
table 1: average±SD
2h 24h 2h 24h

CBF (ml/100g/min) 7±7 19±6 79±9 100±17 
ADC (1e-4 mm2/s) 3.68±0.16 3.68±0.08 6.35±0.15 6.63±0.16
T2 (ms) 36.3±1.4 50.7±2.1 31.4±0.8 32.3±0.9 
T1 (ms) 2212±66  2433±40  1877±38  1865±9   
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Target audience 
This abstract is relevant to basic scientists with an interest in mouse stroke models and in vivo characterization using MRI. 
 
Purpose 
Ischemic stroke is the third leading cause of death and the leading cause of long-term disability. The most common model that mimics this devastating neurological 
disease in mice is the transient middle cerebral artery occlusion (tMCAO) model. However, the filament occlusion is associated with a substantial mortality rate and a 
considerable variability in stroke size due to variability in collateral circulation. As a consequence most stroke models are performed in rats, making the 
implementation of non-invasive imaging to characterize the lesion progression also more straightforward. Transgenic rat models are, however, expensive and only 
sparsely available. A recently developed modified approach of the MCAO model in mice using a more distal occlusion (dMCAO) has demonstrated high reproducibility 
of ischemic insults and surviva (1). With this study we show for the first time the feasibility of lesion characterization using diffusion, T2, T1 and pulsed arterial spin 
labeling (ASL) perfusion imaging in this dMCAO mouse stroke model. This opens the possibility to monitor longitudinally stroke progression resulting from dMCAO in 
a plethora of transgenic mouse models involving genes known to regulate response to ischemia. 
 
Materials & Methods 
• Surgery: Male 129S mice (8-10 weeks; n=4) were used in this study.  Focal ischemia was induced by direct MCAO, involving the craniectomy technique under 

ketamine/xylazin anesthesia with detailed procedures as described in (1). 

• MRI: Mice were scanned at 2h, 24h (n=4) and after 1 week (n=2) post-surgery (isoflurane 1.2-1.4%, in medical air). MR images were recorded on a 9.4 T Biospec 
small animal MR system (20 cm horizontal bore, Bruker Biospin, Ettlingen, Germany) using a 7 cm linearly polarized resonator for transmission and an actively-
decoupled mouse brain surface coil for receiving (Rapid Biomedical, Rimpar, Germany). T2w images (effective TE 50ms; matrix 256x256; 300um slice thickness) 
were first acquired to determine the slice position with largest lesion size. From this slice location ASL data were acquired using a FAIR approach (2-3) and a RARE 
readout with the following specific parameters: TR 10s, TE 5.3 ms, rare factor 72, FOV 2.5x2.5 cm, matrix 256x256, partial FT with 16 overscan, slice thickness 1mm, 
inversion slab thickness 1.6mm, 7 inversion times from 100-4000ms, using a inversion hyperbolic secant of 14ms, (Paravison 5.1, Bruker). Apparent Diffusion 

Coefficient (ADC) values including the same slice were determined using a spin echo sequence with parameters: 7 slices, TR 3.5s, b 1500 s/mm2, δ/Δ 7/14ms, 3 
directions. T2 values were determined using a multi-slice multi-echo sequence (13 slices, TR=2856ms, matrix 256x256, 10 TE’s from 12 to 120ms). Mean and 
standard deviations are reported; statistics (paired t-test; PRISM software). 

• Processing: Parametric images were calculated using home-written Python (Python software foundation) scripts. Manual and threshold-based delineations were 
performed in Mevislab (Mevis Medical Solutions AG, Bremen, GE). For calculation of cerebral blood flow (CBF) levels the T1 method was applied assuming an 
arterial T1 of 2.4s (4). Stroke lesions were either manually delineated or determined using a threshold-based approach with the contra-lateral cortex as a reference 

region (thresholds: CBF≤80%, ADC≤75%, T2≥120%, T1≥115%). 

Results and Discussion 
The stroke lesion was for all animals already apparent at 2 hours on the CBF and ADC map (Fig. 1), although the T2 threshold of 120% underestimated the lesion size 
at 2h (vs. the threshold-based ADC or T1 lesion area). At 24h the threshold analysis resulted in good correlations between areas of modified T1, T2 and ADC values (T2 
vs. ADC: p=0.06, T2 vs. T1, p=0.001 and ADC vs. T1: p=0.04). Manual delineation of the lesion on multi-slice T2-weighted images indicated that the stroke volume 

approximatle doubled between 2 and 24 hours. At 2h, the area with reduced CBF was about 20% times 
larger than the ADC lesion area in the same slice (positioned at largest lesion size). The average T1, T2 , ADC 
and CBF level within the respective lesion territory are listed in table 1 (threshold-based values, except for 
the area in the T2 map at 2h). Both the perfusion lesion and the contra-lateral cortex show a trend towards 
increased CBF levels but this may at least in part be explained by the lower levels of isoflurane anesthesia 
used at 2h post occlusion and the well documented vasodilatory effect of isoflurane. By combining pulsed-
ASL en diffusion imaging, a mismatch can be observed although the extent may vary with anaesthesia level 
and threshold levels used. The 80% CBF threshold used here would included the oligemic area as well and 
therefore could be larger than the real area-at-risk. The ADC maps did show a rim at the border of the stroke 
lesion perhaps associated with lower levels in T2 and T1. After 1 week the lesion reduced strongly (fig 1) on 
the T1 map and was no longer apparent on the CBF map. A minor lesion remained visible on the ADC and T2 
maps although the lesion area could again not be derived using the thresholds from 2h and 24h. 

 
Conclusion 
In vivo MRI characterization of the stroke lesion resulting from the dMCAO is feasible in mice 
thereby paving the way for non-invasive monitoring of the ischemic lesion development in 
different transgenic mouse models. 
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