
www.thelancet.com/neurology   Vol 25   April 2026

Personal View

406

Biomarkers for advancing diagnosis and prognosis in stroke
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The complexity and incomplete understanding of the pathophysiology of stroke poses substantial challenges to 
personalised medicine and the development of novel therapies, as reflected in the neutral results of many randomised 
trials. Current clinical algorithms lack the precision to diagnose stroke before hospital admission, predict disease 
progression and recovery, or assess recurrence risk. Biomarkers are urgently needed, yet the absence of a robust 
evidence base hinders their clinical translation. To lay the groundwork for addressing this knowledge gap, an 
international multidisciplinary panel of stroke experts conducted a literature review that informed a Delphi consensus 
process. The stroke experts panel proposes 17 research priorities and five minimum reporting datasets for stroke 
biomarker studies, each corresponding to a key domain of stroke care: prehospital diagnosis, ischaemic stroke 
progression, atrial cardiopathy, plaque vulnerability, and intracerebral haemorrhage. This framework will promote 
consistency and collaboration towards the discovery, validation, and clinical translation of biomarkers to improve 
stroke care.

Introduction
Stroke is a leading cause of death and disability worldwide.1 
Despite progress in stroke care, particularly with 
reperfusion strategies, treatment options for both the 
acute phase and secondary prevention remain scarce, with 
numerous clinical trials—evaluating different inter­
ventions from prehospital blood pressure lowering,2 to 
neuroprotection in ischaemic stroke,3,4 or anticoagulation 
in suspected atrial cardiopathy5,6—unable to show benefit. 
A major barrier to therapeutic advancements is the limited 
understanding of the biological mechanisms driving the 
progression of acute ischaemic stroke and intracerebral 
haemorrhage, and those contributing to secondary events, 
including major adverse cardiovascular and cerebro­
vascular events and post-stroke cognitive impairment. The 
development of targeted treatments will remain a 
considerable challenge without deeper insights into stroke 
pathophysiology in patients. Although preclinical studies 
have revealed potential molecular pathways involved in 
infarct progression,7 haematoma expansion,8 and stroke 
recurrence,9 these discoveries are yet to translate into 
actionable tools for patient care.

Biomarkers are measurable indicators of biological 
processes or disease states and can be fluid-based 
(eg, blood or CSF), electrophysiological, or imaging-
derived. In stroke, the most widely used biomarkers are 
derived from brain and neurovascular imaging and 
inform treatment decisions, such as thrombolysis.10 In 
contrast, biomarkers from blood, other bodily fluids, or 
tissue are not yet integrated into routine clinical care 
because of the absence of robust evidence to support their 
use, in part stemming from small and heterogeneous 
study cohorts and methodological variability. There is now 
both a pressing need and opportunity to develop 
biomarkers to characterise the pathophysiological 
mechanisms of stroke with greater precision, underscored 
by several recent neutral trials in stroke and rapid advances 

in high-throughput biomarker technologies. Biomarkers 
are needed to enable earlier diagnosis, monitor infarct or 
intracerebral haemorrhage progression, and identify atrial 
cardiopathy or culprit atherosclerotic plaques. Ultimately, 
biomarkers could improve stroke aetiological 
classification, risk stratification, guide personalised 
treatment, and accelerate targeted therapy development. 
In this Personal view, we report a Delphi consensus 
process that defines 17 research priorities and 
five minimum reporting datasets for stroke biomarker 
studies that are aligned to key domains of care. Our goal 
was to provide a practical framework for designing, 
analysing, and reporting studies aimed at the discovery 
and validation of biomarkers that can improve stroke care.

Delphi consensus process
Experts with a background of clinical neurology, 
neuroimaging, molecular biology, clinical trials, and 
neuroscience met at the inaugural BIOSTROKE 
Conference (Munich, Nov 7–8, 2024), where the need for 
research priorities and minimum reporting datasets was 
identified and domain-specific discussions were initiated. 
After the meeting, we constituted dedicated working 
groups for each domain: prehospital diagnosis; ischaemic 
stroke (progression and recovery, atrial cardiopathy, and 
plaque vulnerability); and intracerebral haemorrhage. 
The working group leads selected members based on 
their scientific contribution to the field, with due 
consideration for balance in sex, geography, and 
disciplinary expertise. Using a Delphi approach informed 
by a targeted literature review, working group members 
anonymously proposed research priorities and reporting 
dataset items, discussed them in conference calls, and 
completed anonymous voting to select final priorities 
and dataset items (ie, minimum, preferred, or optional). 
To ensure global relevance, each priority and minimum 
dataset item was validated internally by all authors and 
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externally by an independent expert panel. Further 
details on panel selection and Delphi methodology, 
including a summary of proposed and standardised 
definitions of covariates and endpoints are provided in 
the appendix (pp 10–12 and 37–40). The domain-specific 
sections present the results of the targeted literature 
review and the Delphi consensus process.

Prehospital diagnosis
For both ischaemic stroke and intracerebral haemorrhage, 
reducing the time to treatment is essential for improving 
outcome.11,12 A major challenge to implementing effective 
prehospital stroke treatment is the difficulty in 
establishing a rapid and accurate diagnosis of stroke and 
its subtypes. This challenge applies to various prehospital 
settings that lack neuroimaging capability, including 
ambulances, small hospitals, and urgent-care facilities. 
Currently, prehospital stroke care relies almost 
exclusively on clinical assessment. Yet, established scales, 
such as the Face-Arm-Speech-Time test, the National 
Institutes of Health Stroke Scale, and the Rapid Arterial 
Occlusion Evaluation lack sufficient accuracy to 
distinguish stroke from stroke mimics, differentiate 
stroke subtypes, or detect large-vessel occlusion on 
scene.13–15 Recent trials using clinical assessment to select 
patients for prehospital triage or treatment have been 
neutral: in the Fourth Intensive Ambulance-Delivered 
Blood Pressure Reduction in Hyper-Acute Stroke 
(INTERACT4) trial,2 blood pressure reduction in patients 
with motor deficits showed worse outcomes for 
ischaemic stroke but better outcomes for intracerebral 
haemorrhage, while in the Transfer to the Closest Local 
Stroke Center vs Direct Transfer to Endovascular Stroke 
Center of Acute Stroke Patients With Suspected Large 
Vessel Occlusion in the Catalan Territory (RACECAT) 
trial,16 direct transfer to thrombectomy-capable centres 
for patients with a Rapid Arterial Occlusion Evaluation 

score of 5 or higher did not improve functional outcome 
for ischaemic stroke and worsened outcome for 
intracerebral haemorrhage.17

