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Abstract

(AIS). We aimed to investigate its temporal pattern and clinical value in two German AIS cohorts. Using immunoassay, 

n = 102, age: 70.9 (± 15.9) years, 52.0% males; controls n
n
onset to blood sampling, namely at D1 (< 24 h), D2 (24–48 h), D3 (48–72 h) and D5-7 (96–144 h), and tested associations 

subjects (p < 0.001, age-adjusted p
p < 0.01), hemorrhagic transformation 

of AIS (HT, p < 0.001) as well as systemic infections such as pneumonia (p

p
p

and infections, as well as on the clinical outcome at follow-up.

Received: 22 January 2026 / Revised: 24 May 2026 / Accepted: 3 June 2026 / Published online: 15 June 2026

© The Author(s) 2026

Temporal Pattern and Clinical Value of Serum GFAP in Acute Ischemic 
Stroke: Results from Two Prospective German Cohorts

Lorenzo Barba1 · Christoph Vollmuth2 · Patrick Oeckl3,4 · Steffen Halbgebauer3,4 · Christian Hametner2 · 

Fabian Essig2 · Peter U. Heuschmann5,6 · Alexander M. Kollikowski7 · Mirko Pham7 · Michael K. Schuhmann2 · 

Petra Steinacker1 · Yashar Bahramsari8 · Annemarie Thaele1 · Caroline Kulitze1 · Samir Abu-Rumeileh1 ·  

Karl Georg Haeusler3 · Guido Stoll9 · Hermann Neugebauer2 · Markus Otto1

-
didate biomarker of astroglial injury whose blood level is 
increased in several neurological disorders including AIS 
1

Introduction

injury are being intensively investigated for improving 
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2–5]. The assessment of serum 

clinical outcomes at 3 months after AIS (i.e., functional dis-
ability and death) in comparison to standard clinical and 

6–8
a sensitive marker of brain hemorrhage which could help 
in the discrimination of hemorrhagic vs. ischemic stroke in 

9] as well as for hemorrhagic transfor-
10].

generalizability of previous results and, thus, the clinical 

in single-center cohorts with relatively small sample size or 
2, 3]. Second, the 

magnitude of biomarker level increase compared to control 
subjects remains uncertain given that most AIS cohorts were 

2, 9]. Third, 

as AIS of the posterior circulation due to basilar artery (BA) 
occlusion, as well as in association with acute treatment out-

as systemic complications of AIS, their associations with 

2, 3].
To address these issues and to better understand the 

-
trations in AIS patients recruited in two prospective AIS 

value, in comparison to that of sNfL, for predicting short- 
and middle-term clinical outcomes after AIS.

Methods

Study Population We included in this study a total of 952 
serum samples with available biomarker data collected in 
two German recruiting stroke centers: 383 serum samples 
of 102 AIS patients recruited between June 2023 and Octo-
ber 2024 and 32 samples of control subjects enrolled at the 
Department of Neurology, Martin-Luther-University Halle-
Wittenberg (Halle Saale, Germany, total n = 415 samples) 
and 537 samples of 470 AIS patients recruited at the Depart-
ment of Neurology, University of Würzburg (Würzburg, 
Germany). Inclusion criteria of the Halle cohort were: (1) 

sampling within 24 h from known symptom onset; (3) mod-

group was recruited in 2023–2024 and included subjects 

neurological diseases (idiopathic cranial nerve palsy n = 6, 
headache n = 11, polyneuropathy n = 1, psychogenic non-
epileptic seizure n = 2, vertigo n = 1) as well as healthy con-
trols (n = 12) with available samples for all measurements. 

-
tive observational study between June 2020 and September 
2022 at the Department of Neurology of the University of 

-
burg cohort, adult patients with AIS were included if they 
had a National Institute of Health Stroke Scale (NIHSS) 
score at hospital admission of at least 6 points or if they 
underwent mechanical thrombectomy (MT) for large ves-
sel occlusion (LVO). Data on a subgroup of the Würzburg 

S1 
6–8]. In both cohorts, we collected 

detailed clinical, radiological and biochemical data during 
the hospitalization period, as well as data on the functional 
status at 90-day follow-up (collected data of both cohorts 
are presented in detail in Supplementary Materials).

