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Abstract. This paper explores the challenges and lessons learned during the
mapping of HL7 v2 messages structured using custom schema to openEHR for the
Medical Data Integration Center (MeDIC) of the University Hospital, Schleswig-
Holstein (UKSH). Missing timestamps in observations, missing units of
measurement, inconsistencies in decimal separators and unexpected datatypes were
identified as critical inconsistencies in this process. These anomalies highlight the
difficulty of automating the transformation of HL7 v2 data to any standard,
particularly openEHR, using off-the-shelf tools. Addressing these anomalies is
crucial for enhancing data interoperability, supporting evidence-based research, and
optimizing clinical decision-making. Implementing proper data quality measures
and governance will unlock the potential of integrated clinical data, empowering
clinicians and researchers and fostering a robust healthcare ecosystem.
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1. Introduction

In today's healthcare landscape, the seamless exchange of patient data is essential for
informed clinical decisions and improved patient care [1]. This exchange is facilitated
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by widely adopted health informatics data standards such as Fast Healthcare
Interoperability Resources (FHIR), OMOP CDM [2] and openEHR [3]. However, the
complex task of mapping data from legacy standards such as HL7v2 or between these
standards poses challenges, particularly with non-standardized or incomplete clinical
datasets.

At the University Hospital Schleswig-Holstein (UKSH) the Medical Data
Integration Center (MeDIC) aims to consolidate clinical data from various sources such
as hospital, laboratory and radiology information systems, as well as picture archiving
and communication systems. The MeDIC serves as a research clinical data repository,
supporting data-driven studies, epidemiological research, and clinical decision-making
[4].

UKSH has been using custom HL7 v2 message structure, hence this work delves
into the data quality challenges encountered while mapping both legacy and
contemporary HL7 v2 data to openEHR, specificall HL7 v2 ORU Laboratory results and
HL7 v2 Bar messages fro Diagnosis and Procedures. By addressing these anomalies, the
study aims to provide valuable insights for enhancing interoperability, and data
integration. The lessons learned are expected to improve the accuracy of mapping
healthcare data between standards, thereby fostering seamless interoperability.

2. Methods

The process of mapping data to openEHR not only involved the transformation process
but also included identifying and analyzing data inconsistencies within HL7 v2 data
during the mapping [5]. Talend, a data integration platform played a crucial role in
orchestrating the data transformations from HL7 v2 to openEHR standard. In Figure 1,
UKSH’s MEDIC data mapping orchestration is depicted, highlighting Talend's dual
focus on mapping to openEHR and handling data inconsistencies.
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Figure 1. UKSH MeDIC HL7 v2 - openEHR Mapping Orchestration.

A comparative analysis between data stored in the openEHR repository and data
indexed on MeDIC’s Elasticsearch platform revealed misalignments, prompting further
investigation. Subsequently, 1000 candidate HL7 v2 ORU messages and 1000 HL7 v2
BAR messages were selected for reprocessing through Talend jobs, leading to the
discovery of several data quality anomalies. The failure of certain messages to be
processed in subsequent iterations of the Talend jobs allowed for the identification of
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discrepancies, such as missing elements and non-conformities in the UKSH custom HL7
v2 messages. Issues related to observation dates, measurement units, and data types were
identified and addressed both within the Talend job iterations and across the organization
to ensure conformity in the destination openEHR repository.

3. Results

The data quality analysis on the transformation of HL7 v2 data to openEHR via Talend
jobs unveiled significant inconsistencies and challenges. Table 1 summarizes the
identified issues and the corresponding actions taken to address them.

Table 1. Summary of Data Quality Issues and Actions Taken

Issue Description Action Taken

Missing Observation Some HL7 v2  laboratory Implemented a systematic process to trace

timestamps messages lack timestamps, posing  back observations to their source and correct
challenges in determining when timestamps, ensuring data completeness and
these observations occurred. accuracy.

Missing Measurement units  for were Developed  procedures to  register

Measurement Units absent in some laboratory = measurements lacking units and update them

Inconsistent
Decimal Separators

Datatype Mismatch

observation data.

Inconsistent use of decimal

separators (e.g., commas Vs.
periods) in numerical
observations.

in numeric
data

Text-based entries
fields complicated the
mapping process.

within the openEHR repository alongside
observations.
Enhanced the mapping pipeline to
standardize numerical observations
according to German/EU conventions,
ensuring consistency in data processing.

Identified and converted text-based entries
with numerical value ranges into text-based
observation results to align with openEHR

repository expectations.

Implemented message ID reconciliation and
update mechanisms in the openEHR
repository to manage duplicate data,
ensuring data integrity and reliability.