Multiple promising biomarkers—derived from blood, 
EEG, and ultrasound (figure 1)—have been proposed to 
differentiate between ischaemic stroke, intracerebral 
haemorrhage, transient ischaemic attack, and stroke 
mimics. These tools could enable earlier treatment 
decisions and prehospital triage. Astrocyte-derived glial 
fibrillary acidic protein (GFAP) is the most studied blood-
based biomarker for intracerebral haemorrhage and 
improves diagnostic accuracy alone or in combination 
with other biomarkers, such as the N-terminal pro-B-type 
natriuretic peptide (NT-proBNP).18,19 The diagnostic value 
of GFAP is greatest in the hyperacute phase when 
intracerebral haemorrhage causes more abrupt blood–
brain barrier disruption and astrocytic injury leading to 
higher GFAP levels than in ischaemic stroke. However, 
the usefulness of GFAP is low for small-volume 
intracerebral haemorrhage and when stroke onset time is 
uncertain. D-dimer and troponin could improve the 
accuracy of large-vessel occlusion detection when added 
to clinical scores,20 but they do not indicate the presence 
or location of vessel occlusion directly and are unlikely to 
have clinical use without complementary information. 
Overall, evidence for these emerging biomarkers remains 
scarce, largely coming from selected cohorts (ie, cohorts 
were not representative of all emergency medical service 
stroke code activations.), and many studies use blood 
samples obtained only after hospital arrival rather than in 
true prehospital settings. Studies evaluating the feasibility 
of implementation, diagnostic performance, and clinical 
value of point-of-care devices are ongoing.21 EEG has 
shown feasibility for its integration into workflows for 
rapid prehospital large-vessel occlusion detection,22 but its 
limitations include the indirect nature of the EEG signal 
reflecting downstream cortical effects rather than vessel 

Sciences, Cardiology and 
Uppsala Clinical Research 
Center, Uppsala University, 
Uppsala, Sweden (J Aulin PhD); 
Department of Neurology, 
University Medical Center 
Hamburg-Eppendorf, 
Hamburg, Germany (B Cheng, 
M Jensen MD); University of 
Lille, INSERM, CHU Lille, 
U1172–Lille Neuroscience and 
Cognition, Lille, France 
(Prof C Cordonnier PhD, 
L Puy PhD); Department of 
Neurology, Amsterdam UMC, 
University of Amsterdam, 
Amsterdam, Netherlands 
(Prof J M Coutinho MD); 
Department of Neurology, 
Stroke Unit, Hospital de Santa 
Maria, Lisbon, Portugal 
(A C Fonseca MD); Institute of 
Pharmacology and 
Neurosciences, Centro de 
Estudos Egas Moniz, Faculdade 
de Medicina, Universidade de 
Lisboa, Lisbon, Portugal 
(A C Fonseca); Department of 
Laboratory Medicine, Institute 
of Biomedicine, the Sahlgrenska 
Academy, University of 
Gothenburg, Gothenburg, 
Sweden (Prof C Jern PhD); 
Department of Clinical Genetics 
and Genomics, Sahlgrenska 
University Hospital, 
Gothenburg, Region 
Västra Götaland, Sweden 
(Prof C Jern); Wolfson Centre for 
Prevention of Stroke and 
Dementia, Nuffield Department 
of Clinical Neurosciences, 
University of Oxford, Oxford, 
UK (J Kamtchum-Tatuene PhD); 
Stroke Clinical Trials Network 
Ireland, Dublin, Ireland 
(Prof P J Kelly MD, 
J J McCabe PhD); School of 
Medicine, University College 
Dublin, Ireland (Prof P J Kelly, 
J J McCabe); Stroke Service, 
Department of Neurology 
(Prof P J Kelly), Stroke Service, 
Department of Geriatric 
Medicine (J J McCabe), Mater 
Misericordiae University 
Hospital, Dublin, Ireland; 
Department of Neurosciences, 
Experimental Neurology, KU 
Leuven–University of Leuven, 
Belgium (Prof R Lemmens MD); 
Department of Neurology, 
Leuven University Hospital, 
Belgium (Prof R Lemmens); 
Department of Neurology, 
Skåne University Hospital 
(Prof A G Lindgren MD); 
Department of Clinical Sciences 
Lund, Neurology, Lund 
University, Lund, Sweden 
(Prof A G Lindgren); Centre for 

Figure 1: Biomarker-driven clinical opportunities for prehospital diagnosis
Intracerebral haemorrhage and ischaemic stroke—primarily caused by vessel rupture or occlusion—define the underlying disease mechanisms (left) that guide 
biomarker research. Candidate biomarkers could be derived from imaging, primarily CT, and from blood, including both systemic and brain-derived molecules, such 
as GFAP (centre). Developing biomarkers for stroke subtype diagnosis in the prehospital setting could shorten times to treatment; for example, by enabling early 
therapy initiation or optimising patient triage and transfer pathways (right). GFAP=glial fibrillary acidic protein.
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status leading to reduced specificity and a high frequency 
of insufficient quality of data recordings. Novel 
technologies, including point-of-care ultrasound23 or 
volumetric impedance phase shift spectroscopy,24 have 
also yielded encouraging results for large-vessel occlusion 
detection, but findings need to be validated in larger 
prehospital cohorts of consecutive stroke code activations. 
Additional limitations include modest sensitivity and 
specificity of both technologies for detecting large-vessel 
occlusion and interrater variability for ultrasound.

Building on this evidence, the Delphi consensus 
process yielded three research priorities that were 
endorsed by internal and external experts (median 
agreement 99%, range 86–100%; panel and appendix 
pp 13–14). The first priority focuses on diagnosing stroke 
types to enable ultra-early interventions (eg, blood 
pressure lowering in intracerebral haemorrhage or 
prehospital thrombolysis in ischaemic stroke) and to 
support triage decisions (eg, transfer of patients with 
large-vessel occlusion for endovascular therapy25 or 
avoidance of unnecessary transfers of patients with 
stroke mimics). While GFAP shows promise for 
intracerebral haemorrhage identification, an equally 
sensitive and specific biomarker for ischaemic stroke 
remains to be identified. The second and third priorities 
highlight methodological challenges specific to the 

prehospital setting, including patient heterogeneity 
(eg, high rate of stroke mimics) and requirements for 
implementation of biomarkers into the prehospital 
setting. Prospective studies with point-of-care devices in 
the prehospital setting are needed, followed by trials that 
base triage or treatment decisions on biomarker results 
to test the effects on time-to-treatment and patient 
outcomes. The successful implementation of biomarkers 
in prehospital care depends on combining diagnostic 
accuracy with operational simplicity, delivery of rapid 
and easily interpretable results, portability, and 
affordability to enable their use across various prehospital 
scenarios, including ambulances and small urgent-care 
centres. Given the technological constraints in the 
prehospital setting, expectations regarding diagnostic 
performance need to be weighed against what is clinically 
acceptable in specific scenarios. Differences in health-
care systems and the heterogeneous prehospital 
population that includes a high rate of stroke mimics 
represent obstacles to biomarker development.26 To 
facilitate future collaborative alignment, a minimum 
reporting dataset was proposed and endorsed, 
comprising information related to diagnosis, disease 
severity, and procedural times (table and appendix 
pp 15–16). Additional items were assigned to preferred 
and optional reporting datasets.

