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Abstract
Introduction  Although Germany has a strong history of stroke research, it currently lacks a national harmonised infra-
structure for clinical stroke research. To address this gap, the stroke-specific Specialty Network (SN Stroke) of the Network 
University Medicine (NUM) was established as a comprehensive research platform. Hereby we present the protocol of the 
Stroke-CORE cohort (COhort for REsearch in Stroke) within SN Stroke enrolling a large representative cohort of patients 
with acute ischeamic stroke or intracerebral haemorrhage in Germany.
Methods  Stroke-CORE is a national, prospective, longitudinal, multi-centre cohort study with a decentralised biobank, 
structured as a modular umbrella protocol. Adult patients with acute ischaemic stroke or intracerebral haemorrhage, and 
paediatric stroke patients are enrolled at participating hospitals. Data collection follows four adaptive levels, ranging from 
a core clinical data set (Level 1) to modules covering the whole stroke care pathway (Level 2), biosamples (Level 3), and 
voluntary additional modules (Level 4), with follow-up at discharge, 90 days, 180 days (optional), and annually. Enrolment 
started in August 2026 across 12 initial sites, with a target of 12,750 patients being recruited by 2030.
Perspective  Stroke-CORE represents a nationally harmonised cohort spanning prehospital care, acute treatment, rehabilita-
tion, prevention, aftercare, and paediatric stroke. Its adaptive modular design allows continuous expansion with new mod-
ules, data streams, and biobanking initiatives without protocol revision. As a sustainable national research platform, Stroke-
CORE aims to address key knowledge gaps, facilitate recruitment for clinical trials, and accelerate translational, clinical and 
outcomes research.
Trial registration  The protocol is registered at German Clinical Trials Register (DRKS00039775, July 8th, 2026).

Keywords  Stroke · Research infrastructure · Real-world data · Ischaemic stroke · Intracerebral haemorrhage · Paediatric 
stroke
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Background

In Germany, approximately 250,000 new strokes occur 
annually [1], and about 1.8 million people are living with 
the consequences of a stroke [2].

Beyond its substantial clinical burden, stroke poses a 
major economic burden on the German healthcare system 
and society, with first-year costs ranging from approxi-
mately €15,137 and €22,666 for cerebral infarction [3–5] 
and €23,886 for intracerebral haemorrhage [5], to €43,184 
and €44,057 for SAH per patient depending on stroke sub-
type and severity [6, 7] health care costs per inhabitant for 
cerebral infarction (ICD-10 I63) was estimated to be €100 
in 2023 [8]. Given an aging population, these costs are 
expected to rise further, underlining the need for harmon-
ised research infrastructures to accelerate the generation of 
evidence for more effective prevention, treatment, and long-
term care.

Although substantial advances in stroke care have been 
achieved in recent years especially in acute ischaemic stroke 
including endovascular thrombectomy [9], evidence-based 
treatment options remain limited across various stages of 
the stroke care continuum, particularly for specific subtypes 
such as intracerebral haemorrhage and post-stroke com-
plications such as cognitive impairment and depression. 
Furthermore, interventions of trials targeting post-stroke 
care and secondary prevention have not yet translated into 
improvements in patient outcomes or reducing stroke recur-
rence rates. These challenges are expected to increase in 
relevance given the growing incidence and prevalence of 
stroke associated with older age [10].

Paediatric stroke, although uncommon, is associated 
with severe long-term neurological impairment [11]. Lim-
ited knowledge of its aetiologies and disease mechanisms 
continues to hamper prevention, diagnosis, treatment, and 
long-term care [12].

Germany provides highly specialised stroke care through 
a dense network of qualified acute stroke units and research-
active centres with a strong track record of national and 
international trials [13–17]. However, in contrast to many 
other countries with established national stroke research 
infrastructures such as the USA [18], France [19], or the 
United Kingdom [20, 21], Germany still lacks a national 
structured and harmonised infrastructure to support large-
scale clinical stroke research. To address this gap, the Spe-
cialty Network Stroke (SN Stroke) within the Network 
University Medicine (NUM) was recently founded. Within 
SN Stroke, the Stroke-CORE (COhort for REsearch in 
Stroke) will be established as a nationwide, prospective, 
longitudinal cohort study to expedite medical research 
breakthroughs across the entire stroke care pathway, from 

prehospital stroke management to post stroke aftercare, and 
across all age groups.

