Specific Aims

In the United States, there were approximately 55,000 estimated new kidney cancer cases diagnosed in 2008, and around 13,000 deaths because of the disease [ref]. Image guided percutaneous tumor ablations are minimally invasive non-surgical methods used to treat patients who are poor surgical candidates or have failed other therapies. These ablative procedures present lower morbidity and faster recovery times that in surgery, and in the case of the kidney, have shown potential to replace surgery for the treatment of small tumors [ref]. In the US, the most common image guidance modality used is computerized tomography (CT), with cryotherapy and radiofrequency ablation (RFA) being the more frequent ablative therapies. Percutaneous cryoablation under CT guidance has the advantage of partial visualization of the iceball during the procedure which can provide monitoring to ensure optimal coverage of the tumor and to reduce the risk of injury to adjacent organs. A crucial component of this method is the placement of the multiple cryo-applicators in and around the tumor to optimize treatment, with typical procedures requiring placement of 2 to 10 applicators, with an average of 4. However once an interventional plan is devised, its precise implementation is affected by the difficulty of accurately positioning the probes into the desired location. An iterative method of constant probe adjustment and repeat scanning and radiation dose is needed to correct the probe trajectory, and this is the most time consuming portion of the procedure. Navigation systems can overcome these limitations, although the acceptance of commercial navigation systems in the clinic has been somewhat limited. They can be large and cumbersome, cramping an already crowded operating space, and require considerable modification to the current surgical workflow. Navigation using optical trackers requires the presence of cameras with constant line of sight to the tools, which must equipped with bulky reflective sensors. Navigation using electromagnetic trackers requires holding a field generator to within 50cm of the tools, and the inclusion of sensors and calibration. Hence, there is an imminent need to assist the practitioner in delivering the ablation probes accurately into the targeted area of the kidney with discrete and non-disruptive navigation technology. The imperfect implementation of the interventional plan can be particularly hazardous when the tumor is close to critical structures and can lead to inadequate coverage of tumor margins. Clinically, these limitations produce higher rates of recurrence and an increase of surgical complications.
Our long term goal is to develop a completely integrated system for percutaneous ablation of liver, kidney and lung tumors which would encompass procedure planning, surgical navigation with compensation for organ motion and deformation and real-time monitoring of the ablated region. The objective of this application, which is a necessary step towards our long term goal, is to integrate a novel video-based navigation system to improve probe placement during kidney ablation therapies, and to validate the system in Phase I and Phase II clinical trials. The rationale that underlies the proposed research is that by providing tracking of the probes combined with intra-operative images, precise placement at the designated target position will be statistically improved, reducing radiation exposure, overall probe placement time and in the long term, clinical outcomes. The video sensing navigation device we propose only requires attaching a small digital camera to the ablation probes and an adhesive pad onto the patient. While only minimally modifying current surgical equipment and workflow, this device can effectively address its major problems. Our preliminary data with lung biopsy show promising results. We have assembled a multidisciplinary team to cover the scope of expertise (interventional radiology, hardware and software engineering, image guided therapy – see Biographical Sketches) required for the successful outcome of this research. We will have access to the expertise and technology of Activiews, a medical device company specialized in video based guidance systems for interventional procedures; we will build upon the open source software framework 3D Slicer and previous software expertise of the National Alliance for Medical Imaging Computing at the Brigham and Women's Hospital (BWH); and we will have access to the resources, patients and experience of the Abdominal Imaging and Intervention group at BWH. 
To achieve the objectives of this research the following specific aims have been set:
SA#1: Adaptation of a novel video based navigation system for interventional guidance of percutaneous kidney ablation probes, and validation of tracking accuracy

Activiews have developed a novel navigation system which uses a small digital camera attached to the proximal end of a surgical probe for position tracking by visually detecting landmarks on a custom pad adhered to the patient. It shows real-time video footage of the needle insertion and can track needle bending. The system has already gone through preliminary trials for lung biopsy (see Preliminary Studies section) and it will be adapted for kidney ablation. This will require designing a new adhesive patient pad to allow multiple probe insertions for cryoablation, modifying the system to enable probes of varying gauge to be used and modifying the current navigation software to incorporate these changes. Accuracy of the tracking system for kidney ablation will be validated using a commercial abdominal phantom.
SA#2: Development of navigation software to integrate tracked tool positions and intra-operative images
We will develop an open source software interface that will build on 3D Slicer, an already existing open source visualization and medical image processing architecture. The software will integrate the intra-operative images, the tracked tool positions, the video output footage from the camera sensor and any other information of use to the surgeon during the intervention. 
SA#3: Validate the clinical feasibility of this system in Phase I and II clinical trials

Once the video tracking technology has been adapted and integrated with the navigation software Phase I and Phase II clinical trials will be performed on 20-30 patients using the navigation technology. In order to test the clinical significance this technology has, we will measure probe placement time, probe placement accuracy, number of probe trajectory corrections during the procedure, number of CT images required to locate the probes and presence of surgical complications. This data will be compared with a historical group of procedures in order to measure any statistically significant improvements in these metrics.
The proposed research is innovative because it provides video tracking technology that only minimally modifies the current surgical workflow and instruments, yet, when placed within an integrated software navigation environment, is capable of overcoming the main technical difficulties of an ablation procedure. The expected outcomes are shorter procedure times, lower radiation dose and improved target accuracy of the ablation probes leading to adequate tumor coverage. 
