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Abstract. Clinical decision support systems (CDSS) help to improve the diagnostics
and treatment of rare diseases (RD). As one of four funded consortia of the Medical
Informatics Initiative supported by the Federal Ministry of Education and Research
(BMBF, Germany), MIRACUM develops a clinical decision support system
(CDSS) for RD based on distributed data of ten university hospitals. The CDSS will
be developed at the Rare Diseases Centres (RDC) of the MIRACUM consortium.
Since it is essential to deliver decision support at the right time and place in the
clinician’s workflow, this study aimed to capture relevant information of the RDCs
regarding patient admission and diagnostic process. Additionally, we investigated
how patient documentation and digitalisation is performed at the centres. Therefore,
we conducted a cross-sectional survey involving experts in the RDs domain to
capture relevant information for the further development of a CDSS in RD. For each
centre, one expert on RDs participated in the study (n=8). The survey identified
several challenges regarding the reuse of patient data, e.g. the paper-based
documentation of a patient’s medical history and coding of diagnoses using ICD-10.
However, we noticed a relevant use of current software diagnosis support and a
similarly performed diagnostic process in all RDC. Further studies are needed to get
more detailed insights and to define specific requirements.
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1. Introduction

In Europe, a disease is defined as “rare” if its prevalence amounts to less than 5 out of
10,000 people. There are about 7,000 different rare diseases (RDs); it is challenging to
identify patients with RDs. Patients often report years or decades of a diagnosis odyssey
[1]. As per definition, gathering a sufficient amount of data poses a problem for RD
research. Hence, it is useful to link datasets to large research networks in order to gain
new insights for research or even diagnosis support. In Germany, the German Ministry
of Education and Research (BMBF) funds large research networks to create data
integration centres (DICs) in context of the Medical Informatics Initiative (MI-I). The
aim is to make data interoperable for research and patient care. One of these consortia is
MIRACUM (Medical Informatics in Research and Care in University Medicine), which
comprises ten university hospitals [2]. This data sharing approach is evaluated with
different use cases, including a Clinical Decision Support System (CDSS) for RDs. Sim
et al. define a CDSS as a software system which matches characteristics to a knowledge
base and presents recommendations or assessments for clinical decision making to
clinicians [3]. The CDSS will be developed based on the datasets of previously diagnosed
cases of RDs [4]. The system will suggest a diagnosis for undiagnosed patients based on
similar patients in hospital DICs throughout the consortium.

Clinicians should be involved at all stages of the development and the designing of
medical systems such as a CDSS [5]. It is necessary to understand the environment in
which clinicians work and how it affects the requirements of a CDSS. The users of our
planned CDSS work in Rare Diseases Centres (RDCs) that belong to the hospitals of
MIRACUM. These centres would benefit from a CDSS supporting the diagnostic
process, as patients often visit them without a diagnosis.

This paper aims to identify the status quo of MIRACUM RDCs to gather relevant
information for the further development of a CDSS supporting the diagnostic process in
RD. Kawamoto has shown in a systematic review on CDSS that decision support should
be provided as part of the clinician’s workflow to deliver decision support at the right
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time and place [6]. Furthermore, it is essential to investigate what clinical data are
available to develop a CDSS.

The first objective of this paper is to investigate under which conditions a patient
(contact to the centre) is diagnosed at a centre (organisation). We call this objective
“Patient admission and diagnostic process”. The second objective is the status quo of
patient documentation for RDs (e.g. on electronic or paper or use of standards). We call
this objective “Patient documentation and digitalisation”.

