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Background: Contrast staining signifies prolonged tissue absorption of iodinated 
contrast media following endovascular therapy (EVT) for large-vessel occlusion 
stroke, indicating blood–brain barrier disruption. With EVT becoming the stan-
dard treatment for treating basilar artery occlusion (BAO) stroke and considering 
the substantial variability in patient outcomes, our study aimed to determine the 
prognostic significance of post-interventional contrast staining in BAO stroke 
cases.
Methods: We included BAO patients who received postinterventional non-con-
trast CT within 24 h after EVT. Expert radiologists confirmed the presence of 
contrast staining on CT, and its volume was quantified. Functional outcomes 
were assessed on the modified Rankin scale (mRS) at 90 days, and an unfavorable 
outcome was defined as an mRS score of ≥4. A multivariable LASSO-penalized 
logistic regression analysis was performed to determine the association between 
contrast staining and other clinical and imaging parameters with functional 
outcomes.
Results: A total of 42 patients met the inclusion criteria (15 women, 35.7%). 
Contrast staining on postinterventional CT was present in 18 patients (42.9%) 
with a median [interquartile range / IQR] volume of 7.9 mL [3.7–14.6]. Patients 
with contrast staining had worse outcomes, with higher mRS scores at 90 days 
(median [IQR]: 6 [4–6] vs. 2 [1–4], p < 0.001). A multivariable LASSO analysis 
revealed a significant association of contrast staining with clinical outcome.
Conclusion: Contrast staining on postinterventional CT after EVT for BAO is a 
strong predictor of unfavorable functional outcomes, outperforming other pre- 
and post-interventional imaging parameters.
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Introduction

Since 2020, a series of four randomized controlled trials have pro-
vided evidence on the efficacy of endovascular therapy (EVT) in the 
treatment of basilar artery occlusion (BAO) stroke (1–4). However, 
the first two studies raised concerns due to patient crossovers and 
mid-trial protocol adaptations, whereas the latter two studies, which 
demonstrated the benefits of EVT, performed rigorous selection using 
clinical and imaging parameters in a Chinese population. Considering 
these factors, the current recommendation for EVT in patients with 
BAO has a moderate strength and remains a topic of debate (5). 
Nonetheless, it can be assumed that an increasing number of patients 
are receiving EVT for BAO.

To support pre-interventional patient selection, retrospective 
studies on BAO suggest the use of CT collateral or perfusion imaging 
(6–8), which has shown a high accuracy in predicting outcomes after 
EVT, similar to what has been established in anterior circulation 
strokes (9–11). Only a few publications have addressed the use of post-
interventional imaging for outcome prediction in BAO (12).

A common phenomenon after EVT in the anterior circulation is 
contrast staining (CS). This describes the occurrence of hyperdense areas 
in brain tissue on follow-up non-contrast CT (NCCT) imaging due to 
the prolonged accumulation of iodinated contrast media, which was 
originally applied during EVT and is associated with a poor functional 
outcome (13). These areas usually overlap with the topography of previ-
ously or currently ischemic tissue and result from the disruption of the 
blood–brain barrier (BBB) (14, 15). CS usually presents washout between 
24 and 48 h and may contain a hemorrhagic component (16, 17).

To further elaborate on this imaging parameter, we aimed to 
assess the predictive value of NCCT contrast staining on follow-up 
imaging after EVT in patients with BAO using dichotomic and volu-
metric values in a multivariable analysis.

Methods

Study design and population

This retrospective study was approved by the institutional review 
board of LMU Munich, in accordance with the Declaration of Helsinki 
(2013), and the requirement for written informed consent was waived. 
Patients with acute ischemic stroke caused by basilar artery occlusion 
were selected from a consecutive cohort of prospectively enrolled 
patients in the German Stroke Registry (clinicaltrials.gov identifier: 
NCT03356392). All patients were treated for EVT between June 2015 
and December 2019. We included all patients with basilar artery 
occlusion who had complete NCCT, single-phase CT angiography 
(CTA), and CTP imaging data, along with NCCT follow-up per-
formed within 24 h after EVT. We excluded patients with incomplete 
imaging and premorbid modified Rankin Scale (mRS) score >3.