Neuroimaging Data Detailed description of acquisition 
and analysis of neuroimaging data is reported in the Sup-
plement

11] on native non-
contrast CT upon hospital admission and after 24 h, on 

12], and hemorrhagic 
transformation (HT) of AIS according to the Heidelberg 

13].

Blood Sample Collection and Analysis Serum samples were 
collected according to international standardized procedures 

measurement was performed at the Neurochemical Labora-
tory of Martin-Luther-University (Halle, Germany) by using 

(Quanterix Inc., Lexington, USA), and for sNfL, i.e. the 

system (BioTechne, Minneapolis, USA). Internal controls 
were run on each plate to guarantee comparability of results. 

below 15% and 20% in all measurements. Samples were dis-

days) from clinical onset to blood sampling. Timepoints were 

-
group of patients from the Halle cohort (n = 40), we obtained 
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two samples within 24 h from onset, namely before neuro-
imaging upon hospital arrival (D0 sample) and after transfer 
at stroke unit after neuroimaging and, if administered, acute 

for the Halle cohort). Numbers of patients with available bio-
marker data at each time point are reported in Table 1.

Statistical Analysis

categorical and continuous variables were performed with 
the chi-squared test and either with the Mann-Whitney U 

Dunn-Bonferroni’s post-hoc correction (for three or more 
groups). To compare repeated biomarker measurements at 

-

-
formed to assess the discriminative accuracy of biomarkers, 

Youden index. Multivariable generalized linear regression 
models (GLMs) were built for analysing the associations of 
biomarker concentrations at distinct time points and mul-
tiple clinical variables. Covariables of multivariable models 

Supplement) 

14, 15], as well as the National Institute 
of Health Stroke Scale (NIHSS) score on hospital admis-
sion. In healthy subjects, female sex was associated with an 

15]. 

in biomarker levels between male and female participants 
and, to increase analysis sensitivity, we did not include sex in 

Meier and both univariate and multivariate Cox regression 
analysis to investigate the relationship between biomarker 
levels and risk of mortality at follow-up, which was con-
ducted until the 6th November 2025. Missing data were not 

Results

Clinical Characteristics and Available Blood Samples 
of AIS Patients

Halle Cohort

years), 53/102 AIS patients were male (52.0%) and median 

NIHSS score at hospital admission was 7 points (interquar-

underwent intravenous thrombolysis (IVT) and 47 (46.1%) 
underwent MT (19 patients received both therapies, 18.6%). 
AIS was more frequently due to large-artery atherosclero-
sis (LAA, 29/102, 28.4%) or cardioembolism (CE, 35/102, 
34.3%) (Table 1). Number of samples available per partici-
pant was 1 in 4 patients (3.9%), 2 in 3 patients (2.9%), 3 in 
7 patients (6.9%) and 4 in 88 patients (86.3%).

Würzburg Cohort

(± 12.8 years) and median admission NIHSS score of 13 

As a part of the inclusion criteria of this prospective cohort, 
MT was indicated in 359/470 (76.4%) patients, whereas 
IVT was administered in 180 patients (38.3%) (130, 27.7% 
received both therapies). In this cohort, proportion of AIS 
due to CE was slightly higher (45.3%) (further details in 
Table 1). Number of available samples was 1 in 433 patients 
(92.1%), 2 in 10 patients (2.1%), 3 in 24 patients (5.1%), 4 
in 3 patients (0.6%).

sGFAP in Patients with AIS

controls (p -
p = 0.002; 

D2: p = 0.010, D3: p = 0.016; D5-7: p 1A). 

-
p < 0.001) and to 

p
p 1A-B). In comparison, sNfL 

concentrations were steadily increased from D1 to D5-7 in 

S2). In a sub-
analysis of patients undergoing blood sampling within 12 h 

n

and sNfL levels compared to control subjects (median 

p < 0.001; median sNfL values: 77.0 pg/ml in AIS vs. 7.0 
pg/ml in controls, p S2). 

control subjects was very high at all time points (including 

(Supplemental Table S2 1C).

sGFAP and AIS Characteristics -
tions correlated with clinical and radiological scores of 

