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Introduction 
MR-guided interventional procedures are becoming more common as availability of specialized equipment and dedicated MR suites become readily available.  
Percutaneous injections of chemical ablative agents have been implemented clinically as a minimally invasive alternative or adjuvant to conventional surgical 
procedures (1).  Traditionally, the guidance of these therapies has been performed through ultrasound (US) (2) or computerized tomography (CT) (3).  However, these 
two modalities do not provide direct visualization of the chemical agent itself, instead outcomes are judged by signal changes in the target tissue after damage has 
already occurred.  MRI not only provides exquisite anatomical and functional imaging for planning and assessment of these procedures, but is also maturing as a 
modality for near real-time monitoring of chemical injections.  In 1997, Lu et al. demonstrated feasibility of MR-guided percutaneous ethanol injections through 
monitoring of the needle placement and monitoring the extent of the ablation via T1-W and T2-W imaging in a porcine liver model (4).  Roberts et al. investigated the 
use of CSI for detecting the methyl protons in acetic acid thereby providing a way of directly measuring the location of the chemical instead of judging the treatment 
outcome solely on the resulting damage.  A chemical selective pulse was centered at -2.7 ppm away from the water peak to detect the methyl protons.  However, this 
hinders the ability to measure the signal changes of the water-containing tissue itself provided by T1-W and T2-W  images (5).  We present the feasibility of using a fast 
chemical shift imaging technique (6) that can provide localization and potential quantification of ethanol in tissue in addition to providing simultaneous apparent spin-
spin relaxation times (T2*) and T1-W imaging at high spatial and temporal resolution, thus providing improved monitoring of chemical injections.   
Methods 
A fast multi-gradient echo acquisition (16-echoes, TR/TE0=70 ms/2.1 ms, ESP=3.3 ms, flip angle=60, receiver bandwidth = 244 Hz/pixel, acquisition matrix = 128 x 
128, acceleration factor factor = 2, voxel size = 1.6 x 1.6 x 4.0 mm3, 4.5 s/image) was used to monitor the injection of 2 ml of ethanol in an ex vivo bovine liver sample.  
The ESP was relaxed to allow lower receiver bandwidths to improved SNR.    A recently published spectral processing algorithm (6) was used to calculate the proton 
resonant frequency, T2* and T1-W amplitude of each chemical shift (water and ethanol’s methyl peak) detected by the multi-echo acquisition.  Changes in these 
parameters were measured over time in a 3x3 ROI.  Noise estimates were made in the liver tissue and compared to the Cramer-Rao Lower Bound (CRLB), which 
represents the minimum uncertainty for the given model and SNR values. 
Results 
Figure 1 contains the pre and post T1-W images obtained in addition to T1-W amplitude and chemical shift images made from measurements taken during real-time 
monitoring of the injection.  Figure 1a shows the T1-W image used to localize the needle.  Figure 1b displays the water amplitude image 60 seconds into the ethanol 
injection while figure 1c illustrates a map of the amplitude of the ethanol peak overlaid on a T1-W water amplitude image at the same time point.  The region where the 
ethanol signal was located corresponds well with intra-treatment T2*-corrected T1-W images (Figure 1b) and the post-treatment T1-W image (Figure 1d).  Figure 1e 
illustrates the spectrum for an averaged signal over the 3x3 ROI before and after ethanol is injected into the ex vivo liver sample.  The methyl (CH3) peak from the 
ethanol is located 3.72 ppm away from water (note the aliasing due to a lower spectral bandwidth (relaxed ESP)).  Figure 2 also illustrates the observed changes in the 
chemical shift (a), T2* (b), and amplitude (c) of untreated liver, treated liver and the methyl peak of ethanol over time.  The frequency difference between the water and 
methyl group had an uncertainty of 0.021 ppm. The chemical shifts in all three regions move in the same direction after the injection, indicating changes from field 
drifts or susceptibility. A steady decrease in the ethanol T2* (Figure 2b) can be seen whereas the T2* of the liver tissue decreases to a value of approximately 24 ms, 
which is approximately a 27% decrease in T2* from before the injections.  Figure 2d shows approximately a 39% reduction in the T1-weighted water amplitude with a 
16% recovery in the amplitude as the ethanol diffuses from the region (Figure 2c).   Noise estimates in the liver tissue were 0.0022 ± 0.0005 ppm, 0.861 ± 0.272 ms, 
and 1.46 ± 0.24 % for the chemical shift, T2* and amplitude, respectively.  The chemical shift and T2* noise measurements encompassed the calculated CRLB at the 
95% confidence level which were calculated as 0.0023 ppm (chemical shift) and 0.902 ms (T2*).  At the measured SNR (40.0) and T2* (30.7 ms), the CRLB of the 
amplitude measurement is 0.34%.  The amplitude noise estimates do not match the CRLB at the 95% confidence level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
An example of the potential for monitoring chemical ablations with a high spatiotemporal resolution CSI technique (6) was demonstrated ex vivo.  Results demonstrated 
the ability to dynamically detect the chemical shift of the methyl group in ethanol and separate it from the water component.  Additionally, dynamic T1-weighted 
images and quantitative T2* maps provided additional information which correlated with the agent location as observed on post-injection T1-weighted images.  It is 
also possible to measure temperature changes due to the ability of measuring changes in the proton resonant frequency.  If a reference standard of known concentration 
is kept in the image, the amplitude of each chemical shift could possibly provide a quantitative means to monitoring the progress of therapy and better relate to 
outcome.     
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Figure 1:  (a) T1-W acquisition for localization of the injection needle.  (b) 
Water amplitude image which demonstrates a signal decrease where the 
ethanol was injected.  (c)  Ethanol amplitude map overlaid by a T1-W 
image.  There was good correlation between areas of damage provided by 
a T1-W SPGR acquisition (d) with the location of the amplitude (b) and 
chemical shift changes. (e) Spectrum in the liver before (dashed line) and 
after (solid line) the ethanol injection.   
 

Figure 2:   The evolution of the chemical shift (a), T2* (b), and amplitude (c) 
for water (normal liver=triangle, treated liver=diamond) and ethanol’s methyl 
peak (squares) over the entire treatment time.  A susceptibility shift can be 
seen in the water chemical shift in (a).  The water T2* decreases by 27% after 
the introduction of ethanol. (b). Additionally, a 39% decrease in the T1-
weighted water amplitude was seen with a 16% recovery in the amplitude as 
the ethanol diffuses from the region (c). 
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