Functional and clinical data

Baseline demographic and clinical characteristics were recorded. 
An unfavorable outcome was defined as an mRS score of > 3 at 90 days, 
in line with previous BAO studies. Consistent with current guidelines 
for basilar artery occlusion, an unfavorable outcome was defined as an 
mRS score of > 3 (i.e., 4–6). While the majority of anterior circulation 

stroke studies uses an mRS score of ≥ 3 to define an unfavorable out-
come, an mRS score of > 3 is recommended for posterior circulation 
strokes due to their distinct clinical course and recovery patterns (18).

Multiparametric CT imaging and analysis

The acquisition protocol and imaging analysis of admission imag-
ing have been described in detail before. Upon admission, patients 
underwent a comprehensive examination using a standardized multi-
parametric CT protocol that included non-contrast CT, single-phase 
CTA, and whole-brain CTP with 10 cm z-axis coverage, all performed 
using a third-generation dual-source CT SOMATOM Definition Force 
scanner (DSCT-1: 2 × 192-slice SOMATOM Force, Siemens 
Healthineers, Erlangen, Germany) located in the emergency depart-
ment. CTP data were analyzed using the manufacturer’s software (syngo 
Neuro Perfusion CT; Siemens Healthineers, Forchheim, Germany) to 
generate maps of cerebral blood flow (CBF), cerebral blood volume 
(CBV), mean transit time (MTT), and time to drain (TTD). In the 
imaging workflow, non-contrast CT (NCCT) is followed by arterial CT 
angiography (CTA) acquired in a caudocranial direction using bolus-
tracking technology (CARE Bolus, Siemens Healthineers). Specifically, 
a region of interest (ROI) is manually positioned in the aortic arch, and 
image acquisition is automatically triggered once a predefined enhance-
ment threshold of 100 Hounsfield units (HUs) is reached, with the scan 
proceeding toward the cranial vertex. Contrast enhancement was 
achieved by intravenous administration of 50 mL of non-ionic iodin-
ated contrast agent (iomeprol; Imeron® 400 mg I/mL, Bracco Imaging, 
Konstanz, Germany) at a rate of 5 mL/s, followed by a 40 mL saline 
flush. For CTP acquisition, 40 mL of the same contrast agent was 
administered at a flow rate of 6 mL/s, followed by a 100 mL saline flush. 
The respective z-axis coverage was 201 mm for DSCT-1, 114 mm for 
DSCT-2, and 118 mm for SSCT. Automated exposure control (AEC) 
and iterative reconstruction (IR) techniques were applied to both NCCT 
and multiphase CTA (MP-CTA). Tube voltage settings ranged from 100 
to 120 kV for NCCT and from 70 to 80 kV for MP-CTA and CTP. The 
images were reconstructed with a slice thickness of 2 mm (6, 19).

Assessment of contrast staining on follow-up NCCT after EVT 
was performed by two independent readers (M. P. F., P. R.) who were 
blinded to all clinical and follow-up imaging data. Discrepancies were 
resolved in a subsequent consensus reading.

The differentiation between parenchymal CS and petechial hemor-
rhage on CT imaging was determined by visual assessment. Lesions were 
classified as contrast staining when hyperdensities exhibited imaging 
characteristics that were considered atypical for hemorrhage. Specifically, 
these were diffuse hyperdensity lesions that completely resolved or 
showed marked reduction within 24 h, without evidence of mass effect 
on follow-up, according to previous studies. (14, 20) Lesions in which 
hyperdensity persisted beyond 24 h and/or was accompanied by mass 
effect were classified as intraparenchymal hemorrhage (20). Figure 1 
provides a case example. Volumes of hyperdensities due to contrast stain-
ing were measured using OsiriX v.8.0.2 (Pixmeo; Bernex, Switzerland).

Statistical analysis

Statistical analysis was performed using R statistical and comput-
ing software, version 3.6.3.1 Categorical variables were reported as 

1  http://www.r-project.org
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counts and percentages, and continuous variables as means and stan-
dard deviations or medians and ranges. Chi-square and Fisher’s exact 
tests or Student’s t-test and Mann–Whitney U-tests were performed 
to compare patient characteristics with or without contrast staining 
on follow-up imaging. Univariable analysis was used to determine fac-
tors for the occurrence of contrast staining. In a second step, signifi-
cant values were used in a multivariable model to determine 
independent parameters. Significance was set as a two-sided p < 0.05.