Panel: Research priorities for stroke biomarker development

Priority order within each domain reflects the clinical care 
continuum rather than consensus scores.

Prehospital diagnosis
•	 Biomarkers for diagnosing stroke subtypes to enable 

treatments (eg, blood pressure lowering in intracerebral 
haemorrhage) or triage (eg, transfer of large-vessel 
occlusion stroke)

•	 Diagnostic biomarkers in cohorts representative of all 
emergency medical service stroke code activations

•	 Biomarkers compatible with prehospital constraints, 
including portability, rapid turnaround time, and cost-
effectiveness

Ischaemic stroke progression and recovery
•	 Biomarkers for guiding clinical decision making in acute 

ischaemic stroke (eg, for selecting patients for 
recanalisation strategies)

•	 Treatment-responsive biomarkers for predicting long-term 
clinical outcome

•	 Biomarkers specific to the underlying pathophysiological 
mechanisms of stroke progression and recovery

Atrial cardiopathy
•	 Biomarkers for detecting atrial cardiopathy
•	 Biomarkers for detecting atrial fibrillation after stroke
•	 Biomarkers for predicting major adverse cardiovascular and 

cerebrovascular events or cognitive impairment in 
individuals with atrial cardiopathy

Plaque vulnerability
•	 Biomarkers for detecting culprit atherosclerotic plaques 

after acute ischaemic stroke
•	 Biomarkers for improving vascular risk stratification in 

individuals with atherosclerotic plaques of the 
brain-supplying arteries

•	 Biomarkers to improve patient selection for stroke and 
cardiovascular prevention therapies in individuals with 
atherosclerotic plaques of the brain-supplying arteries

Intracerebral haemorrhage
•	 Biomarkers for differentiating between the underlying 

causes of intracerebral haemorrhage (ie, macrovascular, 
microvascular, and non-vascular)

•	 Surrogate markers for predicting responses to acute 
interventions (eg, minimally invasive surgery, acute blood 
pressure lowering, and reversal of anticoagulation)

•	 Biomarkers of parenchymal or intraventricular 
haematoma expansion

•	 Biomarkers of perihaematomal oedema evolution and 
haematoma resorption

•	 Biomarkers for predicting intracerebral haemorrhage 
recurrence, major adverse cardiovascular and cerebrovascular 
events, or cognitive impairment
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Ischaemic stroke
Progression and recovery
The evolution of brain injury in the hours and days 
following an ischaemic event, together with subsequent 
neural reorganisation, are key determinants of clinical 
outcome. Biomarkers that capture the dynamics of tissue 
injury and recovery are crucial for informing treatment 
decisions. In the acute phase, brain injury is determined 
by imaging. Non-contrast CT-based biomarkers, such as 
Alberta stroke program early CT score, CT perfusion-
derived penumbra and core volumes, and 
diffusion-weighted imaging lesions on MRI estimate 
reversible and irreversible injury (figure 2A). These 
imaging biomarkers inform crucial decisions, including 
thrombolysis in patients with unknown time of onset.10 
However, current imaging approaches account for only a 
portion of the observed variability in clinical severity, 
progression risk, and recovery, leaving key biological 
processes unmeasured. For example, ischaemic 
core volume—a cornerstone of clinical treatment 

decisions—is commonly derived from perfusion imaging 
but does not capture tissue-level pathophysiology and 
only has moderate predictive value regarding clinical 
outcomes.27 Furthermore, uncertainties remain regarding 
the benefit of endovascular therapy in medium-vessel 
occlusions or proximal occlusions with mild symptoms 
and thrombolysis in extended time windows after stroke 
onset. In recovery, biomarkers are predominantly 
functional, reflecting motor, sensory, cognitive, and 
speech outcomes. Functional neuroimaging and 
neurophysiological modalities—including functional 
MRI, PET, EEG, and transcranial magnetic stimulation—
could provide insights into neural reorganisation and 
guide rehabilitation but large multicentre observational 
studies and clinical trials are currently lacking. For 
example, the integrative Predict Recovery Potential-2 
algorithm based on transcranial magnetic stimulation 
predicts upper-limb recovery but transcranial magnetic 
stimulation access is rare.28,29 As a major dimension of 
long-term outcomes, post-stroke cognitive impairment is 

Index event and 
baseline function

Medical history Medication Neurovascular imaging Laboratory and 
biomarker tests 

Cardiac evaluation Outcomes* 

Prehospital 
diagnosis

Interval from onset and 
whether known onset; 
baseline NIHSS; 
baseline blood 
pressure; IVT or EVT; 
blood pressure-
lowering acutely; OAC 
reversal (and agents 
used)

Atrial fibrillation None Brain imaging modality 
performed (eg, CT or MRI); 
vascular imaging modality 
performed (eg, CT angiography 
or magnetic resonance 
angiography); LVO, MeVO/DVO

Duration of 
biomarker 
measurement; 
glucose

None Final diagnosis (eg, ischaemic 
stroke, intracerebral 
haemorrhage, TIA, or stroke 
mimic); in-hospital mortality

Ischaemic 
stroke: 
progression 
and recovery

NIHSS (with subitem 
scores); pre-stroke 
mRS; IVT or EVT (and 
interval to treatment); 
TOAST

Cardiovascular system 
risk factors†; alcohol 
intake; previous stroke 
or TIA

None LVO, MeVO/DVO; mTICI score 
(if EVT)

Glucose None Infarct volume at 24 h; 
functional outcome (ie, mRS 
90 days); all-cause death

Atrial 
cardiopathy

Index event subtype; 
pre-stroke mRS; EVT; 
NIHSS; ABCD2 
(for TIAs)

Atrial fibrillation on ECG; 
atrial fibrillation known 
before stroke vs AFDAS; 
cardiovascular system 
risk factors†; previous 
stroke or TIA; peripheral 
artery disease; chronic 
kidney disease

