ICD-10, to SNOMED CT and the structure in 
SNOMED CT can be used to enrich the mono-hierarchical structure in 
KSH97-P. The results are compared with the original structure in 
KSH97-P. The paper also describes how the mappings were verified 
and updated in the initial part of the study. 

In Paper IV the methods from Paper III are used to aggregate and 
compile statistics. The information analyzed is the KSH97-P encoded 
diagnoses from 2.5 million primary care encounters. 

Paper V describes a literature review of patient overview systems 
where the systems summarize a single patient’s EHR information in 
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one or a few graphical overviews. The literature review focuses on the 
information needs the patient overview systems have in order to 
generate the overview. The information needs are compared with the 
methods from Papers III and IV for aggregating information using the 
structure in SNOMED CT in combination with the mechanisms in 
openEHR. 
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Electronic health record 
An electronic health record system (EHR) is used to store health 
information about patients [1]. An EHR can be structured in different 
ways depending on its intended use, and interoperability between 
different EHRs puts extra demands on the information organization 
and representation. The main purpose of the information in an EHR is 
to support the care of patients, but the information can also be used in 
information compilations [1]. 

Electronic health record use 
The electronic health record system (EHR) is used for a variety of 
purposes. The main purpose is to support the care of a patient by, for 
example, serving as a memorandum for an individual clinician and 
facilitating communication between different clinicians involved in 
the care of an individual patient [1, 8]. Other purposes are use as 
evidence in legal processes [1], serving as cases in student education 
[1, 8], providing basic data for research studies [1, 8], being a source of 
important administrative information [1, 8], and being used for 
quality assessment of care [8]. 

To better support all the use cases, a long-term goal is to create an 
EHR that contains all the relevant facts about a patient and which is 
accessible everywhere and always to anyone with the proper 
permissions in a representation suitable for all systems and users [1]. 

Electronic health record organization 
Each health record is centered on an individual patient to facilitate the 
access to the individual patient’s health information [9-10]. 

Problem-oriented and source-oriented 
In a given clinical situation, a patient can have multiple health 
problems. To be able to deal with each of the patient’s health 
problems in a systematic way, one early proposed solution is to 
organize and view the health record information according to the 
different problems [9-10]. This solution is called the problem-oriented 
health record. A problem-oriented health record has a complete list of 
the patient’s problems and all information entities, such as notes, 
orders, or plans, in the health record associated with one of the 
problems [9]. Problems can be both clearly stated diagnoses and 
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unexplained findings or symptoms. The problem list is dynamic and 
represents the current status of the patient’s problems [9]. 
Unexplained findings and symptoms can be changed to clearly stated 
diagnoses and two or more problems can be merged to one problem 
when the clinical knowledge of the problems becomes clearer. The 
problem list is also divided into active and inactive problems to 
facilitate the health record interaction [9]. 

The information for each problem is organized under different 
headings [1, 9]. One possibility is to use the structure known by the 
acronym SOAP, which allude to the four commonly used headings 
[1]: 

• Subjective: The patient’s descriptions of the problem. 
• Objective: The clinician’s observations of the problem. 
• Assessment: The clinician’s opinions of the problem. 
• Plan: The plan for managing the problem. 

The problem oriented health record contrasts with the source-oriented 
health record [8]. In the source-oriented health record, the information 
is organized and viewed according to which procedure the 
information originates from, such as laboratory tests, X-ray, and ECG 
[8]. 

The information in a health record can be divided in two levels [11]. 
Level 1 contains direct observations, such as the clinicians’ 
observations, thoughts, and actions. Level 2 contains meta-
observations of the direct observations, such as circumstances for 
observations and how they were used in the decision-making process 
and the clinical dialogue [11]. To organize and view a source-oriented 
health record, only information from level 1 is necessary, but to 
organize and view a problem oriented health record, information 
from level 2 is also needed. A benefit with source-oriented health 
records it therefore that less effort are needed to organize the health 
record [8]. 

Different levels of structure 
Subsequent EHRs have organized the content of the information in 
even more fine-granular pieces. Three examples are PEN&PAD [12], 
which uses a well-structured user interface for input, ORCA [13], 
which uses a semi-structured user interface for input and MedLEE 
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[14], which takes free text as input and uses natural language 
processing (NLP) techniques to structure the text and output 
structured information. 

PEN&PAD is an EHR entry system primarily intended for general 
practitioners [12]. The user interface lets the user enter information in 
a structured manner. Typically, a specific topic is selected from a 
graphic representation of the human body. A specific body system can 
optionally also be selected. The user is then shown lists of symptoms 
and diseases that can occur in the selected location and, if selected, 
body system [12]. The user selects an item from the list and is then 
shown a structured data entry form associated with the selected 
symptom or disease to enter the information into. PEN&PAD can 
export natural language expressions and ICD and Read codes 
generated from the input. The system is based on the GALEN 
Terminology Server [12]. 

ORCA is an EHR with the goal of collecting information suitable for 
research, decision support, and shared care in a practical way [13]. 
Information entry can range from predominantly free text to 
predominantly structured entries. The structured information entry in 
ORCA is founded on a knowledge base. The knowledge base contains 
a collection of concepts and a directed graph that represent how the 
concepts can be combined into medically meaningful descriptors [13]. 
The concepts also have properties related to the concept itself, such as 
absence and presence. The user enters information by going through 
and selecting concepts and properties from the graph in a browser. 
Each concept can be complemented with free text. The user’s input is 
stored as a tree in the patient database [13]. 

MedLEE is not primarily an EHR, but an NLP system that takes health 
record notes in free text and transforms them into a structured format 
[14]. MedLEE was initially constructed for the domain of radiological 
reports of the chest, but has been extended to more domains. The 
structured output format was originally intended for decision support 
applications, but can now also be used for automated encoding with 
ICD, SNOMED, and UMLS and to organize terms for vocabulary 
development [14]. MedLEE is modularly designed. A preprocessor 
and a parser are used to transform the sentences into an intermediate 
structure consisting of primary findings and modifiers. A regularizer 
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and an encoder are then used to encode the intermediate structure 
into codes [14]. 

Electronic health record interoperability 
To efficiently use patient information, it is necessary to merge 
information across different EHRs; this requires that the EHRs can 
communicate and interpret information from the other systems. This 
also places demands on how the information is represented and 
organized in the EHRs [1]. 

The exchange of EHR information between different systems has until 
now been done using defined sets of electronic messages, with limited 
scope, and using paper-based letters and reports [15]. 

To facilitate sharing of EHR information a consistent approach for 
naming and organizing EHR hierarchies is necessary [15]. This 
enables the requester to specify which part of the EHR to retrieve and 
to identify the kinds of data structures in the response. There is 
therefore a need for a generic representation that can represent all 
kinds of EHR information in a consistent way. This is one part of the 
challenge of semantic interoperability [15]. 

The dual-model approach 
A proposed solution to this challenge is the dual-model approach 
consisting of a reference model and archetypes [15]. The reference model 
is a stable information model that represents the generic properties of 
the EHR information and contains the generic building blocks of the 
EHR. An archetype specifies how the building blocks in the reference 
model are combined into a data structure suitable for a specific 
domain. The information stored according to an archetype has to 
conform to the data structure of the archetype. The archetypes are 
easy to create and update when new requirements appear. Archetypes 
therefore specify where to look for a specific piece of information in 
the EHR and the reference model describes the data structures in the 
response [15]. 

Archetypes can either be used to specify how the EHR information is 
stored inside an EHR repository or for specifying a consistent 
mapping when EHR information is communicated between two 
different EHRs that do not use archetypes internally [15]. Archetypes 
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are also assumed to be used in reliably acquiring EHR information for 
secondary usage, such as decision support systems [15], which 
otherwise can be a difficult problem [16]. 

This dual-model approach of a reference model and archetypes is 
used in the openEHR Information Architecture, as input into the new 
CEN EHR Communication standard EN 13606, and as input into the 
new HL7 Templates [15]. 

Electronic Health Record Communication  
The European Committee for Standardization (CEN) has created the 
Electronic Health Record Communication standard EN 13606 [17]. 
The standard contains five parts. Part 1 specifies the reference model. 
Part 2 specifies the information model and exchange syntax for 
archetypes. Part 3 contains reference archetypes and term lists. Part 4 
contains a model for information security support. Part 5 specifies 
service interfaces for communication [17]. EN 13606 is primarily 
intended for EHR information communication between different 
EHRs and not for structuring EHR information inside an EHR system 
[17]. Part 2 of the standard is adopted from openEHR [15]. The 
standard is also released as a worldwide standard by International 
Organization for Standardization (ISO) with the name ISO 13606 [18]. 

openEHR 
openEHR Foundation is a United Kingdom based not-for-profit 
company [6]. One of the aims of openEHR Foundation is to develop an 
open, interoperable health computing platform with an EHR system 
as a major component. openEHR does this by researching requirement 
and creating specifications and implementations. Another aim is 
developing evidence-based archetypes [6]. The openEHR products are 
actively maintained so as to remain compatible with EN 13606 [19]. 
The main difference between openEHR and EN 136060 is that openEHR 
produces specifications and implementations of health computing 
platforms based, among others, on EN 13606, but EN 13606 only 
specifies EHR communication [19]. 

Health Level 7 
Health Level 7 (HL7) is an organization producing standards for 
clinical and administrative data in health care [7]. The main goal of 
HL7 is to produce standard formats for electronic data exchange using 
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messages between different EHRs. In HL7 Version 3, the Reference 
Information Model (RIM) contains the core classes and attributes and 
is the model all messages are derived from. Version 3 is also expanded 
with the Clinical Document Architecture (CDA) to be able to represent 
clinical documents [7]. All CDA documents contain a header and a 
body. The header contains some basic information about the 
document and the body contains the document itself. The body 
always contains the document in human-readable form, but can also 
contain the information in computable form [7]. Part 1 of EN 13606 is 
mapped to HL7 RIM and CDA and part 2 of EN 13606 will be 
compatible with the HL7 Template specification [15]. 

Medical information needs and 
compilations 
As already mentioned the information in the EHR is not only used to 
support the care of a patient, but also for a variety of other use cases 
[1, 8]. The different cases of EHR information use in the health care 
system can, according to van Ginneken et al., be divided into four 
different levels [8]: 

• personal level: the physician, the nurse, and the patient; 
• clinic level: the clinical department, and the primary care 

practice; 
• institution level: the hospital; 
• regional level: the county, and the country. 

Information from the EHR is exchanged both between persons and 
organizations on the same level and persons and organizations on 
different levels. The information needs can, however, differ both on 
the same level and on different levels [8]. On the personal level, 
clinicians need information from a single patient, but physicians from 
different specialties might need different information about the same 
patient. At the clinic and institution levels, the information interest is 
on a broader scale. Examples of the information interest are various 
kinds of statistical reports and bills. On the regional level, and 
sometimes also on the lower levels, the information can be used to 
compile cost-efficiency reports, health care logistic reports and 
epidemiological reports to guide management and planning. The 
information need for research can be on different levels depending on 
the use case [8]. 
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The individual clinician’s information need is not limited to EHR 
information. The physician needs, according to Gorman, all of the 
following types of information [20]: 

• patient data: information about a single patient; 
• population statistics: aggregated information about many 

patients; 
• medical knowledge: information generally applicable to many 

patients; 
• logistic information: information about how to get the job done; 
• social influences: information about people’s expectations. 