A multivariable least absolute shrinkage and selection operator 
(LASSO)-penalized logistic regression model was used to identify 
predictors of unfavorable clinical outcomes using the R package 
glmnet (version 4.0). The regularization parameter was selected as the 
value that minimized the mean cross-validated error in 10-fold cross-
validation. The LASSO allows the selection of variables by shrinking 
the coefficient weights for variables that are not related to the outcome 
to zero. Then, parameters with non-zero coefficient weights were inte-
grated into a multivariable logistic regression analysis.

Results

Patient characteristics

We included 42 patients (age 74.9 ± 10.8 years, 27 men and 15 
women). CS after EVT was present in 18 patients (42.9%). All 
observed CS lesions were parenchymal. There was no subarachnoid 
CS. Patients with and without contrast staining did not present signifi-
cant differences in age (77.1 ± 10 vs. 73.3 ± 11.4) gender (33% vs. 38% 

women), occlusion location, time from symptom onset to imaging 
(median [IQR]: 118 min [71–209] vs. 114 min [94–138]), or admis-
sion parameters such as NIHSS or presence of coma (p > 0.05). The 
functional outcome on the mRS at 90 days was inferior in cases with 
contrast staining (median [IQR]: 6 [4–6] vs. 2 [0.75–4], p < 0.001). 
Patients with contrast staining presented lower rates of IV thromboly-
sis treatment (28% vs. 50%, p = 0.187) and favorable modified treat-
ment in cerebral ischemia (mTICI) scores (76% vs. 91%, p = 0.373), 
although these findings did not reach the level of statistical signifi-
cance (p > 0.05). Patient data are displayed in Table 1.

Parameters of contrast staining and other 
imaging parameters

The volume of parenchymal hyperdense areas due to CS was 
(median [IQR]) 7.9 mL [3.7–14.6]). The locations included PICA ter-
ritory n = 5, AICA territory n = 2, SCA territory n = 9, PCA territory 
n = 6, brainstem n = 4, midbrain n = 6, Thalamus n = 5. Pre-EVT CTP 
deficit volumes on different maps were larger in patients with contrast 
staining after EVT (median [IQR] for CBV: 18 mL [6–26] vs. 4 mL 
[1–6], p = 0.001; CBV: 70 mL [48–127] vs. 28 mL [17–69], p = 0.013). 
In multivariable regression analysis, CBF deficit volume was an inde-
pendent predictor for the occurrence of CS (OR [95% CI]: 1.12 [1.02–
1.26]). The univariable analysis is given in the Supplementary material. 
Visual scores for vascular (BATMAN, pcCTA score) or tissue status 
(pcASPECTS) did not differ significantly (p > 0.05).

Interrater reliability for the assessment of contrast staining (CS) 
presence was evaluated between two independent readers. The overall 
agreement was 83.7% (36/42 cases), with a Cohen’s kappa of 0.67 (95% 

FIGURE 1

Case example of an adult patient with basilar artery occlusion: non-contrast CT before (A) and after (B) endovascular therapy. After therapy, large areas 
of contrast staining are seen in the PCA territory, brainstem, and thalamus. 90-day mRS was 6.
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TABLE 1  Patient characteristics.

Overall (n = 42) No contrast 
staining (n = 24)

Contrast staining 
present (n = 18)

P-value

Patient data

Age 74.9 ± 10.8 73.3 ± 11.4 77.1 ± 10 0.263

Female Sex 15 (36%) 9 (38%) 6 (33%) 0.780

Male sex 27 (64%) 15 (63%) 12 (67%)

Time from symptom onset to imaging (min)* 116 (75–186) 114 (71–209) 118 (94–138) 0.997

