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standardized quality analysis

Automatisierte Transformation von Metadaten in einem medizinischen
Datenintegrationszentrum: Entwicklung eines Algorithmus und

standardisierte Qualitatsbewertung

Abstract

This study presents a novel approach to metadata management, while
focusing on the development of an automated, microservice-based in-
frastructure at the University Medical Center Gottingen’s Medical Data
Integration Center (UMG-MeDIC). Given the critical role of high-quality
metadata in supporting reliable clinical research and data interoperabil-
ity, this research addresses the challenges of metadata extraction,
storage, and quality assurance across multiple data formats used in
healthcare. Through a mixed-methods, single-case design, the metadata
framework was developed, adopting a convergence format that inte-
grates metadata from standards such as CDISC, OMOP, openEHR, and
FHIR. This format enables consistent metadata representation and ac-
commodates missing values, thus preserving data integrity and support-
ing FAIR principles. Key quality metrics, including completeness, con-
sistency, and relevance, were defined and operationalized to assess
metadata reliability systematically. The microservice architecture used
enhances scalability and adaptability, demonstrating a replicable
model for other data integration centers (DICs). This work contributes
a scalable framework for metadata management, with potential for
further application.
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Zusammenfassung

Die vorliegende Arbeit stellt einen neuartigen Ansatz fur das Metadaten-
management vor und konzentriert sich auf die Entwicklung einer auto-
matisierten, mikroservice-basierten Infrastruktur am Medizinischen
Datenintegrationszentrum des Universitatsklinikums Gottingen (UMG-
MeDIC). Basierend auf der herausragenden Rolle hochwertiger Meta-
daten zur Unterstutzung verlasslicher klinischer Forschung und Daten-
interoperabilitat befasst sich diese Forschung mit den Herausforderun-
gen der Metadatenextraktion, -speicherung und -qualitatskontrolle tGber
verschiedene im Gesundheitswesen verwendete Datenformate hinweg.
Im Rahmen eines Mixed-Methods-Ansatzes innerhalb eines Einzelfall-
designs wurde das Metadaten-Framework entwickelt und ein Konver-
genzformat eingeflihrt, das Metadatenbeschreibungen aus Standards
wie CDISC, OMOP, openEHR und FHIR integriert. Dieses Format ermdg-
licht eine konsistente Darstellung der Metadaten und berlcksichtigt
fehlende Werte, wodurch die Datenintegritat gewahrt und die FAIR-
Prinzipien unterstutzt werden. Zentrale Qualitatsmetriken wie Vollstan-
digkeit, Konsistenz und Relevanz wurden definiert und operationalisiert,
um die Zuverlassigkeit der Metadaten systematisch zu bewerten. Die
verwendete Mikroservice-Architektur verbessert Skalierbarkeit und An-
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passungsfahigkeit und zeigt ein replizierbares Modell fur andere Daten-

integrationszentren (DICs) auf.

Schliisselworter: Metadaten, Qualitat, Interoperabilitat, Zuverlassigkeit

Introduction

Within the constantly changing healthcare environment,
the incorporation and administration of clinical data are
pivotal for delivering high-quality patient care, streamlin-
ing operational procedures, and facilitating clinical re-
search [1]. In order to achieve high-quality healthcare,
the usefulness of clinical data collected depends largely
on its quality [2], [3].

Evidence-based medicine, enhancing the quality of dia-
gnosis and treatment, is dependent on the clinicians’
practical experience and robust medical knowledge de-
rived from collaborative research across multiple institu-
tions [4].

In addition, the Food and Drug Administration (FDA) has
designated real-world data (RWD) as an additional pillar
of complementary information to the randomized clinical
trial (RCT) in evidence-based medicine [5]. RWD encom-
passes all information that is gathered from routine clin-
ical practices provided within a healthcare service context
to the patient. These data are then repurposed beyond
their original intent of collection.

Subsequently, with the introduction of the FAIR Guiding
Principles by Wilkinson et al. [6], data proprietors received
directives aimed at ensuring that the collected data is
both discoverable and accessible, exhibits interoperability,
and is amenable to reuse. The importance of metadata,
as an integral part of data, is highlighted across all FAIR
principles. The significance of metadata, as primary cue
and first information access to datasets, is omnipresent
throughout every stage of the data processing of medical
data [6].

