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Abstract

Background Comprehensive clinical data regarding factors influencing the individual disease course of patients
with movement disorders treated with deep brain stimulation might help to better understand disease progression
and to develop individualized treatment approaches.

Methods The clinical core data set was developed by a multidisciplinary working group within the German transre-
gional collaborative research network ReTune. The development followed standardized methodology comprising
review of available evidence, a consensus process and performance of the first phase of the study. To ensure high data
quality, measures for standardized training, monitoring as well as plausibility and data quality tests were implemented.
Results The clinical core data set comprises information about medical history, clinical symptoms, information

about deep brain stimulation surgery, complications and outcome for the main neurological movement disorders
Parkinson’s disease, tremor, and dystonia. Its applicability as well as data exchange and quality control was tested
within the first phase of the study in 51 patients from Wirzburg.

Conclusions Within the ReTune project, a standardised clinical core data set for Parkinson’s disease, dystonia

and tremor was developed. The collection as well as concepts for the implementation of monitoring and data
exchange were elaborated and successfully tested.

Trial registration number ClinicalTrials.gov (DRKS-ID: DRKS00031878).
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Background

The clinical trajectories of patients with movement dis-
orders after deep brain stimulation (DBS) vary between
individuals and the individual course is difficult to pre-
dict [1]. Comprehensive clinical data regarding factors
influencing the individual course of the disease as well
as identifying trajectories for patients’ outcome might
help to better understand disease progression, to develop
individualized treatment approaches and to inform trans-
lational research projects [2]. For this purpose, clinical
data need to be collected in a standardized and compara-
ble way, also allowing data sharing according to the FAIR
principles [3] for enabling valid comparative and cross-
site data analyses.

The ReTune project is a recently established tran-
sregional collaborative research centre (TR-CRC) in
Germany focusing on a better understanding of motor
network disorders by defining symptom-specific network
activity and developing novel concepts for better treat-
ment strategies for network modulation [4].

For ensuring that the clinical data of patients with
movement disorders treated with DBS at the various
ReTune sites in Berlin, Diisseldorf and Wiirzburg are
collected in a comparable and shareable way, a uniform
quality-controlled clinical core data set (CCDS) with
common data standards was developed following stand-
ardized methodology [5]. Hereby, we describe the devel-
opment of the CCDS, the technical implementation and
quality control measures as well as the results of the first
phase of the study.

Methods

Development of clinical core data set

The CCDS was defined by a multidisciplinary work-
ing group consisting of DBS experts, neurologists, neu-
rosurgeons, and epidemiologist from the participating
institutions in ReTune (Berlin, Diisseldorf, Wiirzburg)
by a structured consensus process. The development of
the CCDS based on experiences from the QualiPa pro-
ject, proposing evidence-based quality indicators for DBS
in patients with Parkinson’s disease (PD) [5]. In addition,
standardized assessment tools used in routine care at the
different sites were considered. Based on these informa-
tion, a proposal for a common CCDS was developed. In
a consensus process, the final CCDS was agreed upon
by the multidisciplinary working group. The CCDS set is
divided into a general part (level 1) and a disease-specific
part (level 2). Disease-specific data collection instru-
ments have been defined for PD, dystonia and tremor.
Furthermore, the CCDS contains an optional 3-month
follow-up and an obligatory 12-month follow-up. In
addition, standardized inclusion and exclusion criteria
for the different disease entities were defined.
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Inclusion criteria
The following inclusion criteria for being eligible for
inclusion in the CCDS were defined:

— DPatients with movement disorders PD, tremor, dys-
tonia (G20-G26: Extrapyramidal diseases and move-
ment disorders) who underwent DBS therapy and
who have agreed to participate in the CCDS.

— DPatients with PD, tremor, dystonia (G20-G26: Extrap-
yramidal diseases and movement disorders) eligible
for DBS therapy, but who have not opted for DBS
therapy and who have agreed to participate in the
CCDS (control group).