Coma on admission 18 (43%) 10 (42%) 8 (44%) 0.857

Admission NIHSS* 21 (7–24) 18 (6–24) 22 (16–24) 0.252

NCCT imaging data

pc-ASPECTS NCCT 10 (9–10) 10 (9–10) 10 (9–10) 0.251

CTA-SI

pc-ASPECTS CTA-SI 8 (7–9) 9 (7–9) 8 (6–9) 0.169

BATMAN score 7 (5–8) 7 (6–8) 7 (6–8) 0.505

pc-CTA score 3 (2–3) 3 (2–3) 3 (2–3) 0.369

PC-CS 7 (6–8) 7 (6–7) 6 (6–8) 0.361

CTP imaging data

CBF deficit volume [mL] 49 (21–111) 28 (17–69) 70 (48–127) 0.013

CBV deficit volume [mL] 5 (2–17) 4 (1–7) 18 (6–26) 0.001

Location of occlusion

Vertebral arteries 14 (34.7%) 10 (42%) 4 (22%) 0.186

Proximal BA 11 (26.5%) 6 (25%) 5 (28%) >0.999

Middle BA 19 (46.9%) 13 (54%) 6 (33%) 0.179

Distal BA 32 (73.5%) 18 (75%) 14 (78%) >0.999

PCA 24 (57.1%) 14 (58%) 10 (56%) 0.857

PCom 1 (2%) 0 (0%) 1 (6%) 0.429

Absence of OR hypoplastic PCom 20 (47.6%) 10 (42%) 10 0.279

Treatment data

IV thrombolysis* 17 (41%) 12 (50%) 5 (28%) 0.187

Endovascular therapy 42 (100%) 24 (100%) 18 (100%) n.a.

Time from symptom onset to flow restoration (min)* 256 (186–334) 285 (175–346) 259 (252–260) 0.829

Favorable mTICI (≥2b) 33 (83%) 12 (50%) 5 (29%) 0.187

Volume of Hyperdensity# 0 (0–7.5) 0 (0–0) 7.9 (3.7–14.6) <0.001

Functional data

Premorbid mRS* 0 (0–1) 0 (0–1) 1 (0–1) 0.054

90-day mRS 4 (2–6) 2 (1–4) 6 (4–6) <0.001

Cardiovascular risk factors

Arterial hypertension* 28 (67%) 17 (71%) 11 (73%) >0.99

Diabetes mellitus* 5 (12%) 3 (13%) 2 (13%) >0.99

Hypercholesterolemia* 10 (24%) 6 (29%) 4 (27%) >0.99

Atrial fibrillation* 16 (38%) 9 (38%) 7 (50%) 0.452

Smoking history* 5 (12%) 2 (11%) 3 (25%) 0.350

Etiology of stroke*

Large artery atherosclerosis 5 (12%) 3 (13%) 2 (12%) >0.99

Cardioembolic 21 (50%) 13 (54%) 8 (47%) 0.201

(Continued)
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CI, 0.44–0.89), indicating substantial agreement. The positive and 
negative agreement rates were 81.1 and 85.7%, respectively. 
Discrepancies were resolved through subsequent consensus reading 
conducted in separate sessions, with both readers reviewing the cases 
independently to minimize the potential bias.

Prediction of functional outcome

In multivariable LASSO analysis, the occurrence of contrast stain-
ing (CS) was identified as the strongest predictor of unfavorable func-
tional outcomes, with a LASSO coefficient of 1.20. Other relevant 
predictors included pcASPECTS on CTA (LASSO coefficient −0.32) 
and CBF deficit volume (LASSO coefficient 0.004), as illustrated in 
Figure 2. We observed a moderate correlation between the volume of 
contrast staining and 90-day mRS (Pearson’s correlation coefficient 
0.44, p = 0.004). Among the 18 patients with CS after EVT, only 3 
achieved a favorable outcome, whereas the remaining patients had 
unfavorable outcomes (4 patients with 90-day mRS = 4 and 11 patients 
with 90-day mRS = 6, p < 0.001).

The predictive performance of the LASSO model was strong, with 
an area under the receiver operating characteristic curve (AUC) of 
0.88, indicating high discriminative ability. Model calibration was 
acceptable, with a calibration slope of 1.23, suggesting a slight ten-
dency toward overfitting, and a Brier score of 0.14, reflecting good 
overall accuracy of probabilistic predictions. In a subsequent multi-
variable logistic regression analysis including CS, pcASPECTS, and 
CBF deficit volume, CS remained independently associated with unfa-
vorable outcomes (OR 19.0, 95% CI 2.82–127.80). CBF deficit volume 
was also significantly associated with the outcome (OR 0.61, 95% CI 
0.42–0.89), whereas pcASPECTS did not reach statistical significance 
(OR 0.65, 95% CI 0.21–2.01).

