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Abstract. Within the scope of the two NUM projects CODEX and RACOON we
developed a preliminary technical concept for documenting clinical and radiological
COVID-19 data in a collaborative approach and its preceding findings of a
requirement analysis. At first, we provide an overview of NUM and its two projects
CODEX and RACOON including the GECCO data set. Furthermore, we
demonstrate the foundation for the increased collaboration of both projects, which
was additionally supported by a survey conducted at University Hospital Frankfurt.
Based on the survey results mint Lesion™, developed by Mint Medical and used at
all project sites within RACOON, was selected as the “Electronic Data Capture”
(EDC) system for CODEX. Moreover, to avoid duplicate entry of GECCO data into
both EDC systems, an early effort was made to consider a collaborative and efficient
technical approach to reduce the workload for the medical documentalists. As a first
effort we present a preliminary technical concept representing the current and
possible future data workflow of CODEX and RACOON. This concept includes a
software component to synchronize GECCO data sets between the two EDC
systems using the HL7 FHIR standard. Our first approach of a collaborative use of
an EDC system and its medical documentalists could be beneficial in combination
with the presented synchronization component for all participating project sites of
CODEX and RACOON with regard to an overall reduced documentation workload.
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1. Introduction

As part of an initiative of the “German Federal Ministry of Education and Research”
(BMBF), the German COVID-19 Research “Network of University Medicine” (NUM)
was founded. The goal of this network of all German university hospitals is to improve
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the general availability of relevant routine and research data as needed for thirteen
innovative research projects which should contribute to the management of the pandemic
and thus enable the best possible treatment of COVID-19 patients. Accordingly, the
network also takes into account the necessary digitalization and finally promotes
"Pandemic Preparedness" [1]. In addition to the network, the “German Corona
Consensus Data Set” (GECCO) provides another foundation for collaboration in the
wake of the COVID-19 pandemic. The GECCO data set describes 83 data items grouped
by different categories such as anamnesis/risk factors, imaging and demographics. This
consensus data set provides scientists with a research foundation, related to key clinical
parameters of COVID-19 [2].

1.1. CODEX and RACOON

The “COVID-19 Data Exchange Platform” (CODEX) is one of the thirteen NUM
projects. It is mainly focused on the development of a secure nationwide, interoperable
and privacy-compliant research infrastructure for the storage and provision of COVID-
19 research datasets [3]. The architecture of CODEX is structured into decentralized
nodes (NUM nodes), which are mainly operated by the “Data Integration Centers” (DIZ).
These decentralized parts of the platform use existing infrastructures of the “Medical
Informatics Initiative” (MII). In addition, there is also a central component (CODEX
platform) which supports data provision and use. The platform processes the collected
data in the format of the nationwide coordinated GECCO data set [4]. An integral
requirement for the storage of the data in the CODEX platform, besides the local
pseudonymization, is the provision of the MII Broad Consent, which is ultimately the
corresponding consent of the patients for the further processing of their data. The Broad
Consent is also the current, coordinated legal basis for the decentralized collection,
aggregation and centralized release of health data for research in NUM [5]. If both of
these conditions are met, the data is passed on with the cooperation of several
components and organizations such as the “GECCO Transfer HUB” (GTH) and the
“federated Trusted Third Party” (fTTP). The GTH is responsible for transmitting the
medical data (MDAT) distributed by the DIZ to the CODEX Platform. It exchanges the
local DIZ pseudonym (DIZ PSN) for the central CODEX pseudonym (CODEX PSN)
provided by the fTTP. This ensures a consistent separation of medical data and patient-
identifying data (IDAT) [5].

