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Abstract. This comparative study examines the transition from isolated registries to
a consolidated data-centric approach at University Hospital Schleswig-Holstein,
focusing on migrating the Atrioventricular Valve Intervention Registry (AVIR)
from REDCap to a Medical Data Integration Center based openEHR registry.
Through qualitative analysis, we identify key disparities and strategic decisions
guiding this transition. While REDCap has historical utility, its limitations in
automated data integration and traceability highlight the advantages of a data-centric
approach, which include streamlined data (integration) management at a single-
point-of-truth based on e.g., centralized consent management. Our findings lay the
groundwork for the AVIR project and a proof-of-concept data-centric registry,
reflecting a broader industry trend towards data-centric healthcare initiatives.
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1. Introduction

The University Hospital Schleswig-Holstein (UKSH) operates a Medical Data
Integration Center (MeDIC), systematically structuring clinical routine and research data
[1,2]. These data are stored in the platform’s central openEHR clinical data repository
(CDR) for further use in both the patient care and the research context. In addition to this
incrementally growing central platform, a historically grown ecosystem of isolated study
databases and registries thrives across various institutes and departments within UKSH.
Those registries and databases are data silos which contain extensive amounts of valuable
subject-specific data meticulously entered with significant effort [3]. Due to the lack of
integration with other UKSH IT systems, the possibilities regarding data access, linkage
and analysis are severely limited. UKSH is on a transformative journey, steering away
from stand-alone research silos towards a consolidated data-centric approach. As part of
this paradigm shift, we are currently in the decision making process of migrating a
Atrioventricular Valve Intervention Registry (AVIR) from an isolated REDCap system
[4] to our MeDIC. In this paper, we demonstrate the requirements behind this transition,
using the AVIR as an example.

2. Methods

In this study, we qualitatively compare the requirements of our envisioned next-
generation AVIR with the current state of the Electronic Data Capture (EDC) system
REDCap in our setting qualitatively. To strategically navigate UKSH’s paradigm shift
towards a data-centric approach, we adopted the V-Model framework (see Figure 1), a
well-established system development and validation methodology closely mirroring the
classic Software Development Life Cycle [5]. Initiating the Project Definition phase
within this framework, we engaged in extensive discussions with key stakeholders from
the clinic of cardiology. Subsequently, the identified requirements underwent a rigorous
refinement process during Requirements Analysis. Recognizing the unique requirements
of clinical registries, we further tailored these requirements using an existing
requirements catalog [6], placing emphasis on criteria specifically aligned with our data-
centric approach.
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Figure 1. V-Model of Systems Engineering Process by L. Osborn et al. [7].

We compared these refined requirements with the functionalities of the REDCap
EDC system and the MeDIC’s data-centric CDR approach. This comparative analysis
aims to lay the foundation of a detailed and strategic design. We excluded general
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requirements for basic functions, such as GCP-conformance, user-interface provision,

user authentication, logging, or scalability during this customization process. As per

requirements engineering theory, these subconscious functions are considered

Dissatisfiers [8]. The exclusion aimed to streamline the requirements elicitation process,

focusing solely on essential needs for the envisioned next-generation AVIR:

R1: The registry must (re-)use data from different heterogeneous source systems/ clinical
routine IT systems.

R2: The system must acquire data from cross-institutional sources (multi-center setting).

R3: The registry must provide customizable reporting capabilities.

R4: The registry must provide traceability to the original data.

R5: The registry must process data based on interoperability standards.

R6: The registry must provide updateable data integration if at least one of the following
changes: * source data, * data sources, * clinical context, * analysis requirements.

R7: The registry must only allow for the analysis of (patient-) data for which consent has
been obtained.

