Gradient Echo Plural Contrast Imaging in Studying Neonatal Brain Development: Preliminary Results
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Purpose: Different methods have been used in the past to study brain development, e.g. (1, 2). Gradient Echo (GR) experiments
have drawn attention in recent years not only because they are much faster than conventional Spin Echo (SE) experiments, but also
due to their ability to provide information on tissue-specific properties. This allows introduction of additional bio-markers such as
tissue T2* relaxation time and frequency. Gradient Echo Plural Contrast Imaging (GEPCI) is a new technique that allows generation
of naturally co-registered images with various contrasts simultaneously (3-5). The resultant T2* and frequency maps are quantitative.
With these features, GEPCI has already demonstrated advantages for evaluation changes in tissue structure in multiple sclerosis (4-7)
and is suitable for monitoring other CNS diseases. Here, we present preliminary results for using GEPCI to study brain development
in human neonates.

Methods: All studies were approved by the local IRB. Images were collected using a 3T Trio MRI scanner (Siemens, Erlangen,
Germany). Datasets with high resolution (1x1x3 mm®) were collected from 3 neonatal subjects (subject 1: born prematurely at 26
weeks, scanned at 38 weeks postmenstrual age (PMA); subject 2: term-born at 37 weeks gestational age, scanned at 38 weeks PMA;
subject 3: term-born at 40 weeks gestational age, scanned at 40 weeks PMA). A two dimensional (2D) multi-slice-multi-gradient-echo
sequence with a flip angle of 30° was used to acquire data. The total acquisition time for each scan was about 2 min. For each
acquisition, 11 echoes were collected with first echo time TE1 = 4 ms and echo spacing ATE = 4 ms. The last echo was used as a
navigator echo by applying additional magnetic field gradients to unwind the spatial encoding gradients before it. Multiple-contrast
GEPCI images were reconstructed using algorithms developed in (5) and the voxel spread function (VSF) method for macroscopic
field inhomogeneity correction (8).

Results: Fig. 1 compares clinical T2-weighted images with GEPCI-T2* maps. T2* maps show stronger contrast and more detail
compared with conventional T2-weighted images. Frequency maps and GEPCI-SWI images provide detailed information on blood
vessels that can be used to monitor the development of blood vessels in neonatal brain. Fig. 2 shows R2* distributions of three
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Conclusion: We demonstrate the feasibility of applying the GEPCI technique to the evaluation of brain development. By generating
multi-contrast within a single fast scan, it not only reduces artifacts due to subject motion, but also provides a multi-perspective means
by which to explore neonatal brain development and injury quantitatively.
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