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Synopsis of project (background/research question/methods to be used/relevant key references):
BACKGROUND

Vascular Surgery is a rapidly evolving specialty driven largely by new advances in technology. The advent of endovascular therapy has revolutionised the treatment of vascular disease. This minimal invasive treatment reduces morbidity and mortality if performed by a skilled endovascular therapist and team (1,2). A combination of reduced training-time and increased patient expectation have led to the requirement for a robust method of assessment of technical competence. Existing methods include simulator-derived metrics such as fluoroscopy time, procedure time and generic mistakes such as leading with a catheter and not the guide wire(3) and post-hoc qualitative video assessment by experts using generic and procedure specific rating scales (4). Both of these methods are somewhat unsatisfactory in the sense that the former can only be obtained on computer-based simulations and are non-specific, whilst the latter require long-winded expert assessments. Video-motion analysis utilises fluoroscopic sequences as medium for skill assessment, and remains comparatively unexplored in this regard. The principle behind this technique is to use catheter and guide-wire tip movement data to assess the “ergonomics” of the interventionalist’s technique. 
In collaboration with the department of Computer Sciences at Imperial College, a novel catheter-tip tracking software has been developed which uses fluoroscopic video-sequences as a medium for motion analysis. The software uses 2D pixel co-ordinates to derive cumulative motion-descriptive data on a frame-by-frame basis. At present, data can be obtained for path-length or PL (distance the catheter tip has travelled), average and peak catheter velocities and total number of movements. Additionally, it allows the video-sequences and therefore the procedure to be broken down into operative phases. Recent work has demonstrated that this software is able to differentiate levels of experience in both simulated (carotid artery stenting-CAS) and live cases (coronary artery cannulation). An example is given in figure 1. 
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At present, the consistency of the pixel data is achieved by ensuring that the video-camera used to record the fluoroscopy screen is set up at a fixed distance from the screen and that the same zoom setting is applied to each and every case. We do not know the effect of variations in fluoroscopy C-arm zoom settings and angulations affect the tracked data, given that the analysis depends on recorded images of the fluoroscopy screen. For example, an increase in the fluoroscopic zoom setting will artefactually increase the tracked distance of a catheter as it navigates around the aortic arch to cannulate a carotid vessel. Conversely, increased oblique angulation of the C-arm may reduce the track distance. At the present time, movement data is recorded in terms of pixel co-ordinates and distance is expressed in pixels, in a similar fashion to the technology recently employed by the US Olympic swimming team this year. This project will take that further and seek to identify exactly how pixel data can be converted into metric distance measurements.

This project is suitable for any BSc candidate with a dual interest in vascular surgery as well information technology. In undertaking this project, the student will have the opportunity to work alongside leading vascular surgeons who have a proven track record in surgical academia. They will have the opportunity to present at international conferences and publish in relevant journals. In addition they will gain an insight into the principles of endovascular technique and will be exposed to new vascular technologies including a state-of-the-art hybrid operating theatre, robotic catheter technology and novel vascular imaging techniques.

The student will learn about project design and management, analysis and presentation of data and utilise simple statistics methods.

The AIMS of this project are to:

1. Develop a reliable method for conversion of pixel data into millimetres.

2. Identify the effect of C-arm zoom and angle settings on recorded data.

3. Demonstrate reproducibility of video-motion analysis data.
METHOD
In order to achieve objective 1, the student will work closely with our lead interventional radiologist to identify and measure consistent anatomical landmarks on computed tomography images which will serve as a “template” measurement for conversion of pixel data to millimetres. Knowing the dimensions of such a landmark will allow conversion of pixel data to metric measurements universally across all recorded fluoroscopy images.

In order to achieve objective 2, the experimental set-up will be situated in the angiography suite. The student will be expected to design a standardised catheter manipulation exercise for a trainee to perform under fluoroscopic guidance. The student will be recording the procedure and will be positioned well away from the radiation source. The same task will be performed repeatedly with different fluoroscopic zoom and C-arm angle settings, for instance; AP, LAO 150, LAO 300, LAO 600 and LAO 900. Using the AP projection for baseline measurement, the percentage increase or decrease in tracking data will be calculated for the different settings. Therefore the data that is obtained automatically can be adjusted accordingly and improve the accuracy of this path-length measurement device.

Objective 3 will be achieved by repeating the task in the AP projection several times. Cronbach αreliability coefficient will be used to assess reproducibility of the tracking data.
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Figure 1: Graphical representation of tracked guide-wire trajectories during arch navigation in simulated carotid artery stenting (CAS). Seen in this format, the greater PL of the inexperienced interventionalist (0 CAS) becomes evident.
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