Metadata are essentially data that provide information
about other data. They describe information objects in
terms of their source, creation type, structure, status,
level, and meaning. An information object may be a single
data point, such as a coded value or an instance identifi-
er, a series of dates, or even an entire database with
multiple interdependencies [7]. This research follows the
definition of metadata by Canham and Ohmann with the
proposed differentiation between intrinsic and prove-
nance metadata, which complements the FAIR principles
[8].

An additional unique aspect of the FAIR principles in-
cludes that data must be centralized in order to provide
the basis of the FAIRification process. For this purpose,
it is necessary to maintain a centralized data collection
point within the clinical area [9].

The responsibility for this task within the University Med-
ical Center Gottingen lies with the Medical Data Integra-
tion Center (UMG-MeDIC). The UMG-MeDIC consolidates
data from a hospital of maximum care and operates on
data originating from controlled studies and clinical care

data, commonly referred to as RWD. The UMG-MeDIC is
moreover the first point of contact to give researchers
access to the merged data pool of clinical data.

The problem that arises in the provision of metadata is
the qualitative heterogeneity of the underlying clinical
data. The objectives of this work therefore include investi-
gating and assessing the data quality of clinical data, as
well as providing the necessary information on quality for
researchers within metadata.

Methods

Building on the objective of this study, meta-information
on different data structures has to be made available to
researchers in order to release the information indepen-
dently of data format restrictions.

The given project is structured as topdown research,
adopting an inductive approach. Since the work heavily
depends on specific data and metadata, drawing conclu-
sions based on the data’s structure and the configuration
of the respective metadata, the research can be charac-
terized as confirmatory.

In line with this inductive approach, the research employs
a mixed methodology, integrating both quantitative and
qualitative research. The UMG-MeDIC’s data and meta-
data are examined in terms of their compatibility with
specified data formats used in healthcare, as well as the
correlation between metadata and data quality in clinical
care data. The open-ended research questions outlined
in Table 1 enhance the qualitative aspect of this research,
while the numerical assignment and assessment of
metadata align with a quantitative approach.

In accordance with characteristics proposed by Benbasat
et al. [10], the envisioned strategy is characterized as a
case research. The research adopts a single-case re-
search design, given that the described situation was
previously inaccessible of scientific investigations and
only became possible with the establishment of a MeDIC
at the University Medical Center Gottingen.

In the case of research studies, data analysis relies on
diverse methods of data collection that involve combining
one or more sources to generate generalizable findings.
According to Yin [11], documentation, archival records,
interviews, direct observation, and physical artifacts
constitute key data collection methods in case research.
This work primarily focuses on documentation, direct
observation, and physical artifacts to gather a compre-
hensive dataset related to the specific research issue
The cumulative elements in form of peer-reviewed publi-
cations, as part of the thesis, refer to the methodologies
described above. The division into separate parts allowed
for the differentiated use of various research methods
(mixed method approach) within the overarching case
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Table 1: Research questions regarding the inductive approach of the thesis, based on the problem statement and objective

Number Research question
How can metadata be extracted from primary and secondary systems
RQ1 L : :
in clinical care and stored in a medical data warehouse?
RQ2 How can metadata be prepared and made available for researchers
to ensure the most insight into the corresponding data?
RQ3 How can the reliability of metadata be demonstrated and what quality
metrics must be met for this to be possible?

Literature

Requirements

Review Analysis

FAIRness through automation:development of an automated medical data integration infrastructure for
FAIR health data in a maximum care university hospital

Selection/
Application open
source software

Data- & Metadata
extraction

Development
metadata
convergence
format

Harvesting Metadata in Clinical Care: a crosswalk between FHIR, OMOP, CDISC and openEHR metadata

Formulation
metadata crosswalk

Literature
Review

Literature Development

quality factors

Review

FAIR+R: Making clinical data reliable through qualitative metadata

Integration of
quality factors
within metadata set

DEVERTE[3Y
calculation

Figure 1: Overview of the methodologies used within the cumulative parts of the thesis derived from [12], [13], [14]. Each
methodology subsection is titled with the corresponding manuscript title.

research. Figure 1 shows an overview of the methodolo-
gies used within the respective publications.

Within the first part, setting up the MeDIC at the UMG,
requirements for the implementation of the UMG-MeDIC
were identified on the basis of a literature review to derive
various approaches for the development of a FAIRified
data infrastructure. The tools and approaches used to
set up the UMG-MeDIC for data processing were then
defined. Finally, the defined objectives were integrated
into the UMG-MeDIC framework as stated by Parciak et
al. [12].