Building on existing German stroke registries, which 
primarily focus on quality assurance in acute stroke care, 
Stroke-CORE is designed as a nationwide prospective lon-
gitudinal research infrastructure with standardised follow-
up assessments, harmonized multimodal data collection 
(clinical, imaging, biosamples, and PROMs), and a modular 
platform architecture that supports future clinical, transla-
tional, and health services research projects across the entire 
stroke care continuum.The primary objective of Stroke-
CORE is to establish a nationally harmonised, prospective 
cohort that provides comprehensive clinical data, imaging 
data, and biosamples. By combining longitudinal follow-up 
and multimodal data collection across all age groups and 
stroke subtypes, Stroke-CORE aims to address important 
evidence gaps in areas where effective prevention, treat-
ment, and long-term management strategies remain limited, 
including intracerebral haemorrhage, post-stroke cognitive 
impairment and depression, secondary prevention, and pae-
diatric stroke. The modular structure of Stroke-CORE and 
its topic-specific working groups of leading stroke experts 
in Germany within SN Stroke allow emerging research pri-
orities and underrepresented areas of stroke research, to 
be systematically identified and translated into dedicated 
modules and future extensions of Stroke-CORE. By gen-
erating up-to-date and representative real-world data and 
providing a shared research infrastructure with minimal 
additional resource requirements, the cohort will facilitate 
translational, clinical, and health service research on stroke 
mechanisms, biomarkers, aetiology, prognosis, treatment 
pathways, and outcomes. In addition, Stroke-CORE will 
support the planning and feasibility assessment of future 
clinical trials by identifying suitable patient populations and 
generating hypotheses or providing the basis for sample size 
estimations. Hereby we report the protocol of Stroke-CORE.

Methods

Study design and setting

Stroke-CORE is constructed using a modular umbrella pro-
tocol. This architecture follows the principles of an adaptive 
research platform, allowing new modules, data streams, or 
biobanking initiatives to be incorporated over time without 
requiring revision of the core protocol.

The cohort is structured in four levels. Level 1 com-
prises basic modules with a core data set collected at base-
line, 90 days, and annually. Level 2 comprises expanded, 
pathway-specific modules with additional follow-up at dis-
charge, 90 days, 180 days (optional), and annually. Level 3 
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is an additive module enabling collection of biosamples as 
part of routine treatment; and Level 4 comprises voluntary, 
separately funded and consented extensions defined and 
conducted by individual sites. All patients will be enrolled 
in one of the three Level 1 basic modules (ischaemic stroke, 
intracerebral haemorrhage, or paediatric stroke) and at 
least one of the Level 2 modules depending on the site (see 
Fig. 1).

The study operates within the established infrastructures 
of the Network University Medicine (NUM), including 
NUKLEUS (NUM Clinical Epidemiology and Study Plat-
form), the NUM Methods- and Biosamples Hub (NUM-
MB), the NUM Data Integration Centres (NUM-DICs), and 
the NUM Radiology Research Network (RACOON). Enrol-
ment began in August 2026 following ethical approval, and 
is planned to continue until 30 June 2030, with interim anal-
yses scheduled for mid-2027 and mid-2029.

Stroke-CORE is initially being implemented at twelve 
major German university hospitals with specialised stroke 
units. Of these, seven sites recruit adult stroke patients only, 
three sites enrol both paediatric and adult stroke patients, 
and two sites are dedicated exclusively to the recruitment 
of paediatric stroke patients. In subsequent implementation 
phases, the network is intended to expand to all German 
university hospitals and will also be open for enrolment at 
non-university hospitals.