Discussion

In our study, contrast staining after EVT in patients with BAO 
was frequent and strongly linked to an unfavorable clinical out-
come. Contrast staining is positively correlated with perfusion 
deficit volumes but does not show an association with other base-
line or treatment parameters. Therefore, we conclude that the size 
of ischemia is the most important factor influencing the occur-
rence of contrast staining after EVT. Moreover, contrast staining 
was the strongest predictor of an unfavorable outcome of all pre- 
and post-interventional parameters.

As a mechanism of contrast staining, the disruption of the BBB is 
assumed (13). The pathogenesis of BBB disruption is closely linked to 
the development of edema formation due to ischemia, which is 
regarded as a three-stage process: early cytotoxic, ionic edema, and 
vasogenic edema. The latter results from BBB breakdown due to the 
dysfunction of tight junctions, the neurovascular unit, and inflamma-
tory processes. More recently, disruption of the glymphatic system has 
been established as another cornerstone of edema formation (21). As 
this system is known to remove cellular and interstitial metabolites, its 
dysfunction could further explain the delayed dissolvement of con-
trast media and its association with more severe tissue damage and 
unfavorable clinical outcomes (22).

While the recent RCTs raise hope for improving BAO outcomes 
with EVT, there is still uncertainty in the selection of patients. As 
RCTs do not endorse the use of perfusion imaging, which is a proven 
predictor for functional outcome in BAO, clear recommendations for 
outcome prediction are lacking (5). Although contrast staining after 
EVT cannot support the pre-therapeutic phase, its occurrence 
together with its volume is a strong and reliable indicator for an unfa-
vorable outcome and can thereby aid in further clinical management 
and be used as an early outcome parameter for future studies. In the 
literature, Son et al. concur that the occurrence of contrast staining 
after EVT presents a strong predictor for unfavorable outcomes after 
successful recanalization in BAO (12).

This study has several important limitations that should be 
acknowledged. First, the overall sample size was small (n = 42), with 
only a limited number of patients exhibiting contrast staining (CS+). 
This small sample size reduces statistical power and increases the risk 
of type II error. In addition, it raises concerns regarding the stability 
and robustness of the estimated effects. In particular, the use of mul-
tivariable approaches such as LASSO regression and subgroup analy-
ses in a small dataset may increase the risk of overfitting and limit the 
reproducibility of the findings. Therefore, the reported associations 
should be interpreted with caution.

Furthermore, the retrospective design may limit the generaliz-
ability of our findings and introduce the potential for selection bias 
and unmeasured confounding.

Second, contrast staining was assessed using single-energy CT 
imaging, which is commonly used in clinical practice. However, with-
out confirmation from dual-energy CT, distinguishing contrast stain-
ing from early hemorrhagic transformation remains challenging, and 
misclassification cannot be excluded. This limitation may have affected 
the accuracy of the reported imaging findings.

Third, follow-up imaging was not performed in a standardized 
manner, and therefore, a systematic correlation between contrast 

TABLE 1  (Continued)

Overall (n = 42) No contrast 
staining (n = 24)

Contrast staining 
present (n = 18)

P-value

Other determined 3 (7%) 3 (13%) 0 (0%) 0.253

Undetermined 12 (29.3%) 5 (21%) 7 (41) 0.183

Values presented are no. (percentage) for categorical and median (interquartile range) or mean ± standard deviation for continuous variables based on normality distribution. Proportion 
analysis tests for categorical variables were performed using Fisher’s exact test or chi-square test. Non-parametric tests for ordinal and continuous variables were performed using the Mann–
Whitney U-test or t-test. BA, basilar artery; BATMAN, basilar artery on computed tomography angiography; CBF/CBV, cerebellar blood flow/volume; CTA-SI, CT angiography-source images; 
mRS, modified Rankin Scale; n.a., not applicable; NCCT, non-contrast CT; NIHSS, National Institutes of Health Stroke Scale; PCA, posterior cerebral artery; pc-ASPECTS, posterior 
circulation-Acute Stroke Prognosis Early CT Score; PC-CS, posterior circulation collateral score; pc-CTA, posterior circulation computed tomography angiography; PCom, posterior 
communicating artery; VA, vertebral artery. Good clinical outcome, 90-day mRS 0–3; Poor clinical outcome, 90-day mRS 4–6. Bold p-values indicate p < 0.05. * Missing values: Time from 
symptom onset 16/42, Admission NIHSS 5/42, iv thrombolysis 1/42, premorbid mRS 3/42, arterial hypertension 3/42, diabetes mellitus 3/42, hypercholesterolemia 6/42, atrial fibrillation 4/42, 
smoking history 11/42, etiology of stroke 1/42.
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staining and the final infarct volume was not possible. This represents 
an important limitation, as it restricts the ability to validate contrast 
staining as a reliable surrogate marker of tissue injury.