2. Methods

To address our objectives, we conducted a cross-sectional survey. We applied the
STROBE reporting guideline (Strengthening the Reporting of Observational Studies in
Epidemiology) to report this study [7]. We considered 20 of 22 STROBE items. We
designed the survey according to Jenn [8] with a conceptual framework based on our
research objectives. Based on these two objectives, we defined 16 questions (shown in
section 3) for the survey. The items 1 to 7 belong to the research objective “Patient
admission and diagnostic process”, whereas the items 8 to 16 belong to the research
objective “Patient documentation and digitalisation”. We classified each question as an
open-ended question, a binary question, multiple selections or an open question. To
avoid bias in the questionnaire, we applied the recommendations by Choi et al. [9]. We
sent an invitation e-mail to one expert of each RDC in MIRACUM to participate in the
survey. However, there is no standardised definition of the term “RD expert”. Hence,
experts were selected based on their experience in the field of RDs, following the advice
of experts within the author’s institution and based on the author’s own experience. An
expert in the context of this study was defined as a “member of the MIRACUM
consortium with a completed degree in medical studies and completed specialist training
in human medicine”. A total of eight experts were contacted. The survey was conducted
with a closed questionnaire published online during May 2018. The language of the
survey was German. Each participant received a personal access code which was valid
for four weeks.

2.1. Synthesis of results

We determined the absolute frequencies and percentages of each question for the analysis
of the results. We then translated answers and questions from German to English for the
synthesis of the results. For the presentation and linking of the results, we used an Entity
Relationship Model (ERM) according to Chen notation [10].

3. Results
Eight out of ten university hospitals in MIRACUM have established an RDC. All

participants (n=8) completed the questionnaire within four weeks. The results of the
survey are shown in Table 1. The ERM is shown in the following figure.
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Figure 1: Entity-Relationship Model of RDCs' domain.

3.1. Description of the ERM

An undiagnosed patient contacts an RDC (entity “Undiagnosed patient”). At almost all
centres (n=7), the request is entered using medical records. Patients can be accepted as
outpatients in three centres. Five centres accept patients as outpatients or inpatients.

With the written request, patients send their medical history to a central contact point
(entity “Central Contact Point”), which is available at all centres. Seven centres indicated
that in terms of medical history, the medication of the patient is essential, followed by
the findings (n=7), blood tests (n=7), genetic screening (n=6) and medical questionnaires
(n=5). Afterwards, five centres perform a prioritisation of the patient cases (entity
“Patient case”). Two centres process patient cases in chronological order. In contrast,
only one centre does not process in a specific order.

To identify a diagnosis for a patient, a weekly (n=5) or monthly (n=3) case
conference is conducted (entity “Medical staff”). The centres also use the following
software for diagnosis support (entity “Software for diagnosis support”): medical
literature databases (n=8), search engines (n=5), FindZebra (n=4) and Phenomizer (n=4).
The following medical staff mainly use the software: physicians (n=7), centre guides
(n=5), medical controlling (n=1). The centres receive the patient’s documents mainly on
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paper and electronically (n=6). Two centres stated that the data are only available on
paper. The documentation of a patient case is performed electronically in five centres
and electronically as well as on paper in three centres (entity “Documentation”).
Documentation is carried out at the centres with different software (entity “Software”):
ORBIS (n=2), SAP i.s.h. med (n=2), Excel (n=2), Nexus Chili (n=1). Diagnoses are
coded (entity “Classifications”) with ICD-10 (n=8), followed by Orpha Number (n=5),
Human Phenotype Ontology (n=2) and Alpha-ID (n=2). The records available on paper
are digitised in four centres via scanning devices (entity “Digitised documentation®). In
contrast, four other centres do not perform a digitalisation of paper-based records. At
five centres, patient cases are recorded in a registry (entity “Registry®).