The needed patient data is the same information as the EHR 
information use on the personal level mentioned above. The 
information can also be obtained directly from the patient and from 
the patient’s family and friends [20]. The needed population statistics 
can be the same or related to the statistical reports requested on the 
clinic level mentioned above. The population statistics are used by the 
physician to adapt the medical practice to current and local situations 
[20]. The medical knowledge is information that is possible to 
generally use in the care of patients such as information from medical 
textbooks and systematic overviews published in medical journals 
[20]. The logistic information is local knowledge about how to 
perform the work in the local setting such as which medicines are 
used to treat a particular condition on a specific hospital and which 
forms are used in a specific situation [20]. The social influences are the 
knowledge of what others, such as colleagues, consultants, patients 
and patients’ families, expect from the physician [20]. 
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Terminology system 
Medical terminology systems are used to encode information in, 
among other things, health records [21]. They can be used both for 
abstract and represent the underlying information [21]. Different 
types of medical terminology systems satisfy different needs and 
there are arguments that say that the terminology systems need to be 
more flexible to satisfy more needs [21-25]. To facilitate information 
compilations from sources that use different terminology systems it is 
possible to use mappings between the different terminology systems 
[26-27]. 

In this text, the term terminology system is used in a broad sense and 
refers to a system of categories organized in a hierarchy. The term 
ontology is used to refer to a specific type of terminology system 
consisting of formally defined concepts. 

Terminology systems use 
Many applications in medical informatics need the health record 
information encoded in a standardized way to be able to use the 
information [21]. Examples of this kind of applications are order entry 
systems, summary report systems, automated decision support 
systems, and information aggregation systems [21]. This is one part of 
the challenge of semantic interoperability. A common method for 
solving this problem is to use a terminology system to encode the 
information [21]. A terminology system contains categories ordered in 
a hierarchy [21]. 

Abstraction and representation 
Information encoding with medical terminology systems is mainly 
used on the two different levels of abstraction and representation [28]. 

The purpose with abstraction is to distil the underlying information 
and is used when different kinds of information compilations are 
created [21]. One example is when a note in a health record 
exhaustively describes in free text that the patient has pneumonia 
caused by a specific bacterium, in specific sites of the lungs, has a 
range of accompanied symptoms, and is of varying severity. The note 
can then be abstracted using the category Bacterial pneumonia from a 
terminology system [21]. International Classification of Diseases, ICD, 
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is the international standard to use for this kind of abstraction for 
epidemiological purposes [29]. Other examples of usages are to 
compile incidence of mortality of surgical procedures, and to measure 
cost efficiency. Abstraction can also be used for information retrieval, 
by using the associated category to retrieve cases of a specific type 
[21]. 

Association of each information entity to a problem in the problem-
oriented health record is also a kind of abstraction. However, there is 
in general no requirement to encode the problems with categories 
from a terminology system [9-10]. 

The purpose of representation is to represent as much of the 
underlying information as possible in computable form; it is used 
when detailed information is required in information processing [21]. 
To represent the information in the pneumonia example above, the 
terminology systems need to represent every attribute of the 
pneumonia, such as which bacterium caused the pneumonia and in 
which sites of the lung the pneumonia is located. Examples of usages 
are feeding decision support systems with patient information, 
producing summary reviews, and quality assurance [21]. 

Pre- and post-coordination 
Information can be encoded using both pre-coordinated and post-
coordinated categories [21]. When pre-coordination is used, each 
encoding consists of only one category from the terminology system. 
This means that only categories included in the terminology system 
can be encoded [21]. When post-coordination is used, each encoding 
consists of a combination of categories from the terminology system. 
This means that both categories included in the terminology system 
and combinations of the included categories can be encoded [21]. 

Multilingual terminology systems 
Multilingual terminology systems can enhance the understanding of 
the health record information in different languages [30-31]. This is 
because the encoded information can be shown in any of the 
languages the terminology systems are translated into. Machine 
translation of the underlying information is more complicated [30-31]. 
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Terminology system features 
There are various types of medical terminology systems to satisfy 
different needs. To make it possible for a single terminology system to 
satisfy multiple needs, both Rossi Mori et al. [22] and Cimino et al. [21, 
23-25] stipulate an evolution of medical terminology systems for more 
flexibility. 

Three generations of medical terminology systems 
Rossi Mori et al. describe the evolution of terminology systems and 
have divided the terminology systems into three generations [22]. 

The first generation comprises traditional terminology systems [22]. 
This generation includes controlled vocabularies, nomenclatures, 
taxonomies and coding systems that satisfy most needs in paper-
based information systems. In this generation, systems typically 
consist of a list of phrases, a list of codes, a coding scheme and a hierarchy. 
The role of the coding scheme is to map between phrases and codes 
[22]. 

The second generation are compositional systems. These systems have a 
categorical structure, a cross-thesaurus, a structured list of phrases and a 
knowledge base of dissections [22]. The categorical structure gives a high-
level description of the content, i.e. what kinds of concepts are 
included and how they relate to each other. This can be seen as a 
framework of slots for which the cross-thesaurus provides a set of 
labels to be inserted when the content is modelled. By means of the 
cross-thesaurus, each element in the structured list of phrases is 
represented according to the categorical structure; these descriptions 
constitute the knowledge base of dissections [22]. 

The third generation consists of formal systems. In this generation, the 
systems have a set of symbols and a set of formal rules for manipulating 
the symbols, and these sets can be seen as a set of concepts and a set of 
relationships between the concepts [22]. It is possible to represent each 
concept in a unique canonical form, and a non-canonical expression 
may be automatically converted to a unique canonical form using an 
engine [22]. 
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Desiderata for medical terminology systems 
Cimino has collected the characteristics of structure and content in 
medical terminology systems that emerged from earlier research and 
enumerates twelve of these in desiderata. This desiderata speaks in 
favour of concept orientation [23]. The twelve characteristics are listed 
below. 

• Content, content, and content: The content should be sufficient to 
cover the intended application domains [21, 23-25].  

• Concept orientation: Each concept should correspond to exactly 
one meaning and each meaning should correspond to at most 
one concept [23-25]. 

• Concept Permanence: The meaning of a concept should never 
change, but it can be marked inactive and its preferred name 
might evolve [23]. 

• Nonsemantic concept identifier: The identifiers of the concepts 
should not include any semantics of the concept [21, 23]. 

• Polyhierarchy: The concepts should be arranged in a 
polyhierarchy instead of a single taxonomy [21, 23-25]. 

• Formal definitions: The concepts should be formally defined by 
collections of different kinds of relationships between the 
concepts [21, 23-25]. 

• Reject “Not Elsewhere Classified”: “Not Elsewhere Classified” 
concepts, that are used to encode information not included in 
other existing concepts, should be rejected [21, 23]. 

• Multiple granularities: There should be concepts of different 
granularity covering the same domain [21, 23]. 

• Multiple consistent views. It should be possible to consistently 
present the concepts in different views [23-25]. 

• Beyond medical concepts: Representing context: The system should 
contain formal and explicit information of the context of the 
concepts intended use [23]. 

• Evolve gracefully: The changes in the system should be clearly 
and detailed described including what has changed and why 
[21, 23]. 

• Recognize redundancy: It should be possible to recognise if the 
same information can be represented by the system in two 
different ways [23]. 
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Cimino has later defended the above desiderata and expanded it with 
six desirable characteristics of the purposes of medical terminology 
systems [32]. These characteristics are listed below. 

• Terminologies should support capturing what is known about the 
patient [32]. 

• Terminologies should support retrieval [32]. 
• Terminologies should allow storage, retrieval, and transfer of 

information with as little information loss as possible [32]. 
• Terminologies should support aggregation of data [32]. 
• Terminologies should support reuse of data [32]. 
• Terminologies should support inferencing [32]. 

Terminology systems mapping 
Two important barriers exist when retrieving and compiling 
information into information answering the users’ questions in 
medical informatics [26-27, 33-34]. The first barrier is that different 
information sources use different terminology systems to encode the 
same thing. This means that when information from different sources 
is processed, expressing the intention of the processing in different 
terminology systems might need to be considered [26-27, 33-34]. The 
second barrier is that useful information is spread out among different 
sources. This means that different sources may need to be used in 
processing [26-27, 33-34]. These differences are partly due to different 
sources originally being constructed for different purposes [26]. 

For the use cases where it is impossible to use a single information 
source or a single terminology system to reduce or remove the 
barriers when retrieving and compiling information, other solutions 
are needed [26]. One solution is to use mappings between the 
different terminology systems used in the different information 
sources [26-27]. The mappings are used in the information processing 
for identifying similar categories in the different terminology systems 
in order to be able to handle the categories in a similar way [26-27]. 

One example of a project that has used mappings is the Unified 
Medical Language System (UMLS) [27]. The main intent of UMLS is to 
improve health care by simplifying access to biomedical information 
[26]. Another example is the project to map from SNOMED CT to 
ICD-10 implemented by IHTSDO [35]. The aim of the project is to 
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facilitate conversion of SNOMED CT encoded information into ICD-
10 encoded information [35]. 
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Material 

Terminology systems used 

ICD-10 
International Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision (ICD-10) is provided by World Health 
Organization (WHO) [36]. It is a statistical classification aimed at 
enabling systematic description and comparison of mortality and 
morbidity data between different areas and/or over time. The 
classification is in practice the international standard for general 
epidemiological purposes [29]. The Swedish National Board of Health 
and Welfare is responsible for the Swedish translation [37]. 

ICD-10 is a mono-hierarchical medical terminology system. The 
categories are divided into 22 chapters; within the chapters the 
categories are ordered on the coarse granular three-character level and 
the fine granular four-character level. The chapters in ICD-10 are 
listed in Table 1. 

ICD-10 is poly-dimensional [36]. Some chapters contain categories 
related to a specific organ system and other chapters contain diseases 
with some specific aetiology. There are also chapters containing 
categories related to pregnancy, childbirth, and the puerperium; the 
perinatal period; symptoms and partially specified cases; and 
important factors for contact with the health care system [36]. 

Due to the mono-hierarchical structure, an ICD-10 category can only 
be included in one chapter [36]. For categories that could potentially 
be included in more than one chapter, a decision must be made about 
which chapter to include the category in. This is shown in ICD-10 by 
the excludes remarks on the chapter level. An excludes remark means 
that the categories in the remark could have been included in the 
chapter, but are instead included in another specified chapter [36]. 
The vast majority of the excludes remarks for the chapters are on the 
three-character level, but there are also a few on the four-character 
level [36]. 
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Number Rubric
I Certain infectious and parasitic diseases 
II Neoplasms 
III Diseases of the blood and blood-forming organs and 

certain disorders involving the immune mechanism 
IV Endocrine, nutritional and metabolic diseases 
V Mental and behavioural disorders 
VI Diseases of the nervous system 
VII Diseases of the eye and adnexa 
VIII Diseases of the ear and mastoid process 
IX Diseases of the circulatory system 
X Diseases of the respiratory system 
XI Diseases of the digestive system 
XII Diseases of the skin and subcutaneous tissue 
XIII Diseases of the musculoskeletal system and  

connective tissue 
XIV Diseases of the genitourinary system 
XV Pregnancy, childbirth and the puerperium 
XVI Certain conditions originating in the perinatal period
XVII Congenital malformations, deformations and  

chromosomal abnormalities 
XVIII Symptoms, signs and abnormal clinical and 

 laboratory findings not elsewhere classified 
XIX Injury, poisoning and certain other consequences  

of external causes 
XX External causes of morbidity and mortality 
XXI Factors influencing health status and contact with  

health services 
XXII Codes for special purposes 

Table 1 Chapters in ICD-10 
Chapter numbers and rubrics in ICD-10. 

