
Simultaneous MR Temperature Imaging and Radiofrequency Ablation of Human Liver Tumor: A Preliminary Study 
 

M. Lepetit-Coiffe1, O. Seror1, B. Quesson1, H. Laumonier2, S. d'Attoma3, C. Moonen1, H. Trillaud1,2 
1Laboratory of Molecular and Functional Imaging, CNRS/University Bordeaux 2, Bordeaux, France, 2Hopital Saint André, Service de Radiologie, Bordeaux, 

France, 3Research&Development, Tyco Healthcare, Plaisir, France 

Purpose/Introduction 
1) To demonstrate the feasibility of simultaneous radiofrequency (RF) ablation and quantitative MR temperature 
imaging of human liver tumor with a commercially available RF apparatus; 2) To report preliminary results in an 
ongoing clinical trial. 
Subjects and Methods 
The transmission line of the RF generator was equipped with a home made passive stop band filter (>100 dB 
attenuation) tuned to the MR proton frequency (63.5 MHz). The RF generator and peristaltic pump were placed 
outside the MR room. Continuous temperature maps were acquired with RF-spoiled, segmented-EPI gradient echo 
images (FOV = 320 x 320 mm, Matrix = 128 x 128, 3 slices, Thickness = 6mm, 5 echoes/TR, TE/TR = 16/120 ms, FA 
= 25°, binomial water excitation, respiratory gating; 3s/3 slices). Each complex image was processed in real-time to 
calculate temperature images (using PRF method [1]) and thermal dose (TD) map [2]. Six patients (3 men, 3 women, 
60±8 years old) with liver tumor hardly visible by US or CT were selected for MR guided procedure. After informed 
consent, the patients were maintained under general anaesthesia and positioned inside a standard 1.5T Philips MR 
system. An internally cooled MR compatible radiofrequency needle (Radionics cool-tip, Tyco healthcare, USA) was 
inserted in the liver tumor (5 CHC and 1 metastasis). A standard monopolar RF ablation protocol (120 W / 12 minutes 
and 3 minutes of cooling) was performed simultaneously with MR thermometry. Follow-up images were recorded just 
after RF procedure (D0), 45 days later (D45) and every 3 months using T1-w with gadolinium injection (T1-wGd) and 
T2-w sequences.  
Results 
No technical failure was observed. Total procedure duration was 3.25+/-0.75 hours (mainly due to electrode 
positioning). High quality temperature maps were obtained for each patient with a precision of 2°C during the ablation 
procedure. TD maps were used for prediction of the RF ablation lesion. The size of electrode artefact (15+/-2 mm) 
appeared larger than its actual size (1.1 mm) and prevented the use of TD close to the electrodes. For one patient 
(Figure 1,2), a second RF procedure was necessary because of the tumor size (26 x 35 mm). The shape and position of 
local contrast changes on T1-wGd and T2-w in the heated region corresponded with those of final TD maps. 
Transversal and longitudinal sizes of apparent lesions were 34+/-4 and 42+/-5 mm (TD), 22+/-7 and 34+/-4 mm (T2-
w), 25+/-3 and 34+/-3mm (T1-wGd) showing underestimation of T2w and T1-wGd maps as compared to TD maps. 
No local or distant recurrence was observed after 12, 9, 6 and 3 months of follow up.   
  

 
Figure 1: a. Liver tumor of patient before RF therapy, 
circled in white. b. Time evolution of applied power 
(black) and temperature rise (red) in a pixel located 
5mm from the needle for RF1 and, following needle 
repositioning, RF2. 

 
Figure 2: a. TD map (red pixels) superimposed on 
anatomical slice obtained at the end of RF2; RF1 impact 
is also visible (white arrow). b. T1-wGd obtained on 
D0. 

 
Discussion/Conclusion 
Quantitative MR temperature imaging during RF ablation procedure of human liver tumors is feasible on a clinical 
MRI allowing continuous assessment of thermal dose maps. Initial follow-up during 12 months indicated no 
recurrence. Further clinical and radiological follow-up must be performed to fully evaluate the performance of TD as 
predictor of lesion size. 
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