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Add high-resolution contours

IHE Change Proposal

Tracking information:

	IHE Domain
	Radiation Oncology

	Change Proposal ID:
	CP-RO-xxx

	Change Proposal Status:
	Assigned

	Date of last update:
	Jan. 20, 2015

	Person assigned:
	 Sven Siekmann (sven.siekmann@brainlab.com)


Change Proposal Summary information:

	Add high-resolution contours

	Submitter’s Name(s) and e-mail address(es):
	Sven Siekmann (sven.siekmann@brainlab.com)

	Submission Date:
	Sep 30,2014

	Integration Profile(s) affected:
	BRTO

	Actor(s) affected:
	Archive, Contourer, Geometric Planner, Dosimetric Planner, Dose Displayer

	IHE Technical Framework or Supplement modified:
	Rev. 1.8, June 26, 2014

	Volume(s) and Section(s) affected:
	Volume 1 (RO TF-1) and Volume 2 (RO TF-2)

	Rationale for Change:

The slice distance of the reference CT image set might be to large to create appropriate contours for small objects. As the Contourer might be able to define finer contour information (e.g. additional MR image series with higher resolution) for such small objects new high-resolution transactions are defined.


History

	Date
	R.
	Author
	Change Summary

	Nov. 19, 2014
	1.1
	Sven Siekmann (sven.siekmann@brainlab.com)
	Added Open Issues and Questions and History Table.

	Dec. 03, 2014
	1.2
	Sven Siekmann (sven.siekmann@brainlab.com)
	Added Closed Issue Table and proposal for issue #1

	Jan. 20, 2015
	1.3
	Sven Siekmann (sven.siekmann@brainlab.com)
	Closed issues #1, #2, #3

Updated Hig-res graphics
Added High-res downsampler


Open Issues and Questions
	#
	Intr. in
	Resp.
	Description

	
	
	
	


Closed Issues

	#
	Resolved in
	Resp.
	Description

	1
	1.3
	Sven Siekmann (sven.siekmann@brainlab.com)
	What viewing requirements should be specified in the Profile for High-Res consumers?

	2
	1.1
	Sven Siekmann (sven.siekmann@brainlab.com)
	Is there a down-sampling use case for receiving low-resolution contours (without connectivity) from high-resolution contour data?

	3
	1.3
	Sven Siekmann (sven.siekmann@brainlab.com)
	Add DICOM CP 1398, CP 1314, CP 1395

Discarded for this CP. Will be incorporated in BRTO 2.


Replace Table 3.1-1 in RO-TF 1 by the following:
	Actors
	Transactions
	Optionality
	Section

	Archive
	Single/Contoured Series Image Retrieval [RO-1]
	R
	RO TF-2: 3.1

	
	Structure Set Storage [RO-2]
	R
	RO TF-2: 3.2

	
	High-resolution Structure Set Storage [RO-XX]
	O
	RO TF-2: 3.XX

	
	Geometric Plan Storage [RO-3]
	R
	RO TF-2: 3.3

	
	Dosimetric Plan Storage [RO-4]
	R
	RO TF-2: 3.4

	
	Dose Storage [RO-5]
	R
	RO TF-2: 3.5

	
	Multi-Series Image Retrieval [RO-6]
	R
	RO TF-2: 3.6

	
	Structure Set Retrieval [RO-7]
	R
	RO TF-2: 3.7

	
	High-resolution Structure Set Retrival [RO-XY]
	O
	RO TF-2: 3.XY

	
	Geometric Plan Retrieval [RO-8]
	R
	RO TF-2: 3.8

	
	Dosimetric Plan Retrieval [RO-9]
	R
	RO TF-2: 3.9

	
	Dose Retrieval [RO-10]
	R
	RO TF-2: 3.10

	
	Resampled/Combined CT Series Storage [RO-11]
	R
	RO TF-2: 3.11

	High-res Downsampler
	Single/Contoured Series Image Retrieval [RO-1]
	R
	RO TF-2: 3.1

