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Abstract. Improving the interoperability of healthcare information systems is a
crucial clinical care issue involving disparate but coexisting information systems.
However, healthcare organizations are also facing the dilemma of choosing the right
ETL tool and architecture pattern as data warehouse enterprises. This article gives
an overview of current ETL tools for healthcare data integration. In addition, we
demonstrate three ETL processes for clinical data integration using different ETL
tools and architecture patterns, which map data from various data sources (e.g. ME-
ONA and ORBIS) to diverse standards (e.g. FHIR and openEHR). Depending on
the project’s technical requirements, we choose our ETL tool and software
architecture pattern to boost team efficiency.

Keywords. Health Information Exchange, ETL tools, Architecture patterns,
HiGHmed, Software Design

Introduction

German Medical Informatics Initiative (MII) aims to achieve semantic interoperability
of clinical data for reuse in patient care and biomedical research [1,2]. For this clinical
data integration and internal data retrieval, at the University Hospital Schleswig-Holstein
(UKSH) Medical Data Integration Center (MeDIC) and as partner of HiGHmed
Consortium [3], we require ETL (Extract-Transform-Load) processes to extract valuable
clinical data and convert them into international exchange standards, e.g. Fast Healthcare
Interoperability Resources (FHIR) and openEHR. Clinical data information is extracted
from various data sources originating from our hospital information systems, such as
exporting data from ORBIS as HL7v2 messages. Before embarking on any software
development project, one of the first questions to ask relates to our choice of tools and
architecture.

1. State of the Art

ETL stands for extract, transform, and load [4]. It aims for sorting, cleansing and
standardizing data from multiple heterogeneous data sources to single or multiple sources.
In this way, it improves productivity and data accuracy in data warehouses. In Business
In-telligence (BI), ETL processes are particularly used to collect data from various
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sourcesand information systems and process it syntactically and semantically; thus,
making it valuable for users. In recent years, studies [4—7] have analyzed ETL tools related
to busi-ness intelligence. [8—12] demonstrate the development of ETL processes for
healthcare data transformation. However, there is a literature gap in comparing the ETL
tools and software architecture with practical healthcare examples.

Common healthcare data exchange formats are: 1) FHIR, 2) OpenEHR via 3)
Integrating the Healthcare Enterprise (IHE) profile Cross-enterprise document sharing
(XDS).

1) Fast Healthcare Interoperability Resources (FHIR) organizes information into
discrete and independent data elements and using the REST approach,
Resources (individual information packets) can be created and shared rapidly
and easily.

2) openEHR [13] describes the management and storage, retrieval and exchange
of health data by using archetype-based Electronic Health Records (EHRs).
Archetypes provide semantic modelling by referencing particular Reference
Models (RMs) defining possible arrange-ments of data that correspond to
logical data points and groups for a domain topic.

3) XDS [14] exchanges any kind of document by separating document content (e.g.
unstructured PDF documents) from metadata (structured and searchable object
characteristics) and specifies the use of SOAP and SOAP with Attachments for
communicating between actors.

2. Concept

For the conceptual design of data transformation, we show common ETL tools for health-
care data. In addition, we choose three ETL processes within our MeDIC as practical
examples and investigate from where our data originates, to which system/ data formats
they have to be converted and published.

2.1. Common ETL Tools for Healthcare Data

Generally, ETL tools can be divided into two categories [4, 5]: tool-based and source-
code based. Tool-based ETL processes facilitate creating workflows of ETL activities
and automating the execution with a graphical user interface (GUI). Among them,
several open-source data integration tools achieve high levels in terms of maturity and
performance in healthcare use cases as follows:

e Talend [7] is an open-source tool but not a full BI suite. It uses a code-generating
approach. Besides high data connectivity, it allows writing more customized
SQL queries and Java from its own GUI.

e Apache NiFi supports scalable data routing and automates the data flow
between systems. It has a web-based user interface. Additionally, it allows for
extending the core functionality by developing customized processors. For
example, data science platform [8] uses Nifi to route data flow

e Pentaho Data Integration (PDI) is an open-source application for Business
Intelligence with reporting, analysis, dashboard, datamining, and ETL
capabilities. Loma Linda University Health care, Remedy Partners and
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University of Oklahoma Tulsa conduct numerous projects [ 10,11] that use PDI
to process healthcare data.

e CloverDX (CloverETL) [12] provides also visual control and automation of

data flows.

On the contrary, the advantage of source-coded ETL solutions is that they give
developers the flexibility to handle new requirements and create unit tests. However,
theyrequire a certain level of programming and maintaining skills in the development
team and cause burdens on the overall project. Java and Python are common languages
for ETL developers: Java is a general-purpose, object-oriented programming language.
It isgenerally faster and more efficient, because it is a compiled language. Spring Boot is
an open-source Java-based framework that supports the creation of stand-alone,
production- grade applications easily. Conversely, Python is a dynamically typed and
interpreted language. Python is considered to have less learning curve than Java

2.2. ETL Processes

We collect three ETL processes with different technical requirements:

e ETL Process 1: Mapping MEONA database export in CSV to FHIR

e ETL Process 2: Mapping ORBIS HL7 to Template Data Documents (TDDs)

e ETL Process 3: Constructing SOAP envelopes with encoded TDD to openEHR

via IHE XDS.b
Source Systems: Our data originates from 1) MEONA and 2) ORBIS:

1) MEONA [15] is a clinical software, which supports the entire medication
treatment process. MEONA offers: Safe medication prescription and
administration, and efficient documentation of measures and reports at the push
of a button.