By defining and setting up the UMG-MeDIC framework,
the preliminary work on data and metadata extraction
was made. Therefore, metadata harvesting, a process of
gathering metadata from various data storages, archives
or repositories, with the intention of consolidating the
information into a generic database schema, was conduc-
ted. Metadata that were harvested and analyzed in the
process included (among others) metadata about the
data lifecycle state (e.g. creation, processing, analysis,
preservation, access, reuse), metadata about the data
usage license and metadata about the source system,
where the data was originally created. In order to be able
to design a corresponding generic database schema for
storing the metadata, various data formats for storing
medical data were examined [13].

While focusing on the examination of the data format
specifications of Clinical Data Interchange Standards
Consortium (CDISC), Observational Medical Outcomes
Partnership (OMOP), open Electronic Health Record
(openEHR), and Fast Healthcare Interoperability Res-
sources (FHIR), corresponding metadata items for each
data format were extracted and compared from the doc-
umentation of each data format. Based on the identified
metadata a priorization was conducted, with regards to
the requirements inheritant of the UMG-MeDIC. After the
priorization, it became apparent that not one single, but
a specifically developed convergence format fulfilled the
requirements on metadata within the UMG-MeDIC as
shown in Bonisch et al. [13]. The convergence format
demonstrates how metadata items from different formats
can be incorporated, preventing the loss of information
by providing metadata items in the target format, even if
they are not present in the source data format. The con-
vergence format offers the best solution for maintaining
the structure of the format by generating the required
items during the transformation process and populating
them with NULL values if the source format does not
provide any input values [13].

Furthermore the research aimed to determine and provide
information on the quality of clinical (meta)data, based
on the proposed quality factors: completeness, consis-
tency, correctness, correspondence, relevance, semantic
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specificity, timeliness, accessibility, and reproducibility.
While the data is marked accordingly with a metadata
item for the respective quality indicators, the metadata
items are enhanced with an additional metadata item
regarding reliability [14].

Results

The UMG-MeDIC infrastructure now operates based on
the microservice paradigm, where each application
functions independently. The microservice paradigm de-
scribes an architectural style for the development, where
a large application is divided into smaller, independent
elements, with their own respective realm of responsibility
[12]. By detailing how the UMG-MeDIC infrastructure
utilizes a microservice paradigm to independently manage
metadata extraction and storage in a medical data
warehouse, using an open-source framework that sup-
ports data provenance and process validation [12] re-
search question RQ1 was adressed.

With the creation of a convergence format that integrates
metadata items from various healthcare data standards,
this research focused on the objective outlined in the re-
search questions RQ2. Metadata were extracted from
clinical care systems, and a generic database schema
was implemented to house these metadata. The conver-
gence format, as outlined in Bonisch et al. [13], demon-
strated significant effectiveness in harmonizing metadata
from disparate data sources without losing critical infor-
mation. This format generated required metadata items
during transformation. It ensures the retention of data
integrity across formats, preserving the completeness
and relevance of metadata during data transformations.
Testing of the convergence format showed compatibility
with the evaluated formats and the ability to adapt
metadata elements from each format, facilitating inter-
operability.

In line with RQ3 “How can the reliability of metadata be
demonstrated and what quality metrics must be met for
this to be possible?” the study defined a set of quality
indicators - completeness, consistency, correctness,
correspondence, relevance, semantic specificity, timeli-
ness, accessibility, and reproducibility - to evaluate the
quality of clinical metadata stored within the UMG-MeDIC
[14]. These indicators were systematically applied to each
metadata item, allowing for comprehensive quality assess-
ment across diverse data structures. As a single-case
study, this research leveraged the unique data environ-
ment provided by UMG-MeDIC, where documentation,
direct observation, and analysis of physical artifacts were
used to gather data and validate the methodologies used.
The iterative process of refining the UMG-MeDIC infra-
structure based on these observations resulted in a pro-
found data integration framework.

Overall, it was demonstrated that the UMG-MeDIC could
successfully manage, store, and ensure the quality of
clinical metadata, thereby advancing the reliability and
accessibility of clinical care data for research purposes.

Discussion

This work highlights the feasibility and effectiveness of
establishing a robust metadata management infrastruc-
ture in clinical care data through the development and
implementation of the UMG-MeDIC. Addressing the ob-
jectives posed by the research questions, this study
provides insight into the methodologies, architectural
choices, and quality measures necessary to support
metadata extraction, integration, and quality assurance
within the UMG-MeDIC.