Duplicate Data Multiple HL7 v2 messages

received during an event's
lifecycle causing data redundancy.

4. Discussion

The result of this work highlights the paramount importance of adhering to health
informatics standards and implementing robust data standardization practices in
healthcare systems. Even when utilizing custom data formats, as demonstrated by the
UKSH with the use of custom HL7 v2 message formats, ensuring data interoperability
and bolstering clinical data quality remains imperative. Aligned with the digital health
DQ-DO framework [6], which identifies consistency as a pivotal dimension of data
quality, our findings accentuate the critical need to prioritize both consistency and
completeness in digital health data. These dimensions play a pivotal role, impacting
various facets of data quality outcomes, including clinical efficacy, clinician trust,
research validity, operational efficiency, and organizational effectiveness. Addressing
these dimensions is crucial as they impact various digital health data quality outcomes,
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including clinical, clinician [7], research-related, business process, and organizational
outcomes [8].

Central to our findings is the recognition of barriers in achieving seamless mapping
of HL7 messages to openEHR using off-the-shelf mapping/transformation tools. The
dynamic nature of healthcare data in HL7 introduces complexities, requiring constant
tool modifications to address anomalies effectively. Healthcare organizations must invest
in robust data governance mechanisms, implement rigorous data validation processes,
and prioritize data standardization efforts to mitigate data quality issues and support
effective healthcare delivery and decision-making.

Lessons Learned

The experience of dealing with missing observation timestamps highlights the
importance of a multi-faceted approach in addressing challenges rooted in source data.
Proactive reporting and preventive measures enhance data quality and emphasize
collaboration across the data pipeline [6].

The absence of measurement units taught valuable lessons in strategic thinking and
data preservation, emphasizing the importance of safeguarding data and effective
collaboration. To address this issue, a standardized placeholder was created to depict
missing units instead of discarding the data. This approach allows for easy querying and
updating within the openEHR repository.

Addressing inconsistent decimal separators highlights the crucial balance between
technical expertise and adaptability, emphasizing the need for cultural sensitivity in data
representation. This experience underscores the importance of considering regional
nuances and adapting technical solutions accordingly. These insights provide valuable
guidance for maintaining data integrity across diverse contexts. Consistency in numeric
value formatting, including decimal separators, is vital for ensuring data correctness and
facilitating accurate interpretation for clinical decision-making and research.

Encountering text-based values instead of numeric measurements in laboratory
observations underscores the necessity for a comprehensive review of solution
specifications tailored to the context. This highlights the critical importance of careful
data specification reviews to ensure precise alignment with intended data formats and
prevent deviations. Additionally, it sheds light on organizational deficiencies regarding
the misuse of standards. For instance misusing archetypes and templates, especially in
openEHR, can lead to discrepancies, as specific observations require unique templates
designed specifically for those observations. e.g virology observations.

Similar to missing observation timestamps, duplicates in legacy data also stemed
from the source systems. Thus, internal processes necessitate proactive solutions within
the mapping process and advocacy for improved data practices at the source.

Collaboration emerged as a crucial aspect of the process, as it involved engaging
domain experts to bridge technical and clinical perspectives. This collaboration was
essential for formulating effective mapping solutions and preserving data authenticity.
The iterative methodology allowed for continuous improvement of the ETL jobs,
addressing discrepancies in legacy HL7 v2 data and enhancing mapping accuracy.
Challenges exceeding the scope of our ETL jobs were reported back to the staff in charge
of the source systems for resolution. This methodology enabled thorough exploration of
data integration challenges and informs standards adherence, facilitating the creation of
more precise clinical data repositories which are the basis of data-based research like the
UKSH MeDIC.
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5. Conclusions

To conclude, implementing robust data governance measures and standardizing data
formats are essential for enhancing clinical data quality. These practices ensure
consistency, completeness, and reliability, which are crucial for accurate clinical
decision-making, improved patient care, and meaningful medical research. Collaboration
between domain experts and technical professionals further strengthens data integration,
leading to precise clinical data repositories. Iterative improvement of ETL jobs and
proactive reporting of challenges to source system staff contribute to long-term data
quality enhancement by addressing issues like missing timestamps, measurement units,
and inconsistent decimal separators.

The success of initiatives like the UKSH MeDIC highlights the benefits of vigilant
data management and collaboration. Ensuring data quality and interoperability supports
clinical trials, epidemiological studies, and healthcare analytics, driving advancements
in digital health. Comprehensive data governance measures empower healthcare
professionals with reliable information, improving patient outcomes, advancing medical
research, and optimizing healthcare operations. These efforts lay a strong foundation for
future advancements in healthcare delivery and research, demonstrating the
transformative potential of integrated clinical data.
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