Antiplatelets; 
OAC; statins; 
anti-
hypertensives

LVO eGFR; LDL; NT-
proBNP, or brain 
natriuretic 
peptide; 
Troponin-T or 
Troponin-I

Transthoracic 
echocardiography 
performed; left 
atrial thrombus; 
patent foramen 
ovale; 12-lead ECG

Atrial fibrillation; recurrent 
ischaemic stroke; 
intracerebral haemorrhage; 
myocardial infarction; 
MACCE‡; cardiovascular 
death; all-cause death

Plaque 
vulnerability

Index event subtype; 
earlier event before 
presenting 
(<6 months) and time 
interval since this 
earlier event; IVT or 
EVT; TOAST; pre-stroke 
mRS; NIHSS; interval 
from onset

Cardiovascular system 
risk factors†; active solid 
organ malignancy; heart 
failure; alcohol intake; 
peripheral artery disease; 
previous stroke or TIA; 
atrial fibrillation known 
before stroke vs AFDAS; 
atrial fibrillation on ECG

Antiplatelets; 
OAC; statins 
or other lipid-
lowering 
therapy; anti-
hypertensives

Imaging modality used to evaluate 
neuroimaging data and cervico-
cranial arteries; presence of acute 
infarct on imaging, laterality, and 
territorial pattern; chronic infarct 
and subtype (lacunar vs non-
lacunar); maximal wall thickness 
of the extracranial internal carotid 
artery plaque; luminal stenosis (%) 
of the extracranial internal carotid 
artery plaque; extracranial 
vertebral artery (V1–V3) luminal 
stenosis; presence of a suspected 
culprit plaque (irrespective of 
stenosis severity) in the 
intracranial circulation (specify 
location and stenosis severity)

eGFR; C-reactive 
protein or high-
sensitivity 
C-reactive 
protein; HbA1c; 
lipid parameters; 
interval from 
stroke to sample 
measurement

Echocardiography 
performed (and 
modality); cardiac 
rhythm 
monitoring 
during follow-up 
and if AFDAS 
detected

Recurrent ischaemic stroke; 
recurrent stroke within the 
territory of the culprit plaque 
that caused the index stroke; 
TIA; intracerebral 
haemorrhage; myocardial 
infarction; MACCE‡; 
cardiovascular death; 
all-cause death; non-fatal 
(resuscitated) cardiac arrest; 
sudden cardiac death; 
functional outcome (mRS) 
at 90 days; carotid 
revascularisation since index 
stroke, procedure type, 
and side

(Table continues on next page)
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common but its onset, domain profile, and trajectory are 
heterogeneous and difficult to predict.30,31 Current tools 
for prediction and monitoring (eg, neuroimaging and 
neuropsychological testing) are resource intensive and 
lack stratification thresholds.

Whereas imaging provides only a single snapshot and is 
often logistically challenging to perform repeatedly, 
molecular biomarkers offer the opportunity for high-
frequency and dynamic monitoring of brain injury and 
recovery. Novel technologies, such as single-molecule 
assays, now enable the detection of low-abundance brain-
derived proteins, allowing for the quantification of cellular 
injury with unprecedented sensitivity. Emerging examples 
include neuronal and glial markers, such as neurofilament 
light chain (NfL),32,33 S100B,34 and brain-derived tau.35,36 
However, head-to-head comparisons of biomarkers with 
imaging remain scarce and most studies are small, single-
centre observational cohorts, and robust validation in 
large, longitudinal, multicentre studies is lacking. The 
frequent assessment required for clinical use of 
biomarkers might depend on the availability of point-of-
care technologies. Beyond injury quantification, molecular 

biomarkers could complement imaging by providing 
insights into functional multiorgan states preceding 
structural changes. Biomarkers reflecting experimentally 
established local and systemic mechanisms—including 
oxidative stress, excitotoxicity, neuroinflammation, 
reperfusion injury, gut dysbiosis, and catabolism—could 
improve the prediction and monitoring of stroke 
progression and guide treatment development. Promising 
biomarkers include matrix metalloprotease-9 for 
reperfusion injury,37 indole metabolites for gut dysbiosis,38 
and glucose and ketone bodies for catabolism. In recovery, 
BDNF has the potential to guide timing and modalities of 
rehabilitation.39 Higher concentrations of NfL and 
C-reactive protein during acute stroke have been linked to 
a greater risk for post-stroke cognitive impairment in 
observational studies but require validation in large, well-
phenotyped cohorts.

Building on this evidence, the Delphi consensus 
process yielded three research priorities (median 
agreement 95%, range 89–100%; panel and appendix 
pp 13–14) directed towards (1) clinical decision making, 
(2) outcome prediction, and (3) stroke pathophysiological 

Index event and 
baseline function

Medical history Medication Neurovascular imaging Laboratory and 
biomarker tests 

Cardiac evaluation Outcomes* 

(Continued from previous page)

Intracerebral 
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diagnosis and 
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Cardiovascular system 
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haemorrhage
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and subsequent scans; 
intracerebral haemorrhage 
location; intracerebral 
haemorrhage volume on initial 
and subsequent imaging; 
intraventricular haemorrhage

None None None

Intracerebral 
haemorrhage: 
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Interval from onset to 
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pressure-lowering; 
haemostatic therapy 
(and type) and OAC 
reversal; osmotic 
therapy (and type); any 
acute surgical 
intervention and type; 
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risk factors†; previous 
intracerebral 
haemorrhage

Antiplatelets; 
OAC

Interval from onset to imaging 
and subsequent scans; 
intraventricular haemorrhage; 
intracerebral haemorrhage 
volume of initial and subsequent 
imaging; intracerebral 
haemorrhage location

None None Functional outcome (mRS)

Intracerebral 
haemorrhage: 
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and 
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Interval from onset to 
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pressure-lowering; 
haemostatic therapy 
(and type) and OAC 
reversal; osmotic 
therapy (and type); any 
acute surgical 
intervention and type; 
admission GCS
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risk factors†; previous 
intracerebral 
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Antiplatelets; 
OAC

Interval from onset to imaging 
and subsequent scans; 
intraventricular haemorrhage; 
intracerebral haemorrhage 
volume of initial and subsequent 
imaging; intracerebral 
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·· ·· Functional outcome (mRS); 
recurrent intracerebral 
haemorrhage; ischaemic 
stroke; myocardial infarction; 
all-cause death; 
cardiovascular death; 
MACCE‡; non-cardiovascular 
death; dementia; cognitive 
impairment