Table 1. Questions and results of the survey with given answers in total and frequency

Question Answers Total/
Frequency
1. Is a central contact point for patients Yes 8 (100%)
available in your centre? No 0 (0%)
2. How many patient cases were received or 25 1 (12.5%)
treated in the centre since its foundation? 100 1 (12.5%)
460 1 (12.5%)
500 2 (25.0%)
670 1 (12.5%)
700 1 (12.5%)
7500 1 (12.5%)
3. Inquiries from patients with an unclear Yes 7 (87.5%)
diagnosis can only be submitted in writing. No 1 (12.5%)
4. Please show which documents are relevant Medication 7 (87.5%)
to receive from a referring doctor. Blood Test 7 (87.5%)
Findings 7 (87.5%)
Genetic Screening 6 (75.0%)

Others: Medical questionnaire filled out 5 (62.5%)
by the patient’s practitioner or by the
patient

5. Is an order of processing patient cases with Urgent cases are preferred 5(62.5%)
no diagnosis available? The processing is carried out according 2 (25.0%)
to the order of file entries
Others: No explicit approach for an 1 (12.5%)
order
6. Do interdisciplinary regular case reviews No 0 (0%)
take place in the centre to discuss patient Weekly 5(62.5%)
cases? (e.g. interdisciplinary case conferences)  1-2 times a week 0 (0%)
3-4 times a week 0 (0%)
Monthly 3 (37.5%)
7. How do patients get to the centre? Inpatient only 3 (37.5%)
Outpatient only 0 (0%)
Inpatient and outpatient 5 (62.5%)
8. How does the centre receive the patient’s Electronic 0 (0%)
documents (e.g. findings)? On paper 2 (25.0%)
Both 6 (75.0%)
9. Are the transmitted patient documents Yes, there is a digitisation 4 (50%)
digitised? No, the data remains on paper 4 (50%)
10. How are the paper documents digitised? Scanning 4 (50.0%)
No digitalisation applied 4 (50%)
11. How is the further documentation of the Electronic 5(62.5%)
patient done in the centre? On paper 0 (0%)
Both 3 (37.5%)
12. Are patients with unclear diagnoses Yes 5(62.5%)
documented in a subject-independent registry?  No 3 (37.5%)
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13. Is the centre using software tools or the FindZebra 4 (50.0%)
internet to support the diagnosis? Phenomizer 4 (50.0%)
Search engines 5(62.5%)
Literature databases 8 (100%)
Others 0 (0%)
No 0 (0%)
14. Who uses the tools mentioned in the Physicians 7 (87.5%)
previous question? Medical controlling 1 (12.5%)
Centre guides 5 (62.5%)
15. How are the diagnoses of rare diseases ICD-10 8 (100%)
documented? Orpha-Number 5 (62.5%)
Human Phenotype Ontology 2 (25.0%)
Alpha-ID 2 (25.0%)
16. Which software tools are used for ORBIS 3 (37.5%)
documentation? SAP i.s.h. med 2 (25.0%)
Nexus Chili 1 (12.5%)
Excel 2 (25.0%)

4. Discussion

In this study, we investigated the status quo of RDCs in MIRACUM with a cross-
sectional survey. The objectives were to determine how patients are admitted the centres
and how the diagnostic process is performed, as well as to describe the current status quo
of patient documentation and digitalisation of documentation.

4.1. Patient admission and diagnostic process

Our study noticed that patient admission and diagnosis processes are similar at all
surveyed RDCs. The results show that all centres have a central contact point. To contact
a centre, seven out of eight centres only allow contact in writing. For further investigation,
it might be of interest to know the further role and tasks of the central contact point.

Patients must provide their medical history when they contact the RDC. The results
show that important information for the clinicians are medications, blood tests, findings
from physical examinations, genetic screenings, and also questionnaires that are filled
out by the referring clinician or the patient. Therefore, different clinical data is available
which can be used for decision support. Furthermore, it is necessary to determine which
clinical data is available in a structured format. The existence of unstructured text, e.g.
in doctor's letters, suggests the usage of Natural Language Processing (NLP) to structure
the data [11]. Another heterogeneity is the distribution of existing patient cases since a
centre with many cases (n=7500) and a centre with few cases (n=25) are available. A
further study should investigate how this heterogeneity affects the entire picture of the
data. Overall, the availability of patient data in the RDCs is about 10,000 patient cases,
which appears low considering approximately 7,000 different RDs. In this context, it
would be useful to know how many different diagnoses exist in these 10,000 cases. The
ratio of the number of different diagnoses to the number of cases per diagnosis is relevant
in this context. For instance, if only 200 different diseases are diagnosed, this would
equate to approximately 500 cases per disease.

