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Target audience: Clinicians and researchers interested in imaging biomarkers in acute stroke. 

Purpose: In acute stroke of unknown onset, the DWI-FLAIR mismatch allows for the identification of patients presenting 
within the thrombolysis time window (<4.5h). FLAIR lesions, however, are difficult to analyze visually. Relative signal 
intensity (rSI) biomarkers derived from MRI sequences, namely DWI, ADC and FLAIR, constitute an increasingly 
investigated observer-independent alternative (1,2). Results for these biomarkers were generally promising, but suffered 
from heterogeneity to date. We hypothesized that this may partly be explained by clinical confounders (e.g. age, NIHSS) 
and analyzed their influence on the performance of MRI-rSIs in patients with acute stroke. 

Methods: In a retrospective imaging study, we included patients from 2 imaging centers (1.5 T and 3 T) according to the 
following criteria: 1) proven ischemic stroke, 2) symptom onset < 12 h, 3) confirmed lesion in DW-imaging. Patients 
were dichotomized into two groups (stroke onset <4.5 h/>4.5 h).  MR-imaging hardware: 1.5 T Intera Master (Philips 
Medical Systems)/ 3T Magnetom Tim Trio. DW-images were smoothed and a 3-dimensional DWI lesion mask was 
created using MeVisLab. The DWI lesion mask was projected on ADC and FLAIR maps. Study data were normalized 
mean lesion values of DWI, ADC an FLAIR: [value/mean value of a representative slice from the unaffected 
hemisphere]%. The allocation of patients to the thrombolysis time window by rSI parameters was analyzed using receiver 
operating characteristics (ROC) curve analysis. For comparison, the DWI-FLAIR-mismatch was visually determined by 3 
raters based on majority decision. Additionally, adjusted ROC-Curves were calculated for DWI, ADC, FLAIR and DWI-
FLAIR-mismatch study data using logistic regression models. Adjustment was done for age, NIHSS, MRI field strength, 
lesion size, vessel occlusion and Wahlund-Score. Paired sample statistical techniques were used for the comparison of the 
crude and adjusted models. 95% confidence intervals are given behind each area-under-the-curve(AUC) value. Cut off 
values were calculated using the Youden-Index.  

Results: 82 patients were included, mean age 63 (SD:16), mean NIHSS 8.3 (SD:5.1), median lesion size 23 ml (IQR 10-
50). 63 patients were within the thrombolysis time window. In the unadjusted analysis, DWI-rSI had the highest AUC of 
0.86 (0.77-0.96) for the allocation of patients to the thrombolysis time window. FLAIR-rSI (AUC=0.80, 0.69-0.93) 
performed worse, while ADC-rSI had no predictive value (AUC 0.53, 0.36-0.71). Adjustment for clinical confounders did 
not significantly alter the performance of DWI-rSI (AUC 0.88, 0.79-0.96). Significant improvement, however, was found 
for FLAIR-rSI (AUC 0.92, 0.85-0.98) and ADC-rSI (AUC 0.71, 0.58-0.83). The DWI-FLAIR-mismatch performed 
comparable to FLAIR-rSI, with an unadjusted AUC of 0.80 (0.69-0.91) and a significant improvement in the adjusted 
analysis with an AUC of 0.89 (0.81-0.97). The optimal cut-off values were for DWI-rSI 1.52, for FLAR-rSI 1.2 and for 
ADC-rSI 0.71. 

Discussion: Adjustment for clinical confounders significantly improves the prediction value of FLAIR-based imaging 
biomarkers, both visual and intensity based. This might explain heterogeneous results of these biomarkers in the past. 
DWI-rSI showed high performance independent of clinical confounders. ADC-rSI, even when adjusted, failed to offer a 
clinically acceptable performance. 

Conclusion: DWI-rSI seems to be advantageous as a stroke age biomarker, as it offers high predictive value independent 
of clinical confounders and observer-bias. 
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