The interval from index event to biomarker measurement is considered a minimum dataset item across domains. ABCD2=age, blood pressure, clinical features, duration of transient ischaemic attack, and presence 
of diabetes. AFDAS=atrial fibrillation detected after stroke. eGFR=estimated glomerular filtration rate. EVT=endovascular thrombectomy. GCS=Glasgow Coma Scale. HbA1c=glycated haemoglobin. IVT=intravenous 
thrombolysis. LVO=large vessel occlusion. MeVO/DVO=medium vessel occlusion/distal vessel occlusion. mRS=modified Rankin scale. mTICI=modified thrombolysis in cerebral infarction score. MACCE=major 
adverse cardiovascular and cerebrovascular events. NIHSS=National Institutes of Health Stroke Scale. NTproBNP=N-terminal prohormone of brain natriuretic peptide. OAC=oral anticoagulant. TIA=transient 
ischaemic attack. TOAST=The Trial of Org 10172 in Acute Stroke Treatment. *For each outcome, the time interval between index event and outcome should be reported. †The minimum set of cardiovascular risk 
factors are defined variably across the domains, but generally refer to hypertension, diabetes, hyperlipidaemia, coronary artery disease, smoking status, and previous stroke or transient ischaemic attack. For further 
details, refer to the appendix (pp 15–36). ‡It is recommended that major adverse cardiovascular and cerebrovascular events should always at a minimum include the individual components of three-point major 
adverse cardiovascular and cerebrovascular events: recurrent non-fatal stroke (ie, ischaemic or intracerebral haemorrhage), non-fatal myocardial infarction, and cardiovascular death.

Table: Minimum reporting dataset recommendations 
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mechanisms. Together, they offer an analytical framework 
for the development of meaningful biomarkers. In vitro, 
animal experiments, and omics studies are required to 
identify novel biomarkers with subsequent large 
prospective clinical studies for validation. Future clinical 
studies should integrate serial blood and imaging 
assessments to longitudinally characterise disease 
progression and recovery.40 The most informative time-
point-specific biomarker signatures could then guide 
patient selection for treatment and rehabilitation trials.29,41 
Ideally, biomarker development is guided by relevant 
biological mechanisms and aligned with broad, evolving 
clinical needs. In contrast, focusing on a single, highly 
specific intended clinical application can carry a higher 
risk of becoming outdated, as treatment algorithms often 
evolve more rapidly than the time required to bring a 
biomarker into clinical use. To facilitate studies 
combining biomarker modalities, a minimum reporting 
dataset was proposed and endorsed (table and appendix 
pp 17–19), incorporating pre-stroke status, acute 
treatments, procedural time intervals, imaging findings, 
and long-term functional outcomes.

Atrial cardiopathy
Atrial fibrillation is implicated in one-third of ischaemic 
strokes. Atrial fibrillation-related stroke carries a high risk 
of recurrent stroke despite anticoagulation,42 highlighting 
an urgent need to improve our understanding of biological 
processes driving recurrence in patients with atrial 
cardiopathy, with and without manifest atrial fibrillation.

Atrial cardiopathy is characterised by atrial fibrosis, 
inflammation, and endothelial dysfunction, with atrial 
fibrillation as an overt clinical manifestation. Atrial 
cardiopathy encompasses structural, electrical, and 
functional left atrial abnormalities that create a 
prothrombotic state (dependent or independent of atrial 
fibrillation) leading to stroke and post-stroke cognitive 
impairment.43 Atrial cardiopathy biomarkers include 
findings from cardiac imaging (eg, left atrial fibrosis, 
size, geometry, strain, and thrombus), ECG (eg, excessive 
supraventricular ectopy, PR prolongation, and P-wave 
terminal force in V1 [PTFV1]), and blood (eg, mid-regional 
pro-atrial natriuretic peptide [MR-proANP], NT-proBNP, 
and troponin; figure 2B). Identifying atrial cardiopathy is 
clinically important because it could justify 
anticoagulation for secondary prevention, even without 
documented atrial fibrillation. The Atrial Cardiopathy 
and Antithrombotic Drugs in Prevention After 
Cryptogenic Stroke (ARCADIA)5 and Apixaban for 
Treatment of Embolic Stroke of Undetermined Source 
(ATTICUS)6 trials used broad atrial cardiopathy criteria 
(eg, NT-proBNP >250 pg/mL and indexed left atrial 
diameter ≥3 cm/m²) to select individuals who might 
benefit from anticoagulation. Neither trial showed 
superiority of anticoagulation over aspirin to prevent 
new ischaemic events. It is possible that the criteria used 
did not sufficiently enrich for individuals with the highest 

risk or burden of atrial cardiopathy (without atrial 
fibrillation) who might derive greatest benefit from 
anticoagulation. These challenges are amplified by 
variability in biomarker definitions and thresholds, often 
due to an absence of internal and external validation,44 
limiting comparability across studies. Internal validation 
exists for MR-proANP, which can stratify the probability 
of atrial fibrillation detection in patients with ischaemic 
stroke45,46 and might help guide cardiac monitoring.47 The 
Midregional Proatrial Natriuretic Peptide to Guide 
Secondary Stroke Prevention (MOSES; NCT03961334) 
trial is evaluating the efficacy of anticoagulation for 
stroke prevention in individuals with elevated 
MR-proANP levels and recent stroke without atrial 
fibrillation. The Optimising Atrial fibrillation screening 
to prevent Second Ischaemic Strokes (OASIS) study is 
evaluating a care pathway with NT-proBNP to guide 
patient selection for 28 days of cardiac monitoring 
after stroke. The Find Atrial Fibrilation 2 
(Find-AF 2; NCT04371055) study is evaluating whether 
ECG-based risk stratification using excessive supra­
ventricular ectopy to guide the intensity of cardiac 
rhythm monitoring is more effective than standard care 
in preventing recurrent stroke and systemic embolism.48 
The DAYLIGHT trial showed that hyperacute extended 
CT angiography 6 cm or more below the carina improves 
detection of cardioaortic thrombi, with implications for 
use of anticoagulation.49 Opportunities to discover novel 
biomarkers of atrial cardiopathy and atrial fibrillation are 
expanding with technological advances, including 
smartphone-based atrial fibrillation screening.50 
Emerging ECG, echocardiographic, neuroimaging, and 
blood-based biomarkers of myocardial or cerebral injury 
show potential for risk stratification to facilitate earlier, 
personalised diagnostic and therapeutic approaches to 
improve outcomes.46,51,52 For most of these emerging 
approaches, data are still restricted to few studies, often 
with modest sample sizes, and evidence that biomarker-
guided strategies reduce recurrent stroke is lacking.