3. Results

The comparative analysis between the REDCap Registry and a MeDIC-based Registry
highlights key differences with implications for the development of a next-generation
AVIR. REDCap, primarily designed for manual data entry, is widely used in various
clinical research settings. Despite its popularity, manual entry is time-consuming and
error-prone. To address this, REDCap offers a Restful API for automated data
integration, including importing medical record information. It provides Clinical Data
Interoperability Services, such as Clinical Data Pull and Clinical Data Mart, allowing
real-time or bulk data import from Electronic Health Records (EHRs). The MeDIC
adopts an automated approach facilitated by Extract, Transform, Load (ETL) pipelines
linked to clinical routine IT systems. In the MeDIC each automatically filled datapoint
will contain a link to the source, which would be a composition in the care context.
Manually entered datapoints would be flagged as such. This allows automatic correction
in case data in the care context are corrected. This does refer to values which have been
newly acquired in the care context (i.e., a new body-weight, diagnosis billed).
Technically those two scenarios can be distinguished due to the difference between
updating an existing data point and creating a new one. The MeDIC -based registry puts
a strong emphasis on re-use of established data from other scenarios (R1) [9]. This means
it seamlessly integrates data processed in content-specific ETL routines, allowing for the
reuse of existing routines. Beyond the cross-institutional data, registries often depend on
multiple sites to contribute to a sufficiently large cohort. For acquiring data from cross-
institutional sources in a multi-center setting, the REDCap registry allows to connect
projects across institutions. However, currently, this capability is underutilized as the
AVIR projects are not connected, and external sites provide manual exports, which again
must be merged with UKSH AVIR data manually. The MeDIC offers external
accessibility without necessitating a separate installation and data storage, offering a
common frontend to the eCRFs via its interface layer which is also true for REDCap.
Furthermore, the MeDIC integration is coupled with a centralized data repository,
ensuring streamlined management and accessibility (R2). This unified access ensures
that all data are integrated and stored in a central system, facilitating streamlined
management and accessibility. Moreover, external data are required to be labeled to
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maintain transparency and traceability throughout the registry. Regarding customizable
reporting capabilities, the REDCap registry enables users to generate customizable
reports based on its data dictionary. In contrast, the CDR-based registry not only offers
customizable reporting but also allows the blending or supplementation of registry data
with the entirety of data available in the CDR when exporting data (R3). Another
important capability of registry management is data traceability and transparency which
differs between the two systems. As stated, the REDCap registry involves manual data
transfer from e.g., the EMR, with the drawback of not automatically providing metadata
on the origin of data (R4). While REDCap generally provided the capability to handle
metadata, the manual addition process is labor-intense. Conversely, the MeDIC
addresses this by incorporating provenance data throughout the ETL process. In terms of
processing data based on interoperability standards, REDCap adopts FHIR as an
exchange standard for data exchange for EHR integration from selected EHR systems
via a FHIR Adapter [10]. The MeDIC-based registry adheres to the openEHR
community standard integrating terminologies and allowing for SNOMED Expression
Constraint Language (RS). Addressing the changing nature of medical data and its
impact on integrating e.g., changes in source data, updates in the REDcap Registry rely
on manual processes (R6). In contrast, the MeDIC automates updates through real-time
ETL processes, ensuring seamless data updates to adapt to changes in source data,
clinical context, or evolving analysis requirements (R6).

Finally, the REDCap registry relies on manual processes for consent management.
In contrast, the MeDIC seamlessly integrates with a dedicated consent management
system at UKSH [1]. This system receives and manages consent information from the
EMR, reducing the workload associated with consent management (R7).

4. Discussion

The comparative study shows disparities in core requirements, establishing a foundation
for the decision-making process. While REDCap has demonstrated historical efficiency
in the scientific community, it only partially aligns with the identified stakeholder
requirements. Despite the technical feasibility of automated data integration into
REDCap, the sustainable advantages offered by integration into a MeDIC-based registry
are more substantial. It allows for versatile reuse in different contexts, such as other
registries, patient care, and Al scenarios. It's imperative to recognize the potential noise
in EMR data, where crucial information may reside in free text, such as notes or
discharge letters [11]. Consequently, occasional manual data entry may be necessary in
the MeDIC-based registry. Furthermore, not all relevant information may be in the EMR,
requiring integration of data from subsystems, with already productive ETL pipelines,
like laboratory or medication data, offering viable solution. Concerning data integration,
the likelihood of manual data entry at external study centers remains high, but the
advantage lies in the ability of study centers to use a webservice of the MeDIC for direct
registry data input, eliminating the need for a separate installation and manual exports.
By embracing a shift to a data-centric approach, we align with an industry trend observed
in initiatives like the next-generation study database [12]. They pursued a similar path,
collecting requirements for a study database connected to their EMR [12]. However,
while setting up a REDCap project may be accomplished swiftly, transitioning to a data-
centric platform demands proper strategic planning and implementation efforts. We
started our transition of developing, refining, and mapping heterogencous data to
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openEHR back in 2020, experiencing a steep learning curve. Finally, this comparative
study forms the foundation for the AVIR project and the implementation of a proof-of-
concept MeDIC-based registry. Following the pilot phase, the next step involves
exploring the potential reuse of AVIR's CRFs for other cardiological registries as a long-
term perspective. We need to acknowledge the study's focus on local conditions at
UKSH, making it not universally representative.

5. Conclusions

Today, automatic EMR data integration into clinical registries is uncommon. Our
evaluation shows long-term advantages of the data-centric approach for an AV registry,
particularly in terms of sustainable utilization. The requirements support the decision
process for the registry architecture. Data integrated into the AVIR and the existing ETL
pipelines can be reused for additional registries. If commonalities are identified at the
data level between the registries, a core dataset for cardiological registries will be derived.
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