Taken together, these methodological constraints should be con-
sidered when interpreting the results of this study.

Clinical relevance for patient management remains unclear 
at present; however, our data suggest that contrast staining in 
BAO may serve as a negative predictive marker following throm-
bectomy, and should therefore be interpreted as hypothesis-gen-
erating rather than as a basis for actionable clinical 
recommendations.

Further prospective studies with larger cohorts, standardized 
imaging protocols, and advanced imaging techniques such as dual-
energy CT are warranted to confirm and extend our observations.

Conclusion

In conclusion, CS after EVT in BAO stroke on post-interventional 
CT is a strong, independent predictor of unfavorable outcome in this 
study, providing a potential early warning signal to identify high-risk 
patients and may guide therapeutic decisions, which should be inves-
tigated in future trials.

Data availability statement

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee 
of Ludwig-Maximilians University of Munich. The studies were con-
ducted in accordance with the local legislation and institutional 
requirements. The Ethics Committee/Institutional Review Board 
waived the requirement of written informed consent for participation 
from the participants or the participants’ legal guardians/next of kin 

because the requirement for written informed consent was waived by 
the local ethics committee due to the retrospective nature of the study 
and data anonymization.

Author contributions

NH: Writing – review & editing, Project administration, Data 
curation, Supervision, Validation, Formal analysis, Investigation. MF: 
Writing – review & editing, Conceptualization, Data curation, Formal 
analysis, Investigation, Methodology, Project administration, 
Resources, Supervision, Validation, Visualization, Writing – original 
draft. SiG: Writing – review & editing, Data curation, Formal analysis, 
Investigation, Visualization. DP-W: Writing  – review & editing, 
Conceptualization, Data curation, Formal analysis, Investigation, 
Supervision, Validation, Visualization, Methodology. PL: Writing – 
review & editing, Data curation, Formal analysis, Investigation, 
Visualization. ST: Writing  – review & editing, Data curation, 
Investigation, Methodology, Supervision, Validation. LK: Writing – 
review & editing, Data curation, Investigation, Methodology, 
Supervision, Validation. KD: Writing – review & editing, Data cura-
tion, Investigation, Methodology, Supervision, Validation. SeG: 
Writing  – review & editing, Data curation, Formal analysis, 
Investigation, Validation, Methodology. TL: Writing – review & edit-
ing, Supervision, Validation. JR: Writing  – review & editing, 
Supervision, Validation, Resources. WK: Writing – review & editing, 
Supervision, Validation, Data curation, Investigation, Visualization, 
Formal analysis. OÖ: Writing – original draft, Writing – review & 
editing, Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Supervision, 
Validation, Visualization. PR: Writing  – original draft, Writing  – 
review & editing, Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Resources, 
Supervision, Validation, Visualization.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

FIGURE 2

Multivariable LASSO logistic regression analysis for the prediction of unfavorable 90-day mRS.

https://doi.org/10.3389/fneur.2026.1801372
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Hohmann et al.� 10.3389/fneur.2026.1801372

Frontiers in Neurology 07 frontiersin.org

Conflict of interest

LK has received funding for travel or speaker honoraria from 
Alexion, AstraZeneca, Bayer Vital, Boehringer Ingelheim, Bristol-
Meyer-Squibb, Daiichi Sankyo, and Pfizer outside of this study.