Documentation of the CCDS

A detailed concept for documentation and data sharing
in a standardized way within ReTune was developed. The
CCDS will be documented and stored in a local database
at each participating site. As described above, the CCDS
comprises assessments and data collected in the clinical
routine at the sites. The data collection is technically sup-
ported so that there is no double documentation for rou-
tine and project data. The local data will then be merged
into the central FHIR database of the dotbase platform,
which was recently developed by the Charité-Univer-
sitditsmedizin for multiaxial data integration for neuro-
logical movement disorders and deep brain stimulation
[6].

Technical implementation

The web-based Electronic Data Capture (EDC) system
REDCap® is used for collecting the CCDS at two sites
(Wuerzburg and Duesseldorf). Before the EDC system
was transferred to the productive system, the application
went through a testing, training and initiation phase. At
Charité, the CCDS is collected directly by integrating the
dotbase platform into in the hospital information system
(HIS) with direct data transfer into the CCDS. The data
is exported via an SSL-encrypted connection between
the REDCap® database and the Wiirzburg-ReTune Web
App through predefined API calls of the REDCap® API.
Supplementary access security is provided via API tokens
and the use of a Github library. The transformation of the
CCDS from REDCap® into FHIR format via pre-created
matching tables is done by the web app. The core data set
variables were assigned to the dotbase variable designa-
tions. In addition, a new ID is created in each case. An
SSL encrypted connection is established between Wiirz-
burg-ReTune Web App and dotbase database to transfer
transformed data. There is a supplementary access pro-
tection via session cookie stored, which can be obtained
by a login call with username and password.
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Use and access regulations

A concept for a standardized Use and Access process
for regulating the access to the CCDS was developed
and agreed between the participating sites. Researchers
request datasets for research purposes via a standardised
application for use. The data transfer office at the Insti-
tute for Clinical Epidemiology and Biometry (ICE-B) for-
mally reviews the request. The Use & Access Committee
consisting of representatives of the project coordination,
data transfer office and the data owning site reviews the
application. The Use & Access Committee might send
required changes to the requesting researcher. In case of
approval, a standardised data usage and data deployment
agreement is contracted covering the legal and regulatory
aspects during and after data transfer. The data transfer
office then exports the requested dataset from the central
database and performs predetermined and standardised
plausibility checks. Afterwards, the dataset is transferred
to the requesting researcher in anonymised form.

Measures for interoperability

For ensuring interoperability also beyond the ReTune
project, a cooperation with the Medical Data Model
(MDM) portal by the Universities of Minster and Hei-
delberg was established. The MDM allows standardized
sharing of medical data models in eleven different export
formats [7]. The content of the electronic Case Report
Form (CRF) was published at the MDM (https://doi.org/
10.21961/mdm:45,864) [8].

Measures for quality control

Each centre was initiated with dedicated training of study
personnel. Additional information material on collecting
and documenting the CCDS were provided to the study
personnel through training videos, instruction manual
and Standard Operating Procedures (SOPs). The topics
of recruitment, the reconnaissance process, baseline and
follow-up, as well as handling and entering data in the
database were explained to the relevant staff. A screen-
ing log is used to document eligible study patients based
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on the inclusion criteria. It is documented how many
patients have been screened, are eligible and how many
are enrolled in the study. Reasons for non-eligibility or
non-participation are recorded. The EDC system con-
tains edit checks and queries during data entry for com-
pleteness and plausibility.

Further a concept for remote monitoring was devel-
oped. This monitoring concept was defined in consulta-
tion between the ReTune sites in Berlin, Diisseldorf and
Wiirzburg. According to this concept a good documen-
tation was defined as 95% of the variables for a patient
being filled in completely and correctly. The correctness
of a variable was checked using source data verification
(SDV). Source data was defined as informed consent,
patient record, eCRF, and pseudonymised referral/doc-
tors’ letter. For the monitoring the source data will be
provided in a pseudonymised and blackened way using
a safe connection fulfilling the data protection require-
ments. All entries in the CCDS will be compared to the
source data by the trained monitor.

