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Introduction:

EPI is the commonly used technique for measuring the BOLD contrast in fMRI experiments, but for high resolution fMRI the SNR of EPI and the
measurement time is limited. Thus, a suitable sequence should be faster than a FLASH sequence and at the same time yield more SNR than an EPI
sequence. Voit and Frahm [1] proposed echo train shifted multi echo FLASH for high resolution fMRI. This method can be used to reduce ringing and
ghosting artefacts but not SNR efficient. Here we present a modified, more SNR efficient acquisition scheme.

Methods:

A multi-echo FLASH sequence divides the k-space in n segments where n is the number of echoes per excitation (fig. 1a). The gradient echo time of
each segment in k-space is different because a line in segment i is acquired with the " ADC after each excitation. Thus, the signal amplitude is weighted
with a step function in phase encoding direction. To avoid ringing artefacts caused by these inhomogeneities in k-space echo train shifting [2] was
implemented (fig. 2). Fig. 1b shows the effect of echo train shifting on the weighting of k.space. Unidirectional readout is used to reduce phase errors
known in EPI . The time required for the
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Figure 1. Colour coded
relative weighting of the k-
space for a multi-echo
sequence with three
echoes. a. The different
echo times of each part
divide the k-space in three
parts. b. Weighting of k-
space for a multi-echo
FLASH sequence using
echo train shifting.
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Fig. 4a shows the image after averaging
over the two different contrasts. There are =] i)
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times higher than in the image presented in
fig. 4b.The measurement time is increased
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acquire the second contrast. Figure 2. Multi-echo readout using echo train shifting Figure 3. Timing scheme of a multi-echo FLASH
as an example shown with three echoes. The start with two contrasts. The green and white areas in
time of the readout train is shifted linear with the the readout scheme show the gradient echoes at
excitation number by a delay of dt to avoid the boundaries between the areas.
inhomogeneities in phase encoding direction of k-

space.

Discussion:
We have presented a SNR efficient
sequence suitable for high resolution fMRI
experiments.
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