KSH97-P 
Klassifikation av sjukdomar och hälsoproblem 1997 - Primärvård [in 
English: Primary Health Care Version of the International Statistical 
Classification of Diseases and Related Health Problems] (KSH97-P) is 
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provided by the Swedish National Board of Health and Welfare [38]. 
KSH97-P is a statistical classification derived from the Swedish 
version of ICD-10 and the coverage is the common diseases and health 
related problems in Swedish primary health care [38]. The English 
translation is made available by the Swedish National Board of Health 
and Welfare [39]. 

The original version of KSH97-P, which is the version used in these 
studies, has the same chapter division as ICD-10 [38]. The exceptions 
are that ICD-10 chapter XX External causes of morbidity and mortality is 
omitted from KSH97-P [38] and chapter XXII Codes for special purposes 
is omitted in both the Swedish version of ICD-10 [37] and KSH97-P 
[38]. KSH97-P therefore, in the same way as ICD-10, uses multiple 
principles for chapter division [38]. 

KSH97-P contains 972 categories, and most categories in KSH97-P 
correspond to categories on the three- or four-character levels in ICD-
10 [38]. Some categories in KSH97-P correspond to two or more 
similar categories in ICD-10. Some categories in ICD-10 less frequently 
used in primary care have been merged with related unspecified 
categories in ICD-10 to corresponding categories with broader 
coverage in KSH97-P. Because of this mix, the Swedish National 
Board of Health and Welfare recommends only compiling statistics on 
the chapter level or using customised groups of categories [38]. 
Rubrics in KSH97-P match the Swedish translation of ICD-10 as 
closely as possible [38]. 

SNOMED CT 
Systematized Nomenclature of Medicine – Clinical Terms 
(SNOMED CT) is a clinical terminology system, or clinical ontology, 
intended for clinical documentation and reporting [5]. SNOMED CT 
consists of concepts, descriptions and relationships [5]. The January 2010 
international SNOMED CT release consists of 291 000 active concepts, 
758 000 active English-language descriptions, and more than 823 000 
active defining relationships [40]. 

Here, a concept is a clinical meaning and is identified by a unique 
number. Associated with each concept are two or more descriptions, 
which are human readable terms, and information about the terms [5]. 
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Relationships link concepts to each other and are of different 
relationship types [5]. The generic relationship type Is a relates subtypes 
to supertypes and is always a defining relationship. All concepts, 
except for the root concept, have at least one Is a-relationship to a 
supertype concept. This makes SNOMED CT a poly-hierarchical 
system. The Is a-relationships collects the concepts into 19 top-level 
hierarchies such as Clinical finding, Procedure, and Body structure [5]. 
The other relationship types that are defining relationships are the 
defining attribute relationships. Examples of defining attribute 
relationships are Finding site, Associated morphology, and Causative 
agent. The defining relationships logically represent a concept by 
establishing relationships between the concepts [5]. 

A concept in SNOMED CT can either be fully defined or primitive [5]. A 
fully defined concept is modelled as described above, so it is possible 
to distinguish the concept from the other concepts through its 
defining relationships. Primitive concepts lack one or more defining 
relationship(s) and so cannot be fully distinguished from other 
concepts using defining relationships [5]. There is also a concept 
model that controls which types of concepts can be related to which 
types of relationships [5]. 

SNOMED CT is provided by the International Health Terminology 
Standards Development Organisation (IHTSDO) [5]. 

ICF 
International Classification of Functioning, Disability and Health 
(ICF) is provided by WHO [41]. ICF is intended to be a framework for 
describing health and health-related conditions, such as what a person 
with a given disease is able to do in different situations. Its four 
chapters cover the areas Body functions, Body structures, Activities and 
participation and Environmental factors [41]. The Swedish National 
Board of Health and Welfare is responsible for the Swedish 
translation[42]. 

NCSP 
NOMESCO Classification of Surgical Procedures (NCSP) is provided 
by the Nordic Medico-Statistical Committee (NOMESCO) [43]. NCSP 
is a statistical classification of surgical procedures for the Nordic 
countries. Its 15 main chapters consist of surgical procedures arranged 
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by functional and anatomical body systems; the 4 subsidiary chapters 
contain therapeutic and investigative procedures and the 
supplementary chapter contains qualifiers to the other chapters [43]. 
The version used in these studies is the 2004 edition, revision 1. The 
Swedish National Board of Health and Welfare is responsible for the 
Swedish translation [44]. 

MeSH 
Medical Subject Headings (MeSH) is provided by the United States 
National Library of Medicine (NLM) [45]. MeSH is a controlled 
vocabulary used mainly for indexing articles from 4 800 biomedical 
journals in MEDLINE, but is also used for indexing other kinds of 
resources, such as books, documents and audio-visual material [45]. 
The version used in these studies is the year 2003 version. The library 
at Karolinska Institutet is responsible for the Swedish translation[46]. 

KSH97-P to SNOMED CT mapping 
The studies in Paper III use both a baseline category mapping and a 
baseline chapter mapping from KSH97-P to SNOMED CT. 

Baseline category mapping 
The baseline category mapping was created and described by 
Vikström et al. in a prior mapping reliability study [47]. KSH97-P was 
randomly divided into three sets of categories and used in three 
mapping sequences. Mapping was done independently by two 
mappers with clinical background. Mapping rules were developed 
and agreed upon between the sequences. In the last round, mapping 
was completed through consensus decisions following the mapping 
rules and striving to achieve a result with “completely concordant” 
mappings for each category [47]. In the mapping, disorder and 
finding concepts in SNOMED CT were given priority and there was 
no use of the navigational concepts in SNOMED CT [47]. The versions 
used were the releases of SNOMED CT from January and July 2006. A 
summary of the category mapping after a performed mapping update 
is shown in “Table 8 Category mapping overview” on page 41. 

Baseline chapter mapping 
The baseline chapter mapping was created by the same mappers 
(Vikström et al. [47]) and used the same rules as the baseline category 
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mapping. The baseline chapter mapping was presented in Paper III. 
The chapters were mapped to SNOMED CT concepts based on the 
meaning of the chapter rubrics and a general assessment of both the 
chapter contents in ICD-10, using the international version of ICD-10 
[36], and the subset of categories present in KSH97-P for each chapter. 
The excludes remarks in ICD-10 were intentionally not considered 
during the mapping. The mapping was made to the January 2007 
SNOMED CT release. A summary of the chapter mapping after a 
performed mapping update is shown in “Table 9 Chapter mapping 
overview” on page 42. 

Primary care diagnosis 
The diagnostic data used in Paper IV are KSH97-P encoded diagnoses 
from 2 563 031 primary care encounters. The encounters are all 
primary care encounters in Stockholm County in Sweden during all of 
2006. The encoding was done by the general practitioners in 
connection with the patients’ encounters using EHRs. For each 
encounter, it was possible to use up to 15 codes. 

Diagnostic codes were reported in 78% of the encounters. The 
encounters with registered diagnostic coding had 1 code in 82% of all 
care contacts, 2 codes in 13% of all care contacts, and 2% of the 
contacts had >3 diagnostic codes. There were in total 2 508 944 
registered codes. 
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Methods 

Paper I – II: 

Terminology collection 
The medical terminology systems used in Paper I and Paper II were 
ICD-10, ICF, MeSH, NCSP, and KSH97-P. From each category that 
had rubrics in both English and Swedish in these systems, the codes 
and both rubrics were extracted from electronic sources with varying 
format. The codes and rubrics were then compiled into a terminology 
collection with a common format. By rubric we mean the short 
informative term accompanying each category. When both a preferred 
rubric and synonymous rubrics existed for a category, only the 
preferred rubric was included. A rubric pair example is the English 
rubric Enteropathogenic Escherichia coli infection and the Swedish rubric 
Infektion med tarmpatogena Escherichia coli-bakterier accompanying the 
ICD-10 code A04.0. The content of the terminology collection is 
summarized in Table 2. 

Terminology
system 

Rubrics English rubric 
average number 

(standard 
deviation) of words 

Swedish rubric 
average number 

(standard deviation) 
of words 

ICD-10 11 503 4.9 (2.8) 5.3 (3.4) 
ICF 1 495 4.2 (2.5) 4.2 (2.8) 
MeSH 19 081 1.8 (0.8) 1.4 (0.7) 
NCSP 5 523 6.7 (3.1) 5.7 (2.8) 
KSH97-P 967 3.9 (2.5) 3.5 (2.4) 
All 38 569 3.6 (2.8) 3.3 (3.0) 

Table 2 Content in the terminology collection 
Number of rubrics and average number and standard deviation of the 
number of words in both English and Swedish rubrics for each medical 
terminology system in the terminology collection. 

The translations of the preferred rubrics are done with the intention of 
the associated codes being used for the same purpose independent of 
the language of the rubric. The rubrics are often direct or close 
translations of each other. In some cases the rubrics are freely 
translated, but still mean the same thing, and in some cases 
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information in the rubrics is implicit in one language and explicit in 
the other. 8 000 rubric pairs contain only one word in each language 
and most of these rubric pairs have medical content. 

Word alignment 

Word alignment principles 
Word alignment is a process used to find corresponding words or 
phrases between parallel texts. A parallel text is a source text and a 
translation of the source text. Different languages are not structured 
identically, which makes word alignment complex. For example one 
word in one language might correspond to a multi-word phrase in 
another language, and the word order in a sentence in one language 
might be different than the word order in a sentence in another 
language. 

The common approaches in word alignment are statistical approaches 
and linguistic approaches. The statistical approaches use probabilistic 
translation models estimated from parallel corpora. Linguistic 
approaches often use rules for segmentation into lexical units, 
bilingual dictionaries and rules for word order and positions, as well 
as rules on corresponding parts-of-speech labels. The results of these 
methods are then combined to find an optimal word alignment result. 

Word alignment can be used to create bilingual dictionaries used in 
lexicographical work, create bilingual terminology for translators, and 
create machine-readable lexicons for machine translation systems. It 
can also be used to study relationships between source texts and their 
translations. 

Word alignment tools 
The software suite used for the word alignment was ITools. ITools is 
constructed to use parallel texts for creation of standardized term 
banks and the central components of ITools are presented below [48-
50]. 

IFDG 
IFDG is a front-end to Connexor Machinese Syntax syntactic parsers 
[51]. The parser is used to mark up each word token with grammatical 
information, such as base form (lemma) and parts-of-speech. The 
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parser is designed for the general English and Swedish language and 
not for the medical field. 

