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Introduction 
The hippocampus plays a critical role in learning and memory (1), and has been indicated to be affected in many brain diseases (2,3). The anterior hippocampus 

may have different blood flow characteristics from the rest of the hippocampus because of different sources of arterial blood supply: internal carotid arteries and 
posterior cerebral arteries (8). Therefore, measuring perfusion in the sub-regions of the hippocampus has 
significant importance. To facilitate reliable perfusion measurements in the sub-regions of the hippocampus, 
especially to increase the sensitivity to detect small perfusion differences across patients, we developed 
OPTIMAL FAIR and performed comprehensive optimization studies to help the proper selection of arterial spin 
labeling (ASL) parameters. 
Materials and Methods 
    The OPTIMAL FAIR (orthogonally positioned imaging tagging method for arterial labeling with FAIR) 
technique keeps the imaging plane perpendicular to the feeding arteries by rotating the imaging slab relative to 
the other components of FAIR with Q2TIPS (4,5). This provides a more uniform transit time within the imaging 
slice, giving tighter and more accurate estimates of the CBF from the single-compartment model (6,7). The 
oblique coronal imaging slices with high in-plane resolution can also minimize partial volume effects. 
Optimization studies included multiple inversion, post-bolus delay, and TR effect studies.  

 Four healthy male adults (32 ± 7 years) participated in the three-session optimization studies on a 3T 
Siemens TIM Trio whole body scanner. The body coil was used for RF transmission and the Siemens 12-channel 
phased array receive-only head coil for imaging. All subjects were screened and provided written informed 
consent according to a study protocol approved by the Institutional Review Board.  

 All optimization studies used the following parameters: TE = 14 ms, FOV = 128 x 128 mm, matrix size = 
64 x 64, slice thickness/slice gap = 8/1.6 mm, 6 imaging slices, in-plane resolution = 2.0 x 2.0 mm2, left to right 
phase-encoding direction with 20% phase oversampling, 6/8 partial Fourier encoding, 148 mm selective 
inversion slab, 328 mm spatially-confined inversion slab, 110 measurements, iPAT GRAPPA factor = 2. The 
multiple inversion study used TR = 4.0 s, randomized inversion times ranging from 300 to 2700 ms in 300 ms 
increments and the inferior saturation pulse train off. Parameters for the post-bolus delay optimization study 
were TR = 3 s, temporal bolus width (TI1) = 600 ms,  post-bolus delay times of  0.4, 0.8, 1, 1.2, 1.4, and 1.8 s, 
the maximal number of inferior saturation pulses that fits each post-bolus delay; and inferior saturation slab 
size/pulse interval = 20 mm/25 ms. The TR effect study used four TR values (2.5, 3, 3.5, and 4 s), 0.6 s bolus 
width, 1.2 s post-bolus delay, and 40 inferior saturation pulses. Two M0 images were acquired using the same 
sequence with TR = 8 s for quantitative CBF evaluation.  
 Hippocampus ROIs were obtained from MPRAGE T1-weighted high resolution anatomic images using the 
FIRST tool of FSL and co-registered to each ASL series using SPM software. Four-parameter iterative non-
linear least squares model fitting was performed in Matlab. CBF quantification used a single blood 
compartment model (6, 7). The hippocampus was manually segmented into 
three sections with the anterior segment covering the hippocampus head and 
the other two segments evenly covering the rest of the hippocampus.  
Results and Discussion 

The anterior segment of the hippocampus has the lowest perfusion and 
the longest transit time (Fig. 2 and Table 1). The different blood flow dynamic 
characteristics between the anterior and the other parts of the hippocampus 
may be because the blood supply for the anterior segment is different from 
that for the middle and posterior parts of the hippocampus; the blood supply 
from the carotid arteries goes up and then curves back to the hippocampus 
head (8). To avoid hyperintensive signals within big blood vessels,  a transit 
time longer than 0.8 s should be used for subsequent quantitative 
hippocampus perfusion studies (Fig. 3). Although there is some overlap of  the 
labeling and imaging slabs due to their  relative positions, the use of oblique 
coronal imaging slices avoided undesired saturation of the proximal arterial 
blood due to imaging slice acquisition (Fig. 4 ). 
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Fig. 1 Spatial definitions of different slabs in 
OPTIMAL FAIR. 

Fig. 2 Group mean hippocampus perfusion signal 
changes with inversion time and corresponding 
model fitting curves for the three segments. 
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