A nationwide infrastructure is also being established within the “Radiological
Cooperative Network” (RACOON) for the structured collection of radiological data from
COVID-19 cases [6]. For this purpose, all 36 university radiology departments from
Germany have joined forces to face the challenges of the COVID-19 pandemic from a
radiological perspective [7]. The infrastructure in the RACOON project is based in
particular on a nationwide server system with network nodes (RACOON-NODE) at all
German university hospitals. The preliminary work, project structure and design were in
large parts contributed by the project partner now affiliated with IKIM. The sites in
Frankfurt and Berlin are in the lead for project organization and coordination across all
partner sites. The RACOON infrastructure represents an integration of the decentralized
and centralized (RACOON-CENTRAL) components into a powerful overall concept.
RACOON enables a consolidation of the collected diagnostic data within a standardized
data model based on the GECCO data set for collaborative research projects. Within
RACOON-CENTRAL, both anonymized data sets as well as structured reports of



60 M. Schmidt et al. / CODEX Meets RACOON

findings can be generated. The data protection description for RACOON specifies that
personal data are only processed locally within the respective clinic network under the
sole control of the responsible authority by an approved medical device. Outside the
clinic network (especially on RACOON Central), only anonymized data is transmitted
and processed [8].

1.2. Collaboration between CODEX and RACOON at UKF

The University Hospital Frankfurt (UKF) is involved in seven of the 13 NUM research
projects, three of which are coordinated by Frankfurt in the overall network. Since the
start of NUM it has always been a primary goal to foster synergies and increase
cooperation between the projects at the UKF [9]. Since both in CODEX and RACOON
“Electronic Data Capture” (EDC) systems are used for follow-up documentation of
clinical parameters, the question arose early on how to approach this matter as efficiently
and collaboratively as possible for both projects. The primary goal of this paper was to
provide a first preliminary technical concept for documenting clinical and radiological
COVID-19 data for the two NUM projects in a collaborative and efficient approach, to
ultimately minimize redundant documentation and therefore provide an additional
technical and organizational effort for them. We present the main outcomes of the
preceding requirement analysis, the resulting preliminary concept and its findings which
could be relevant for other participating sites.

2. Methods
2.1. Software used within CODEX and RACOON

“Extract, Transform, Load” (ETL) processes are used within CODEX to transform the
collected data into a standardized format. In addition, medical documentalists use an
EDC system for follow-up documentation of missing parameters [10]. For CODEX, the
EDC systems “Research Electronic Data Capture” (REDCap) and “Data Integration
System” (DIS) were provided by the national project management with the further option
to use other systems [11,12]. The documented data in the EDC system are in “Clinical
Data Interchange Standards Consortium -Operational Data Model CDISC ODM” format.
This format is primarily used for EDC systems. It consists of a structured XML file that
supports the platform-independent exchange and archiving of research data [13]. The
CDISC ODM data are then transformed using the ODM2FHIR application, which is part
of a software node (NUM Node v2) that was implemented by the various CODEX project
partners and made available to all sites [14]. During this process, they are transformed
into HL7 "Fast Healthcare Interoperability Resources" (FHIR) resources. This standard
offers high interoperability as an exchange format [15]. In this node, important
adjustments such as transformation into standardized formats and the general
pseudonymization of the data are performed [16]. After complete transformation, the
research data and their corresponding pseudonyms are then transmitted to the central
CODEX platform via the GTH and the fTTP in a privacy-compliant and pseudonymized
manner and thus made available to the researchers [10]. Within RACOON, the “mint
Lesion™” software from industrial partner “Mint Medical GmbH” (Heidelberg) is used
at each project site. mint Lesion™ is a certified medical software for the assessment of
radiological images. The software is primarily aimed at radiologists, physicians and
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researchers for context-supported reporting of findings using the integrated EDC
component and for structured reporting in radiology [7].

