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Abstract. Objective: Reusing EPR data for secondary purposes often requires 
mapping to classifications and vocabularies such as ICD, LOINC or NCI thesaurus.
We aimed for a common architecture which supports the use of different 
vocabularies and mapping tools. Methods: We integrated the components clinical 
data warehouse, vocabulary resources and mapping tools with the EPR and client 
applications. Results: In two projects we used this architecture to map laboratory 
parameters from the LIS to LOINC, and to map clinical data elements from the 
Soarian EPR to the cancer registry system using the NCI-Thesaurus®. Conclusion: 
The approach was successful in both projects. The reference architecture does not 
resolve the mapping task, but provides reusable integration links between the 
different components and thus facilitates further mapping activities. 

Keywords. Controlled Vocabulary, Documentation, Semantics.

1. Introduction

Today, the focus of medical information processing shifts from system implementation 
and digital documentation towards reuse of information from the multitude of stored 
patient data inside the electronic patient record EPR [1, 2]. EPR data comprising free 
text, structured data fields and some percentage of coded data, is mostly stored in non-
standardized format within different clinical information systems. A clinical data 
warehouse may combine the data from different sources but it does not solve the 
problem of semantic interoperability [3]. Therefore the use of classifications and 
controlled vocabularies is an important step in the composition of a single source 
approach [4]. Unfortunately, there are many classifications and vocabularies with 
different focus and philosophy such as ICD for diseases, LOINC for laboratory results 
or ATC for drug substances. There is yet no practical guideline how a single source 
platform can be implemented on this basis [5]. Cimino [6] determined that the 
challenges for the realization of a single source approach are the availability of suitable 
vocabulary, the coding of the data and the adoption of standards for representation. 
Controlled vocabularies are available, but the coding or mapping to such vocabularies 
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remains difficult and laborious and terminological implementation practices are non-
existent [3, 4, 5]. 

Erlangen University Hospital (EUH) is active in several single source projects 
[7, 8, 9]. Semantic mapping of different sources proved to be a tedious and repeating 
task, prompting the question if a generic framework-like concept for the mapping of 
clinical EPR data to different existing controlled vocabularies could be devised. Thus, 
our research objective was a generic component based reference architecture which 
enables semantic mapping of various EPR elements to different catalogues and 
vocabularies. Such a reference architecture should facilitate the implementation of 
ontological representations and thus support semantic interoperability.

2. Methods

EUH is a maximum care facility with 1316 beds situated in the south of Germany near 
Nuremberg. Patient treatment takes place in different highly specialized departments 
and functional units. EUH uses the Soarian® Clinicals electronic patient record system 
by Siemens Inc. which is interfaced with many other specialized information systems 
for laboratories, radiology, surgical theatre, and functional units. Soarian supports 
development of customized documentation forms with free text or structured items [10]. 
A Cognos®-based clinical data warehouse (DWH) system has been implemented to 
collect data from these various subsystems, a research data warehouse using i2b2 [11, 
12] is currently being established. The i2b2 platform (Informatics for Integrating 
Biology and the Bedside) is an open-source platform for intuitively querying large 
biomedical datasets, based on a generic entity-attribute-value data model. Laboratory 
services are performed in different laboratories, with some overlap in the diagnostic 
spectrum. All laboratories use the Swisslab® commercial laboratory information system 
(LIS), with disparate but non-unified codes for all observations. Laboratory data are 
transferred to the clinical workstation via HL7 interface.

Incrementally, the infrastructure for data processing in EUH has been enhanced 
with a reference architecture for semantic annotation of EPR data using different 
controlled vocabularies. Figure 1 shows the top level architecture.

The following components and their functional interfaces constitute this 
architecture: 

First a common database for analyzing and querying EPR data was required. This 
task is accomplished within the Cognos®-based clinical data warehouse which reads 
raw EPR data from most relevant source systems on a daily basis. 

To assist semantic mapping of the EPR data, the respective vocabularies must be 
made available for digital processing within the component “vocabulary resources” on 
the right hand side. Vocabulary resources comprise several components which 
currently enable mapping to either NCI thesaurus [13] or LOINC [14]. More 
components will be added in our continuing semantic mapping efforts. Essentially, 
vocabulary resources store the controlled vocabularies content, the mapping tables and 
vocabulary services such as LexEVS.

To support the actual mapping between EPR data and the vocabulary sources a set 
of active components is required marked “Mapping tools” in Fig. 1. Similar to 
vocabulary resources, mapping tools, which currently comprise mechanisms for the 
mapping to LOINC (RELMA) and to NCI Thesaurus (Metamap) will be complemented 
with additional tools.
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Figure 1. Reference architecture for semantic annotation in a single source environment. The boxes show the 
components of the framework, the arrows represent the implemented data loading and querying directions.

To harmonize unstandardized raw data with the available mappings we use Onto-
Tools [9], a locally developed tool suite and support e.g. the transfer of LexEVS®

mappings into secondary systems such as the research data warehouse i2b2®. The 
Onto-Tools [9] are a suite of tools for creating automated ETL-jobs (extraction -
transformation - loading) based on mapping ontologies to load data from a source 
system into i2b2.

An essential feature within this component architecture is that the linkage between 
the components (the arrows) remains standardized and should need no or only minimal 
adaptions if further mappings are being implemented. 
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Figure 2. Workflows for LOINC and cancer data mapping within the reference architecture. Rectangles 
represent (existing) ETL and mapping tools, trapezoid shapes represent human mapping efforts. The 
reference architecture is characterized by the automated data flow which has been symbolized with arrows.