IStat 
IStat is a tool for automatically creating bilingual dictionaries from 
bilingual parallel texts using statistical co-occurrence measures. The 
created lexicons are used as statistical resources in projects. 

ILink 
In ILink, a human word aligner manually aligns bilingual parallel 
texts using automatic suggestions from ILink as a starting point. The 
resulting word-aligned parallel texts are used as resources for guiding 
the automatic word aligner ITrix or as a gold standard when 
evaluating automatically word aligned parallel texts. 

ITrix 
ITrix is the tool that automatically word aligns bilingual texts. The 
automatic word alignments are based on different types of resources. 

One type is static resources, of which there are three kinds. The first 
kind is already existing bilingual dictionaries. The second kind is a 
parts-of-speech mark-up together with rules for common parts-of-
speech correspondences. A third kind is the parts-of-speech mark-up 
together with rules for blocked parts-of-speech alignments. 

Another type of resource is statistical resources, which are statistically 
created dictionaries from IStat. 

A third type of resource is training resources, which consist of 
manually word aligned parallel texts from ILink. 

During word alignment, each resource votes for different word 
alignment combinations and the combination with most votes is 
selected by ITrix as the final word alignment. ITrix can therefore be 
said to use both statistical and linguistic approaches. 

Termbase Manager 
Termbase Manager is a tool that converts automatically word aligned 
bilingual texts into a list of candidate term pairs including, for 
example, inflectional variants, grammatical information, and 
examples from the bilingual texts. 
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IView 
IView is used to manually categorize the candidate term pairs from 
Termbase Manager as correct, partially correct, or incorrect and if the 
term pairs belong to the medical domain or the non-medical domain. 
There are also functions in IView to export the correct term pairs as a 
dictionary. 

Performance measures 
Recall and precision are the main performance measures in the word 
alignment studies. The measures are calculated by comparing an 
automatic word alignment with a manually created gold standard 
word alignment. Recall is calculated as the number of word 
alignments included both in the automatic alignment and the gold 
standard alignment divided by the number of word alignments 
included in the gold standard alignment. Precision is calculated as the 
number of word alignments included both in the automatic alignment 
and the gold standard alignment divided by the number of word 
alignments included in the automatic alignment. Only perfect word 
alignments are included in the recall and precision measures; partly 
correct word alignments are ignored. 

Papers III – V: 

Generic aggregation 
The generic aggregation method determines which concepts in an 
aggregation set that aggregate a specified concept. The method uses that 
Is a-relationships in SNOMED CT associate a more specific 
descendant concept to a less specific ancestor concept. The method is 
described below and exemplified in Figure 1. 

The first step in the method starts with the specified concept and uses 
the Is a-relationships to collect all ancestors of the specified concept 
together with the specified concept itself into a family set. The second 
step creates the intersection of the family set and the aggregation set, 
and the specified concept is assumed to be aggregated by the concepts 
in the intersection. 

All concepts in SNOMED CT, except for the root concept, have at least 
one Is a-relationship to an ancestor concept, so it is possible to use this 
method on all concepts in SNOMED CT. 
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Figure 1 Example of the generic aggregation method 
In this figure the generic aggregation method is exemplified using Cholera as 
specified concept and Infectious disease, Disorder of nervous system, and Disorder 
of digestive system as concepts in the aggregation set. In the first step, the Is a-
relationships are used to collect all ancestors to Cholera, which are all white 
and gray concepts in the figure. All these concepts are then, together with 
Cholera itself, included in the family set. In the second step, the intersection of 
the family set and the aggregation set is created and the aggregation consists 
of the two concepts Infectious disease, and Disorder of digestive system, which are 
the gray concepts in the figure. Cholera is therefore assumed to be aggregated 
by Infectious disease, and Disorder of digestive system. 

Attribute extraction 
The attribute extraction method and the aggregated attribute 
extraction method calculate attributes to a set of specified concepts. 
These methods use the defining attribute relationships in 
SNOMED CT to find attributes to the set of concepts. The attributes 
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created are attributes to the union of the concepts in the set of 
specified concepts. These methods are described below and are 
exemplified in Figure 2. 

The first step in the method starts with the set of specified concepts and 
use the Is a-relationships to collect all ancestors to the set of specified 
concepts together with the set of specified concept itself into a family 
set. This step is similar to the first step in the generic aggregation 
method. In the second step, all attribute relationships of a specific type 
from all concepts in the family set are followed and the target 
concepts are included in an attribute value set. 

In the aggregated attribute extraction method, the concepts in the 
attribute value set are assumed to be attribute values. The attribute 
type is the same as the type of the attribute relationships. 

In the attribute extraction method, all concepts that are ancestors of 
another concept in the attribute value set are removed from the 
attribute value set. The remaining concepts in the attribute value set 
are assumed to be attribute values. The attribute type is the same as 
the type of the attribute relationships. 

When these methods are applied to a set of specified concepts 
containing only one single concept, the extracted attributes are the 
same as the defining attribute relationships of the specified type to 
that concept in the standard SNOMED CT distribution [52]. 
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Figure 2 Example of the attribute extraction method 
In this figure the attribute extraction and aggregated attribute extraction 
methods are exemplified. Plague and Cholera are included in the set of 
specified concepts and the attribute relationships of type Causative agent are 
used. In the first step, the Is a-relationships are used to collect all ancestors to 
the concepts Plague and Cholera, which are all white concepts in the figure. All 
these concepts are then, together with Plague and Cholera themselves, included 
in the family set. In the second step, all attribute relationships of type 
Causative agent from a concept in the family set are followed. The target 
concepts are included in the attribute value set, which are the gray concepts in 
the figure. For the aggregated attribute extraction method the attribute values 
consists of all concepts in the attribute value set. For the attribute extraction 
method the attribute values consists of concepts in the attribute value set that 
are not ancestors of another concept in the set, and these concepts are Yersinia 
pestis and Vibrio cholerae. The attribute values are attributes of the attribute 
type Causative agent to the union of the concepts Plague and Cholera. 

Statistical chapter mapping 
A statistical chapter mapping is a chapter mapping created by using 
category mappings, Is a-relationships in SNOMED CT and statistical 
calculations. The statistical chapter mapping prefers concepts where 
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the descendants are targets of many categories in the same chapter but 
few categories from other chapters. 

The statistical chapter mapping is based on two calculated quantities 
for each combination of a chapter in KSH97-P and a concept in 
SNOMED CT: 

• categories current chapter (c): the number of categories in the 
current KSH97-P chapter that are mapped to the current 
SNOMED CT concept or any of its descendants. 

• categories other chapters (o): the number of categories in other 
chapters than the current KSH97-P chapter that are mapped to 
the current SNOMED CT concept or any of its descendants. 

For each combination of a chapter in KSH97-P and a concept in 
SNOMED CT where c > 0, the following score is calculated: 

oc
ccscore
+

= *
 

In other words, the calculations above determine the number of 
“correct” categories weighted with the compactness of “correct” 
categories in proportion to all categories. 

For each chapter in KSH97-P, all SNOMED CT concepts are then 
ranked. The concept with the highest score is ranked as the best 
statistical chapter mapping and the concept with the second highest 
score is ranked as the second best statistical chapter mapping, and so 
on. 
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Summary of publications 

Paper I: Word alignment 
In Paper I, the ITool suite was used to word align the compiled 
terminology collection. To test the performance in ITools, three 
different configurations of resources were used. The candidate term 
pairs created using the best configuration were then categorized as 
correct or incorrect and the correct term pairs were collected into a 
medical English-Swedish dictionary. 

Resource creation 
The experiments started by marking up all rubrics in the terminology 
collection with grammatical information using IFDG. Then IStat was 
used to create dictionaries using statistical methods from all rubrics in 
the terminology collection. These dictionaries were used as statistical 
resources. 

From the terminology collection, 4 200 rubric pairs were randomly 
sampled from all systems except MeSH. These rubric pairs were then 
manually word aligned by a domain expert using ILink to create 
training resources. To optimize the advantage of manually word 
aligning 4 200 rubrics, MeSH was excluded from the word alignment. 
The rubrics in MeSH consist of fewer words than the rubrics in the 
other systems and it was therefore assumed that training resources 
from the other systems would improve the results more than training 
resources from MeSH. 

To create a gold standard, 500 randomly sampled rubrics from all 
medical terminology systems were also manually word aligned by a 
domain expert in ILink. The domain expert was a different expert 
than the expert that created the training resources. 

Automatic word alignment 
ITrix was then used to automatically word align the same rubric pairs 
as in the gold standard using three different configurations. The first 
configuration used only the statistical resources and the intention was 
to emulate an entirely statistical system. The second configuration 
used both statistical and static resources and the intention was to 
measure the performance without training. The static resources 
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consisted of standard bilingual dictionaries and standard parts-of-
speech correspondence patterns, but no parts-of-speech blockers. The 
third configuration used statistical, static, and training resources, 
which were all available resources. 

The word alignments produced by ITrix using the three different 
configurations were compared with the gold standard and recall and 
precision figures were calculated. The figures are presented in Table 3. 
As can be seen in the table, the configuration using all three resource 
types gave the best result; the training resources in particular 
increased the performance. 

Configuration Recall Precision
Statistical 0.51 0.75 
Statistical & static 0.67 0.65 
Statistical, static & training 0.77 0.76 

Table 3 Recall and precision figures from the test runs 
Recall and precision figures from three test runs with the automatic word 
alignment using different configurations. 

Dictionary creation 
The statistical, static and training resources were then used in ITrix to 
automatically word align all medical terminology system rubrics to 
create candidate term pairs. Duplicates were removed from the 
candidate term pairs and then the remaining pairs were manually 
categorized in IView. During the categorization stage, we found 
27 000 correct term pairs belonging to the medical domain and 4 000 
correct term pairs belonging to the non- medical domain. It also found 
5 000 term pairs where the word alignments were partially correct and 
2 000 term pairs where the word alignments were completely wrong. 
The correct term pairs were included in the medical English-Swedish 
dictionary. 

Translation errors 
During the categorization stage, we also found some incorrect word 
aligned term pairs where the errors originated from translation errors 
in the rubrics. Nearly all of these rubrics were collected from NCSP. 
All errors originated from around 40 different problems in the 
translation, but some of them were included in more than one rubric, 
making the total number of errors higher. One example of a problem 
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was that the English prefix allo- was translated into the Swedish prefix 
homo- in the rubrics dealing with transplantations. Another problem 
was that the English word partial was sometimes absent in the 
Swedish translation. 

Paper II: Word alignment resources 
In Paper II, a medical English-Swedish dictionary was created using 
word alignment in the ITools suite in a similar way as in Paper I. 
However, Paper II focused on evaluating what types of resources and 
what resources generated from which medical terminology systems 
gave the best results in the automatic part of the word alignment. 

Resource creation 
The medical terminology systems in the terminology collection were 
divided into partitions. This was done so as to be able to compare 
which parts and subparts of the systems that could be used to 
produce the best resources for the automatic word alignment. Both 
manual inspection and statistical evaluation were used to find suitable 
partitions where the rubrics were similar to each other. The resulting 
partitions are presented in Table 4. 