Participants

Eligible patients are identified and screened locally at each 
participating site by trained study personnel. The study tar-
gets a broad and representative population of stroke patients 
treated at participating centres, spanning the full clinical 
spectrum of ischaemic stroke and intracerebral haemor-
rhage in adults, and stroke in children.

The informed consent process is based on the Medical 
Informatics Initiative (MII) Broad Consent and an addi-
tional study-specific consent form [22–24]. To be able to 
also include patients who are unable to consent to study par-
ticipation at the time, a process to obtain consent from an 
appropriate representative has been established (see Fig. 2). 
Subsequent reconsent will be sought from the patient when-
ever capacity is regained.

Eligibility criteria

Patients are eligible if they meet all general inclusion cri-
teria and none of the general exclusion criteria of the Mas-
ter Study Protocol and additionally satisfy the criteria of at 
least one module. Additional, subtype- or domain-specific 
eligibility criteria are defined within each Module-specific 
annex Table 1.

Recruitment

Each participating site contributes to the basic Level 1 mod-
ule corresponding to the stroke subtypes it treats and selects 
at least one additional Level 2 module to participate in as 
soon as they are established. To support recruitment moni-
toring and quality assurance, each site maintains an anony-
mous, aggregated pre-screening log capturing all potentially 
eligible patients. The Stroke-CORE coordination provides 
sites with regular, automated feedback on recruitment per-
formance benchmarked against anonymised data from other 
sites, supporting real-time identification of recruitment 
barriers.

Fig. 1  Modular architecture of SN 
Stroke
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Data collection and data management

Core data set

A basic set of clinical patient data, including socio-
demographic data, epidemiological data, information on 
comorbidities, medical diagnoses, diagnostic procedures, 
therapies, results of imaging data, and patient-reported out-
come measures will be documented. Data will be collected 
via an eCRF at all study sites based on a jointly agreed data 
collection protocol and stored in a central database. For 

Level 1, data collection is based on the quality assurance 
recommendations of the German Stroke Registers Study 
Group (Arbeitsgemeinschaft Deutschsprachiger Schlag-
anfall Register, ADSR) and the recommendation of the 
International Consortium for Health Outcomes Measure-
ment (ICHOM) Stroke data set [25, 26]. Assessments are 
performed at baseline, discharge (or day 7 after admission, 
whichever occurs first), and 90 days, optionally 180 days 
follow-up after admission (Table 2). Long-term follow-up 
is conducted annually to ascertain survival and major health 
outcomes. Follow-up data include mortality, recurrent 

Table 1  General eligibility criteria for the stroke-CORE Basic cohort
Type Criterion Description
Inclusion criteria Diagnosis Clinical or radiological diagnosis of acute ischaemic stroke or intracerebral haemorrhage:

• Ischaemic stroke: focal neurological impairment of sudden onset, persisting more than 
24 h, of presumed vascular origin, or radiological evidence of acute cerebral ischaemia 
corresponding to clinical symptoms
• Intracerebral haemorrhage: clinical symptoms and radiological confirmation required

Time window Hospital admission within 24 h of symptom onset
Age ≥18 years (adult basic Modules) or <18 years (paediatric basic Module)
Consent Signed informed consent from the patient or an appropriate representative

Exclusion criteria Onset setting In-hospital stroke onset
Diagnosis Transient ischaemic attack (TIA); subarachnoid haemorrhage (SAH)
Aetiology Stroke occurring as a complication of a medical procedure
Concurrent participation Concurrent enrolment in a randomised placebo-controlled interventional trial
Prior participation Prior enrolment in the Stroke-CORE basic cohort

Fig. 2  Consent process
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stroke and other vascular events, rehospitalisations, living 
situation, functional status, activities of daily living, and 
health-related quality of life. Outcome assessment is based 
on standardised instruments used in routine treatment, 
including the modified Rankin Scale (mRS) for functional 
outcome and ICHOM-recommended patient-reported out-
come measures to facilitate national and international com-
parability of results.