-
related with the NIHSS score at hospital admission, at 24 h, 
48 h, 72 h and at discharge in both cohorts (Spearman’s 
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Table 1 Core demographic and clinical data of the study cohorts
Halle Würzburg p*
controls (n = 32) AIS (n = 102) AIS (n = 470)
47.6 (± 18.8) 70.9 (± 15.9) 74.6 (± 12.8) < 0.001
19 (59.4) 53 (52.0) 227 (48.3) 0.627

NIHSS on admission - 7 (4–15) 13 (9–17) -
- 53 (52.0) 416 (88.5) -

LAA - 29 (28.4) 79 (16.8) -
CE - 35 (34.3) 213 (45.3) -
SVD - 10 (9.8) 0 (0) -
other determined etiology - 1 (1.0) 16 (3.4) -
cryptogenic - 26 (25.5) 147 (31.3) -
concurrent etiology - 1 (1.0) 15 (3.2) -
Comorbidities

- 22 (21.6) 212 (45.1) -
Arterial hypertension - 79 (77.5) 315 (67.0) -
Diabetes mellitus - 25 (24.5) 98 (20.9) -

ACA - 1 (1.0) 5 (1.1) -
MCA - 87 (85.3) 425 (90.4) -

- 5 (4.9) 7 (1.5) -
VA or BA - 9 (8.8) 33 (7.0) -

IVT - 57 (55.9) 180 (38.3) -
MT - 47 (46.1) 359 (76.4) -
MT + IVT - 19 (18.6) 130 (27.7) -

intra-hospital mortality - 17 (16.7) 121/477 (25.4) -
mortality at 3 months - 22 (21.6) 161/464 (34.7) -

- 51 (50.0) 324/464 (69.8) -

D1 32 (100.0) 102 (100.0) 134 (28.5) -
D2 - 97 (95.1) 236 (50.2) -
D3 - 95 (93.1) 123 (26.2) -
D5-7 - 89 (87.3) 44 (9.4) -

D1 0.13 (0.09–0.19) 1.51 (0.63–6.32) 3.11 (0.66–11.44) < 0.001
D2 - 2.70 (0.80–11.20) 7.32 (1.66–21.98) < 0.001
D3 - 3.20 (1.20–22.70) 9.21 (2.55–37.78) < 0.001
D5-7 - 2.05 (0.88–12.10) 9.42 (3.26–22.96) < 0.001

D1 7.0 (3.3–13.4) 66.7 (29.0–139.5) 72.0 (33.3–178.5) < 0.001
D2 - 114.0 (50.7–182.5) 107.0 (57.5–221.0) < 0.001
D3 - 137.0 (59.5–271.0) 171.5 (81.7–330.0) < 0.001
D5-7 - 202.0 (97.3–383.5) 546.0 (262.5–1086.0) < 0.001
Continuous data are reported as median value (interquartile range) except for age, which was reported as mean value (± standard deviation). 
Comparisons were performed with Mann-Whitney U test and chi-squared tests for continuous and categorical variables, respectively. *Controls 
vs. AIS (Halle). **for data on clinical outcomes in the Würzburg cohort, we reported also the number of cases with available data
ACA anterior cerebral artery, AF AIS acute ischemic stroke, BA basilar artery, CE cardioembolism, IVT intravenous throm-
bolysis, LAA large artery atheroscleris, LVO large vessel occlusion, MCA middle cerebral artery, mRS MT mechanical 
thrombectomy, NIHSS national institute of health stroke scale, PCA posterior cerebral artery, sGFAP
sNfL SVD small vessel disease, VA vertebral artery
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rho: 0.38–0.71) (Supplemental Tables S2-S3
at D1 was higher in patients with altered mental status on 
the Glasgow coma scale (GCS < 14) at hospital admission 
(p 1

1E, Supplemental Tables 
S2-S3

-

metabolism, coagulation and cardiac markers (Supplemen-
S2

well correlated with each other especially when measured 
after D2 (rho: 0.31–0.70), also accounting for renal function 

1 S1).

sGFAP in AIS Patients with Large Vessel Occlusion Large ves-
sel occlusion (LVO) was detected on admission CT angiogra-
phy in 53/102 AIS patients from Halle (52.0%) and 416/470 