According to the concept, the sample size for the SDV
is 22 patients. This is based on the assumption that the
proportion of incorrect documentation is>10% and that
an incorrect documented patient can be identified during
the monitoring with a probability of 90%. To evaluate the
practicability of monitoring concept, a test monitoring
was performed including two patients. The results of the
test monitoring will be presented in this manuscript.

The whole technical implementation of the CCDS is
shown in Fig. 1.

Statistical analyses

The statistical analyses include detailed descriptive and
univariate as well as appropriate multivariable analysis
methods. Cross-project analyses will be defined by the
applicants defined and confirmed by a use and access
committee. Patients eligible for DBS treatment are con-
secutively enrolled at the participating sites. In total,
up to 230 patients (Wiirzburg: 100; Berlin: 30; Diissel-
dorf: 100) are expected to have an indication for DBS
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treatment each year at the three sites in Wiirzburg, Berlin
and Disseldorf. Of these, approximately 147 patients are
receiving DBS (Wiirzburg: 50; Berlin: 27; Diisseldorf 70).

Ethics and data protection

The study was approved by the ethics committee of the
Medical Faculty of the University of Wiirzburg (EC Wiir-
zburg 29/20-me) as well as by the ethics committee in
Disseldorf (Study No.2022-2098) and the Charité-Uni-
versititsmedizin Berlin (CTO 23-0983). Patients or their
legal representatives provide written informed consent
for participating in the CCDS. A project-specific Broad
Consent with a ReTune module was developed based on
the template of the Broad Consent V1.6.f of the Medical
Informatics Initiative [9]. The data protection concept,
the joint controller agreement as well as the regulations
for monitoring and use & access were developed and
finalized by the participating consortium members. The
project is registered in the German Clinical Trials Regis-
try (DRKS00028750).

Table 1 Level 1 general anamnestic patient data
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Results
Content of the CCDS
The developed CCDS contains general anamnestic data
(Level 1) as well as disease-specific information for
patients with PD, dystonia and tremor (Level 2). The con-
tent of Level 1 and Level 2 data is shown in Table 1. Of
note, the UPDRS I-I1V will be tested in the ON and OFF
PD medication state. To allow this testing, assessment in
the OFF state will be conducted during an inpatient stay.
PD patients remained overnight without medication and
are assessed in the morning. The content of the CCDS is
also available in the MDM portal [8].

Level 2 specific questionnaires for PD, dystonia and
tremor (Table 2).

Technical implementation

The data transfer from Wiirzburg to Berlin was success-
fully tested with 44 patients. A tailored web app (ASP.
NET Core) was implemented to transfer data from the
REDCap system to the dotbase platform. This web app
is deployed on a server of the participating site. This and

Identification

Pseudonym, Project Affiliation, Center Affiliation

Indication PD, Dystonia, Tremor, Other Indication
Demographics

Observation

diagnosis, impatient days of stay)
Risk and Lifestyle Factors ~ Anthropometry (height, weight)
Comorbidities

Quality of Life

ment Information System) [11]
Depressions Screening
Dementia Screening DRS (Mattis Dementia Rating Scale) [13]
Cognitive Screening

Balance FAB (Fullerton Advanced Balance) [15]

BDI (II) (Beck-Depression-Inventar Revision Il) [12]

MoCA (Montreal- Cognitive-Assessment) [14]

Age, Gender, Living Situation, Partnership, Socioeconomic status (highest education)
Frame of study (study enrolment), Hospital stay baseline (date of admission, date of discharge, main diagnosis, year of first

Previous Clinical diseases (cerebrovascular disease, hypertension, diabetes, chronic pulmonary disease, paralysis, dementia)
EQ-5D-5L (European Quality of Life 5 Dimensions 5 Level Version) [10], PROMIS-29 (Patient Reported Outcomes Measure-

Table 2 Level 2 specific questionnaires for Parkinson s disease, dystonia and tremor)

PD

Dystonia Tremor

The Unified Parkinson’s Disease Rating Scale (UPDRS I-1V) [16]

Hoehn and Yahr Scale [19]

