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Introduction 
Breast MRS has clinical relevance in cancer diagnoses and treatment monitoring, however at a limited sensitivity 
[1]. MRS of the human breast requires superb lipid suppression to resolve the sub milli-molar concentrations of 
choline compounds from the molar concentrations of lipid tissue. This is generally realized by careful localization 
of the voxel to exclude lipid areas, thereby possibly compromising the selection of parts of the tumor, resulting in 
a potentially reduced sensitivity. High magnetic field strengths may partially compensate for the loss in 
sensitivity. However at ultra high fields, RF excitation in the human body becomes non uniform making both 
localization and lipid suppression techniques challenging. In this study we demonstrate that we can overcome 
these issues by combining a sensitivity and homogeneity optimized RF coil with a semi LASER [2] sequence and 
MEGA [3] water and lipid suppression including improved phase cycling at 7T. Such setup enables the 
sensitivity in choline detection of up to tens of micro molars. 
Methods 
A two-channel unilateral RF coil was designed and built consisting of two circular loops oriented closely to the 
breast at + and - 45 degrees with respect to the prone position of the volunteers (fig 1). Each element was tuned to 
298MHz and interfaced via home-built transmit-receive switches and preamplifiers to a whole body 7T MR 
system. Broadband MEGA water and lipid suppression (fig 2) was integrated into a semi LASER sequence (fig 3) 
to suppress the major water and lipid resonances from the selected voxel (TR = 2s, 64 averages). A 16-phase-
cycle scheme was implemented by changing the phase of both second adiabatic slice selective refocusing pulses 
and the second MEGA suppression pulse of the sequence. Relatively large voxels (4ml) were positioned around 
glandular tissue in healthy volunteers including substantial lipid tissues as well. The voxels were positioned using 
MR images obtained with a water-selective T1 weighted 3D gradient echo sequence (duration 1.5 minutes). Of all 
voxels, non suppressed spectra were obtained as well. Choline resonances were fitted using prior knowledge of 
the line-width and peak position based on the water resonance of the non suppressed spectra and quantified into 
potential Choline concentration per kg of water.  
Results 
The relatively homogeneous MR images at high spatial resolution illustrate the 
excellent performance of the RF coil (fig 1). In addition, the quality of lipid 
suppression in these images demonstrates that shimming and RF interferences are 
not an issue for MR mammography at 7T (fig 4, top). The quality in lipid 
suppression using the MEGA is best appreciated in the MRS data obtained with 
the large voxels including both glandular and lipid tissue. A more than 100 fold 
reduction in lipid signal is observed (fig 4). Whereas the sensitivity is illustrated 
by the low concentration of 0.1mM/kgwater fit result of the healthy volunteer (Fig. 
4, right). 
Conclusion and discussion 
The excellent homogeneous B1 fields in human breast at 7T may be due to the 
relative large content of lipids which result in substantial larger RF wavelength. 
This enables the use of conventional non adiabatic chemical shift selective RF 
pulses to saturate water and lipid signals in MRS thereby allowing the selection of 
the entire tumor volume. The sensitivity in detecting tumors or the prediction of 
therapy outcome may improve as the detection level of choline pools obtained 
with these methods at 7T is two orders of magnitude lower than the 
concentrations reported for tumor tissues. Even for small tumors where partial 
volume effects are inevitable, the choline level in the tumor can still be accurately 
determined. 
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Fig3. RF sequence of the semi LASER sequence with 
MEGA broadband water and lipid suppression. 

Fig1. Homogeneous MR 
image obtained at 7T from a 
healthy volunteer. The circles 
indicate the geometry and 
location of the dual channel 
transmit and receive RF coil. 

Fig4. MR spectra obtained from the breast of a healthy volunteer 
at 7T using the semi LASER sequence either without (left) or 
with MEGA and phase cycling (middle and right). The voxel was 
located around glandular tissue, including substantial lipids as 
can be visualized in the lipid suppressed image (top). Note that 
even at very low concentrations of choline and relatively large 
inclusion of lipids, choline resonances can be detected of 
0.1mM/kgwater +/- 35µM (Cramer Rao Lower Bound). 

Fig2. Pulse profile of the 
chemical shift selective 
refocusing pulses used in the 
MEGA water and lipid 
suppression 
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