D0 (i.e., before neuroimaging with CT-angiography) were 

to have LVO (n = 17) at CT-angiography (p = 0.031), with 

-
points in AIS patients with LVO compared to other patients 

S3). Instead, sNfL level was not sig-

early timepoints (D0 p = 0.312, D1 p = 0.387, D2 p = 0.082) 
and was increased in the former compared to the latter group 

p = 0.034 for both) (Supplemental 
S3

than in other patients (p
NIHSS at admission and time-to-sampling p = 0.025), with 

-

level changes over time in LVO-AIS (Supplement).

sGFAP and Hemorrhagic Transformation of AIS Data on HT 
were available for 464/470 AIS patients of the Würzburg 
cohort (98.7%), of which 249/464 developed HT (53.7%), 

Fig. 1

after AIS onset in patients (A) from the Halle cohort (AIS n = 102, con-
trols n = 32) and (B) from the Würzburg cohort (IS n = 470). (C
analysis for the discrimination between AIS patients and controls. (D) 

the GCS. (E

from AIS onset. (F

B, lines indicate median value and interquartile range. In plots E and 
AIS acute ischemic stroke, 

ASPECTS alberta stroke program early CT Score, AUC area under the 
curve, GCS glasgow coma scale, ROC receiver operating characteris-
tic analysis, sGFAP sNfL serum 
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and in all patients of the Halle cohort, where HT occurred 
in 26 of 102 patients (25.5%). Type of HT according to the 

13] and timepoint of HT occurrence after AIS (Halle cohort) 
are reported in Supplemental Results and Supplemental 
Table S4 -
cantly higher in patients who developed HT during hospital-
ization than in other patients (p 2A). In patients 

D2 and decreased lately in patients with HT after 24 h from 
AIS onset (p 2B). When analyzing HBC types 

-
oped any HT except for subdural hemorrhage than in AIS 
patients who did not develop HT (p 2C). As 
a comparison, early sNfL levels (i.e., D1) were increased in 

AIS patients who developed HT too, but biomarker increased 
after HT occurred was more pronounced from D3 onwards 
(p 2D-E). Moreover, according to the HBC sub-
type of HT, sNfL was more elevated in case of hemorrhagic 
infarction (p = 0.038), parenchymal hematoma (p < 0.001) 
and subdural hematoma (p 2

sGFAP and Infections in AIS Patients In the Halle cohort, 
33 patients (32.4%) had an infection during the sampling 
period, most frequently pneumonia (detailed data on type 
and timing in Supplement). Given the above-mentioned 
relationship between HT and higher biomarker values, 
we performed analysis on infection status in AIS patients 
who did not develop HT to avoid misinterpretation of 

Fig. 2

A
and D) sNfL in patients with AIS vs. controls and in AIS patients who 
developed HT vs. those who did not develop HT during hospitaliza-

B
and E) sNfL in AIS patients with early HT (i.e. at neuroimaging after 

right refer to (C F -
ent HBC types, namely hemorrhagic infarction (n = 144), parenchymal 

hematoma (n = 77), intraventricular hemorrhage (n = 22), subarach-
noid hemorrhage (n = 75), subdural hematoma (n -
ues refer to the comparison with AIS patients without HT (n = 215). 
Lines indicate median value and interquartile range. **p < 0.01. 
***p < 0.001. AIS acute ischemic stroke, Ctrls control subjects, 
IVH intraventricular hemorrhage, HI hemorrhagic infarction, HT hem-
orrhagic transformation, PH parenchymal hematoma, SAH subaracnoid 
hemorrhage, SDH subdural hematoma, sGFAP
acidic protein, sNfL
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-
tein and leucocyte count) measured at the same time points 

(Supplemental Table S4

other patients (D1 p = 0.003, p < 0.001 for other timepoints), 
while sNfL was increased from D2 samples onwards (Sup-
plement S4).

sGFAP and Functional Outcome at 3 Months In the Halle 
cohort, all 102 AIS patients had follow-up data at 3 months, 

-

-
points (p < 0.001) (Table 2 3 -

NIHSS on admission) (complete data in Supplemental Table 
S6

higher biomarker level in those with poor vs. those with 
good outcome only at unadjusted analysis. Similar results 

(p = 0.048) and D5-7 (p = 0.499) after adjustment for covari-
ables (Table 2 3, Supplemental Table S7

according to infection status, especially for D3 (p = 0.048) 
and D5-7 samples (p = 0.025).