Building on this evidence, the Delphi consensus process 
yielded three research priorities (median agreement 92%, 
range 86–100%; panel and appendix pp 13–14). These 
priorities are interrelated and could be addressed by the 
same or complementary biomarkers, contributing to 
mechanistic understanding while ensuring clinical 
relevance. Future studies should assess implementation 
strategies for atrial cardiopathy biomarkers to guide 
personalised diagnostic and therapeutic approaches in 
clinical practice. Identification of optimal biomarker 
thresholds, combinations, feasibility, and cost-
effectiveness is crucial and should be assessed in 
implementation studies where possible. To support such 
studies, a minimum reporting dataset was recommended 
to include pre-existing atrial fibrillation, vascular risk 
factors, findings from ECG, echocardiography, and blood, 
and data on secondary prevention (table and appendix 
pp 20–23).
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Plaque vulnerability
Atherosclerosis accounts for at least 20% of all ischaemic 
stroke. Perhaps unsurprising given the systemic nature of 
the disease, atherosclerotic stroke is consistently associated 
with a very high risk of long-term major adverse 
cardiovascular and cerebrovascular events.53 Traditional 

stroke aetiological classification systems have primarily 
relied on luminal stenosis as the main biomarker for 
determining stroke aetiology and recurrence risk.54 
However, there is overwhelming evidence indicating 
that inflammation, neovascularisation, and intraplaque 
haemorrhage substantially determine plaque 

Clinical opportunities
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Figure 2: Biomarker-driven clinical opportunities for ischaemic stroke
(A) Progression: the dynamic evolution of the primary core to a final infarct—a key 
element of stroke progression—is a major determinant of functional outcome. 
Mechanisms, such as excitotoxicity, oxidative stress, neuroinflammation, and 
blood–brain barrier dysfunction influence whether neurons of the penumbra die or 
survive (left). Routinely used imaging biomarkers, including CT perfusion-based 
penumbra assessment and MRI-based ischaemic lesion characterisation, already 
inform clinical decision making. Emerging biomarkers (eg, NfL) reflecting the 
underlying pathophysiology (centre), could enable high-frequency monitoring, 
improve patient selection for treatments, and predict treatment responses in 
clinical trials (right). (B) Atrial cardiopathy: pathophysiological mechanisms, such 
as blood stasis, atrial wall fibrosis, and conduction abnormalities drive thrombus 
formation in the left atrium, particularly in the atrial appendage (left). Candidate 
biomarkers include structural and functional cardiac imaging features (eg, left 
atrial size, left atrial flow, and spontaneous echo contrast), electrocardiographic 
biomarkers (eg, excessive supraventricular ectopy, P-terminal force in V1, and 
advanced interatrial block), and blood-based biomarkers (eg, natriuretic peptides; 
centre). These biomarkers could improve risk stratification for MACE and guide 
targeted secondary prevention (right). (C) Plaque vulnerability: complex plaques in 
brain-supplying arteries—characterised by intraplaque haemorrhage, 
inflammation, and thin fibrous caps—are rupture-prone and can lead to 
thrombosis and ischaemic stroke (left). Imaging-based biomarkers from MRI and 
PET (eg, for intraplaque haemorrhage or inflammation) and blood-based 
biomarkers (eg, lipid profiles and inflammation-related proteins from the 
IL-6–C-reactive protein axis), are being explored (centre). These biomarkers could 
enable early identification of culprit plaques, refine patient selection for secondary 
prevention strategies, and identify novel treatment targets (right). DWI=diffusion-
weighted imaging. MACE=major adverse cardiovascular and cerebrovascular 
events. MR-proANP=midregional pro-atrial natriuretic peptide. NfL=neurofilament 
light chain. NT-proBNP=N-terminal pro-B-type natriuretic peptide.

vulnerability.55–57 Increasing data supports the role of non-
stenosing atherosclerotic plaque in the aetiology of embolic 
stroke of undetermined source and recurrent stroke,58 
which might explain neutral results in trials of 
anticoagulation in these patients.5,6,59,60 Indeed, it is highly 
probable that current aetiological classification algorithms 
underreport the burden and contribution of atherosclerosis 
to stroke aetiology and recurrence. Better tools are needed 
to accurately assign causality to atherosclerosis where 
present. Moreover, despite the high residual risk of 
vascular recurrence after atherosclerotic stroke, existing 
prediction scores for identifying individuals at greatest risk 
show modest performance and were derived before the 
advent of modern prevention.61 Improved risk stratification 
tools are needed to identify patients who are at high risk 
for stroke recurrence, patient counselling, clinical decision 
making, and individualising treatment decisions.

Although carotid revascularisation has proven added 
benefit compared with best medical therapy alone, the 
pivotal trials were performed in the 1990s and since then, 
best medical therapy has advanced substantially.62 Recent 
trial data in groups who are at low to intermediate risk of 
stroke have questioned the benefit of revascularisation 
over best medical therapy.63 These data indicate that 
patient selection based on luminal stenosis alone could 
be insufficient to identify those at higher risk of stroke 
who could benefit from revascularisation. MRI or PET 
imaging can help by capturing high-risk plaque features, 
such as intraplaque haemorrhage or inflammation 
(figure 2C) and are an example of how biomarkers could 
inform patient selection and be incorporated into future 

randomised controlled trial design. However, clinical use 
is still restricted by availability and costs57,64 and simpler 
imaging modalities and protocols are both needed to 
tailor treatments with greater precision.

The availability of biomarkers that accurately identify 
culprit plaques would assist clinicians in assigning 
causality, thereby also differentiating between competing 
causes and guiding treatment decisions. Efforts to 
standardise carotid plaque phenotyping procedures are an 
important step in this process, but require rigorous 
validation to confirm improved performance compared 
with luminal stenosis, both for risk stratification for 
recurrent stroke and differentiating culprit from non-
culprit plaque.65 Biomarkers could also identify culprit 
plaques in the aortic arch and vertebral or intracranial 
arteries that have been relatively understudied so far.66

The pathophysiological mechanisms driving the high 
residual risk of recurrence after atherosclerotic stroke are 
poorly understood. However, experimental data suggest 
that innate immune responses to brain infarction, 
including neutrophil extracellular traps and cell-free DNA, 
trigger plaque inflammation that contributes to plaque 
vulnerability.9 Advances in multiomics technologies might 
aid the discovery of novel molecular pathways mediating 
stroke risk and thereby also identify new therapeutic 
targets for prevention. In the meantime, several new 
treatment strategies for the prevention of atherosclerotic 
events have emerged, including anti-inflammatory 
therapies (eg, colchicine),67 PCSK9 inhibitors, and 
lipoprotein(a) reduction. Unfortunately, these treatment 
strategies have not yet shown clear additional benefit for 
secondary prevention after stroke. Blood inflammatory 
markers68 or direct lipoprotein(a)69 measurements provide 
prognostic information for recurrence after stroke, but 
their clinical value might remain low without 
demonstrating their value for patient enrichment in trials 
targeting inflammation or lipoprotein(a), respectively.

