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2. The Problem

Although vendors of Radiation Therapy clinical equipment provide a comprehensive set of software tools for image acquisition and registration of both 2D and 3D image sets, these tools and processes are not standardised and interoperability in a mixed-vendor environment becomes challenging, and often impossible.  
Solution
To create a connectivity schema for online image acquisition, registration, and review that can be adopted by all vendors so that online imaging can be utilised clinically regardless of whether the clinic deploys a single vendor or multi-vendor environment

Requirements:

· Imaging modality (i.e. 2DMV, 2DkV, 3DkV, 3DMV, Fluoroscopy)

· Image matching technology 
· Image and embedded data transfer protocols (DICOM, DICOM RT)
· 
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· The appropriate CT reference images
· Defined standards for the number of ROIs, contours and image slices that can be utilised for volumetric image matching.
·  Known landmarks/surrogates used for image registration
· Tools to define ROIs for image matching purposes
· Established protocols for workflow and tolerances
· Calculation, display and storage of positioning adjustments (offsets).
· Display and storage of acquired and reference images
3. Key Use Cases
Actors: Patient, Radiation Therapist, Treatment Planner, Radiation Oncologist
Two examples of different modalities used for online image review are:

a) 2D Imaging

Acquired reference images are sent to the Treatment Planning System (TPS) for the development of the treatment plan. The TPS associated the following with  the orthogonal reference images:

· Patient identification,

· Field identifier
· Standard field size to encompass bony landmarks or surrogate for image registration
·  Isocentre position.
Any necessary image adjustments that enhance the reference images in order to facilitate the image registration process are undertaken. The images are then sent to the Treatment Delivery System (TDS), or a separate image matching technology that works in conjunction with the TDS. Clinic staff ensure that only data from the approved treatment plan has been transferred. 
The reference images are then prepared for image matching by outlining the area of focus and the appropriate bony landmarks and/or surrogates needed to perform the image match. 

At treatment, the patient is positioned according to the treatment plan. Orthogonal images are acquired at the treatment unit.  The acquired images are compared to the reference images from the TPS. Using bony anatomy and/or surrogates, the difference (offsets) between the acquired and reference image are calculated and displayed.  Clinic imaging protocols will define the tolerance and a positioning adjustment is executed if necessary.  Verification images may need to be acquired depending on policies of the individual clinic. The acquired images and positioning adjustments are transferred to the patient record in the TDS for storage and review. Positioning adjustments for each treatment are calculated and displayed as the differential (offsets) between the original and the adjusted positions in the respective dimensions.
b) 3D Imaging

Acquired CT reference images are sent to the TPS for the development of the treatment plan.  The TPS associates the following with the volumetric CT image set:

· Patient identification
· Field identifier
· Isocentre

· Structure set data
Any necessary image adjustments that enhance the reference images in order to facilitate the image registration process are undertaken. The images are then sent to the TDS, or a separate image matching technology that works in conjunction with the TDS. Clinic staff ensure that only data from the approved treatment plan has been transferred. 
At treatment, the patient is positioned according to the treatment plan. A volumetric image is acquired at the treatment unit. The acquired volumetric image is then compared to the reference volumetric image from the TPS. A defined region of interest (i.e. a “clip box”) is utilised to calculate the difference between the acquired and reference image sets. Matching can then be undertaken manually or via automatic registration clinic imaging protocols will define the tolerance and a positioning adjustment is executed if necessary. Verification images may need to be acquired depending on policies of the individual clinic. The acquired images and positioning adjustments are transferred to the patient record in the TDS for storage and review. Positioning adjustments for each treatment are calculated and displayed as the differential (offsets) between the original and the adjusted positions in the respective dimensions.
4. 

4.
Standards and Systems
Image and embedded data transfer protocols (DICOM, DICOM RT)
Treatment Planning Systems

Treatment Delivery Systems

Verify and Record Systems
5. Discussion
Tools to define a region of interest for image registration

The use of relative offsets vs. absolute coordinates to define positioning adjustments
Employment of a standard nomenclature for image matching
Standard for the maximum number of slices, contours and ROIs that can contained in the reference CT dataset