In the Würzburg cohort, 319 patients out of 460 with avail-
able follow-up data at 3 months had poor functional outcome 

-
come at follow-up (p = 0.284) and survivors vs. non-survivors 
(p

-

3B and 
D; Table 2

(Supplement, Supplemental Table S6-S7).

Survival Analysis

AIS patients were followed up for a median time of 576 days 

(21.6%) and 35 (34.3%) patients died during hospitalization 

at 3 months and at the end of follow-up, respectively. In 
the Würzburg cohort, 117/470 patients died during hospital-
ization (24.9%) and 156/460 patients died before 3 months 
(33.9%, n = 10 with missing data on 3-month survival). 
AIS non-survivors of both cohorts (i.e. both intra-hospital 

sNfL already at D1 than AIS survivors (p < 0.01 for all time-

after excluding patients who developed HT. More elevated 
-

ated overall mortality during hospitalization (p = 0.004) and 
at 3 months (p = 0.004) at adjusted analysis (i.e., for age, 

was associated with intra-hospital (p = 0.011) and 3-month 
mortality (p = 0.025) in multivariable models (Supplemen-
tal Table S6). As a comparison, sNfL was associated with 

-
points (especially D1 and D3, Supplemental Table S7). At 

-

to patients with lower biomarker levels (i.e. 1 st tertile), also 

Table 2

Halle (n = 102) Würzburg (n = 470)

unchanged to pre-
n = 51)

n = 51) p

(n = 246)

n = 324) p

D1 1.1 (0.5–1.7) 3.5 (1.0–23.8) 0.001 0.7 (0.4–2.6) 5.8 (1.6–15.2) < 0.001
D2 1.3 (0.7–3.4) 8.8 (1.9–55.7) < 0.001 2.2 (0.8–5.6) 13.1 (3.0–42.6) < 0.001
D3 1.7 (0.6–3.6) 16.6 (2.8–79.0) < 0.001 3.1 (1.5–14.0) 16.3 (3.5–44.6) 0.002
D5-7 1.1 (0.5–2.1) 9.5 (2.1–52.1) < 0.001 2.3 (0.6–14.5) 11.4 (4.0–26.6) 0.028

D1 46.2 (22.6–98.9) 85.8 (53.7–329.0) 0.003 32.9 (20.7–64.5) 90.7 (54.7–200.5) < 0.001
D2 73.4 (34.8–129.0) 140.5 (75.9–346.3) < 0.001 66.9 (35.4–146.0) 124.0 (63.9–253.0) < 0.001
D3 87.0 (45.1–178.8) 221.0 (91.7–462.0) < 0.001 81.0 (51.6–199.0) 188.0 (115.5–352.0) < 0.001
D5-7 141.5 (86.4–232.5) 322.0 (148.0–881.5) < 0.001 275.5 (252.8–325.5) 610.0 (336.0–1419.8) 0.020

U test
mRS sGFAP sNfL



1 3

67 Page 8 of 12 Translational Stroke Research (2026) 17:67

after considering for covariables including HT (hazard ratio, 

3 3).

sGFAP in AIS Due to BA Occlusion Given the lack of data 

artery (BA) occlusion, we conducted an exploratory analy-
sis in this subgroup (Würzburg n = 33; Halle n = 5, not ana-

in patients with BA occlusion than in patients with occlu-

D2 with admission NIHSS score (rho = 0.738, p = 0.002) and 
were higher in patients who died during hospitalization than 

in other patients (p = 0.004) (further details and data on sNfL 
in Supplemental Results S5).

