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Introduction: Due to the coupling of cerebral blood flow to brain metabolism and flow, cerebral 
blood flow (CBF) can be used as a marker of brain health. While PET with radiolabeled water 
(15O-H2O) remains the gold standard for imaging CBF, widespread use is limited by the 
requirement the arterial input function. The MR-based alternative, arterial spin labeling (ASL) is 
promising as it is non-invasive, however, transit time artifacts affect its accuracy. In response to 
these challenges, we proposed a non-invasive approach that uses global measurements by 
phase contrast (PC) to convert PET activity maps into CBF maps. Our approach has the 
potential to provide an accurate method of measuring CBF that is more accessible to patient 
groups whom arterial sampling is not advisable. We previously demonstrated good agreement 
between our approach and the invasive PET-based method in a large animal model. To validate 
the non-invasive PET/MR approach in humans, the imaging will need to be optimized. While 
the PET acquisition will largely remain the same, the PC signal depends on the location of the 
imaging plane and the velocity encoding (VENC). Considering that PC-CBF is used as a 
calibration factor, it is of utmost importance that it is measured accurately. In this study, we 
optimize the PC parameters and as a proof of concept, we measured CBF by the non-invasive 
hybrid PET/MR approach in a human participant. 

Methods: Data was acquired on the Siemens Biograph mMR in 6 healthy volunteers (31±10 y/
o, 2 females). PC data were acquired at two locations; before (PClow) and after (PChigh) the 
vertebral arteries joined to form the basilar artery. In 1 subject, PC data was acquired on 2 
occasions separated by 1 month. To generate a CBF map by the PET/MR-approach, in one 
subject, five minutes of PET list-mode data was acquired after a rapid intravenous bolus 
injection of 15O-H2O (800 MBq). Raw PET data were reconstructed using an MR-based 
attenuation correction map and smoothed by 8mm.
Results: Average global CBF measured by PC was 47.1 ± 8.3 (PClow) and 54 ± 12.4 (PChigh) 
ml/100g/min. PChigh-CBF was not different from PClow-CBF. In the repeat measurement of PC 
CBF, measurements were within 7.5% and 6% of each other at the low and high positions 
respectively.

Discussion: CBF measured by PC was in the range of previous studies. PChigh-CBF was on 
average 11% higher than PClow-CBF. This difference in CBF could be related to partial volume 
errors due to contributions from stationary tissue. Our preliminary results show that the PC 
measurements are highly reproducible, with less than 8% difference between measurements. 
The CBF map generated by the non-invasive PET/MR approach resembles a normal CBF map; 
with higher flow in grey matter. Future studies will involve increasing our sample size to do a 
more robust validation the non-invasive approach in humans and assessing its ability to 
quantify perfusion abnormalities in patient populations.