2) ORBIS [15] is a solution for workflows in medicine, administration and
management of healthcare facilities. UKSH currently uses a customized version
of HL7 v.2, which is the most widely implemented healthcare standard for
electronic data exchange in the clinical domain, to exchange data to and from
ORBIS.

Target Systems: HAPI FHIR JPA server [16] is a FHIR server that uses relational
databases and handles all storage and retrieval logic. Apart from HAPI FHIR, there are
other different FHIR servers in the market: Blaze, Firely Server, IBM FHIR Server, etc.
Additionally, Better Platform is a commercial Clinical Data Repository (CDR), which is
designed to store and manage EHRs based on openEHR specifications.

In case of ETL Process 1, we aim to map information from the MEONA database as
exported CSV files into FHIR R4 resources. As part of the MMI use case POLAR MI,
we detect medication problems and use medical data to optimize clinical care. The data
are exported as CSV files. The result is loaded to a self-hosted HAPI FHIR server and
later will be evaluated by analysis scripts from the POLAR MI consortium. By ETL
Process 2 (part of the HiGHmed use case Cardiology [2]), we attempt to detect
decompensation in heart failure patients by mapping a mixture of standard HL7 messages
(ADT andBAR) and customized ORU reports into Template Data Documents (TDDs)
[11]. TheseTDDs can be consumed by the ETL process described in ETL Process 3. In
ETL Process3, we construct SOAP envelopes with encoded TDDs to “IHE XDS.b
Affinity Domain in conjunction of openEHR clinical data repository [13]”.
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3. Implementation

ETL Process 1 is developed with Java and Spring Boot. Its ETL components are
organized within a three-layered pattern [17]: the application layer, domain layer and
data access layer. Each layer provides services to the next higher layer. The application
layerexecutes the desired thread. In the domain layer, we define the source entities and
the mapping processes with help of the HAPI FHIR library. The infrastructure layer is
responsible for the data access and delivery of FHIR resources.

To fulfil the mapping of ETL Process 2, two ETL tools, Nifi and Talend, are
connected as a “broker pattern [17]” using the streaming platform Apache Kafka. Nifi, due
to its extendable customize feature, is in charge ofreceiving pipe-formatted HL7 messages,
aggregating a unique identifier in the form of a Master Patient Identifier (MPI) [3] and
converting the HL7 format to XML-based. Subsequently, Nifi pushes the messages to
Kafka for distributing messages on different topics, whereas the Kafka topics are named
after the HL7 message type. Finally, each Talend job reads from its corresponding topic,
maps the HL7 data into openEHR templates and enriches it by querying and adding
terminologies from a terminology server.

In ETL Process 3, we construct SOAP envelopes with Talend in a pipe-filter pattern
[17]. We divide our process into multiple “filters” e.g. querying the XDS Value Sets from the
terminology server and encoding the result TDDs from ETL Process 2. Talend’s GUI
offers a more visible way to map multiple XDS metadata and create “filters” here.

4. Lesson Learned

Three important components in a general ETL process in healthcare data integration
are introduced: the ETL tools, the data origin and common healthcare data exchange
formats. Besides giving this overview of the current healthcare data exchange area, we
demonstrate three ETL processes, using different ETL tools to satisfy the data conversion
requirements of our MeDIC into the resources in introduced formats.

Data from different sources and the target output formats strongly affect the decision
of the correct ETL tools. Not all the requirements can be handled by a single ETL tool,
every ETL tool has its advantages and limitations. For instance, ETL Process 1 utilizes
the Java library HAPI FHIR Structures FHIR R4 to create the expected output classes of
FHIR resources. Similarly, ETL process 2 can be implemented in the same way using
Java. Using Talend to map from HL7 to openEHR proved to be complex. In that context,
we encountered during the development of ETL Process 2 the problem that the target
XML templates can be too large for the Talend engine to handle.

Another problem we faced was the uneven skill disparity in the team. The challenge
for our developers was the understanding of both fields, software development and
healthcare data. For instance, some clinical experts are more familiar with standard
terminologies like SNOMED CT and LOINC. On the other hand, technical experts focus
more on infrastructure communication and software engineering. This problem can be
also solved by choosing and combining the right tools. For the non-source code analysts
and developers, the graphical components of Talend, like £ZXML Map, provide visible and
easy-to-understand pipelines. At the same time, Nifi is a good medium point, as it al-
lows us to extend its functionalities by creating new source-code-based custom
processors flexibly; while having a relatively simple graphical interface to manage the
ETL pipelines. Hence, we use both Talend and Nifi together in ETL Process 2. We use
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Talend to handle complex healthcare data transformations without source code and
developadditional functionality with Nifi.

In addition to choosing the right ETL tools for developers, well-designed
architecture patterns can also increase the level of abstraction and thus the team
efficiency and workload management. ETL Process 3 shows the strengths of a pipe filter
pattern by reusing “filters” to query “Value Set” from a terminology server and be able
to process incoming TDD files from multiple processes.

In summary, the decision on the appropriate ETL tools and architecture patterns can
save laborious work and time; however, it depends on the project purpose and skill of the
development team.

5. Conclusion

Appropriate ETL tools and architecture patterns enable the development of healthcare
data exchange efficiently, thereby advancing medical informatics research in general.
Choosing the right tools and architecture pattern is critical, because once an architecture
is in place, it is very hard (and expensive) to change. The shown implementations with
tools and architecture patterns are adaptable for further ETL projects with a similar
purpose. Nevertheless, further topics like data provenance, virtualization, unit tests and
evaluation should also be in consideration for ETL processes.
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