Discussion

an astrocytic biomarker in AIS and its predictive value in 
two independent German prospective AIS cohorts. Our data 

AIS with peak concentrations at D3 and remained stable or 
decreased at D5-7. Higher biomarker concentrations were 
correlated with greater disease severity on clinical and 

Fig. 3 -
poral changes of (A D

B E) sNfL in 
-

-
mizing the Youden index. Lines indicate median value and interquar-

C) 

from univariable Cox regression analysis (results of univariable and 
multivariable Cox analysis in Supplemental Table S8
calculated on last follow-up, we also added a dashed line at 90 days of 
follow-up for better interpretation of data. AIS acute ischemic stroke, 
HR hazard ratio, mRS ROC receiver operating 
characteristic, sGFAP sNfL serum 
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with higher risk of HT, systemic infection and intra-hospi-
tal mortality after AIS, as well as with poorer clinical out-
come at 3 months. These results deepen our understanding 
of astroglial markers in acute and post-acute phases of AIS 

AIS patients compared to control subjects. Although other 

-
16

2–4]. The 

10 points) raises questions on its use in real-world contexts 
for the discrimination between hemorrhagic and ischemic 

9]. Moreover, we observed a remarkable elevation 

-
emic astrocyte injury, blood-brain barrier dysfunction and 

17]. 
In comparison to sNfL, which increases later during the dis-

represent an early marker of vascular brain injury, similarly 
to what observed after acute brain injury of other nature, 

18, 19] and neurosur-
20]. However, with respect to head 

18, 19
-

TBI (10- up to 30-fold vs. 5- up to 15-fold, respectively), 

thus possibly justifying the delayed peak. Alternatively, 

elevation after 24 h, but these hypotheses need experimen-
tal validation.

temporally related to HT occurrence of almost all HBC sub-
-

sively higher in patients with larger hemorrhages (e.g. HBC 
type 1c or 2) compared to small petechiae (i.e. HBC 1a). 
In comparison, sNfL response to HT was seen later, hence 
showing preliminarily less clinical utility for early detection 

-
-

AIS also considering the dozens of clinical trials evaluating 
21]. Also, this turns par-

-
ing the start or restart of antithrombotic therapy after AIS 
10, 22], but biomarker-guided strategies for establishing 

antithrombotic regimens after AIS need experimental vali-
dation in targeted trial settings.

On another level, we provided preliminary data on 

-
vated in AIS patients with LVO compared to patients with 
other types of AIS. If used alone, clinical scores for identify-
ing patients with AIS due to LVO in pre-hospital settings 

23]. To ameliorate 
pre-hospital triaging of patients and to indicate transfer to 
MT-capable centers, future studies should evaluate the com-

markers, with indicative clinical score for suspecting AIS 
24, 25]. In our analysis, 

Table 3

2nd tertile vs. 1 st tertile 3rd tertile vs. 1 st tertile
p-value p-value

D1 1.81 (0.71–4.60) 0.214 2.94 (1.21–7.17) 0.018
D2 0.93 (0.34–2.57) 0.893 2.80 (1.20–6.55) 0.018
D3 1.69 (0.55–5.16) 0.360 5.18 (1.90–14.14) 0.001a, b

D5-7 2.24 (0.69–7.27) 0.180 5.91 (1.97–17.73) 0.001a, b

sNfL
D1 1.32 (0.46–3.80) 0.609 4.57 (1.83–11.40) 0.001
D2 2.05 (0.62–6.80) 0.242 6.82 (2.31–20.08) < 0.001a, b

D3 2.02 (0.61–6.71) 0.252 6.52 (2.20–19.30) < 0.001a, b

D5-7 3.33 (0.91–12.09) 0.068 7.73 (2.25–26.59) 0.001a, b

Cox regression was computed with biomarker tertile groups by taking the lowest tertile as reference. Together with p-values from univariate 

eGFR HR hazard ratio, HT hemorrhagic transformation, NIHSS national institute of health stroke scale, 
sGFAP sNfL
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prognostic value for short- and middle-term outcomes. 

concentration range in patients with rapid clinical improve-
ment after stroke therapy and no intra-hospital complica-
tions (median values < 3 ng/ml), whereas there were sharply 
increased values (median values up to 10–15 ng/ml) within 
few days in patients who had HT or died during hospitaliza-

related to occurrence of systemic infections such as pneu-
monia. The interpretation of these results remains to date 
mainly speculative given the overall small sample size and 

-

which may then predispose to systemic infections. Alterna-

-
tral nervous system, hence providing a possible explanation 
for the association between pneumonia and poorer outcomes 
after ischemic stroke. We observed that patients with poorer 

still retained prognostic value in patients without HT or 

and/or all-cause mortality at 3 months, sNfL showed greater 
-

tion and possibly a higher overall value, especially when 
measured after few days from onset. Here, results from 
large multinational cohorts may help the implementation of 