Outcomes

Stroke-CORE assesses core outcomes on the entire stroke 
care pathway each assessed at defined time points from 
baseline through follow-up (Table  3). Comorbidities and 
vascular risk factors are documented according to predefined 
operational definitions based on the standardised variables 
of the ADSR as well as ICHOM Stroke. To minimise inter-
site variability, detailed data dictionaries, standard operating 
procedures, harmonised eCRFs, and investigator training 

Table 2  Follow-up schedule of the SN Stroke cohort and Levels. Numbers indicate the Level in which the respective actions are performed
Follow-Up Baseline Discharge 90-day 

Follow-up
180-day 
follow-up

Annual 
Follow-Up

Time point Admis-
sion until 
discharge

Discharge/
Admission 
+7 days (which-
ever comes first)

90 days post 
admission

180 days post 
admission

Annu-
ally post 
admission

Review of inclusion and exclusion criteria 1,2,3,4
Informed consent process (IC) 1,2,3,4
Registration of patients with the TTP 1,2,3,4
Clinical data
Anamnesis & documentation (signs & symptoms, clinical course, 
medical history, lab data, vital signs, treatment, outcome, etc. as 
detailed in eCRF incl. prehospital data)

1,2,3,4 1,2,3,4

Comorbidities 1,2,4 1,2,4 4 2,4 4
Survival status 1,2,4 1,2,4 1,2,4 2,4 1,2,4
Patient-reported outcomes 1,2,4 1,2,4 1,2,4 4
Functional status 1,2,4 1,2,4 2,4
Health related quality of life 1,2,4 1,2,4 2,4
Living situation 1,2,4 1,2,4 1,2,4 2,4
Lifestyle factors 1,2,4 1,2,4
Biosamples
Collection of residual biosamples from clinical routine diagnostics 3 3
Collection of additional biosamples (prospective non-invasive 
samples) (**)

3 3 3 3

Imaging data 1,2,3,4 1,2,3,4 4 4

Table 3  Outcome measures
Outcomes Exemplary variables Scales and measurement tools
Disease severity cognition, neurological deficits NIHSS
Standard-of-care processes Imaging, dysphagia screening, ECG monitoring, thrombolysis, thrombectomy, 

rehabilitation
time-to-treatment measures, 
and process indicators based 
on ADSR-questionnaire/
guideline adherence

In-hospital complications pneumonia, haemorrhage, oedema, sepsis, delirium, epilepsy
Neuropsychiatric sequelae depression/anxiety,

cognitive impairment
PHQ-4
MoCA

Recurrent ischaemic or 
haemorrhagic stroke

Recurrent stroke

Comorbidities Comorbidities, (cardiovascular) risk factors, medication burden, feeding tube, 
ventilation, medication

Comorbidity indices

Health-Related Quality of 
Life

Mobility, self-care, usual activities, pain, anxiety/depression, social participation, 
perceived health, fatigue, pain intensity, emotional well-being

EQ5D-3L
PROMIS-10 Global Health

Functional status Ambulation (pre/post stroke), toileting (pre/post stroke), dressing (pre/post 
stroke), communication, living location, living alone, discharge destination

mRS

Survival status Vital status, date of death
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are provided to all participating centres. In addition, valida-
tion procedures and central plausibility checks are used to 
ensure consistent documentation across sites.

Clinical data management

Clinical patient data are documented and stored in the 
secure secuTrial® database provided by the NUKLEUS 
Clinical Data Management Unit. Study personnel access 
and manage site-specific data through role-based permis-
sions administered by the Trusted Third Party (TTP). Server 
infrastructure is maintained with regular security updates, 
firewall protection, threat detection, and daily on-site and 
off-site backups. Clinical and imaging data are linked using 
project-specific pseudonyms managed by the TTP, while 
personally identifiable information remains exclusively at 
the recruiting sites. The reuse of data for further research 
projects is governed by the central Use and Access Commit-
tee (UAC) of the NUM.