3. Results

The reference architecture has been prototypically implemented to support mapping of 
local laboratory interface terms to LOINC [15] and to map Soarian based cancer 
documentation data fields from the EPR to the GTDS tumor registry application used at 
Erlangen cancer center [16] via the NCI-Thesaurus. An Oracle database was used to 
implement the vocabulary resources. Interconnection of mapping tools and the linking 
components to the EPR have been programmed in Java Version 6 on a workstation 
running Windows 7.

Figure 2 demonstrates the workflows to use the reference architecture for the two 
pilot mapping projects. On the left the typical data warehouse ETL (extraction –
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transformation – loading) process to load raw clinical EPR data from various sources 
into the DWH is depicted. On the right, the LOINC mapping pathway uses the 
RELMA tool from the mapping tools for semi-automated mapping (mapping proposals 
are displayed to a human mapper for approval), whereas in the cancer data mapping 
process an automated mapping with the Metamap tool takes place. Both pathways are 
enabled for optional expert review to ensure appropriate mapping quality.

In the LOINC mapping project [15] a total of 10.206 laboratory interface terms 
have been mapped to 2.564 LOINC codes. Quality controlled expert review has been 
performed for a sample of 100 terms. In the cancer data mapping project [16] we 
mapped a total of 1.142 clinical data items from the Soarian EPR system to GTDS 
cancer registry documentation system using the NCI-Thesaurus. These mappings are 
used for pooling and querying laboratory data respectively for interfacing the Soarian 
EPR cancer data items to the GTDS cancer registry system.

The correctness of the LOINC®-mapping using RELMA® was higher (98%) than 
the correctness of the NCI-Thesaurus®-mapping using Metamap® (79%). This is 
possibly due to the fact that RELMA® is a semiautomated mapping tool which requires 
a human user for mapping, whereas Metamap supports fully automated mapping. 
Finally our Onto-Tools [9] provide the possibility to semantically rehash raw data 
using mapping ontologies and load it into secondary systems.

4. Discussion

We present a proposal for a reference architecture to support semantic mapping of EPR 
data items to different vocabularies. The architecture comprises a clinical data 
warehouse, a vocabulary resources component and a mapping tools component plus 
client applications with their respective logic interconnections. In this scenario 
mapping tools include manual, semi-automated and fully automated mapping 
approaches. The prototypical implementation of this architecture has proven suitable 
for two mapping activities with several thousand data items of the clinical EPR. 

Semantic mapping is not something which comes without effort. According to our 
results, fully automated mapping may still result in too many errors, thus requiring 
manual intervention and trained human mappers. Furthermore, expert review of the 
mapping results is a tedious but essential task in the mapping process to ensure 
reliability of the results. Our lessons learnt in the project are that semantic mapping can 
be facilitated when the source meta data are in most parts complete and understandable, 
which is not always the case. If meta-information is missing - we experienced e.g. 
initially missing information which methods are used for certain laboratory parameters 
– it may be impossible to assign the correct mapping to LOINC codes. In the given 
example this resulted in tedious communication with the consulting experts from the 
respective laboratories. Success of semantic mapping depends on the application area, 
which is reflected in the achieved mapping quality – see results section: Structured 
laboratory parameters are better suited than semi-structured data fields for cancer 
documentation. For the latter we noticed also that a true gold standard for cancer 
documentation does not exist. The more complex and unstructured the terminology of 
the application area, the more essential it is to rely on experienced human mapping 
operators with an in depth knowledge of the application area to achieve acceptable 
results. Consequently, good cooperation with the involved clinical departments is 
absolutely necessary.

C. Zunner et al. / A Reference Architecture for Semantic Interoperability44



The advantage of the reference architecture approach however is that the linkage 
components between mapping tools, vocabulary resources, the EPR sources and the 
clinical data warehouse can be reused, requiring only minor adaptations when a new 
mapping task needs to be performed. Most components except COGNOS® by IBM Inc. 
are available for free for academic use. The proposed reference architecture can be 
transferred to another environment subject to the following conditions:

1. a clinical data warehouse is required as the basis for development
2. a data export from the EPR for raw data and meta data is available
3. a component “vocabulary resources” must be established which enables 

storage of controlled vocabularies and of mapping results
4. a “mapping tools component” must be implemented which comprises the 

required mapping tools and permits dynamic integration of further mapping 
services 

5. these components must be integrated with each other in a generic way so that 
future mapping tasks may be accomplished with minimal alterations in the 
integration components.

Former single source projects such as [17] just used locally developed standards to 
connect their system instead of standardized terminology, whereas newer projects such 
as [18, 19] use ontologies together with a controlled vocabulary. In comparison, our
approach focuses on the facilitation of the mapping and on the implementation of an 
ontological representation of the semantic annotation for use by client applications.
This has been described as an important prerequisite by Cimino [6] who determined 
that the main challenges for the realization of a single source approach are the 
availability of suitable vocabulary, the coding of the data and the adoption of standards 
for representation.

An essential prerequisite for semantic mapping efforts of the EPR data is the 
existence of structured items. Ontological approaches focusing on Vocabulary Servers 
or Medical Data Dictionaries cannot work when large parts of the EPR are unstructured 
free text. Our approach works well for items with predefined or discrete values. In 
principle, free text items can be mapped to concepts as well, but only if the EPR stored 
information has been analyzed for its content using e.g. text mining approaches.
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