MeSH was split in two partitions; when the English or Swedish rubric 
only contain one word the rubrics cannot be divided into smaller 
parts, and therefore already act as a kind of dictionary. ICD-10 was 
split in two partitions, because in chapter 2 level 4 the Swedish rubrics 
frequently start with phrases such as Malign tumör [in English: 
Malignant neoplasm] and Benign tumör [in English: Benign neoplasm], 
but in the English rubrics these start phrases are only implied from 
the supertype rubrics. NCSP was split in two partitions, because in 
chapter N the translations of the rubrics are more paraphrased than in 
the rest of NCSP. 

Three different static resources were prepared. One static resource 
was the “standard resource” containing standard dictionaries with 
22 500 English-Swedish entries in total and the parts-of-speech 
correspondence rules. Another static resource was the parts-of-speech 
blocker rules. The content in partition 1 was also assumed to be a kind 
of dictionary and was therefore used as a dictionary in the static 
resources. 
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Partition Content Number
of 

rubrics 

English 
rubric 

average 
number 

(standard 
deviation) 
of words 

Swedish 
rubric 

average 
number 

(standard 
deviation) 
of words 

1 MeSH, one word in 
either English or 
Swedish rubric 

13 514 1.5 (0.7) 1.0 (0.1) 

2 MeSH, more than 
one word in both 
English and Swedish 
rubrics 

5 568 2.6 (0.8) 2.3 (0.7) 

3 ICF, whole 1 496 4.7 (2.5) 4.2 (2.8) 
4 KSH97-P, whole 968 4.0 (2.5) 3.5 (2.4) 
5 ICD-10, except 

chapter 2 level 4 
10 791 5.2 (3.0) 5.2 (3.4) 

6 NCSP, except 
chapter N 

4 137 5.8 (2.7) 5.0 (2.5) 

7 ICD-10, chapter 2 
level 4 

713 3.6 (2.2) 6.3 (2.7) 

8 NCSP, chapter N 1 388 9.4 (2.6) 7.7 (2.3) 
All All terminology 

systems 
38 575 3.7 (2.9) 3.3 (3.0) 

Table 4 The partitions used in the word alignment 
The table contains the definitions of the content of the different partitions, the 
number of rubrics and the average number and standard deviation of the 
number of words in both the English and Swedish rubrics for each partition. 

IStat was used to create the statistical resources. The rubrics from each 
of the partitions 2-8 were used to create statistical resources from each 
partition. 

Training resources from each partition 2-8 were also created. First, a 
word alignment style guide was created. Then 5% of the rubrics from 
each of the partitions 2-8 were randomly sampled and manually word 
aligned according to the style guide by a domain expert in ILink. 
These manual word alignments were used as training resources from 
each partition. 
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A gold standard for each of the partitions 2-8 were created by 
sampling 5% of the rubrics from each partition and manually word 
aligning the rubrics in ILink. These rubrics were not the same rubrics 
as used for the training resources. The word alignment was 
performed using the same style guide and by the same domain expert 
as in the creation of the training resources. 

Automatic word alignment 
Automatic word alignment was then performed in ITrix in 85 test 
runs using different configurations to evaluate different issues. The 
results were compared with the gold standard and recall and 
precision figures were calculated. The test runs when statistical and 
training resources generated from different partitions were used 
together with static resources to automatically word align all 
partitions are presented in Table 5. The test runs when different kind 
of resources created from all partitions were used to automatically 
word align all partitions are presented in Table 6. 

Partition Recall Precision
2 0.65 0.65
3 0.62 0.63
4 0.64 0.64
5 0.75 0.73
6 0.67 0.67
7 0.64 0.65
8 0.64 0.65

Table 5 Recall and precision figures for different partitions 
The recall and precision figures from the seven test runs when statistical and 
training resources generated from different partitions were used together with 
static resources to automatic word align all partitions. 
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Configuration Recall Precision
None 0.29 0.38 
Statistical 0.58 0.61 
Training 0.77 0.76 
Statistical & training 0.80 0.77 
Static & training 0.79 0.77 
Statistical & static 0.72 0.69 
Statistical, static & training 0.81 0.77 

Table 6 Recall and precision figures for different resource types 
The recall and precision figures from the seven test runs when different kind 
of resources created from all partitions were used to automatic word align all 
partitions. 

Dictionary creation 
Because the automatic word alignment showed the best performance 
when all static, statistical and training resources were included, this 
configuration was used by ITrix to automatically align all rubrics in 
the partitions 2-8. The duplicates were removed from created term 
pairs and the term pairs were then grouped together in their base 
forms. Term pairs were then manually categorized in IView as correct, 
partially correct and incorrect and the result is included in Table 7. 
The correct term pairs together with the term pairs in partition 1 were 
included in the medical English-Swedish dictionary. 

 Base forms Inflected forms
Correct 24 000 28 000 
Partly correct 4 000 4 000 
Incorrect 2 000 2 000 

Table 7 Term pair categorization results 
Result of the categorization of the unique crated term pairs. 

Paper III: Enrichment of KSH97-P 
In Paper III, mappings from categories and chapters in KSH97-P were 
first verified and updated and then the mappings were used together 
with the structure of SNOMED CT to enrich the mono-hierarchical 
structure of KSH97-P. 
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Mappings update 
The mappings update started by updating the baseline category 
mapping to the January 2007 release of the SNOMED CT UK Edition. 
The goal was to use the same release in the category and chapter 
mappings. 

The update continued with a manual comparison of category and 
chapter mappings. The aim was to examine them so that the category 
and chapter mappings from the same chapter, when relevant, were 
mapped to the same hierarchy in SNOMED CT. The generic 
aggregation method was used to find the concepts to examine 
manually. All concepts that were mapped from any of the chapters 
were put into the aggregation set. The generic aggregation was then 
performed for each concept mapped from any of the categories. The 
categories only mapped to concepts that were not aggregated from 
any of the concepts in the aggregation set were then selected for 
manual examination. This comparison resulted in changes in 
mappings for five chapters and three categories. 

Statistical chapter mappings were also used to update the mappings. 
The aim was the same as for the manual comparison of category and 
chapter mappings. The statistical chapter mapping algorithm created 
mappings for all chapters and these mappings were manually 
compared with the manual chapter mapping. This comparison 
resulted in changes in the mapping for two chapters. 

An overview of the resulting category mapping is included in Table 8 
and of the chapter mapping in Table 9. Chapters XVIII and XXI were 
assessed as unmappable. 

Mapped SNOMED CT concepts KSH97-P categories
0 14 
1 887 
2 65 
3 6 

Table 8 Category mapping overview 
Number of categories in KSH97-P mapped to a specific number of concepts in 
SNOMED CT. 



Enrichment of Terminology Systems for Use and Reuse in Medical Information Systems 

42 

Mapped SNOMED CT concepts KSH97-P chapters
0 2 
1 13 
2 3 
3 1 
4 1 

Table 9 Chapter mapping overview 
Number of chapters in KSH97-P mapped to a specific number of concepts in 
SNOMED CT. 

Multiple chapter division 
The generic aggregation method was used to replace the mono-
hierarchical chapter division in KSH97-P with a poly-hierarchical 
chapter division. The method was applied to each combination of a 
KSH97-P chapter and the mapped concept(s) from a category. All of 
the mapped concept(s) from a chapter were included in the 
aggregation set. If any of the mapped concept(s) from a category were 
aggregated by any of the concept(s) in the aggregation set, then the 
category was assumed to belong to the chapter according to the 
multiple chapter division. This inclusion is regardless of what chapter 
the category originally belonged to. 

In the resulting multiple chapter division, most categories are 
included in their own original chapter, which reflects the structure of 
KSH97-P and SNOMED CT and the intention of the mappings. None 
of the categories are included in chapters XVIII and XXI, which are 
due to the lack of chapter mappings for these chapters. 

The largest inclusion of categories in a chapter other than the original 
is the inclusion of 55% of the categories of chapter XIX in chapter XIII. 
This implies that external causes often injure the musculoskeletal 
system and connective tissues, which seems reasonable. Chapter II has 
many inclusions of its categories in chapters XIV and XI and smaller 
inclusions in eight other chapters. The reason is that all the neoplasm 
categories are originally included in chapter II, but can also be 
ordered according to the body site they affect. These inclusions, and 
most other inclusions, of categories in chapters other than the original 
can be explained by chapter priorities according to the excludes 
remarks in ICD-10. 
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Not all categories are included in the multiple chapter division. One 
reason is that some categories and chapters are not mapped to 
SNOMED CT. Another reason is that the structure in SNOMED CT 
does not include all categories in the division. 

Additional attributes 
The attribute extraction method was used to expand KSH97-P with 
additional attributes. 

The method was applied to each combination of a KSH97-P category 
and a SNOMED CT defining attribute relationship type. All of the 
mapped concept(s) from the selected category were included in the set 
of specified concepts. The selected defining attribute relationship type 
was used as the defining attribute relationship type in the method. 
The found attribute value concepts were then assumed to be attribute 
values of the selected defining attribute relationship type to the 
category. 

Table 10 shows the proportion of categories in each chapter and the 
total enriched using each attribute type according to the additional 
attributes method. 18 attribute types that in total have a proportion of 
less than 0.02 have been omitted from the table. 

Even if many categories have attributes of a specific attribute type, the 
usefulness of these attributes can be of limited value if many 
attributes share the same attribute value. For example, it is of limited 
use to know that most categories have attributes of the attribute type 
Finding site with the attribute value Body structure.  

The average number of categories that have the same attribute value 
for each attribute type are therefore measured. It is found that most 
attribute types only associate one or a few categories with each 
attribute value. For example, the attribute types Finding site associate 
2.0 categories to each attribute value, Associated morphology associate 
2.7 categories to each attribute value, and Causative agent associate 1.3 
categories to each attribute value. Thus, attribute values are specific to 
one or a few categories and not general for many categories, which 
mean that the attribute values are modelled with a high level of detail. 
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Fully defined ancestors 
Among the concepts that are used in the family sets in the generic 
aggregation and attribute extraction methods are 63% fully defined 
and 37% primitive. The proportion of fully defined concepts in 
SNOMED CT is 13%. 

Paper IV: Primary care statistics 
In Paper IV, the multiple chapter division and additional attributes 
from Paper III are used to compile statistics based on the KSH97-P 
encoded diagnoses from 2 563 031primary care encounters in 
Stockholm County. 

Mapped diagnoses 
There were 2 508 944 encoded diagnoses. Of them, 113 775 were coded 
with KSH97-P categories that were not mapped to SNOMED CT and 
in 100 259 of these cases, the coded category was Z54-P Persons 
encountering health services for specific procedures and health care. 41 390 
of the diagnoses were coded with a category from ICD-10 instead of 
KSH97-P and these categories were also not mapped to SNOMED CT.  