The Parkinson’s Disease Questionnaire (PDQ-39) [23]
Questionnaire for Impulsive-Compulsive Disorders (QUIP) [24]
Ardouin Scale of Behaviour [25]

Scale

for the Assess-
ment and Rating
of Ataxia (SARA)
[18]

Fahn-Tolosa Marin
Tremor Rating
Scale (FTMTRS)
[22]

Burke-Fahn-Marsden Dystonia Rating Scale
(BFMDRS) [17]

Toronto Western Spasmodic Torticollis Rat-
ing Scale (TWSTRS) [20, 21]
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other security components (SSL, API token, login, ses-
sion cookie: SSL standard HTTPS connection. API token
provided by RedCap. Session cookie provided by dotbase
environment.) ensure that the data is not sent or pro-
cessed unencrypted (asymmetric, public kex) outside the
hospital network. The transmission process (ASP.NET
Core, implemented in C#) consisted of 3 basic compo-
nents: 1. exporting the data from the REDCap system;
2. formatting the data from the REDCap format into the
FHIR format using predefined matching tables; 3. trans-
fer of the formatted data into the dotbase platform.

Data collection

At the Wiirzburg site, 51 patients were enrolled in the
ReTune study between February and September 2023.
The response rate of eligible patients was 71%. These
patients were documented according to the local CCDS.
Level 1 and Level 2 of the CCDS could be surveyed
almost completely. Data collection and entry into CRF
takes about 3.5 h per patient. As there were no follow-
up visits during this time period, the data collection was
limited to the baseline survey. Due to organizational cir-
cumstances, the details on surgical procedures are only
available with a delay, therefore details are not available
yet. Exemplary, the characteristics of these patients are
described in Table 3.

Quality measures

A first remote monitoring was performed at the collect-
ing site in Wiirzburg in two exemplarily patients (one
with dystonia and one with PD) with complete docu-
mentation. The entries in REDCap were analysed by SDV
using clinical records. Furthermore, the completeness
and the quality of the entries in REDCap were evaluated.
The results of the first monitoring in Wiirzburg show a
high completion rate with 92% of items completed.

Discussion

In the course of the ReTune project, a CCDS set with
general patient information as well as PD, dystonia and
tremor specific elements was successfully developed
allowing the standardized collection and exchange of
data at different sites with high expertise in DBS treat-
ment within the setting of the ReTune project (Berlin,
Diisseldorf and Wiirzburg).

A central database structure for storing the data was
implemented and quality measures were established
comprising training, remote monitoring and quality con-
trol of the data. The data exchange and the concept for
automated export from the local centres to the central
dotbase database was achieved by the interoperable FHIR
standard. The interoperability for the use of the CCDS
for other research projects is ensured by the metadata
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registry MDM. In addition, measures for ensuring data
access and data sharing according to the FAIR principles
were proposed including also dedicated Use & Access
procedures. The developed concepts were approved by
all participating sites. The application of the developed
tools was successful tested within a first phase of the
study at one site.

World-wide, several PD registries exist (e.g. [26-35]).
However, these registries did not focus specifically on
DBS patients. Furthermore, several longitudinal stud-
ies and systematic reviews on DBS outcomes were con-
ducted [36-42]. The observed PD populations were
comparable regarding the mean age at DBS (ranging from
53-63 years) and mean Hoehn and Yahr stage (ranging
from 2.0-3.1) [36—41]. Additionally, mean MDS-UPDRS
scores were within the range of other studies (UPDRS I
range 2.8-3.3, UPDRS II (med off) 17.5-19.6, UPDRS
II (med off) 29.2-75.0, UPDRS III (med on) 12.5-24.8,
UPDRS IV 5.1-8.8). The PDQ-39 was rarely used in stud-
ies of other registries and the reported scores found to
be higher (29.6 and 31.3) [36—41]. Huge difference for
the ratio of male and female DBS patients was observed
(between 30 and 93% males) compared to our study
population lining up with the lower percentages of male
DBS patients [36—41]. Furthermore, a review on DBS
outcomes in dystonia patients reported higher TWSTRS
scores than in dystonia patients in our study population
(severity score 22.0, disability scale 19.3, pain scale 11.8,
total score 50.8) [42].

