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Introduction: MRI offers great potential for clinical molecular imaging (MI) due partly to high spatial 
resolution, no ionizing radiation, and simultaneous assessment of anatomy and physiology. While proton MRI 
is useful in detecting MI agents, fluorine MRI and MRS offer further possibilities in quantifying agents, 
overcoming background signal variations, and discerning multiple tracers.  The purpose of this work is to 
demonstrate and evaluate 19F quantification techniques as compared to T1 measurements of fibrin-bound, 
paramagnetic perfluorocarbon nanoparticles. 
Methods: Two nanoparticle emulsions were prepared, both targeted to fibrin, based on perfluoro-15-crown-5 
(CE) or perfluorooctylbromide (PFOB). The CE particles additionally incorporated lipophilic gadolinium, while 
the PFOB particles did not. To fibrin clots formed on nitrocellulose (n=12), the nanoparticles were applied in 
four mixtures with the ratio of concentrations ([PFOB]: [CE]) of 1:0, 2:1, 1:2, and 0:1. Spectroscopy and 
imaging were performed on a 1.5T clinical system fitted with a dedicated 19F channel using a volumetric (14 
cm) transmit/receive RF coil. Fluorine images were acquired using steady-state gradient echo techniques 
(TE/TR/flip=2ms/4ms/90°, duration=3½min) and spectra were acquired using volume selective FID sampling.  
T1-Weighted proton images were acquired for visual assessment only, and quantitative R1 measurements were 
made using a Look-Locker inversion recovery technique.  Signal analysis was performed by manually tracing 
regions-of-interest around the clots, and spectral analysis was performed using the analysis package available 
on the clinical scanner. 
Results: On T1-weighted images, clots with paramagnetic CE nanoparticles enhanced as expected, with 
contrast increasing monotonically with the percentage increase in CE particles applied (see Figure, Left).  R1 
measurements ranged from 0.69 to 0.97 s-1 (see Figure, Right) and correlated with applied concentration of 
fibrin-targeted paramagnetic nanoparticles (R2=0.981, P<0.01).  The integral of the CE peak on 19F 
spectroscopy also correlated highly with CE concentration (R2=0.999, P<0.001).  With wide bandwidth (i.e., 
non species selective) 19F imaging (see Figure, Left), the bound perfluorocarbon nanoparticles were well 
visualized on all clots, regardless of perflorocarbon type.  Using CE-selective fluorine imaging, the fibrin-bound 
CE nanoparticles were independently detected and the signal to noise ratio correlated with CE concentration 
(R2=0.993, P<0.01). 
Conclusion: Using clinically-relevant 19F MR imaging and spectroscopy augments molecular imaging with 
perfluorocarbon nanoparticles by providing a palate of unique, quantifiable signatures, which could be used 
noninvasively to characterize pathologies phenotypically. 
 

 
 

Figure.  Fibrin Clot Phantom (Left).  Proton images (top) of clots with varying mixtures of two fibrin-targeted perfluorocarbon
nanoparticle emulsions (PFOB and CE) bound to them.  The concentration of CE emulsion (with Gd) increases from left to right as
does signal intensity.  The 19F images (lower) show increasing signal with increasing CE concentrations on the CE-selective images,
but not on the non-selective, where total perfluorocarbon nanoparticle concentration is roughly constant.  The graph (right) shows
the relationship between 19F image signal intensity and area under 19F spectrum peak as perfluorocarbon nanoparticle concentration
increases.  It also shows the increasing R1 as the Gd-containing CE nanoparticle concentration increases. 
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