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Target audience:  MR scientists with interest in temperature imaging and MR guided cardiovascular catheterization 
Purpose: Ventricular arrhythmias can be treated using radiofrequency ablation (RFA) by increasing temperature locally to overcome electrical local 
dysfunction. Magnetic resonance (MR) thermometry based on the water proton resonance frequency shift (PRF) method is a unique technique 
offering spatial and temporal control of extent of temperature. However performing MR thermometry during cardiac RFA requires dealing with 
motion and susceptibility artifacts due to the continued contraction and respiratory motion [1]. Cardiac contraction can be compensated using ECG 
triggering to acquire several slices per heart beat with a sufficient temporal resolution. In this study, the suitability of three in-line thermometry 
processing methods to remove in-plane motion and to compensate respiratory-induced susceptibility effects was evaluated in vivo on the heart of 
ten healthy volunteers under free breathing conditions. Since local temperature rise 
could lead to registration errors, the performance of the method showing the best 
temperature stability was analyzed during RFA under well controlled experimental 
conditions using an ex-vivo working pig heart. 
 
Methods: MRI on healthy volunteers under free breathing: Dynamic MR 
Temperature imaging was performed at 1.5T MR (Avanto, Siemens Medical 
Solution, Erlangen, Germany) using a cardiac single-shot gradient echo EPI (echo 
planar imaging) sequence with the following parameters: 3 slices in coronal 
orientation (to observe respiratory motion in the imaging plane) acquired under 250 
successive heart beats (ECG triggered in diastolic phase), TE/TR/Flip 
Angle=21ms/180ms/40°, FOV=280x280mm2, resolution=2.5x2.5x5mm3, 
Acceleration Factor =2.   
MRI on ex-vivo set up: a MR-compatible set-up of isolated working pig heart [2], 
allowing perfusion of the left and right atria and ventricles at physiological 
pressures was used to obtain respiration-free heart to evaluate MR thermometry 
under well controlled conditions. A similar acquisition sequence was employed with 
following parameters: 300 dynamics short axis images, 
TE/TR/FA=25ms/260ms/40°, FOV=240x214mm2, resolution=2.2x2.2x5mm3, 
Acceleration Factor=2. RF-ablation device: A MR-compatible RFA catheter 
(Biosense Webster, Diamond Bar, U.S.A.) was inserted into the left ventricle and 
connected to a RF generator (Stockert Medical Solution, Freiburg, Germany) 
located outside the Faraday cage, with rejection filters (tuned to 64 MHz) inserted 
in the transmission line.  
Thermometry Processing: An optical flow algorithm [3] was used to register in-
plane motion on magnitude and phase images at a fixed position and to compute 
displacement field (U,V) for each acquisition. Each correction strategy is divided 
into two parts: a learning step followed by the interventional procedure. To address 
susceptibility related phase changes with motion, three correction methods were 
evaluated on each dataset: i) “Multi-baseline method” [4] collects phase information 
at various stages of the respiratory cycle in a library. The baseline subtraction is 
then performed by matching the image acquired during intervention with the closest 
corresponding data stored in the library in order to mitigate susceptibility related 
phase. ii) “Linear phase model method” calculates on a pixel-by-pixel basis a model 
function from the library data by exploiting the inherent periodical character of the 
breathing cycle [5], assuming a linear relationship between the phase image φ and 
the respiratory motion measured by the vertical displacement field (V). During the 
interventional procedure, a synthetic phase image is computed from the current 
displacement field (V) and subtracted to the experimental phase. iii) “Principal 
Component Analysis (PCA) method” collects optical flow fields from registration 
during the learning step and builds a parameterized flow model using a PCA 
algorithm. The overall magnetic field variations were approximated as the sum of 
linear phase changes of each motion descriptor on a pixel-by-pixel basis giving a 
parameterized magnetic field model [6]. During the intervention, the largest PCA-
based motion descriptor was estimated from the current flow field and used to 
reconstruct magnetic field distribution from the parameterized model.  
Statistical analysis: To assess the quality of the temperature measurements, the 
temporal standard deviation of temperature (TSD) σT (reflecting precision and 
stability) was calculated for each pixel during the interventional procedure (200 dynamics) neither temporal filtering nor data removal. The 
distribution of TSD values was analyzed on a manually drawn ROI surrounding the ventricle by measuring the temperature levels corresponding to 
three percentages of the distribution: Q1 (25% of the distribution of TSD values), Q2 (median) and Q3 (75% of the distribution of TSD values). 
 
Results: Figure (1a) compares the σT values of the three methods for the volunteer #5. For all three methods, most of the pixels in ROI remained 
below 3°C although a residual uncorrected phase jump remained visible on the upper part of the myocardium for this volunteer. On average over all 
volunteers, the TSD is improved with a median value (and an interquartile range, IRQ=Q3-Q1) going from 2.7°C (2.5°C respectively) with the multi-
baseline method to 2.2°C (2°C respectively) with the PCA-based method (figure 1b).These results were compared to the theoretical temperature 
uncertainty (dotted line on Figure 1b) computed from the measured Signal to Noise Ratio (SNR) of magnitude images (σ(ΔT)~1/SNR). For the 
isolated working heart setup, the MR compatible RFA catheter was positioned into the left ventricle in contact with a papillary muscle (Figure 2a). 
Ablation was run at 20 W during 60s. PCA-based MR thermometry showed consistent evolution of the tissue temperature near the catheter (Figures 
2b, 2c), with a TSD before heating of 1.3°C.  
Discussion and conclusion: The proposed MR thermometry protocol, which optimizes temperature stability in the cardiac muscle, is suitable to 
monitor radiofrequency ablation procedures. The proposed approaches address both inter-scan and in-plane motion without any use of echo-
navigator. The PCA-based strategy was found to be robust in all examined cases and suitable to follow the temperature evolution in vivo and during 
an ex-vivo RFA. This method offers a robust approach for motion estimation in regions prone to local signal variations on magnitude images 
resulting from tissue heating. The possibility to extend the presented methodology to in-vivo ablation is currently under evaluation.   
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Figure2: MR Thermometry results obtained on an isolated 
working pig heart. Catheter (in red) and approximate slice 
position (in green) (a). The temperature rise (b) obtained 
after 39s of heating overlaid on the anatomical image. (c) 
The temporal evolution of the temperature near the distal 
electrode.

Figure1: Comparison of the TSD on healthy volunteers. 
TSD images (a) overlaid on magnitude images (volunteer 
#5) for the 3 correction methods. Box plots (25%, median, 
75%) of the TSD distribution in the ROIs located in the 
heart (b).  

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    0042.