The remaining author(s) declared that this work was conducted 
in the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The handling editor MZ declared a past co-authorship with the 
author LK.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 

including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2026.1801372/
full#supplementary-material

References
	1.	 Jovin TG, Li C, Wu L, Wu C, Chen J, Jiang C, et al. Trial of thrombectomy 6 to 24 hours 
after stroke due to basilar-artery occlusion. N Engl J Med. (2022) 387:1373–84. doi: 
10.1056/NEJMoa2207576

	2.	Liu X, Dai Q, Ye R, Zi W, Liu Y, Wang H, et al. Endovascular treatment versus standard 
medical treatment for vertebrobasilar artery occlusion (BEST): an open-label, randomised 
controlled trial. Lancet Neurol. (2020) 19:115–22. doi: 10.1016/S1474-4422(19)30395-3

	3.	Tao C, Nogueira RG, Zhu Y, Sun J, Han H, Yuan G, et al. Trial of endovascular treat-
ment of acute basilar-artery occlusion. N Engl J Med. (2022) 387:1361–72. doi: 10.1056/
NEJMoa2206317

	4.	Langezaal LCM, van der Hoeven E, Mont'Alverne FJA, de Carvalho JJF, Lima FO, 
Dippel DWJ, et al. Endovascular therapy for stroke due to basilar-artery occlusion. N Engl 
J Med. (2021) 384:1910–20. doi: 10.1056/NEJMoa2030297

	5.	Asif KS, Novakovic R, Nguyen TN, Mansour O, deHavenon A, Masoud HE, et al. 
Endovascular treatment in acute basilar artery occlusion stroke: a brief practice update 
from the Society of Vascular and Interventional Neurology. Stroke Vascular Interv. Neurol. 
(2023) 3:e000885. doi: 10.1161/SVIN.123.000885

	6.	Fabritius MP, Tiedt S, Puhr-Westerheide D, Grosu S, Maurus S, Schwarze V, et al. 
Computed tomography perfusion deficit volumes predict functional outcome in patients 
with basilar artery occlusion. Stroke. (2021) 52:STROKEAHA120032924. doi: 10.1161/
STROKEAHA.120.032924

	7.	Cereda CW, Bianco G, Mlynash M, Yuen N, Qureshi AY, Hinduja A, et al. Perfusion 
imaging predicts favorable outcomes after basilar artery thrombectomy. Ann Neurol. 
(2022) 91:23–32. doi: 10.1002/ana.26272

	8.	Broocks G, Meyer L, Faizy TD, Elsayed S, Kniep H, Kemmling A, et al. New imaging 
score for outcome prediction in basilar artery occlusion stroke. Eur Radiol. (2022) 
32:4491–9. doi: 10.1007/s00330-022-08684-9

	9.	Pirson F, Hinsenveld WH, Goldhoorn RB, Staals J, de Ridder IR, van Zwam WH, et al. 
MR CLEAN-LATE, a multicenter randomized clinical trial of endovascular treatment of 
acute ischemic stroke in the Netherlands for late arrivals: study protocol for a randomized 
controlled trial. Trials. (2021) 22:160. doi: 10.1186/s13063-021-05092-0

	10.	 Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. 
Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct. N 
Engl J Med. (2018) 378:11–21. doi: 10.1056/NEJMoa1706442

	11.	 Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al. 
Thrombectomy for stroke at 6 to 16 hours with selection by perfusion imaging. N Engl J 
Med. (2018) 378:708–18. doi: 10.1056/NEJMoa1713973

	12.	 Son S, Kim YW, Oh MK, Kim S-K, Park K-J, Choi N-C, et al. Initial factors affecting 
the clinical outcome after successful recanalization via MR-based mechanical thrombec-
tomy in patients with acute ischemic stroke due to basilar artery occlusion. J Neurointerv 
Surg. (2016) 8:889–93. doi: 10.1136/neurintsurg-2015-011912

	13.	 Yang F, Zeng Y, Zhu F, Hu X. Prognostic value of contrast staining on dual-energy CT 
after endovascular therapy in acute ischemic stroke: a meta-analysis. BMC Neurol. (2023) 
23:326. doi: 10.1186/s12883-023-03370-9

	14.	 Dekeyzer S, Nikoubashman O, Lutin B, De Groote J, Vancaester E, De Blauwe S, et al. 
Distinction between contrast staining and hemorrhage after endovascular stroke treat-
ment: one CT is not enough. J Neurointerv Surg. (2017) 9:394–8. doi: 10.1136/
neurintsurg-2016-012290