26
-

patients for assessing risk of stroke recurrence, for monitor-
ing antithrombotic therapies as well as in primary AIS 
prevention are still lacking, and real-world studies will need 

27], either 
alone or in combination with already established clinical 

28]. One of the strengths of our work relies on the 
-

teristics and inclusion criteria, thus being representative of 
the real-world AIS population. Most results could be repli-
cated in both cohorts, even though patients recruited in 
Würzburg had more severe AIS at hospital admission 
(NIHSS score of 13 points vs. 7 points of patients recruited 
in Halle) and had more frequently AIS due to LVO (88.5% 
vs. 52.0%). Moreover, in a preliminary analysis, we investi-
gated biomarker levels in AIS due to BA occlusion, which is 
frequently underrepresented in biomarker and clinical stud-
ies. In this subpopulation, we found similar results as in 
patients with AIS due to middle cerebral artery occlusion, 

as well as higher concentrations in patients who died during 

hospitalization. These preliminary results should encourage 
further studies to better assess the robustness of prognostic 

detailed data on onset and type of HT and systemic infec-
tions, thus letting us explore the temporal association 
between biomarker changes and neurological but also sys-
temic complications after AIS. As limitations of our study, 
we acknowledge that our control group does not picture the 

-
noses of AIS in which elevated biomarker values can be 

29
tend to overestimate the discriminative accuracy of such 
biomarkers and cannot be taken alone for inferences on their 
diagnostic value for AIS, which was out of the scope of this 
present study. Notwithstanding, biomarker concentrations 
in the control subjects of our cohort were in the same range 
of previous cohorts without neurological diseases measured 

30 -
centrations increase approximately 2% per year in the 

15
observed in AIS (more than 10-fold increase) is most likely 
attributable to AIS pathophysiology rather than to the age 
gap between our disease and control groups. Similarly, the 

-
tocols could have contributed to the variability of some 
results, for example on the predictive value of the biomarker 
for 3-month outcomes. Here, analysis in the Würzburg 
cohort were overall more robust after adjustment for covari-
ables, which could be due to both a larger sample size and a 
greater AIS severity of patients included. Second, we lacked 

does not fully capture the heterogeneity of infarct burden at 
the individual level. We found negative correlations between 

concentrations were correlated with larger expected infarct 
volumes. Correlations were found already from very early 

stronger in the following days. Even if the analysis was lim-

and clinically meaningful surrogate marker of infarct extent. 

volumes and shows correlations with functional outcomes 
31 31, 32]. Still, this relationship 

may not universally apply to smaller infarct volumes, is not 

lesion location, timing of imaging, and imaging modality. 

7
biomarkers and core/penumbra volumes or white matter 

33], as well as novel imaging strategies for central 



1 3

Page 11 of 12 67Translational Stroke Research (2026) 17:67

21 -
ther, given the age of the included patients (mean: 70.9 and 
74.6 years in the two cohorts), information on the pre-exist-
ing vascular brain injury would have been helpful for better 

34], of small vessel dis-
ease to assess the impact of microangiopathic injury burden 
on biomarker dynamics over time. This would aid under-

predictive value for clinical outcomes beyond neuroimag-
ing. Third, inclusion criteria of both cohorts were centered 
on AIS, hence blood samples for direct comparisons with 
ICH were not available. Moreover, blood samples collected 
provided a rather granular view of biomarker kinetics dur-
ing post-acute phases. More frequent blood sampling during 

-

purposes. This may have impacted also on interpretation of 
results derived from survival analysis. In fact, early in-hos-
pital deaths may have biased the longitudinal analysis given 
that no complete sample sets during the observation period 

of HT, we could not directly analyze the associations 
between biomarker trajectories and HT onset for each HBC 
subtype, which would be of great clinical utility.

elevated in patients with AIS, progressively increase over 
time and are associated with clinical and radiological dis-

on the risk of intra-hospital complications, such as HT and 
infections, as well as on the likelihood of functional disabil-
ity and mortality at follow-up evaluation.
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