Building on this evidence, the Delphi consensus 
process yielded three research priorities (median 
agreement 96%, range 86–100%; panel and appendix 
pp 13–14). To overcome the limitations of heterogeneous 
cohorts, inconsistent plaque characterisation, and 
variable outcome definitions, a minimum reporting 
dataset was proposed and endorsed (table and appendix 
pp 24–29), focusing on previous vascular events, risk 
factors, vascular imaging, blood-based biomarkers, and 
information on secondary prevention and major adverse 
cardiovascular and cerebrovascular events.

Intracerebral haemorrhage
Intracerebral haemorrhage is a major cause of stroke-
related mortality and disability,70 yet effective treatments 
remain scarce due to diverse causes and complex 
pathophysiology. Novel biomarkers to identify the 
underlying cause and monitor intracerebral haemorrhage 
progression could help predict complications and enable 
more targeted treatment and prevention strategies.
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Diagnosis and causes
Intracerebral haemorrhage can result from a range 
of causes, most commonly microvascular (eg, arterio­
losclerosis or cerebral amyloid angiopathy) and, less 
frequently, macrovascular (eg, arteriovenous malform­
ations or aneurysms) or non-vascular pathologies 
(eg, metastases; figure 3). Identifying the cause is 
essential for acute and long-term management, yet even 
with validated classification schemes and prediction 
models, the cause remains undetermined in up to 30% of 
spontaneous intracerebral haemorrhage cases.71,72 In 
many other cases, classification remains associative 
rather than definitive and often requires clinicians to 
assign a single presumed cause despite the possibility of 
multiple contributing mechanisms and precipitating 
factors. Available biomarkers are predominantly imaging-
based; blood-based biomarkers are largely lacking. 
Non-contrast CT provides information on haematoma 
characteristics, the perihaematomal area, and brain 
parenchyma. Haematoma features include location,71 
shape (eg, finger-like projections in cerebral amyloid 
angiopathy),73,74 and convexity subarachnoid extension.74 
Extensive perihaematomal oedema can indicate an 
underlying tumour, while calcifications might suggest an 
arteriovenous malformation. In the parenchyma, white 
matter lesions and lacunes reflect small vessel disease. 
Vascular imaging can identify macrovascular lesions or 
venous sinus thrombosis. MRI detects cavernous 
malformations, metastases, and small vessel disease-
related intracerebral haemorrhage, especially cerebral 
amyloid angiopathy. The updated MRI-based Boston 2.0 
criteria incorporate both haemorrhagic and non-
haemorrhagic features with 80% sensitivity and 
85% specificity for diagnosing cerebral amyloid 
angiopathy.75 As cerebral amyloid angiopathy and 
arteriolosclerosis often coexist,76 distinguishing their 
respective contributions remains challenging. Integrating 
imaging with other biomarker modalities could improve 
aetiological assessment and progression prediction, 
guiding treatment and prevention. Promising biomarker 
candidates have emerged from genotyping,73 CSF 
analyses,77 and PET imaging;78 and blood-based 
biomarkers have been proposed to identify cavernous 
angioma-related intracerebral haemorrhage.79 Most of 
these candidate biomarkers are supported by relatively 
small, often single-centre cohort studies. Larger 
diagnostic accuracy studies with external validation are 
needed before clinical adoption.

Progression
Multidimensional care bundles have reduced early 
intracerebral haemorrhage mortality,80 yet outcomes 
remain poor. A major contributor for poor outcomes is 
intracerebral haemorrhage progression—defined as 
clinical deterioration after onset—with haematoma 
expansion and perihaematomal oedema growth as key 
drivers (figure 3).81,82 Haematoma expansion is associated 

with coagulation biomarkers (eg, activated partial 
thromboplastin-time), non-contrast CT features 
(eg, haematoma volume and island sign),83 and CT 
angiography-based spot sign. However, haematoma 
volume only moderately predicts long-term functional 
outcome, and tools to monitor underlying tissue injury or 
evolving secondary injury in the perihaematomal area are 
lacking. Experimental and human ex vivo data 
suggest multiple mechanisms—including mass effect, 
inflammation,84–86 blood product toxicity, and 
excitotoxicity—contribute to injury.8 While these processes 
present potential therapeutic targets, no clinically 
established biomarkers exist to monitor them. 
Inflammatory biomarkers (eg, neutrophil-to-lymphocyte 
ratio) correlate with larger perihaematomal oedema 
volumes, but findings are inconsistent across hetero­
geneous study designs and populations and no blood-based 
biomarker consistently correlates with both oedema and 
long-term functional outcome.87 Also, the potential of tau 
isoforms and NfL to map brain-injury trajectories in 
intracerebral haemorrhage for early patient stratification 
remains underexplored. Overall, data on blood-based 
biomarkers in intracerebral haemorrhage progression are 
restricted to small observational studies, and robust 
prognostic or monitoring biomarkers to identify 
susceptible patients, track progression, and guide trials 
remain an urgent unmet need. To discover novel 
biomarkers, approaches integrating serial blood and CSF 
biomarker profiling with imaging are promising. Such 
studies can leverage standardised pipelines for repeated 
volumetric assessments while accounting for intra­
ventricular extension, oedema, and location. Longitudinal 
studies exploring local and systemic pathophysiology, 
including inflammation (eg, body temperature and 
cytokines), could improve understanding of the biological 
processes driving intracerebral haemorrhage progression 
and recovery and identify subgroups that might benefit 
from targeted therapies.