The jointly developed infrastructure is feasible to per-
form central remote monitoring and to exchange the
standardized data. So the quality of data collected in clin-
ical routine at different sites will be improved. Research-
ers would be able to obtain a well-defined data set to
answer further research question via the Use & Access
process. This promotes collaborative research and facili-
tates further usage of data. One challenge is to connect
the different EDC systems at the different sites. Common
data standards and interoperability have been achieved
by using the FHIR format and modelling via the MDM
portal [8].

The monitoring performed locally at the Wiirzburg
site has shown a high completion rate and data qual-
ity (92%) as surgery details and the corresponding out-
comes could already be documented. For patients with
pending surgery for implantation of the electrodes, these
details could not yet be documented, nor could the out-
come parameters based on them. Overall, the monitoring
proved to be very helpful for the study nurse to discuss
outstanding questions. This enables a further increase in
data quality and completeness. The analysis of the pilot
phase of the study has shown a high willingness to par-
ticipate on the part of the patients, a high documentation
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Table 3 Patients characteristics (Level1) and results of specific Questionnaires (Level 2)
Population characteristics (Level 1) Specific questionnaires (Level 2)
Population Characteristics (Level 1) N=51
Age mean (SD) 64.3 (9.0) Parkinson’s disease N=42
Gendern (%)
Female 30(59) MDS-UPDRS
Male 14 (27) Part | Summary score mean (SD) 3234
Missing 7(14) Part Il Summary score (med on) mean (SD) 16.6 (9.5)
Education n (%) Part Il Summary score (med off) mean (SD) 17.8 (8.9)
High 13 (25) Part Il Summary score (med on) mean (SD) 174 (9.6)
Med 17 (33) Part Ill Summary score (med off) mean (SD) 39.2(16.3)
Low 10 (20) Part IV Summary score mean (SD) 6.8 (5.0)
Other 1(2.0)
Missing 10 (20) Hoehn and Yahr scale
Disorder n (%) Hoehn and Yahr summary score mean (SD) 2.2(0.9)
Parkinson 42 (82)
Dystonia 5(9.8) The Parkinson’s Disease Questionnaire (PDQ-39)
Tremor 4(7.8) PDQ-39 summary score mean (SD) 239(13.7)
Living Situation n (%)
Independent at home 37 (73) The questionnaire for impulsive-compulsive disorders (QUIP)
Home nursing care 2(3.9) Subscore gambling mean (SD) 1.1(2.8)
Nursing home 1(2.0) Subscore sex mean (SD) 1.8(2.3)
Missing 11 (22) Subscore buying mean (SD) 14(25)
Partnership n (%) Subscore eating mean (SD) 263.2)
Yes 36 (71) Subscore punding mean (SD) 24027)
No 5(9.8) Subscore hobbyism mean (SD) 1.7.2.7)
Missing 10 (20) Subscore medication mean (SD) 19.7)
EQ-5D-5L DystoniaN=5
EQ-5D-5L Index mean (SD) 0.73(0.16)

Burke-Fahn-Marsden Dystonia Rating Scale (BFMDRS)
Beck's Depression Inventory Movement scale mean (SD) 11.0(6.2)
Summary score mean (SD) 106 (6.4) Dystonia disability scale mean (SD) 40 (4.5)
No depression n (%) 9(17.6)
Light depression n (%) 24 (47.1) Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS)
Moderate depression n (%) 13 (25.5) Torticollis severity scale mean (SD) 15.5(9.3)
Severe depression n (%) 4(7.8) Disability scale mean (SD) 136 (3.3)
Missing n (%) 1(2.0) Pain scale mean (SD) 3502.1)

Total Score mean (SD) 89(5.3)
Montreal-Cognitive-Assessement (MoCa)
MoCa summary score mean (SD) 27.1 (3.0) Tremor N=4

The Mattis Dementia Rating Scale (MDRS)