Neuroradiological data

Imaging data from routine clinical examinations of each 
participant (including CT/CT-angiography and, where 
available, MRI, angiography, or DSA) will be collected and 
uploaded to RACOON CENTRAL, a cloud from the Radio-
logical Research Network (RACOON), using only pseud-
onymised identifiers and are hosted according to the NUM 
standards. Following acquisition at the local sites, imaging 
data are first processed on the decentralised RACOON-
NODES, where identifying metadata are removed and MRI 
data are defaced prior to transfer to RACOON-CENTRAL 
to further protect participant privacy and minimise the risk 
of facial reconstruction and re-identification. Subsequently, 
the data are transferred to RACOON-CENTRAL in pseud-
onymised form. Imaging data are stored in the international 
DICOM (Digital Imaging and Communications in Medi-
cine) standard and are accessible via DICOM interfaces. 
Structured reporting data and clinical study data are main-
tained in Mint Central and linked to the imaging data.

Biosamples

Standards to ensure high and consistent quality of biosam-
ples across all sites will be developed in collaboration with 
the Biosample Core Unit of NUM-MB (BCU) and detailed 
in the Biobanking SOP of the SN Stroke. The BCU conducts 
training sessions at the study sites to communicate the con-
tent of the finalised, mandatory SOP. In addition, the bio-
bank audits conducted by the BCU ensure compliance with 
the SOP at all participating sites [9, 27].

Quality assurance

Data quality is ensured through a combination of automated 
validation procedures and central oversight mechanisms. 
Data entered into the electronic case report form (eCRF) 
are automatically checked for completeness, consistency, 
and plausibility. In addition, the Stroke-CORE Coordina-
tion continuously monitors recruitment and data quality 
through automated data pipelines. Participating sites receive 
regular feedback on recruitment performance, benchmarked 
against anonymised data from other centres. Study-specific 
quality and performance indicators, derived automatically 
from clinical documentation and biosample data, are used to 
assess documentation quality, biosample completeness and 
quality, and overall recruitment performance. These indica-
tors support continuous quality improvement and may, in 
the future, facilitate the identification of sites suitable for 
participation in embedded studies or clinical trials. Audits 
and core analysis will predominantly be conducted by the 
Epidemiological Core Unit (ECU) of the NUM-MB.

Statistical methods

While most cohort analyses will be defined as part of later 
use cases, this protocol pre-defines certain uses that will not 
require future approval by the Use and Access Committee. 
These include regular descriptive analyses of the cohort, for 
example for scientific presentations and cohort description 
publications, analysis of data completeness and site partici-
pation, to evaluate data completeness and potential selection 
bias, and regular analysis and visualisation of meta-data and 
structure, process, and outcome indicators reflecting the per-
formance of participating infrastructures, sites, and external 
partners. In addition, the specific research questions defined 
in the modules and the ongoing monitoring of the type of 
consents obtained also do not require approval.

Sample size calculation

Sample size considerations are guided by the aim of devel-
oping predictive models of varying complexity within 
specific stroke subgroups for a range of outcomes. A total 
of approximately 12,750 patients (including anticipated 
dropouts) are expected to be enrolled in the study over the 
planned enrolment time of 50 months across ten to twelve 
participating sites, corresponding to an average recruitment 
rate of about 255 patients per month, or approximately 25 
patients per site per month. Assuming a dropout rate of up to 
20% [28–31], a final analysis population of approximately 
10,200 patients is expected.

This sample size is considered sufficient to support devel-
opment of prediction models even for comparatively rare 
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stroke subtypes (e.g., prevalence of 10%) and for outcomes 
with a low event rate (e.g., 10% at three months), consis-
tent with current recommendations requiring at least 100 
events for a robust prediction model. The projected sample 
additionally provides adequate power (80% at a two-sided 
significance level of 5%) to detect differences in outcome 
of 5–10 percentage points between subgroups occurring 
with a prevalence as low as 5%. The feasibility of these 
recruitment targets is supported by the scale of the partici-
pating network: the university hospitals and NUM partners 
involved collectively treat more than 50,000 stroke patients 
annually in specialised stroke units.

Trial registration

The protocol is registered at German Clinical Trials Regis-
ter (DRKS00039775, July 8th, 2026).