Multiple chapter division 
In Table 11, the coded diagnose categories are aggregated into 
chapters using both the original KSH97-P chapters and the multiple 
chapter division chapters created in Paper III. Both the number of 
categories and the percentage share are shown for both aggregation 
methods. The differences in size for the multiple chapter division 
related to the original chapter are also included. 
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Chapter Original chapter Multiple chapter Difference
Number Share Number Share

I 108 893 4.4% 316 391 14.3% 191%
II 29 553 1.2% 34 878 1.6% 18%
III 12 918 0.5% 67 378 3.0% 422%
IV 124 899 5.0% 105 988 4.8% -15%
V 135 440 5.4% 118 342 5.4% -13%
VI 26 950 1.1% 55 061 2.5% 104%
VII 39 631 1.6% 40 818 1.8% 3%
VIII 123 306 4.9% 120 980 5.5% -2%
IX 246 022 9.8% 251 984 11.4% 2%
X 375 006 15.0% 377 837 17.1% 1%
XI 56 583 2.3% 194 904 8.8% 244%
XII 138 890 5.5% 160 319 7.3% 15%
XIII 281 787 11.3% 168 815 7.6% -40%
XIV 90 443 3.6% 104 814 4.7% 16%
XV 1 303 0.1% 992 0.0% -24%
XVI 84 0.0% 72 0.0% -14%
XVII 2 476 0.1% 5 158 0.2% 108%
XVIII 303 700 12.1%
XIX 105 203 4.2% 85 809 3.9% -18%
XXI 299 443 12.0%
All 2 502 530 100.0% 2 210 540 100.0% -12%

Table 11 Comparison of diagnoses in using original chapters and 
multiple chapter division 
Diagnose categories aggregated into both original chapters and multiple 
chapter divisions in KSH97-P. The number of categories and the percentage 
share are shown for both aggregation methods. The differences in size for the 
multiple chapter division related to the original chapter are also included. The 
number of diagnoses in the multiple chapter division is lower than in the 
original chapters because all categories were not included in the multiple 
chapter division. 

Additional attributes 
Additional attributes were created to the KSH97-P categories in a 
similar way as in Paper III, but the aggregated attribute extraction 
method was used instead of using the attribute extraction method. 
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These additional attributes were then used to aggregate the diagnoses 
according to different attribute types and attribute values. The reason 
for using the aggregated attribute extraction method was to include 
the diagnoses not only in the most specific attribute value but also in 
all ancestors of the attribute value. 

An example of the additional attributes is shown in Table 12. The 
table contains the number of diagnoses and the percentage share 
compared to all diagnoses for different attribute values for the 
attribute type Finding site. Of the 20 most common attribute values, 
the attribute values that have clinical meaning are included in the 
table. An example is that Anatomical or acquired body structure is one of 
the 20 most common attribute values, but that attribute value is 
assumed to not have any clinical meaning and is therefore excluded in 
the table. 

Attribute value Number Share
Upper body part structure 766 869 30.6%
Upper body structure 766 869 30.6%
Head and neck structure 548 981 21.9%
Structure of respiratory system  
and/or intrathoracic structure 

520 258 20.7%

Neck, chest, abdomen, and pelvis 517 052 20.6%
Neck, chest and abdomen 491 912 19.6%
Trunk structure 475 429 19.0%
Chest, abdomen, and pelvis 472 793 18.8%
Structure of subregion of trunk 472 793 18.8%
Chest and abdomen 447 653 17.8%
Structure of respiratory system 433 563 17.2%
Body space structure 427 541 17.0%
Body cavity structure 409 525 16.3%

Table 12 Diagnoses according to Finding site 
The number of diagnoses and percentage share compared to all diagnoses for 
different attribute values for the attribute type Finding site. Of the 20 most 
common attribute values, the attribute values that have clinical meaning are 
included in the table. 
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Paper V: Patient overviews 
In Paper V, a literature review of patient overview systems is 
performed and their information needs are compiled. The information 
needs are also compared with methods from Paper III and Paper IV. 
Patient overview system is taken to mean a system that summarizes a 
single patient’s EHR information in one or a few graphical overviews. 

Literature search 
The literature search was begun by creating a MEDLINE search query 
based on MeSH terms for finding patient overviews. The search was 
performed and resulted in 529 papers. By reading and analyzing the 
papers, it was found that 17 of these papers, describing 16 different 
patient overview systems, were relevant for this study. This gives a 
precision score of 0.03 for the query. 

Patient overview classification 
The papers describing the patient overview systems were analyzed in 
order to find suitable categories to classify the systems. During the 
analyses, we found that the systems divide their content into 
information entities and the data need for creating the overviews 
could be classified as: 

• Type: The overview uses one or a few ordering attributes such 
as examination type or anatomy to order information entities in a 
table of contents. 

• Value: The overview performs as in type but also includes 
selected value(s) from the information entities in the overview. 

• Aggregation: The overview performs as in value but aggregates 
or filters the information entities according to some criteria 
before presentation. 

We also found that the additional decision support given by patient 
overviews could be classified as: 

• None: The overview does not provide additional decision 
support. 

• Reference range: The overview indicates whether the shown 
values are within the reference ranges or not. 

• Advice: The overview gives clinical advice more advanced than 
just reference ranges. 
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Patient overview summary 
The results of the analysis of the patient overview systems are 
summarized in Table 13. 

Refe- 
rence 

Data need Application area Ordering attribute DS 

[53] 

Type 

General Source type, Anatomy - 
[54] Pregnancy Source type - 
[55] Drugs Anatomy, Mental, 

Etiological, Physiological
- 

[56] Microbiology tests Organism, Anatomy - 
[57] Order history Examination type, Time - 
[58] 

Value 

General Encounter, Problem, 
Investigation, Treatment

- 

[59] Nursing Source type - 
[60] General Anatomy, Source type R 
[61] General Source type A 
[62-63] Test results Abnormality, Clinic visit A 
[64] 

Aggre- 
gation 

General Source type - 
[65] General Anatomy, Problem, 

Source type 
- 

[66] Intensive care Physiologic function, 
Source type 

- 

[67] Time oriented 
clinical data 

Time interval - 

[68] Examination Source type R 
[69] Intensive care Physiologic function, 

Source type 
A 

Table 13 Summary of patient overview systems. 
The Reference column references the selected paper(s). Data need contains the 
classification according to the system’s data need. Application area contains the 
clinical area where the overview is used. Ordering attribute contains the 
attribute(s) according to which the information entities are ordered. (All 
systems also use collection or entry time, but these are omitted in the table.) 
DS contains the additional decision support (-)None, (R)eference range or 
(A)dvice. 
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We also found that ten systems, [53, 55-57, 59, 62-63, 65-67, 69], are 
evaluated, but the scope of the evaluations vary drastically between 
the systems. We also found that one system, [65], uses NLP, among 
several other methods, to get structured data and one other system, 
[62], considers supplementing the system with NLP in the future. 

Patient overview compilation 
To compile a patient overview it is necessary to be able to 
automatically transform the information from the information entities 
in the EHR to less granular information suitable for a patient 
overview. 

The data need type is the most straightforward type to compile the 
information for. These systems need to have the information 
transformed from the type category of the information entity into the 
type category of the ordering attribute. 

In the cases where the type category of the information entity and the 
type category of the ordering attribute are of the same kind, the 
generic aggregation method can be used in SNOMED CT for the 
compilation. This is the case for the most common ordering attribute 
Source type and also for the ordering attributes Abnormality, Etiological, 
Mental, Physiologic function, Physiological, Examination type, 
Investigation, and Treatment. 

For the ordering attributes Anatomy and Organism, the type category 
of the information entity are mainly of a different type than the type 
category of the ordering attribute. One example is that the information 
entity category Cholera is of the type Disorder, but its ordering attribute 
category Vibrio cholerae is of the type Organism. However, the 
aggregated attribute extraction method can be used in SNOMED CT 
to find the associated anatomy and organism. 

The ordering attributes that deal with points in time, which are Clinic 
visit, Encounter, Time, and Time interval, are not suitable for conversion 
using SNOMED CT. However, points in time are easy to compile 
using their numerical values and simple mathematical functions. 

Our evaluation therefore shows that the structure and content in 
SNOMED CT are in most cases suitable for the transformation into the 
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data need type if the type category of the information entity and type 
category of the ordering attribute are SNOMED CT encoded. 

Overviews with the data the needs value and aggregation also use—
in addition to what overviews with the data need type use— 
individual values from the information entity. These values must be 
accessible in automated ways and this implies that the values need to 
be stored in a structured and semantically well defined way in the 
EHR. One possibility of solving the storage and retrieval problem is 
structuring the values in the information entities in the EHR using 
openEHR archetypes and use the archetype query language (AQL) to 
retrieve the individual values. If only free text is used in the 
information entity it is not possible to automatically access the 
individual values with full accuracy. Overviews with the data need 
aggregation also need algorithms that aggregate and filter the content 
based on the retrieved values. 

The systems that provide any kind of additional decision support can 
use the same approach as overviews with the data need value to 
obtain the values used in the decision support. The reference ranges 
approach can be implemented using a collection of reference ranges 
and simple mathematical functions. However, implementing the 
advice approach requires a separate system to for creating the advice. 
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General discussion 
In the following, the general aims of this thesis are discussed in 
relation to achieved results and state-of-the art as presented in the 
background. 

Word alignment resources 
It is important to select the resources used in the word alignment 
based on what the expected outcome of the word alignment is. In 
Papers I and II, the objective was to extract relevant terms and create a 
bilingual dictionary suitable for the medical domain. In Paper I, 88% 
(27 000 of 31 000) of correct term pairs belong to the medical domain. 
The proportion was not evaluated in Paper II, but nothing indicates 
that the proportion is considerably different. This finding indicates 
that medical terminology systems are suitable resources when a high 
proportion of medical words are requested. 

This can be compared with work performed by Deleger et al. [70]. 
They also used ITools for word alignment, but used English-French 
text from a health web site aimed at both a general and a medical 
specialist audience as input. Deleger et al. found 91 000 candidate 
term pairs, but only 20 000 of them belonged to the medical domain; 
after the categorization stage only 10 000 correct medical term pairs 
were left. This indicates that 22% of the terms belonging to the 
medical domain, which is a considerably lower proportion than in 
Paper I. 

There are also differences between clinicians’ medical language and 
layman’s medical language [70]. The terms from the medical 
terminology systems are the clinicians’ official language. For 
SNOMED CT it is even stipulated that the descriptions of the type 
preferred term should use the language a clinician would expect to find 
in a health record [71]. In health web sites the used type of medical 
language can vary [70]. There might even be differences between 
medical language used in terminology systems and medical journals. 
Kokkinakis and Gerdin have compared the Swedish SNOMED CT 
descriptions of type preferred term with the archive of Läkartidningen 
[in English: Journal of the Swedish Medical Association] [72]. They 
could only find a very small fraction of the descriptions in the archive 
from the journal, but are unsure about the reason [72]. 
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When documents are used in alignment, the sentences first need to be 
aligned to each other before the word alignment can start. Incorrect 
sentence alignment can lead to incorrect word alignment [70]. A 
benefit, therefore, of using rubrics from terminology systems instead 
of documents is that the sentence alignment is not needed, because the 
rubrics and descriptions are already aligned. 

During the tests in Paper II it was found that the best resources for the 
automatic word alignment are ones created from partitions with many 
unique words, which are consistently translated and have similar 
content as the partitions to be word aligned. Based on how automatic 
word alignment works, these findings are reasonable and can most 
likely be generalized to other domains. A less obvious finding is that 
the word alignment performs just slightly better if static, statistical, 
and training resources are used together than if only training 
resources are used. A possible reason for this result is that the training 
resources partly contain the same information as the static and 
statistical resources. Other probable reasons are that information in 
the training resources contains fewer errors than the statistical 
resources, and that the information in the training resources are more 
closely related to the word aligned domain than the static resources. 