	15.	 Schneider T, Mahraun T, Schroeder J, Frölich A, Hoelter P, Wagner M, et al. 
Intraparenchymal hyperattenuations on flat-panel CT directly after mechanical throm-
bectomy are restricted to the initial infarct core on diffusion-weighted imaging. Clin 
Neuroradiol. (2018) 28:91–7. doi: 10.1007/s00062-016-0543-y

	16.	 Gupta R, Phan CM, Leidecker C, Brady TJ, Hirsch JA, Nogueira RG, et al. Evaluation 
of dual-energy CT for differentiating intracerebral hemorrhage from iodinated contrast 
material staining. Radiology. (2010) 257:205–11. doi: 10.1148/radiol.10091806

	17.	 Amans MR, Cooke DL, Vella M, Dowd CF, Halbach VV, Higashida RT, et al. Contrast 
staining on CT after DSA in ischemic stroke patients progresses to infarction and rarely 
hemorrhages. Interv Neuroradiol. (2014) 20:106–15. doi: 10.15274/INR-2014-10016

	18.	 Rahman M, Simpkins AN, Salam S. Guidelines in action: basilar artery occlusion and 
thrombectomy. Stroke. 12:54180. doi: 10.1161/STROKEAHA.125.054180

	19.	 Forbrig R, Trumm CG, Reidler P, Kunz WG, Dimitriadis K, Kellert L, et al. 
Optimizing radiation dose and image quality in stroke CT protocols: proposed diagnostic 
reference levels for multiphase CT angiography and perfusion imaging. Diagnostics. 
(2024) 14:866. doi: 10.3390/diagnostics14242866

	20.	 Payabvash S, Qureshi MH, Khan SM, Khan M, Majidi S, Pawar S, et al. Differentiating 
intraparenchymal hemorrhage from contrast extravasation on post-procedural noncon-
trast CT scan in acute ischemic stroke patients undergoing endovascular treatment. 
Neuroradiology. (2014) 56:737–44. doi: 10.1007/s00234-014-1381-8

	21.	 Chen S, Shao L, Ma L. Cerebral edema formation after stroke: emphasis on blood-
brain barrier and the lymphatic drainage system of the brain. Front Cell Neurosci. (2021) 
15:716825. doi: 10.3389/fncel.2021.716825

	22.	 Da Mesquita S, Fu Z, Kipnis J. The meningeal lymphatic system: a new player in 
neurophysiology. Neuron. (2018) 100:375–88. doi: 10.1016/j.neuron.2018.09.022

https://doi.org/10.3389/fneur.2026.1801372
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2026.1801372/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2026.1801372/full#supplementary-material
https://doi.org/10.1056/NEJMoa2207576
https://doi.org/10.1016/S1474-4422(19)30395-3
https://doi.org/10.1056/NEJMoa2206317
https://doi.org/10.1056/NEJMoa2206317
https://doi.org/10.1056/NEJMoa2030297
https://doi.org/10.1161/SVIN.123.000885
https://doi.org/10.1161/STROKEAHA.120.032924
https://doi.org/10.1161/STROKEAHA.120.032924
https://doi.org/10.1002/ana.26272
https://doi.org/10.1007/s00330-022-08684-9
https://doi.org/10.1186/s13063-021-05092-0
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.1056/NEJMoa1713973
https://doi.org/10.1136/neurintsurg-2015-011912
https://doi.org/10.1186/s12883-023-03370-9
https://doi.org/10.1136/neurintsurg-2016-012290
https://doi.org/10.1136/neurintsurg-2016-012290
https://doi.org/10.1007/s00062-016-0543-y
https://doi.org/10.1148/radiol.10091806
https://doi.org/10.15274/INR-2014-10016
https://doi.org/10.1161/STROKEAHA.125.054180
https://doi.org/10.3390/diagnostics14242866
https://doi.org/10.1007/s00234-014-1381-8
https://doi.org/10.3389/fncel.2021.716825
https://doi.org/10.1016/j.neuron.2018.09.022

	Prognostic value of CT contrast staining after endovascular therapy in basilar artery occlusion stroke
	Introduction
	Methods
	Study design and population
	Functional and clinical data
	Multiparametric CT imaging and analysis
	Statistical analysis

	Results
	Patient characteristics
	Parameters of contrast staining and other imaging parameters
	Prediction of functional outcome

	Discussion
	Conclusion

	References