Scale for the Assessment and Rating of Ataxia (SARA)
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Table 3 (continued)

Population characteristics (Level 1) Specific questionnaires (Level 2)

MDRS summary score mean (SD) 140.0 (5.1) Gait score mean (SD) 1.5(1.3)
Stance score mean (SD) 1.001.2)
Sitting score mean (SD) 0.0 (0.0)
Speech disturbance score mean (SD) 1.8(1.3)
Finger chase score mean (SD) 0.9 (1.0)
Nose-finger test score mean (SD) 25(0.7)
Fast alternating hand movements mean (SD) 13(1.2)
Heel-shin slide score mean (SD) 09(1.0)
Fahn-Tolosa Marin Tremor Rating Scale (FTMTRS)
Part A score mean (SD) 203 (144)
Part B score mean (SD) 225(10.2)
Part C score mean (SD) 12.5(6.8)
Total score mean (SD) 55.3(28.9)

rate and data quality as well as possibilities for joint data
sharing and exchange due to multidisciplinary coopera-
tion, a comprehensive training concept and interoper-
ability standards.

In the future, additional sites could be included in
the core data set collection. In addition, expansion to
include electrophysiological and imaging data is possible
[19, 43]. It is planned to expand this dataset and intro-
duce a unified platform that directly integrates multiaxial
data for all clinical sites. The core clinical dataset will be
expanded to include DBS stimulation parameters, bio-
material, imaging parameters, electrophysiological data,
and milestones of disease progression such as falls and
movement patterns, as well as digital phenotyping and
ecological momentary assessment. The platform will be
connected to mobile applications to collect data directly
from the patients. It is planned to extend the dotbase
platform to Diisseldorf and Wiirzburg IT infrastructure
by integrating the platform directly within hospital infor-
mation systems at these sites. The established register
can additionally be used as trial-ready cohort [to iden-
tify patients eligible] for initial proof-of-concept studies
or future clinical trials. Furthermore, the ReTune project
might allow the sustention of the established register
within routine care.

Strengths and limitations

A high willingness of patients to participate (71%) was
observed. On the basis of using a comprehensive training
concept, the site study personnel were well prepared for
their tasks during the study implementation. By means of

training videos, a training manual and SOPs, the topics
of recruitment, the reconnaissance process, baseline and
follow-up, as well as handling and entering data in the
database were trained. A test monitoring in Wiirzburg
shows the good feasibility of data entry and quality.

A conspicuous advantage inherent in the implemented
data transfer is its prompt adaptability within the web
application to accommodate alterations in the CCDS.
This agility is facilitated by the application’s generic struc-
ture, enabling facile modifications or expansions through
the mere adaptation of the matching tables.

However, there are still limitations, as so far there is
only information on the availability of imaging and elec-
trophysiological data, but no linking to the raw or pro-
cessed data. Future projects should therefore focus on
establishing this linkage and on compliant storage of
those more complex data types that cannot be stored as
simple text elements and hence come with additional
requirements.

Conclusions

Within the ReTune project, we successfully established
infrastructures for enabling a standardized collection of
clinical data in PD patients as well as in patients with
essential tremor and dystonia treated with DBS result-
ing in the provision of a comprehensive, well-defined
clinical data set. Moreover, measures (workflows) that
allow access to patient data in a standardized way were
developed. Those elements will facilitate and broaden
the usage of data as they could be rolled out to build
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a national disease specific register and they could be
used as a blueprint for collecting data in other move-
ment disorders by adapting modules specific for those
diseases. Furthermore the dataset of the established
cohort might also build the framework for develop-
ing complex interventional studies to further improve
patients” health care.

Abbreviations

CCDS Clinical core data set

CRF Electronic case report form

DBS Ceep brain stimulation

EDC Electronic data capture

HIS Hospital information system

ICE-B Institute for Clinical Epidemiology and Biometry
MDM Medical data model

PD Parkinson’s disease

Sbv Source data verification

SOPs Standard operating procedures

TR-CRC  Transregional collaborative research centre
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