2.2. Requirements analysis

In order to promote synergies between the different NUM projects, a requirements
analysis with the involved partners at the Frankfurt site was conducted at the beginning
of the projects. For this purpose, the scope of the required clinical parameters was
relevant, in order to identify the greatest possible overlap between the local NUM
projects, to then start a more in-depth collaboration. Accordingly, a survey was
conducted in late 2020 together with the DIZ, which aimed to capture the relevant data
elements of the GECCO data and the considered cohorts of the corresponding NUM
projects at the Frankfurt site. The survey was conducted as a multi-page questionnaire
which was send to the participating NUM projects. Additionally, for CODEX a decision
had to be made in favor of an EDC system, which would be used to complete the
documentation and follow-up documentation of the GECCO data in the further course
of the project. During initial discussions regarding the decision about the EDC system it
became clear, that in addition to REDCap and DIS the EDC component of mint Lesion™
could also be used for CODEX. This consideration emerged during previous discussions
regarding the recruitment of medical documentalists, which are essential in both projects
to perform follow-up documentation of clinical and radiological parameters. Moreover,
to avoid duplicate entry of GECCO data into both EDC systems, an early effort was made
to consider a collaborative and efficient technical approach to reduce the workload of
medical documentalists.

3. Results
3.1. Requirements analysis

The evaluated results of this multi-page questionnaire revealed at a broad level, that the
data required by all projects were nearly consistent. However, on finer inspection,
heterogeneity was nevertheless apparent with regard to the data required as well as the
definition of the patient cohorts required in each case. The highest overlap of all projects
here was observed for RACOON and CODEX. While CODEX covers the entire GECCO
data set, only an intersection of the data set is relevant in RACOON. It is worth
mentioning, that RACOON is one of the three NUM projects with the project lead in
Frankfurt, together with the Berlin site. Based on these findings, increased cooperation
between CODEX and RACOON at the Frankfurt site for the further course of the projects
appeared to be highly reasonable. Therefore, a “pool” of medical documentalists,
consisting of several employees working for CODEX and RACOON was established.
In addition, after reviewing all available EDC systems presented in CODEX, the decision
was made in favor of mint Lesion™. Mint Medical has made the necessary additions to
mint Lesion™ for its intended use in CODEX. This included support for a CDISC ODM
importer for uploading the various patient data, which was adapted to the CODEX data
dictionary. A CDISC ODM exporter was integrated for further processing of the data in
the software pipeline.
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3.2. Preliminary technical concept

As a first preliminary concept, a draft software architecture (see Figure 1.) was developed,
that depicts the currently planned data workflow for CODEX (upper part). Integrated
here is a future workflow for RACOON (lower part), which includes a future software
component for synchronizing GECCO data sets between the two EDC systems using the
HL7 FHIR standard and a HAPI FHIR server.

Within CODEX, the clinical parameters are first extracted from a mirror system of the
Frankfurt hospital information system (KIS) ORBIS, an Oracle database, using special
SQL queries. Subsequently, these unprocessed raw data are converted from a CSV file
into the required CDISC ODM format using a self-implemented ETL process
(SQL20DM). Once the data is in this format, it can be loaded into the mint Lesion™
platform. Within the EDC component of mint Lesion™, medical documentalists can then
perform a follow-up documentation of missing GECCO dataset parameters. The fully
documented dataset can then be exported via the mint Lesion™ exporter in the CDISC
ODM format. Afterwards this exported dataset is transformed into HL7 FHIR format
through another ETL process (ODM2FHIR) [14]. Within NUM Node v2, a number of
modifications are performed including complete pseudonymization of the data. After the
ETL process, the data is available in the HL7 FHIR format which can then be loaded into
a deployed HAPI FHIR server. Subsequently, the pseudonymized data is transferred to
the CODEX platform via the GTH in a privacy-compliant manner and thus made
available to the user. In addition, the GTH exchanges the local DIZ PSN for the central
CODEX PSN provided by the fTTP. This ensures consistent separation of MDAT and
IDAT [5].

