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INTRODUCTION.  In most extracranial organs, tissue 1H NMR spectra are dominated by intense water and lipid resonances that block observation of metabolites and 
drugs.  The human breast tissues represent perhaps the worst-case scenario for 1H MRS due to the abundant lipids.1  In vivo clinical observation of lactate, for example, 
has been challenging in breast and other extracranial cancers, although Roebuck et. al. have applied 1H MRS to breast cancer for choline detection using spin-echo 
techniques.2

 
  To overcome these obstacles, we have developed the Selective Multiple-Quantum Coherence transfer (Sel-MQC) methods that completely suppress lipid 

and water in a single scan, for observing metabolites and antineoplastic agents in tissues containing high concentration of mobile fat.3-6  These methods have been 
demonstrated for simultaneous lactate and choline detection in EMT6 tumors4 and for Iproplatin detection in RIF-1 tumors.5  The T1- and T2-Sel-MQC sequences were 
developed to determine relaxation times of the edited lactate signals for tissue metabolite quantification.7  Modified Sel-MQC sequences are available to detect neuronal 
metabolites, such as glucose, GABA and glutamate with reduced signal overlap and excellent water suppression.8, 9  Recently, we developed a multi-slice Sel-MQC 
method for 3D mapping of metabolites using the Hadamard matrix approach,10 as well as the volume selective Sel-MQC techniques using 1331 composite pulses.11  
However, these methods are cumbersome to implement for clinical cancer studies and sometimes require high RF power that exceeds the hardware capability and SAR 
limitations of the clinical scanners.  Here we report several Sel-MQC schemes using spatial-spectral (SPSP) selective RF pulses for volume or multi-slice localization.  
Overcoming the limitations of the previous Sel-MQC localization methods, the newly proposed techniques are easy to implement and permit interleaving 3D Sel-MQC 
imaging of metabolites in tissues containing high concentration of fat. 
METHODS.  SPSP RF pulse design.  The magnetization profile in the spatial-spectral coordinates can be approximated by an inverse Fourier transformation of the 
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in the time dimension, B1(t) designates a shaped RF pulse and k’(t) is a normalization factor of the sampling grid.12  In this study, we designed two SPSP pulses using a 
Shinnar-Le Roux (SLR) algorithm 13.  The first pulse has a pulse width of 20ms while the second one 15ms.  In both pulses, “true null” design12 was used to eliminate 
the unwanted resonant peaks in the frequency domain.  In this way, the pulse performance does not rely on signal cancellation of the magnetizations within the excited 
slice.  To achieve a narrow spectral bandwidth without using excessively long pulse width, a small time-bandwidth product (~2) was employed in both pulse designs.  
Although this compromised the sharpness of the spectral profile, the resultant spectral response was adequate for the proposed applications.  A simulation was 
performed by numerically solving the Bloch equations to evaluate the spatial and spectral selectivity of the pulses.  The 20 ms pulse gave a pass-band spectral width of 
100Hz as expected from the pulse design.  The region without any excitation was 160 Hz away from the center of the pass-band.  The side lobes on either edge of the 
spectral axis did not cause substantial perturbation to the magnetization, especially at the center of the slice.  The response of the spatial domain was clean with 
negligible ripples.  On the GE 3T scanner equipped with a CRM gradient, slice thickness as thin as 1mm can be achieved with the 20ms pulse.  
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excited into the MQ-states by the 20 ms SPSP 900 pulses. The signals of lipid and water remaining in the SQ modes were completely suppressed by the MQC-selection 
gradient pulses (g1: g2: g3 =0:-1:2 or 1:0:2) (Fig. 1).   Phase-encoding gradients were applied in two-dimensions defining the selected slice or volume.   

RESULTS AND DISCUSSIONS. In the Sel-MQC  sequence (Fig. 1a) we used a SPSP 90º pulse as the first RF pulse to map the cross section of a selected slice (Fig. 
1b).  When the spectral offset of the SPSP 90º RF pulse was set on water, instead of lactate CH3, we could not detect the lactate signal, demonstrating the SPSP 900 
pulse has excellent spectral selectivity.  When the gradient pulse accompanying the SPSP 90º pulse was removed, the SPSP 900 pulse gave the similar spectral 
selectivity to a SINC pulse with a 100 Hz excitation band.  The volume localization of SPSP-Sel-MQC was achieved by replacing all 90º pulses with the SPSP-90º 
pulses (Fig. 2a).  Phase-encoding in the two orthogonal SPSP-pulse/gradient dimensions localized a plane, while the third direction of the volume was defined by the 
slice-selective SLR 180º pulse (the highest RF pulse in Fig. 2b).  When applying all the SPSP-90° pulses and the slice-selective 180° pulse to define a slice in the same 
direction, we carried out the MQC transfer and lipid/water suppression in a single slice without affecting spins outside the slice of interest in the sample.  This allows 
interleaved multi-slice localization of Sel-MQC CSI to be performed for human breast cancer studies within a desired 3D volume.  This technique was implemented on 
the GE 3T scanner for clinical trials.  

 
Fig. 1 The Sel-MQC sequence from oscilloscope with the first pulse being a 
SPSP 90º pulse for slice localization and frequency selective excitation.  Phase 
encoding was applied to map the cross-section of the selected slice (b) from the 
GE Braino phantom on a GE 3T MRI scanner. 

 
Fig. 2 The SPSP Sel-MQC sequence (a) for volume localization with phase-encoding 
in the 180° slice selective direction.  (b)  the lactate map with volume localization in 
the GE braino phantom on the GE 3T scanner. 

CONCLUSIONS. We have demonstrated the principles to use SPSP selective RF pulses for volume and interleaved multi-slice localizations in the Sel-MQC 
experiments.  The methods are easy to use on clinical MRI scanners, as in the PRESS and STEAM CSI techniques.  Clinical breast cancer trials will soon be carried out 
upon approval by the IRB committee.   
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