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Simultaneous 19F MR imaging at different resonance frequencies using multi chemical shift selective RARE 

Christoph Jacoby1, Thomas Oerther2, Sebastian Temme1, Jürgen Schrader1, and Ulrich Flögel1 
1Molecular Cardiology, Heinrich Heine University, Düsseldorf, NRW, Germany, 2Bruker BioSpin GmbH, Rheinstetten, Baden-Württemberg, Germany 

 
Introduction: 19F MRI in combination with perfluorocarbons (PFCs) has been used for a variety of in vivo applications such as measuring tissue 
oxygenation or temperature, cell tracking, and inflammation imaging [1]. An ideal PFC for this purpose is the perfluoro-15-crown-5 ether (PFCE) 
which is biochemically inert and exhibits 20 magnetically equivalent fluorine atoms. However, uptake of PFCE by the reticuloendothelial system is 
accompanied by its deposition in liver and spleen, where it is still detectable even several month after administration. Although PFCE is non-toxic, its 
long persistence in different organs precludes a future human application. Instead, PFCs like perfluorooctyl bromide (PFOB) with much shorter 
biological half lives and also high fluorine content are more suitable for future clinical applications. Since these substances have more than one MR 
resonance, artifact-free 19F MR images were so far obtained either by methods exciting only a small fraction of the 19F atoms [2] or by spectroscopic 
methods like chemical shift imaging (CSI) followed by complex post-processing procedures [3]. As an alternative approach, in the present study a 
multi chemical shift selective (MCSS) RARE sequence was used and compared to conventional methods in terms of sensitivity and reliable 
quantification. 

Methods: All MRI investigations were performed using a vertical Bruker AVANCEIII 9.4 T wide bore NMR spectrometer driven by ParaVision 5.1 
and operating at frequencies of 400.21 MHz for 1H and 376.54 MHz for 19F measurements. The 3D MCSS-RARE pulse sequence can be thought of a 
multislice 3D RARE variant in which slice selection is replaced by frequency selective excitation (Fig. 1). Narrow bandwidth excitation is followed 
by phase encoding of the third dimension and the echo train acquisition with selective refocussing pulses. Gradient spoiling is required to destroy 
remaining transverse magnetization at the end of each cycle. This procedure 
is repeated for the number of excitation frequencies within one repetition 
time which is comparable to TR of the standard RARE sequence. The 
method provides a complete 3D dataset for each of the excitation 
frequencies. Either individual or user-defined sum images can be created 
from these datasets using in-house-developed reconstruction software. For 
PFOB the major five signal groups were excited und used for image 
reconstruction. 3D MCSS-RARE was applied using the following 
parameters: TR 2.5 s; RARE factor 32; effective TE 160 ms; bandwidths 
1370 and 1500 Hz for excitation and refocussing Gaussian pulses, 
respectively; acquisition bandwidth 10 kHz; FoV (25.6 mm)3; matrix size 
64×64×16; number of averages 16; total acquisition time 21.3 min. For 
comparison with quantitative MCSS-RARE image analysis, localized 
spectroscopy was performed in liver and spleen using PRESS.  

Results: Application of MCSS-RARE was shown to provide artifact-free images of molecules with complex spectra (e.g. PFOB) and to allow for 
registration of different substances in parallel (Fig. 2, left). Reliable quantification was demonstrated by simultaneous imaging of various mixtures of 
PFCE and PFOB emulsions (Fig. 2, right). For all resonance frequencies of both PFCs, linear regression analyses provided coefficients of 
determination R2 > 0.996. Biological half lives of both PFCs were determined from in vivo 19F measurements of liver and spleen at different points in 
time after administration of a 1:1 mixture of both emulsions in four male C57BL/6 mice (Fig. 3). These values were comparable to those derived 
from CSI experiments using similar PFC concentrations [3]. Fluorine image intensities were validated by spectroscopic measurements within the 
organs which, however, were contaminated by 19F contributions of circulating blood in the first three days. In contrast, these signals were suppressed 
by the spin echo refocussing of the MCSS-RARE sequence. The average enhancement factor was determined to 2.4±0.9 as compared to single 
excitation RARE without any loss of information due to intrinsic spatial averaging mechanisms. 

Conclusions: MCSS-RARE can be used for sensitive, artifact-free imaging of compounds with complex spectra and to simultaneously monitor 
different fluorine-labelled substrates in vivo. The sequence is easy to implement, uses conventional reconstruction procedures, and its sensitivity is 
significantly higher than for single excitation RARE. Using PFCs with short biological half lives and high fluorine content, the method has the 
potential to be utilized for a possible translation of 19F MRI approaches to the clinical setting. Of note, MCSS-RARE may also be useful for other 
nuclei, e.g. simultaneous imaging of all phosphorus of ATP. 

 

 

Fig. 1: Schematic presentation of the MCSS-RARE sequence 
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Fig. 2: Correlation of SNR and PFC concentration  
as determined by MCSS-RARE 

Fig. 3: Parallel acquisition of PFOB and PFCE signals by in vivo 19F MCSS-
RARE for different points in time after injection of both emulsions 

i   

Proc. Intl. Soc. Mag. Reson. Med. 22 (2014) 2927.


