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Target audience:  MR Scientists, clinicians and cardiologists with interest in infarction/RF ablation in vivo and results on high field MRI ex vivo 
Purpose: Catheter ablation became standard practice for the treatment of ventricular tachycardia (VT)1. However, radiofrequency (RF) catheter 
ablation is limited by lesion depth, and transmural lesions are difficult to obtain using conventional unipolar ablation2. The aim of this study was to 
evaluate the lesion site area on sheep infarct model and characteristics of intramural ablation using a new irrigated needle catheter3 by Magnetic 
Resonance Imaging (MRI). First we report results on in vivo sheep model using clinical MRI at 1.5T; secondly we investigate the infarct area and 
lesion size on the same heart ex vivo using high resolution images at 9.4T with multimodal acquisitions (T1 mapping, T1 weighted images). 
Methods: Animal preparation: An infarction model on sheep was created under general anesthesia using selected ethanol injection (2cc) in the distal 
Left Anterior Descending in 5 sheep (~50kg body weight). All animals survived the acute phase. After approximately 2 months, all animals were 
rescheduled in the catheter lab equipped with X-Ray fluoroscopy (Infinix,Toshiba) for high density multipolar mapping of the infarction and unipolar 
ablation with an irrigated needle catheter3 under general anesthesia/analgesia during the complete experiment (mapping, ablation and MRI imaging). 
After in vivo measurement a sternal thoracotomy was performed, followed by pentobarbitone euthanasia. The heart was rapidly removed and flushed 
with cold cardioplegic solution; perfusion fixed for 1.5 hrs with 1 L 4% formalin in PBS containing 2 ml Dotarem (gadoterate meglumine, Guerbet, 
France). Imaging was carried out with the heart removed from formalin and placed in a plastic container immersed with fomblin (Aldrich), a 
perfluoropolyether for susceptibility matching. 
MRI at 1.5T: In vivo experiments were performed at 1.5T (Avanto, Siemens, Erlangen Germany). Two 16 elements cardiac array coil were positioned 
around the sheep. All images in vivo were ECG gated. After scout images, T 1 parametric maps were acquired in short axis view using the inversion-
recovery MOLLI4 sequence with TE/TR/T1start/Flip Angle/Resolution=1.06ms/595ms/116ms/35°/1.82x1.82mm and partial Fourier (6/8) 
acquisition. Five inversions were applied to recover 17 inversion delays points of measures between 116ms and 4692ms. Image series were processed 
for each pixel with a three parameters non-linear fitting routine written in Matlab to compute T1 parametric maps (in milliseconds). Same acquisitions 
were repeated 10 minutes after a contrast agent (CA) injection of Dotarem (gadoterate meglumine, Guerbet, France at 0.2mmol.kg-1). Then a high 
resolution 3D T1 weighted with inversion recovery (IR) module5 was applied with TR/TE/TI/resolution=510ms/2.19ms/290ms/1.3x1.3x2.5mm. 
These maps were used to assess potential alteration of the myocardium. 
MRI at 9.4T: Ex vivo experiments were performed at 9.4T (Bruker BioSpin MRI, Ettlingen Germany) with an open bore access of 30cm using the 7 
elements Transmit/Receive array coil. The cardiac structure was assessed through 3D T1w images (FLASH sequence) covering the whole heart with 
TR/TE/matrix size/TA =25ms/9ms/1244×1244×512/110h. The resolution in short axis view is 80μm x 80μm x 235μm. 
Results: In fig. 1, after 10 min of CA injection, T1 was around 343±5ms in infarct whereas in control area T1=470±5ms (see Fig.1 red arrow). The 3D 
T1 weighted images showed the infarct area in the septum (Fig2. Red arrow at the top) and a lesion was visible in the left ventricle (second red arrow 
at the bottom) due to catheter ablation. A high resolution T1 weighted image obtained at 9.4T is presented in Fig.3. The infarct area (red arrow at the 
top) was shown with a thin and collapsed tissue. The ablation zone (second arrow on the bottom) was quite large (around 18mm) and was inside the 
myocardium left ventricular wall. There were also several lesions with diameter between 6mm and 20mm visible in other MR sections of the heart 
associated with the other sites of radiofrequency ablation (not-shown). 
Discussion: Within vivo and ex vivo images, we were able to identify using T1 mapping and T1 weighted images the infarct area in the septum and the 
lesions due to catheter ablation. In vivo experiments with CA injection indicated that after 10 min there was a region where the CA was still present. 
This result emphasizes the fact that there is a chaotic architecture in the septum due to the infarction model. However in Fig.1, the CA didn’t perfuse 
burn area and due to insufficient spatial resolution we were limited with T1 mapping to see the region of the lesion. With high resolution T1 weighted 
images in vivo not only infarct area has been seen but also ablation zone in the left ventricle. This measure seems to be more reliable to identify the 
two lesions. Finally ex vivo measurements on high field MRI allowed us using 3D high resolution images (resolution of 80μm x 80μm x 235μm) to 
evaluate precisely ablations zones inside the muscle.  
Conclusion: We present in vivo and ex vivo results obtained using T1 mapping/weighted images to characterize infarction model and 
identify/quantify ablation using a new catheter. 
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Fig1: In vivo T1 (0<T1<500ms) mapping on sheep heart after 10min of CA injection.  The red arrow represents the infarct area. Fig2: High resolution 3D Delayed 
Enhancement MRI after 10min of CA injection. Fig 3: Ex vivo T1 weighted images of the same sheep heart. The red arrow at the top represents the infarct area, and 
the second at the bottom a RF ablation.  
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