The word alignment method belongs to a sub-domain of NLP called 
corpus linguistics [73]. Corpus linguistics is the part of linguistics that 
analysis authentic texts [73]. The benefits and drawbacks between 
different medical texts discussed above are probably also valid for 
other corpus linguistic methods besides word alignment. 

Word alignment use 
The terminology systems included in the terminology collection are, 
except for MeSH, statistical terminology systems with coarse-granular 
categories and have rubrics that are more explanations of the 
categories than terms. For example, the US English descriptions of 
type preferred term associated with current concepts in the January 
2010 SNOMED CT international release have 2.9 number of words per 
description in average [74]. This can be compared with ICD-10 which 
has 4.9 words per English rubric in average, and NCSP which has 6.7 
words per English rubric in average. The word alignment was 
therefore necessary to make the rubrics reusable in use cases when 
more fine-granular terms are requested. One use case is producing a 
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bilingual dictionary for the medical domain. The dictionary can for 
example be used as a general medical dictionary, for use in semi-
automatic translation methods when translating medical terminology 
systems, and for use in cross-language information retrieval systems. 
Two other use cases are to extract terms that can be used to enrich 
fine-granular terminology systems, such as SNOMED CT, with new 
content, and to find inconsistencies in translations. 

A coarse-granular category in a statistical terminology system can be 
compared with a post-coordinated concept. The division of a coarse-
granular rubric into fine-granular terms using the word alignment 
method can then be compared with dividing a post-coordinated 
concept into its building blocks of pre-coordinated concepts. 

One example of method for producing general bilingual dictionaries 
for the medical domain is the dictionary creations described in 
Papers I and II and the dictionary creation described by Deleger et al. 
[70]. Another example is the method described by Markó et al. This 
method uses monolingual medical dictionaries in different languages 
stored in a standard format as input [75]. The dictionary entries are 
then aligned to each other [76-77]. The alignment uses an already 
existing multilingual dictionary with translations on the sub-word 
level. If two dictionary entries in different languages can be divided 
into sub-words that, according to the sub-word dictionary, can be 
translated to each other, the two dictionary entries are aligned [76-77]. 
23 000 monolingual Swedish dictionary entries and 23 000 
monolingual English dictionary entries from the study described in 
Paper I used together with 7 000 monolingual Swedish dictionary 
entries and 97 000 monolingual English dictionary entries from other 
sources were described as input to the alignment in [76]. The 
alignment resulted in 87 000 alignments between Swedish and English 
dictionary entries [76]. This is a high number of alignments, especially 
considering that the input only contained 30 000 Swedish dictionary 
entries. However, no evaluation of the quality of the alignments 
produced is reported, which makes the number of alignments hard to 
compare with the word alignments in Papers I and II. A benefit of 
Markó et al.’s method is that it does not require parallel texts as input, 
which ITools needs. A benefit with ITools is that the terms are 
identified during the word alignment, but in Markó et al.’s method 
the terms have to be identified when the monolingual dictionaries 
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used as input are created. Which method to use is therefore 
dependant on the resources available as input. 

The word alignment method by Markó et al. described above can also 
be used for cross-language information retrieval [78]. In this case the 
sub-word dictionary is used as a multilingual dictionary. The 
multilingual dictionary is used to align search queries in one language 
to documents in another language. The documents that are aligned to 
a query are included in the answer to that query and the best 
alignments to a query are assumed to be the most relevant documents 
for that query [78]. 

As shown in Paper I, word alignment can also be used to find 
inconsistencies in translations. NCSP was first published in Swedish 
in 1996 and has undergone annual revisions. Despite this, 40 different 
problems were found even though the study was not specifically 
designed to search for inconsistencies. 

Information compilation 
An interesting finding in Paper V is that a third of the evaluated 
patient overview systems have only the data need type [53-57]. The 
data need for these patient overviews can be satisfied using 
transformations with generic relationships and attribute relationships 
of a few different types from SNOMED CT, or other ontology, and 
simple mathematical functions. It is therefore possible to feed the 
simpler patient overviews with information as long as the EHR 
information is organized into some kind of time-stamped information 
entities where each entity is encoded with a pre- or post-coordinated 
concept from SNOMED CT or other ontology. This information 
transformation finding opens up for creation of quite simple methods 
to feed patient overviews with information. 

A benefit with the above information transformation method is that it 
does not require that the EHR have a specific upper level structure, 
like problem-oriented or source-oriented. However, a drawback is 
that the transformation does not include the upper level structure in 
the patient overview if the upper level structure exists. 

The most requested type of attribute relationship in order to be able to 
transform the information into the patient overviews in Paper V is 
Finding site. Paper V shows that the Finding site attribute relationship 
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is common in SNOMED CT and Paper III shows that it is the most 
common attribute relationship for concepts related to Swedish 
primary health care. This indicates that SNOMED CT has a suitable 
content for feeding patient overviews with information. 

The second and third generations of terminology systems, described 
by Rossi Mori et al. [22], also contain components that enable the 
above described information compilation for patient overviews with 
data need value, at least if the terminology systems have suitable 
content. However, the first generation of terminology systems is not 
possible to use because their internal structure consists of only a 
simple hierarchy. Terminology systems that fulfill Cimino’s criteria 
[23] content, concept orientation, poly-hierarchy, formal definitions, 
multiple granularities and multiple consistent views are also possible 
to use in the information compilation. 

Besides what patient overviews with the data need type need, 
overviews of the kinds value and aggregation also need automated 
access to individual values from the EHR and not only to a concept 
that aggregates the content in an information entity. As written in 
Paper V, this can be achieved by structuring the EHR content using 
the openEHR reference model and archetypes and using AQL to 
retrieve the values. However, the automated access to individual 
values can also be solved using other methods. Examples of other 
methods are to use HL7 CDA to store the information in computable 
form or to use information extracts stored according to EN 13606 and 
then use a query language or paths to acquire the individual values. 

In Papers III and IV it is shown that useful reorganizations of medical 
terminology systems and relevant statistical diagnosis compilation 
can be made using generic relationships and attribute relationships of 
a few different types. These findings, and the finding from Paper V 
above, indicate that the basic needs in information compilation in 
many cases can be fulfilled using generic relationships and attribute 
relationships of a few different types from SNOMED CT or other 
ontology. 

The methods presented in Paper III can be used to group KSH97-P 
categories together in groups according to different criteria than 
stated in the design considerations in KSH97-P and ICD-10. For those 
categories that could be included in more than one chapter, the 
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multiple chapter division can be used to include them in a different 
chapter than the chapter selected by the design considerations. 
Another possibility is to collect all categories according to specific 
additional attributes, such as collecting all categories that have an 
attribute type of Finding site with an attribute value of any subtype of 
Structure of digestive system. Paper IV shows that these kinds of 
reorganizations of the KSH97-P categories can facilitate the creation of 
statistical compilations that are not based on the original design 
considerations in KSH97-P and ICD-10. 

Paper III shows that mappings from KSH97-P to SNOMED CT and 
the structure of SNOMED CT can be used to let KSH97-P fulfill more 
of the criteria proposed by Rossi Mori et al. [22] and Cimino et al. [21, 
23-25]. 

According to Rossi Mori et al. [22], KSH97-P is a first generation 
system, but after the additions of the multiple chapter division and 
additional attributes, it is possible to compare KSH97-P with a second 
generation system, at least with respect to structure. The categories in 
KSH97-P constitute a list of categories, and the additional attributes 
and their structure in SNOMED CT can be seen as a cross-thesaurus. 
The relationships between KSH97-P categories and their attributes 
correspond to a knowledge base of dissections. SNOMED CT’s 
concept model together with information about how the mappings are 
done can be seen as a categorical structure. 

Four desired characteristics according to Cimino et al. are 
polyhierarchy [21, 23-25], formal definitions [21, 23-25], multiple 
granularities [21, 23] and multiple consistent views [23-25], but none 
of them are fulfilled by KSH97-P. However, Paper III shows that 
KSH97-P can better fulfil these characteristics. The multiple chapter 
division turns KSH97-P into a poly-hierarchical terminology system. 
The mappings from KSH97-P categories to SNOMED CT concepts, 
together with the formal definitions of the concepts can, to some 
degree, be seen as formal definitions of KSH97-P categories. The 
formal definitions of SNOMED CT concepts make it possible to 
automatically perform the rearrangements of the categories. The 
multiple granularities in SNOMED CT make multi-granular 
aggregations of the categories in KSH97-P possible. The possibility of 
showing KSH97-P categories according to the structure of 
SNOMED CT together with the multiple chapter division or different 
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attributes in the additional attributes makes it possible to show 
KSH97-P in multiple consistent views. 

Information compilation requirements 
Papers III and IV show that KSH97-P can have its mono-hierarchical 
structure enriched by using mapping to SNOMED CT and the 
structure of SNOMED CT. However, the categories in KSH97-P and 
other statistical terminology systems are created to abstract the 
information in the EHR into coarse-granulated groupings. These 
groupings were created to be easy to use when compiling statistics. 
This implies that the categories in KSH97-P and in other statistical 
terminology systems are coarse-granular. 

If information compilations require more fine-granular groupings or 
different groupings than the statistical systems categories provide, the 
category encodings are impossible to use. A future, maybe partial, 
transition to using SNOMED CT or other ontology that can represent 
the EHR information in a well defined and more fine-granular manner 
would therefore provide more opportunities to reuse and compile 
information. There will still be a need to make mono-hierarchical 
statistical compilations of the encoded information [79]. However, this 
requirement can be met by using mappings from the fine-granular 
systems into the statistical terminology systems or by including 
specific relationships and/or specific grouping concepts to use for 
statistical compilations in the fine-granular systems. 

Another argument for the transition to using SNOMED CT or other 
ontology instead of general terminology systems is that categories in 
terminology systems are defined by textual explanations, while 
concepts in ontologies are defined by formal definitions. The lack of 
formal definitions adds an extra layer of uncertainty when 
information encoded with terminology systems instead of ontologies 
is reused. 

The methods used in Papers III and IV enriched KSH97-P with a 
multiple chapter division and additional attributes. Instead of using 
those methods, it would have been possible to expand KSH97-P using 
entirely manual modelling. These results might have been of higher 
quality than the results from the mapped ones, but the modelling 
would have required more resources to perform than the mapping. 
The difference in resource use would have been even larger for the 
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additional attributes in Paper IV, where not only the attribute value(s) 
associated with a category were used, but also all ancestors of the 
attribute value(s). The difference in used resources would also have 
been even higher if larger medical terminology systems, such as ICD-
10, were expanded with multiple chapters and additional attributes. 

The existence of primitive concepts in SNOMED CT has most likely 
decreased the number of additional attributes and may also have 
decreased the number of multiple chapters in Papers III and IV. It is 
also likely that the information transformations described in Paper V 
would be influenced in some way by primitive concepts, but it is 
difficult to estimate how. A primitive concept has still defining 
relationships, even if at least one that makes the concept fully defined 
is missing. The effects are also dependant on where the primitive 
concepts are placed in the structure of SNOMED CT. The only way to 
be absolutely sure that no important information is missing is to check 
the results of the generation of additional attributes and multiple 
chapters and the results of the information transformation. An 
obvious way to reduce the problems of primitive concepts is to reduce 
the number of primitive concepts in SNOMED CT. 