Perspective

Stroke-CORE was established to address a long-standing 
lack of harmonised nationwide infrastructures for stroke 
research in Germany. Its modular umbrella design provides 
long-term flexibility, allowing disease- and domain-specific 
modules to be added, modified, or discontinued without 
requiring amendments to the overarching master proto-
col. This structure enables the cohort to adapt efficiently 
to emerging scientific questions and evolving research 
priorities.

A key feature of Stroke-CORE is its commitment to rep-
resentative patient inclusion. Patients with severe stroke are 
frequently underrepresented in prospective studies because 
acute neurological deficits often preclude informed con-
sent at the time of enrolment. To address this challenge, 
Stroke-CORE implements a structured consent framework 
that includes proxy consent procedures where appropri-
ate, enabling the inclusion of patients who are temporarily 
unable to provide consent themselves. Subsequent consent 
from the patient is obtained whenever possible. System-
atic monitoring of consent procedures further supports the 
recruitment of a cohort that reflects the full spectrum of 
stroke severity encountered in routine clinical care.

Beyond its research function, the pre-screening infra-
structure offers opportunities for near real-time monitoring 
of stroke-related hospitalisations across participating uni-
versity hospitals. This may facilitate the early identification 
of changes in stroke incidence, patient characteristics, and 
treatment patterns, thereby generating insights relevant to 
healthcare planning and service delivery.

Lastly, Stroke-CORE is intended to function as a durable 
national research resource. The platform provides a shared, 

quality-assured foundation of clinical, imaging, and biosa-
mple data that can support future clinical trials, biomarker 
studies, translational research, health services research, and 
investigator-initiated extensions. Its Dynamic Use & Access 
governance framework is designed to promote broad scien-
tific use.

A potential limitation of the initial implementation phase 
is that recruitment is currently restricted to university hos-
pitals. Although the participating centres provide compre-
hensive stroke unit care to the region of broadly comparable 
size, recruitment volumes and patient characteristics may 
vary between sites. Therefore, recruitment performance 
and key patient characteristics will be monitored centrally 
throughout the study. Furthermore, representativeness and 
potential selection bias will be assessed through compari-
sons with ADSR registry data. The initial implementation 
at university hospitals may result in an overrepresentation 
of patients with more severe stroke sequelae. To improve 
representativeness, Stroke-CORE is planned to expand data 
collection also to non-university hospitals for which reim-
bursement via case payment is planned.

Funding sustainability

Long-term sustainability of large-scale observational 
cohorts requires stable financial support beyond the ini-
tial funding period. Stroke-CORE currently benefits from 
secured funding until 2030 and is embedded within the 
Network University Medicine (NUM), which provides a 
sustainable national research infrastructure. In addition, the 
cohort is designed as a shared research platform for investi-
gator-initiated and externally funded projects.

Site expansion

During the initial funding phase, Stroke-CORE will be 
established at 12 university stroke centres across Germany. 
The network is designed to expand in a stepwise manner to 
include all German university hospitals over time as well as 
to expand to further non-university hospitals.

Conclusion

Stroke-CORE establishes a national, prospective, longi-
tudinal, multi-centre cohort with a decentralised biobank, 
encompassing adult ischaemic stroke, adult intracerebral 
haemorrhage, as well as paediatric stroke across the entire 
continuum of care. Through its modular umbrella design, 
levelled data and biosample collection, and harmonised 
NUM-based infrastructure, the cohort aims to provide a 
durable, adaptive platform for translational, outcomes, and 
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health-services research in stroke. By enabling the inclu-
sion of patients with severe acute stroke through a dedicated 
consent framework, Stroke-CORE aims to facilitate the 
recruitment of a cohort that is representative of real-world 
stroke populations. As a sustainable national stroke research 
platform, it is expected to strengthen collaborative stroke 
research in Germany, support the design and implementa-
tion of future clinical trials, and accelerate the generation of 
evidence to improve stroke prevention, treatment, and long-
term care.
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