Long-term complications
People who have recovered from intracerebral 
haemorrhage are at elevated risk of both haemorrhagic 
and ischaemic major adverse cardiovascular and 
cerebrovascular events and post-stroke cognitive 
impairment.88,89 Current prognostic biomarkers are largely 
imaging-based. MRI-based biomarkers of cerebral 
amyloid angiopathy, such as superficial siderosis and 
convexity subarachnoid haemorrhage, are associated with 
increased risk of post-stroke cognitive impairment89 and 
recurrent intracerebral haemorrhage.90 Non-haemorrhagic 
MRI biomarkers, including lacunes and asymptomatic 
diffusion-weighted imaging lesions, can also predict 
recurrent intracerebral haemorrhage and ischaemic 
stroke.91 The global cerebral small vessel disease score 
combines haemorrhagic and non-haemorrhagic MRI 
biomarkers to predict post-stroke cognitive impairment 
with 83% sensitivity and 91% specificity,92 although 
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external validation is missing. CT biomarkers of cerebral 
amyloid angiopathy, such as subarachnoid haemorrhage 
and finger like projections,73 inform intracerebral 
haemorrhage recurrence risk,93 but their association with 
post-stroke cognitive impairment or major adverse 
cardiovascular and cerebrovascular events is 
underexplored.94 Blood-based biomarkers for predicting 
post-stroke cognitive impairment and major adverse 
cardiovascular and cerebrovascular events after 

intracerebral haemorrhage have not been systematically 
studied. Inflammation might be a driver of post-stroke 
cognitive impairment,95 but studies of inflammatory 
biomarkers, such as C-reactive protein, have been small 
and heterogeneous, often combining intracerebral 
haemorrhage and ischaemic stroke populations.96 Our 
understanding of the mechanisms driving complications, 
such as post-stroke cognitive impairment and major 
adverse cardiovascular and cerebrovascular events, 

Figure 3: Biomarker-driven clinical opportunities for intracerebral haemorrhage
Top row: diagnosis. Intracerebral haemorrhage can result from a range of causes, including small vessel disease, macrovascular abnormalities, and non-vascular 
pathologies, such as neoplasms (left). Several imaging-derived biomarkers are routinely used to support aetiological classification (centre). Novel biomarkers could 
help resolve currently undetermined cases and guide personalised treatment and secondary prevention strategies (right). Middle row: progression. Haematoma 
expansion and perihaematomal oedema are key drivers of intracerebral haemorrhage progression (left), yet the underlying mechanisms (eg, neuroinflammation) 
remain incompletely understood. Routinely used imaging-based biomarkers, including the spot sign support prediction of disease trajectories (centre), while novel 
biomarkers reflecting the underlying mechanisms could provide opportunities for patient selection, personalised acute management, and identify novel treatment 
targets (right). Bottom row: complications. Long-term complications of intracerebral haemorrhage include recurrent haemorrhage, ischaemic stroke, and brain 
atrophy (left). Whereas imaging-based biomarkers exist (centre), they are not routinely used for long-term longitudinal monitoring. Translating emerging 
biomarkers into clinical care could improve prediction of MACE and cognitive decline and enable targeted secondary prevention (right). DSA=digital subtraction 
angiography. DWI=diffusion-weighted imaging. FLAIR=fluid attenuated inversion recovery. MACE=major adverse cardiovascular and cerebrovascular events. 
SWI=susceptibility-weighted imaging.
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remains limited. Although recurrent intracerebral 
haemorrhage is commonly attributed to cerebral amyloid 
angiopathy or hypertension,97 it might result from a 
broader interplay of vessel and tissue pathologies—
including arteriolosclerosis, diabetic vasculopathy, 
impaired blood-brain barrier integrity, and chronic 
inflammation—all of which could shape the phenotype 
and relative risk of haemorrhagic versus ischaemic 
complications.98 Importantly, the observed associations 
between imaging findings and post-stroke cognitive 
impairment might reflect shared underlying processes, 
such as co-evolving cerebral amyloid angiopathy and 
Alzheimer’s disease, rather than direct causality, 
highlighting the need for mechanistically informed 
biomarkers. Existing prognostic models rely 
predominantly on imaging, and there is a paucity of 
validated blood-based biomarkers or multimodal 
signatures to predict post-stroke cognitive impairment 
and major adverse cardiovascular and cerebrovascular 
events after intracerebral haemorrhage. Prediction models 
incorporating biomarkers that directly reflect relevant 
pathophysiology could improve risk stratification, enable 
identification of individuals at high-risk, and support 
the selection of patients for antithrombotic medications 
and other preventive strategies. Longitudinal studies 
integrating clinical, imaging, and blood-based data are 
needed to enable a comprehensive understanding of the 
biology underlying intracerebral haemorrhage-related 
complications. Given the lower prevalence of intracerebral 
haemorrhage compared with ischaemic stroke, large 
international collaborations are essential to generate 
datasets of sufficient size.81

Building on the presented evidence, the Delphi 
consensus process yielded five research priorities 
(median agreement 91%, range 81–100%; panel and 
appendix pp 13–14). These priorities span the 
intracerebral haemorrhage clinical care continuum, 
from diagnosis to long-term outcomes, with a focus on 
developing biomarkers that provide mechanistic insights 
and inform treatment. Biologically plausible surrogate 
markers could accelerate early-phase trials. To promote 
harmonisation and collaborations, minimum reporting 
datasets were proposed and endorsed (table and 

appendix pp 30–36) that covered risk factors, medication, 
and imaging findings, and items specific to diagnosis, 
progression, or complications.

Conclusions and future directions
Biomarkers could increase biological precision in 
research and clinical care and support the development 
of more targeted therapeutic strategies. The framework 
presented here—consensus-based research priorities for 
biomarker development, spanning discovery to clinical 
translation, and minimum reporting datasets—lays the 
groundwork for more aligned and mechanistically 
informed stroke biomarker studies, complementing 
patient-identified priorities to improve patient 
outcomes.99 By promoting standardisation, this frame­
work aims to reduce heterogeneity between studies and 
to support efficient data aggregation. To facilitate 
feedback, collaboration, and future updates, the priorities 
and reporting datasets are available on the BIOSTROKE 
website.

Moving biomarkers into clinical use will require a 
structured pathway from discovery to clinical translation. 
Candidates should first show that they reflect the relevant 
pathophysiology, including with artificial intelligence-
based analyses that can integrate clinical, imaging, and 
molecular omics data, then show added value beyond 
existing clinical and imaging markers using decision-
focused performance metrics and external validation in 
diverse populations. Eventual adoption in care will 
depend on standardised assays and sampling protocols, 
together with demonstration of cost-effectiveness, 
regulatory approval, and feasibility in different health-
care systems.

We acknowledge limitations. The research priorities 
reflect the views of the participating experts, but we sought 
to minimise bias with validation by an independent global 
panel. Revisions of the recommendations will be required 
as new evidence emerges. Minimum reporting datasets 
differ between domains, and some items might not be 
routinely available, but they are intended to support 
adequate phenotyping aligned with key priorities and drive 
excellence in biomarker research. The final application of 
the datasets should be guided by the investigators, based 
on study objectives and design. Important areas of stroke 
care, such as cerebral small vessel disease, were not 
covered and warrant future work.

We expect this framework to support biomarker studies 
that capture dynamic stroke biology, improve diagnosis 
and patient stratification, and inform the evaluation of 
surrogate endpoints. Progress will depend on coordinated 
multicentre efforts, shared data standards, and 
integration of biomarker research with therapeutic 
development to deliver more targeted interventions.
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