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1.1 Image Guided Medical Procedures 

Motivated by better results and lower overall costs, clinical practice is rapidly replacing traditional open surgical procedures with minimally invasive techniques. Most notably, this is a transition from direct visual feedback to indirect, image-based feedback.

This transition is not without its challenges. In open surgery the physician can directly see and feel the anatomical structures. In image-guided procedures, the physician needs to identify anatomical structures in the images (segmentation), and mentally establish the spatial relationship between the multiple images and imagery and the patient (registration). Additionally, the procedure's execution accuracy should be comparable or better than that achieved by the traditional approach (navigation). These requirements create a steep learning curve, and increase the dependency of a favorable outcome on the physician's ability to mentally recreate the spatial situation and transfer a plan into action.
Image-guided systems aim at augmenting and complementing the physician's ability to understand the spatial structure of the anatomy by integrating medical images and other sources of information, such as tracked instruments. These systems potentially have a three-fold effect: (1) They can mitigate the learning curve for minimally invasive procedures and reduce the variability of the outcome, narrowing the gap between exceptional and standard practice; (2) They may enable new minimally invasive procedures, allowing physicians to perform procedures that were previously considered too dangerous; and (3) They transform qualitative procedure evaluations into quantitative ones, enabling a quantitative comparison between plan and execution.

Medical procedures are inherently an integrative process. Physicians mentally integrate their knowledge of anatomical structures with patient specific medical images to produce a plan and execute it. Image-guided systems use a similar approach, where all information sources are integrated and used to provide guidance to the physician.

Image-guidance systems were initially accepted by two medical disciplines, neurosurgery [Germano 1995, Grimson et al. 1996, Kikinis et al. 1996, Smith et al. 1994] and orthopedics [Digioia et al. 2004, Nolte and Ganz 1999]. The main reason for this early adoption is that both disciplines accommodate the use of a rigid anatomy assumption. In neurosurgery the brain's motion is constrained by the skull, although brain shift is an issue and has been the subject of much research. In orthopedics the assumption is always valid. Current commercial image-guided systems are all based on a rigid anatomy assumption. Image-guided systems for deformable anatomical structures are still a subject of research.
We analyze image-guided procedures using a time-line based view. The three phases of a procedure are: pre-procedure planning, intra- procedure plan execution, and post-procedure assessment. This is an idealized view, but it is useful in that it encompasses all the steps of an image-guided procedure. Each phase will now be described.

Pre-procedure planning: In this phase the goal is to create a plan based on pre-operative images and additional information such as implant geometry or functional information. Multiple three dimensional imaging modalities may be used concurrently, such as Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) for optimal bone and soft tissue visualization, or CT and Positron Emission Tomography (PET) to correlate metabolic, functional, and anatomical data. Plans are formulated in a single coordinate system to which all data is mapped. These plans are patient and procedure specific and have variable complexity. The complexity can range from simple plans such as specifying a target and trajectory for a biopsy, to moderately complex plans such as choosing and positioning implants, to complex plans incorporating physically based simulations of joint movements and interactions between soft tissue and bone

structures.

Intra-procedure plan execution: Once the patient is in the procedure room, the coordinate system in which the plan was specified must be aligned to a coordinate system in the procedure room. The image-guided system now provides visual assistance to the physician, by tracking tools and anatomical structures and displaying their spatial relationships, using a variety of interfaces and displays. Additional information, such as two dimensional intra-operative X-ray or ultrasound images may be acquired to update the anatomical picture. If necessary, the procedure plan is then modified. During the procedure the guidance system can record the spatial relationships between the tools and the anatomy. This data can later be used for quantitative assessment of the intervention and for training purposes.

Post-procedure assessment: Post-procedure images are acquired, and the results of the procedure are quantitatively compared to the pre-operative plan. These images include both three dimensional anatomical (e.g. CT, MRI) and functional images (e.g. PET), or
two dimensional anatomical images (e.g. X-ray, ultrasound).
Given the descriptions above we identify the following key technologies required by an image-guided navigation system which are addressed by the Image Guided Surgery Toolkit (IGSTK), and are described in the following sections:
1 Medical imaging – acquisition and reading of medical images
. 
2 Data visualization – display of medical images, and models of anatomical structures
 and surgical tools.

3 Segmentation – the delineation of anatomical structures of interest
.

4 Registration – the alignment of multiple images to each other and to the patient
.

5 Tracking systems – tracking of the spatial location of surgical instruments and anatomy
 with respect to each other.

For a survey on the current state of image-guided interventions, primarily focused on neurosurgical applications, the interested reader is referred to [Peters 2006], with a more general viewpoint of the field see [Galloway 2001].
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