If a patient is registered in both systems, parameters and data already collected in
CODEX mint Lesion™ can then be synchronized bidirectionally between RACOON and
CODEX. The first approach for this is currently the synchronization of FHIR resources
within the HAPI FHIR server. Here, a corresponding FHIR component would have to be
integrated into mint Lesion™. After a synchronization of the GECCO data set from
CODEX, an exchange of the RACOON relevant data sets can take place. The relevant
data can then be loaded into the RACOON mint Lesion™. After the follow-up
documentation, the anonymized data can be further processed to be ultimately loaded
into RACOON-CENTRAL.
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Figure 1. Preliminary technical concept
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4. Discussion

One of the main arguments for choosing mint Lesion™ as the EDC system for CODEX
was, that in comparison to the other available EDC systems REDCap and DIS, mint
Lesion™ offers the advantage that the medical documentalists from the established pool
only have to be trained in one system and not in multiple ones, which could ultimately
save time and resources. In addition, the documentalists can exchange valuable
experience with each other when using the system. Accordingly, synergies were used to
efficiently utilize the resources of the medical documentalists for both projects. On the
other hand, it must be mentioned here that if REDCap or DIS had been chosen, the
general readiness and availability in CODEX would have been faster, since these systems
are officially supported and selected in advance by the national project management [10].
mint Lesion™ had to be extended (CDISC ODM importer/exporter) for full use in
CODEX in order to meet all project requirements. Another organizational challenge in
the preliminary stages of the project was finding suitable and qualified medical
documentalists.

Among the technical challenges of the presented concept is, of course, the technical
feasibility. Since these projects are nationwide, a large number of stakeholders and
locations have to be considered [1]. After a potential implementation, this technical
concept could be a useful extension between the two projects in the future. Above all, it
should be noted that it has both organizational and technical benefits. The transfer of
unprocessed raw data from the KIS is therefore also handled in the same manner for both
systems. This could prevent redundant data documentation, which could ultimately
reduce the workload and also prevent potential errors while documenting. It is intended
that the presented concept prospectively will be implemented by industrial partner Mint
Medical. Initial consultations on such a synchronization have already been held with
technical managers at Mint Medical. It would thus be an extension of the close
collaboration that already existed prior to this paper. The mentioned first possible
solution using the HL7 FHIR standard and the HAPI FHIR Server is only one of the
suggestions how it could be solved technically.

Despite all the advantages mentioned, the potential difficulties and barriers of such an
implementation should not be disregarded because in this context data privacy is crucial.
Since these are two projects with different patient cohorts and data scopes, it is necessary
that the adopted data privacy concepts in both projects must also be thoroughly reviewed
for possible compliance. Prior to such a consolidation, these would naturally have to be
reapproved by the corresponding data protection authority because both projects involve
sensitive patient data.

The potential developers of such a synchronization component would therefore have to
be in close contact with the project managers of both projects in order to coordinate the
entire project adequately, which could be challenging due to the size of both projects.
Overall, it became apparent during the initial implementation phase that the above-
mentioned organizational and technical barriers ultimately prevented the concept from
being implemented. The actual benefit of the technical concept presented can only be
fully assessed in the future after its first prototypical implementation. In the further
course, a more in-depth discussion on the feasibility of such a collaborative data
documentation with regard to the data protection admissibility of both projects is
inevitable. However, the benefits of the concept could outweigh the expressed concerns,
so it is recommended to continue working actively on its implementation. This concept
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is also expandable, so that other NUM projects can be integrated into the infrastructure
and synergies can be used more intensively.

5. Conclusion

All in all, the results of the requirement analysis including the resulting preliminary
technical concept presented here show large potential for improved collaboration
between CODEX and RACOON in the future. The further findings, such as the adoption
of Mint Medical’s mint Lesion™ as the EDC system for CODEX and, the creation of a
medical documentalists pool for both projects, show that beneficial collaboration is
possible despite divergent project aims. The presented findings could therefore be helpful
for other participating project sites. Within the follow-up project of CODEX called
“CODEX+” are important efforts for deeper cooperation between all NUM projects, such
as “Work Package 3.3 Integration with other NUM projects”. In Conclusion, the results
of this paper can serve as a first good approach to avoid duplication of effort and data
entry to ultimately bring both projects closer together. The presented concept of such a
data synchronization between the two projects could have great potential due to the
reduced documentation workload for the medical documentalists. Furthermore, this
solution could be rolled out to other participating sites of CODEX and RACOON to
adequately support both projects.
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