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      Magnetic Particle Imaging (MPI) forms images of the cerebral blood pool by detecting the non-linear magnetization of 
injected superparamagnetic iron oxide nanoparticles (SPIONs). Its lack of biological background, fast imaging, and high 
sensitivity make it an attractive potential modality for human functional neuroimaging. We report the first use of MPI for 
imaging hemodynamic modulation of Cerebral Blood Volume (CBV) in a study of rats undergoing a hypercapnia activation 
paradigm, expanding on our preliminary detection [1] and imaging [2] experiment.  We show that fMPI has up to 6-fold 
higher CNR than 9.4T BOLD fMRI in the same hypercapnic paradigm. We also report the first phantom images and 
sensitivity measures in an MPI scanner constructed for human functional brain imaging. 

      The rodent hypercapnia studies used an in-house built rotating field-free line (FFL) imaging system with a spatial 
resolution of 3 mm and 5-second temporal resolution. We scanned 5 rats with alternating hyper-/hypocapnia periods to 
modulate CBV and imaged the blood-pool agent Synomag-D 70 nm (Micromod, Germany) The analyzed fMPI time-series 
data showed a high CNR hemodynamic functional CBV response; up to 6 fold higher than observed in BOLD fMRI at 9.4T. 
Figure 1 shows the rodent fMPI hypercapnia results. 

     The human-scale rotating FFL functional MPI scanner is the first of its kind and uses a 1 T/m gradient on a mechanically 
rotating gantry (~2 tons of rotating mass). The system is also designed for 5 s temporal resolution but with a 40 cm 
diameter bore to enable human head studies. The first images were acquired in phantoms at realistic human blood-Fe 
concentrations at an in-plane resolution of 6.6 mm. 

Conclusions:  We report the first in vivo fMPI time-series images of hemodynamic modulation and characterize their signal 
and noise levels and the modalities’ sensitivity to CBV changes induced by a hypercapnic challenge in a rodent model. In 
these trials, we see up to a 6x increase in CNR compared to 9.4 T BOLD fMRI. The activation was localized to the animal’s 
brain and showed a 25% CBV change on average consistent with the physiological expectation for the hyper-/hypocapnia 
challenge. The human-scale fMPI system shows promise for translating this modality to NHP and human studies at a 
resolution sufficient for many functional neuroimaging studies.  
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