
Fig. 1) Mean EPI time courses
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Fig. 2a) FLASH image, b) overlaid with GRE activation (z-score 8-15) and c) SE activation (z 2.3–5)
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Introduction Functional imaging at ultra-high field is, besides other advantages, motivated by the expected increased spatial specificity 
of spin echo EPI. Due to the fast decaying intravascular spin echo signal at high field, the main contribution to the signal is expected to 
come from the extravascular spins of the microvasculature. Simulations in [1] and [2] predict 
ratios of micro- to macrovasculature signal of up to 1.7 resp. 2.8 at 9.4 T. Also, [3] found 
decreased activation in veins for spin echo at 7 T compared to the gray matter signal.  
 
Subjects / Methods 7 subjects were scanned at a 9.4 T human scanner (Magnetom, 
Siemens Medical Solutions, Germany, gradient strength 40 mT / m, slew rate 333 mT / (m 
ms))  using an 18 channel receive coil in combination with an 8 channel transmit coil. The 
study was approved by the local ethics committee and consisted of one GRE-EPI scan, one 
SE-EPI scan, both with point spread function distortion correction and motion correction [4], 
and an anatomical image. The EPI data sets were acquired with isotropic resolution of 1 mm 
(GRE-EPI: 16 slices, FOV 220 mm, TE/TR 25 ms / 2 s, partial Fourier factor 6/8, read-out 
29.4 ms, GRAPPA 3; SE-EPI: 5-6 slices, FOV 170 mm, TE/TR 46 ms / 2 s, fat suppression, 
read-out 33.8 ms, GRAPPA 3). The 2D FLASH sequence comprised 16 slices (resolution 0.19 
mm x 0.19 mm x 1.0 mm, TE/TR = 14 ms / 0.5 s). The finger tapping paradigm consisted of 
20 s of rest interleaved with 20 s of self paced finger tapping on a button box.                                   
Functional images were analyzed with FEAT from the fsl package [5], using 1 mm spatial 
smoothing. SE-EPI activation z-scores were thresholded at 2.3, and the threshold for GRE-EPI z-scores was determined so that there 
was an equal number of activated voxels in a region of interest comprising the motor cortex / somatosensory area, for which both GRE- 
and SE-EPI functional images existed. Functional images were co-registered onto anatomical images using flirt from the fsl package [6]. 
A mask of all veins visible in the anatomical image was determined by hand and registered back onto the functional scans. The motor 
cortex ROI was subdivided into venous (at least 10% venous volume) and non-venous voxels. All time courses of voxels contained in 
the two masks were averaged (voxel-wise, block-wise, and subject-wise, for blocks 2 - 8, first block was discarded).   
 
Results High quality SE- and GRE-EPI scans could be obtained at 9.4 T. With the help of the point spread function distortion 
correction, gradient echo EPI as well as spin echo EPI images could be registered onto anatomical images with good accuracy. The 
mean number of activated voxels in SE-EPI was 593 ± 216, with 19.3 ± 7.7 % of voxels lying inside the venous mask for GRE-EPI and 
10.7 ± 4.5 % of voxels for SE-EPI. For 
GRE-EPI, differences in the time courses 
for the venous and non-venous locations 
were found. Activation levels of ∆S/S were 
6.1 ± 5.4 % in the non-venous and 9.1 ± 
5.7 % in the venous locations. Time 
courses for the spin echo EPI in venous 
and non-venous masks are very similar 
and show an activation level of 3.9 ± 7.2% 
outside and 4.2 ± 7.0 % inside veins.              
 
Discussion / Conclusion For SE-EPI, the echo time was 46 ms, close to the estimated tissue T2 of 41 ms at 9.4 T [1]. We expect a 
ratio of about 1.8 at this echo time according to simulations in [1]. A refined model of these simulations was recently published in [2], 
where a ratio for micro- to macrovasculature of about 2.2 is predicted for veins in GM, while macrovasculature enclosed in CSF leads to 
a ratio of about 1.1 for a TE of 46 ms. According to the latter model, optimal echo times are lower than T2, and range between 24 and 
32 ms, depending on macrovasculature location, where a maximum ratio of about 2.7 (vessel in GM) or 1.7 (vessel in CSF) can be 
attained. While our anatomical images contained both pial and cortical vessels, the pial vessels are expected to dominate the venous 
masks due to their larger size.  
The relatively strong weighting of venous signals in the SE-EPI images may also be due to the long read-out time of 33.8 ms, causing 
strong T2* contributions in addition to the desired T2 effects [7]. This is in agreement to [8], who found a considerable overlap of SE-EPI 
activation with venous structures at 7 T with a read-out duration of 24 ms.  
Here, we have shown the feasibility of spin echo EPI with full-head FOV at 9.4 T, using standard procedures with high resolution, no 
additional saturation pulses and a high acceleration factor of 3. Further studies with shorter read-out durations, which can be achieved 
by using segmented EPI, higher acceleration, and partial FOV, will be necessary to distinguish between T2 and T2* contributions. 
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