It demonstrates the feasibility of implementing a micro-
service-based data integration center with a metadata
management application that can ensure metadata reli-
ability and interoperability. The outcomes suggest that
with adequate architectural planning, metadata conver-
gence strategies and quality assessment frameworks,
institutions can advance the accessibility and reliability
of clinical care data for research purposes. Further re-
search may explore the adaptation of these approaches
in multi-center collaborations to enhance data interoper-
ability on a broader scale, potentially paving the way for
an integrated health data infrastructure.

Based on the results, the quality of medical data within
the UMG-MeDIC can be determined, which is followed by
qualitative evaluation of data from clinical systems within
the UMG for the first time.

The preparatory work for setting up the MeDIC (linking
hospital systems, setting up data of data storage, creation
and integration of metadata) formed the essential basis.
While implementing a microservice architecture and a
convergence format for metadata integration, the project
not only met the specific research objectives but also
demonstrated a scalable model that can be adapted to
other data integration centers (DICs).

The convergence format developed within this research
has broader applicability beyond the UMG-MeDIC. By
standardizing metadata across different healthcare data
formats (e.g., CDISC, OMOP, openEHR, and FHIR), the
convergence format demonstrates how metadata items
from varied sources can be consolidated without losing
essential information.

Although based on a single-case study, the methodologi-
cal insights gained from UMG-MeDIC’s setup are broadly
applicable. By documenting the design and iterative re-
finement of the UMG-MeDIC infrastructure, this research
provides a possible blueprint that other centers can
adapt, particularly those with similar data integration
challenges. The single-case approach allowed a depth of
understanding that can inform generalizable practices
for other DICs looking to establish or enhance their own
data integration frameworks.

This research contributes to the broader field of data
quality and metadata management within clinical data
environments by providing a structured, modular ap-
proach to metadata integration and quality assessment.
While significant literature exists on the importance of
metadata for data quality [15], especially in healthcare
[16], this study introduces a unique application of the
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microservice paradigm and a convergence format for
harmonizing metadata across diverse standards. In doing
s0, this work addresses gaps in metadata interoperability
and quality validation that have not been extensively ex-
plored in existing research.

Prior studies have underscored the importance of high-
quality metadata for clinical data usability and reliability.
For instance, Weiskopf et al. emphasize the necessity of
complete, accurate, and accessible metadata for enhan-
cing clinical data quality in electronic health records
(EHRs), noting that metadata quality directly affects the
integrity of secondary data use for research and care
improvementy [17]. Kahn et al. describe a framework for
assessing data quality dimensions, including complete-
ness, consistency, and timeliness, which are integral to
this study’s quality metrics [18].

Unlike previous studies, which often address quality in
isolation [18], [19], this research operationalizes these
indicators within the UMG-MeDIC infrastructure, allowing
for a systematic, scalable quality assessment of clinical
metadata.

Metadata interoperability is a persistent challenge in
healthcare, where diverse data formats such as CDISC,
OMOP, openEHR, and FHIR must often coexist. Previous
work by Martinez-Costa et al. has highlighted the chal-
lenges of aligning these standards without information
loss, proposing ontology-based approaches as a partial
solution [20]. This study differentiates a convergence
format that enables metadata from disparate formats to
coexist within a single framework, addressing the need
for a practical solution in real-world clinical settings. This
format not only integrates metadata items across stan-
dards but also accommodates missing data, preserving
the metadata structure.

The impact on the research field can be seen in terms of
improved research quality. High-quality medical data is
crucial for the accuracy and reliability of research results.
In addition, faster usability can be deduced. With the
availability of high-quality (meta)data, researchers can
save time and resources as they no longer have to spend
time checking and cleaning the data themselves.
Furthermore, interdisciplinary research can be promoted
with the provision of metadata on data quality and reli-
ability.

Finally, to discuss the limitations of the work, it must be
stated that the combination of qualitative and quantitative
methodology led to a high level of complexity and resource
intensity. The research type of the case study led to the
specificity, researched exclusively for the location UMG,
although results such as the calculation of the quality
factors could also be transferred to other locations.

In a next step, the visualisation and provision of the
metadata reliability within the UMG-MeDIC is planned
and the further development of the automated quality
calculation is intended to be developed in the future.
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