
Fig. 2: Hypoperfusion as a function of age 
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Fig. 1: Representative ASL images from a volunteer (24yrs) 

 

Regional Decline of Brain Perfusion in Healthy Aging Detected with Arterial Spin Labeling at 4T 
 

N. Schuff1,2, A-T. Du1,2, G-H. Jahng1,2, L. Stables1,2, S. Mueller1,2, N. Cashdollar1, M. W. Weiner1,2 
1Center for Imaging of Neurodegenerative Diseases, DVA Medical Center, San Francisco, California, United States, 2University of California, San Francisco, 

California, United States 

Introduction: Healthy aging is associated with gradual but progressive decline of cognitive function, but the underlying mechanisms remain 
obscure. Anatomical MRI studies of aging report gray and white matter loss, especially in the frontal, temporal, and parietal lobes (1, 2). On the other 
hand, whether cerebral perfusion also declines with healthy aging remains controversial (3). Moreover, failure to correct for brain atrophy may have 
confounded previous findings of perfusion changes with age (3). Using arterial spin labeling (ASL) MRI at 1.5T, we previously found a weak inverse 
relationship between brain perfusion and age, after correction for brain atrophy (4). However, the sensitivity to measure perfusion was limited by 
poor signal-to-noise of ASL at 1.5T. Since ASL sensitivity increases substantially at higher magnetic fields (5), we performed an ASL pilot study at 
4T on aging. Specifically, our goal was to explore if ASL-MRI at 4T detects a regional pattern of diminished brain perfusion with age.  

Methods: Twelve healthy volunteers between 22 and 77 years old were studied at 4T (Bruker/Medspec). Perfusion weighted images (PWI) were 
acquired using a pulsed ASL method (QUIPPS-II (6), TR/TE =2500/40 ms, 9 slices, each 9 mm thick, 2.5 x 2.5 mm2 in plane resolution), covering 
the cerebrum superior to the Circle of Willis. In addition, T1-weighted structural images were acquired using an MPRAGE sequence 
(TR/TI/TE=3000/1200/3.4ms, FA=10°, 1mm3 isotropic 
resolution) and FLAIR. MPRAGE images were used to 
measure brain tissue loss and to account for partial volume 
effects in ASL data. FLAIR was used to determine if subjects 
had white matter lesions or other major neuropathologies. 
Perfusion images were registered to structural images, 
corrected for partial volume effects and spatially normalized 
to a study-specific brain template. Systematic effects of group 
on perfusion and GM density were tested voxel-wise using 
Statistical Parametric Mapping (SPM2).  

Results: Figure 1 depicts representative ASL perfusion images from a 24 year old 
volunteer. Figure 2 shows regions with a significant relationship between reduced perfusion 
and increasing age. The light gray areas indicate brain coverage by ASL-MRI. The most 
prominent reductions of perfusion with age were found in the right superior and frontal 
gyrus (both p<0.001), the caudate nucleus (p<0.001), bilaterally in the anterior cingulate 
(p<0.01), and in the precentral gyrus (p<0.05), while most of posterior brain regions were 
spared with the exception of the left precuneus (p<0.05). Using perfusion of motor cortex as 
reference to eliminate global variations of perfusion did not substantially alter the pattern. 

Discussion: We observed a regional pattern of age-related decline in brain perfusion, using 
ASL, consistent with imaging studies using SPECT and PET. Furthermore, since we 
accounted for partial volume effects, these results cannot be due to underlying brain 
atrophy. This sharply contrasts with the pattern seen in mild cognitive impairments or 
Alzheimer’s disease, which involves parietal lobe, including the posterior cingulate while 
sparing frontal lobe regions (7). This would suggest that cognitive decline in healthy aging 
is a different entity than the progressive cognitive decline seen in mild cognitive 
impairments and Alzheimer’s disease. If these patterns were confirmed, this would establish a key role for ASL-MRI in differentiating between 
changes in brain function, which might indicate incipient dementia and those related to normal aging. However, these results need to be confirmed on 
a larger number of subjects and perfusion needs to be quantified. Nevertheless, the data demonstrate the sensitivity of 4T ASL-MRI to detect changes 
of brain perfusion in aging.  
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