Furthermore, the results show that five centres process patient cases according to
urgency. A CDSS could support an evaluation of the urgency of a patient case based on
previous cases. However, the need for such a function needs to be discussed together
with the experts for RDs.
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The results also show that case discussions are used to investigate patient cases. These
are weekly or monthly conferences with clinicians from various disciplines. Our planned
CDSS could provide condensed patient summaries and relevant information to support
these conferences, for example, with patient timelines or sunburst plots. This approach
could be tested in a further study. Furthermore, the results show that many RDCs treat
both inpatients and outpatients. However, it is not clear whether these patients all get
admitted through the central contact point. It must be determined whether or not this path
is only available for outpatients admissions.

4.2. Patient documentation and digitalisation

Our results show that the ICD-10 is predominately used to code diagnoses. ICD-10 is the
official classification for coding diagnoses in Germany. However, some RDCs use
Orpha-Number. Using ICD-10 poses a problem in terms of the reusability of data
because most RDs are not coded in enough detail in the ICD-10 format. Only about 500
out of approximately 7,000 RDs have a specific ICD-10 code, which makes it
challenging to identify a RD unambiguously. A further problem is that the ICD code is
non-specific, i.e. several RDs cannot be assigned to a single ICD code. In contrast, the
Orpha-Number classification contains more than 7,000 RDs [12]. A comprehensive
coding with Orpha-Number across all RDCs would be desirable. However, coding of
RDs with Orpha-Number will be addressed in the project Collaboration on Rare Diseases
(CORD) in the MI-I.

Furthermore, various software systems are used for documentation. Different
software systems will probably use different interfaces for communication. It must be
determined which standards are used for communication (e.g., HL7-FHIR), in order to
be able to transfer data automatically to a CDSS [13].

Another issue is the documentation sent by patients to the centres, which contains
essential information that may be relevant to the diagnosis. Some RDCs offer the
possibility to send medical history electronically, but some centres only allow paper-
based records. Only 50 % of the RDCs regularly digitise documents received on paper.
However, to reuse the information for a CDSS, complete electronic data must be
provided. Another source of data could be the patient registries at the five centres which
store information of patients with RDs. Nevertheless, it is necessary to determine what
kind of data is stored.

Despite these challenges, all centres apply software tools for diagnosis support. This
statement is consistent with Mueller et al., who found that diagnosis support systems are
helpful in the diagnosis of patients with RDs [14]. The results show that centre guides
and physicians use these tools. Therefore, it is of further interest in which phase of the
diagnostic process the systems are used.

4.3. Limitations and further research

The results are limited to participating centres in the MIRACUM consortium. There are
32 RDCs in Germany. For higher generalisability of the results, it would be interesting
to extend the study to other RDCs outside MIRACUM. We are not aware of any studies
that involved CDSS implementation in RDCs. Further studies are necessary to gain more
detailed insights. To this end, we will use qualitative methods such as expert interviews
and focus groups. The created ERM can be used as a basis for discussion and further
refined in the next steps.
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5. Conclusion

This study aimed to investigate the status quo of RDCs in Germany as part of our
requirements analysis phase. We were able to show that the patient admission and
diagnostic process are very similar at the different RDCs. This means for the
development of a CDSS in RDs, that a CDSS could be integrated into the RDCs
diagnostic process in a similar way. However, the heterogeneity of patient cases across
the centres as well as the disparity of medical documentation poses problems for the
reuse of patient data and therefore for the creation of a common knowledge base of the
CDSS. Furthermore, the comprehensive documentation of RDs on paper and coding of
diagnosis using ICD-10 constitutes a barrier for the reuse of the data. Despite the
challenges, we noticed a corresponding use of various software for diagnosis support in
the RDC.
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