Mapping verification 
The results in Papers III and IV are dependent on the quality of the 
mappings from KSH97-P to SNOMED CT and incorrect mappings can 
lead to errors in the created results. The baseline mappings used were 
therefore manually constructed by domain experts using quality-
assurance methods described by Vikström et al. [47]. However, 
SNOMED CT consists of 291 000 active concepts and more than 
823 000 active defining relationships [40]. The size may therefore 
make it difficult for the domain experts to get an overview of the 
content during the mapping work. This could lead to incorrect 
mappings. Methods similar to those used in the related ontology 
alignment research area were therefore used to verify the baseline 
mappings. 

Ontology alignment is similar to word alignment. In ontology 
alignment, concepts from different ontologies are aligned to each 
other with different types of relationships [80]. Different kinds of 
methods can be used, alone or in combination, to guide the 
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computerized ontology alignment. Common types of ontology 
alignment methods are listed below [80]. 

• Linguistic matching: The textual descriptions of the concepts and 
relationships are compared to each other to find similarities. 

• Structure: The structures of the ontologies are compared to each 
other to find similarities. 

• Constraints: The axioms of the ontologies are used, mainly in 
combination with other methods, to find similar concepts and 
relationships. Examples of axioms are the range and domain of 
a relationship and that specific concepts are disjoint. 

• Instances: If instances of concepts are available, these instances 
can be used to find similar concepts. 

• Auxiliary information: External resources, such as dictionaries, 
thesauri, and intermediate ontologies may be used to find 
similar concepts and relationships. 

The statistical chapter mapping algorithm is a kind of ontology 
alignment method of type structure. The algorithm creates chapter 
mappings and these can also be seen as alignments between the 
KSH97-P chapters and SNOMED CT concepts. The algorithm is 
general and can also be used with other terminology systems than 
KSH97-P and SNOMED CT. The generic aggregation algorithm used 
for the manual comparison of category and chapter mappings is not a 
real ontology alignment method, but is still based on structure. It 
might have been possible to use other methods based on structure. 
However, the structure of KSH97-P consists only of the division of 
categories into chapters and not the rich structure of relationships 
normally found in ontologies. This lack of relationships probably 
limits the number of methods that are possible to use. 

The comparison of the multiple chapter division and the exclude 
remarks from ICD-10 is indirectly based on constraints. The excludes 
remarks are used in the design of ICD-10 to prevent categories from 
being included in more than one chapter. The comparison verifies if 
categories are included in chapters in the multiple chapter division 
that the excludes remarks prevent. A similar comparison might have 
been possible between the additional attributes and the concept model 
of SNOMED CT if the concept model had been more detailed. The 
concept model, for example, only states which types of relationships 
that are allowed and disallowed to use for all clinical findings and 
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diseases [5]. This makes it impossible to use the concept model to 
verify that disease categories from one chapter should have additional 
attributes of one type, but not the categories from another chapter. 

Methods based on linguistic matching, instances and auxiliary 
information were not used. The domain experts used text search when 
they constructed the mappings [47]. It was therefore believed that 
other kinds of methods than linguistic matching would give better 
verifications of the mappings. The reason to not use methods based on 
instances was the difficulty in finding instances of SNOMED CT, such 
as EHRs encoded with SNOMED CT concepts, to use. Methods based 
on auxiliary information were not used because of lack of relevant 
auxiliary information. However, the availability of instances and 
auxiliary information might change in the future. 

The baseline mappings could probably also have been improved if the 
domain experts have used better tools to survey SNOMED CT during 
the creation of the mappings. One possibility is to use interactive 
visualization and navigation of SNOMED CT [81] in the same way as 
it was used for binding SNOMED CT concepts to archetypes [82]. 

Limitations and generalization 
A limitation of the work in Papers I – IV is that the work is performed 
in a Swedish setting. In papers I and II the word alignment is 
performed using parallel rubrics in English and Swedish. However, 
the methods presented in these papers are not only relevant for the 
language pair English-Swedish, but for most other West European 
language pairs as well. Papers III and IV are based on KSH97-P, which 
is a Swedish primary health care version of ICD-10. However, the 
methods used are also applicable to other medical terminology 
systems. It would be possible to do a nearly identical study using 
ICD-10 if mappings from ICD-10 to SNOMED CT and diagnostic data 
encoded with ICD-10 were available. It is also possible to use the same 
methods on other medical terminology systems as long as the domain 
of the terminology system is covered by SNOMED CT or other 
ontology. 

In Paper V, only MeSH-terms were used for search in MEDLINE to 
retrieve papers to include in the literature review. This selection of a 
single search method might be seen as a limitation. An interesting 
extension would be to also use other search methods for finding 
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papers to include in the literature review. Other search methods could 
potentially find relevant papers that are improperly indexed with 
MeSH-terms or that are not included in MEDLINE. 

The papers only cover two types of information compilations, 
rearrangement of categories in medical terminology systems and 
transformation of information from EHRs to patient overviews. If 
more information compilations had been studied, more general 
conclusions of the possibilities to use SNOMED CT for information 
compilation of EHR information could maybe have been drawn. 

Future work and clinical impact 
Findings in Papers I and II and in other studies show that the 
language in different types of medical texts varies. It would therefore 
be interesting to compare different types of medical texts, such as 
rubrics from various medical terminology systems, text from health 
records, text from scientific medical journals, and text from medical 
web sites intended for the general public. 

When the Swedish translation of SNOMED CT has been finalized, it 
would be interesting to word align the English and Swedish 
descriptions. This word alignment could both be used to expand the 
created medical English-Swedish dictionary with new entries and for 
quality assurance of the translation. 

The clinical impact of the word alignment method and the related 
findings are probably mainly indirect. Word alignment can be used to 
extend, translate and quality assure terminology systems for clinical 
use. Dictionaries created with word alignment can also facilitate 
translation of medical and health record texts and cross-language 
information retrieval. 

The work in Papers III and IV is continued in [83], but there is still 
more research to do on how mappings to SNOMED CT can improve 
medical terminology systems. It would, for example, be interesting to 
study mappings from medical terminology systems that focus on 
other domains than diagnoses. It would also be interesting to study 
the semantics on the category level. 
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Another interesting continuation of Papers III and IV would be to 
build and evaluate a tool for compilation of SNOMED CT encoded 
data. 

The clinical impact of enrichment of the structure in KSH97-P, or 
other terminology systems, and using the new structure for creating 
statistical compilations is that the opportunities to highlight more 
aspects of the clinical reality increases. According to Gorman, the 
clinicians need except for patient data also population statistics and 
medical knowledge [20]. The new statistical compilations can be used 
both to better meet the needs for population statistics and to be a basis 
for development of new medical knowledge. The new compilations 
can also be used to produce new kinds of statistical reports when EHR 
information is reused on the clinic, institution, and regional level for 
the needs that van Ginneken et al., [8], describe. 

A natural extension of Paper V is to implement the proposed 
information compilations in an EHR environment and base patient 
overviews on them. One interesting use case is to combine the 
information compilations with the visualization techniques presented 
in [84]. Another interesting use case is to include systematized 
medical alerts, [85], into the patient overviews and extend the 
information compilations to automatically or semi-automatically 
compile alert information. It would also be interesting to evaluate the 
usefulness of different kinds of patient overviews for different health 
care professionals and specialities. 

The clinical impacts of patient overviews are that they simplify and 
reduce the time required for clinicians to get into the content of a 
patient's health record. This helps the clinicians to make better 
informed decisions about the patient’s care, which leads to better and 
more effective care of the patient. Extending the patient overviews 
with additional decision support would probably help the clinicians 
to make even better decisions. 

The benefits of patient overviews can be expected to be largest when 
the content of the patient record is extensive or when the content is 
structured for the clinician in an unfamiliar way. It is therefore of 
special clinical impact that a patient overview of kind type can 
arrange its content independent of the upper level structure in the 
underlying EHR(s). The overview can then arrange the content in a 
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way that is familiar to the clinician, even if the EHR information is 
collected from EHRs with different and for the clinician unfamiliar 
upper lever structures. This advantage can be especially important 
when health record information is collected from many different 
sources such as in the European project Smart Open Services for 
European Patients (epSOS) [86], and in the Swedish project National 
Patient Summary [87]. 

The general clinical impact of improving the semantic interoperability 
of the health records is that computers can help with a larger share of 
the information management. The semantic interoperability can be 
raised by using common and well-defined ontologies, such as 
SNOMED CT, and information models, such as openEHR and HL7. 
As already shown, some benefits can be achieved by mapping legacy 
terminology systems and information models to common and well-
defined ontologies and information models, but far from all. More 
research is therefore required on how to best enhance the semantic 
interoperability of health records on both short and long terms. 
Special consideration will need to be taken not to increase the 
clinicians’ workload to enter health record information unreasonable 
much. 

The use of SNOMED CT for collecting, storing, retrieving, and 
analyzing health care information has just started and more research 
is needed in all of these areas. 





 

67 

Conclusions 
Medical terminology systems have long been used to encode health 
record information, but have not yet reached their full potential for 
use and reuse of information. 

The rubrics in medical terminologies are a useful source of text for 
NLP. One advantage is that the rubrics and descriptions consist of 
short texts where each text is often individually translated into several 
languages. Another advantage is that the rubrics and descriptions are 
arranged in a formal structure that relates them to each other. A 
further advantage is that the text in the rubrics and descriptions are 
written in the clinicians’ official language. 

Word alignment is a useful method to create bilingual medical 
dictionaries and to extract new medical terms. Word alignment can 
also be used for finding translation inconsistencies. 

Mappings and encodings of health record information with 
SNOMED CT facilitate the possibilities for reusing the information. 
KSH97-P, which is a primary health care version of ICD-10, can be 
expanded with a poly-hierarchical chapter division and with 
attributes using mappings from KSH97-P to SNOMED CT and the 
structure of SNOMED CT. This method is also applicable to other 
medical terminology systems. 

All of the patient overview systems found in the literature review 
used information aggregated from structured EHR. This need can be 
satisfied using EHRs containing time-stamped information entities 
where each entity is encoded with a pre- or post-coordinated concept 
from SNOMED CT. The transformations are then performed using the 
generic relationships and attribute relationships in SNOMED CT 
together with simple mathematical functions. One-third of the patient 
overviews only need this kind of aggregation. The other systems also 
need access to individual data values. This need can be met using a 
structurally and semantically well defined information model to 
arrange the EHR content. 

Reuse of health record information encoded with a medical 
terminology system can be facilitated by using mappings from the 
terminology system to SNOMED CT or other ontology. However, the 
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information reuse would be further facilitated if the information was 
encoded with SNOMED CT or other ontology from the outset. 

The use of incorrect mappings between terminology systems can lead 
to errors in the created results. The quality of the mappings can be 
improved by using methods for verifying the mappings, such as 
comparing the terminology systems structures or constraints. 
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