	
	Structure Set Storage [RO-2]
	R
	RO TF-2: 3.2

	
	Multi-Series Image Retrieval [RO-6]
	R
	RO TF-2: 3.6

	
	High-resolution Structure Set Retrival [RO-XY]
	R
	RO TF-2: 3.XY

	Contourer
	Single/Contoured Series Image Retrieval [RO-1]
	R
	RO TF-2: 3.1

	
	Structure Set Storage [RO-2]
	R
	RO TF-2: 3.2

	
	High-resolution Structure Set Storage [RO-XX]
	O
	RO TF-2: 3.XX

	
	Multi-Series Image Retrieval [RO-6]
	R
	RO TF-2: 3.6

	
	Structure Set Retrieval [RO-7]
	R
	RO TF-2: 3.7

	
	High-resolution Structure Set Retrival [RO-XY]
	O
	RO TF-2: 3.XY

	
	Resampled/Combined CT Series Storage [RO-11]
	R
	RO TF-2: 3.11

	Geometric Planner
	Geometric Plan Storage [RO-3]
	R
	RO TF-2: 3.3

	
	Structure Set Retrieval [RO-7]
	R
	RO TF-2: 3.7

	
	High-resolution Structure Set Retrival [RO-XY]
	O
	RO TF-2: 3.XY

	
	Single/Contoured Series Image Retrieval [RO-1]
	R
	RO TF-2: 3.1

	Dosimetric Planner
	Dosimetric Plan Storage [RO-4]
	R
	RO TF-2: 3.4

	
	Dose Storage [RO-5]
	R
	RO TF-2: 3.5

	
	Geometric Plan Retrieval [RO-8]
	R
	RO TF-2: 3.8

	
	Structure Set Retrieval [RO-7]
	R
	RO TF-2: 3.7

	
	High-resolution Structure Set Retrival [RO-XY]
	O
	RO TF-2: 3.XY

	
	Single/Contoured Series Image Retrieval [RO-1]
	R
	RO TF-2: 3.1

	Dose Displayer
	Dose Retrieval [RO-10]
	R
	RO TF-2: 3.10

	
	Dosimetric Plan Retrieval [RO-9]
	R
	RO TF-2: 3.9

	
	Structure Set Retrieval [RO-7]
	R
	RO TF-2: 3.7

	
	High-resolution Structure Set Retrival [RO-XY]
	O
	RO TF-2: 3.XY

	
	Single/Contoured Series Image Retrieval [RO-1]
	R
	RO TF-2: 3.1


Replace Figure 3.1-1 in RO-TF 1 by the following:
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Replace Figure 3.3-1 in RO-TF 1 by the following: 
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Replace Appendix A in RO-TF 1 by the following:

Actors are information systems or components of information systems that produce, manage, or act on information associated with operational activities in the enterprise. The following are definitions of actors used in the IHE Radiation Oncology Integration Profiles:
Acquisition Modality – A system that acquires and creates medical images while a patient is present, e.g. a Computed Tomography scanner or Nuclear Medicine camera. A modality may also create other evidence objects such as Grayscale Softcopy Presentation States for the consistent viewing of images or Evidence Documents containing measurements.

Archive – A system that provides long term storage of evidence objects such as images, presentation states, Key Image Notes and Evidence Documents.
High-res Downsampler – A system that consumes one or more CT image series and a high-resolution RT Structure Set, removes the high-resolution information and creates a new (low-resolution) RT Structure Set.
Contourer – A system that consumes one or more CT image series and creates an RT Structure Set.  If the Contourer consumes multiple CT image series or has an internal requirement for resampling, it also will generate a single CT image series to which the RT Structure Set maps.  A Contourer shall be able to consume CT image series with non-uniform spacing.
Geometric Planner – A system that consumes a single CT image series and an RT Structure Set and creates a Geometric Plan.
Dosimetric Planner – A system that consumes a single CT image series, an RT Structure Set, and a Geometric Plan and creates a Dosimetric Plan and an RT Dose.

Archive (including RT) – A system that stores the RT SOP Classes in addition to the CT images and is capable of transmitting them.

Dose Displayer – A system that consumes a Dosimetric Plan, a single CT image series, an RT Structure Set, and an RT Dose and displays the dose.

The following table shows which actors are used in which Integration Profiles.
Table A-1. Integration Profile Actors
	Integration Profile Actor
	BRTO

	Acquisition Modality
	X

	Archive
	X

	High-res Downsampler
	X

	Contourer
	X

	Geometric Planner
	X

	Dosimetric Planner
	X

	Dose Displayer
	X


Replace Appendix B in RO-TF 1 by the following:
Transactions are interactions between actors that transfer the required information through standards-based messages. The following are brief descriptions of the transactions defined by IHE Radiation Oncology.
1. Single/Contoured Image Series Retrieval:  The Archive stores a series of CT images to the Contourer, Geometric Planner, Dosimetric Planner, or Dose Displayer.

2. Structure Set Storage: The Contourer stores an RT Structure Set without high-resolution contours to the Archive.  The RT Structure Set shall reference only a single CT image series. 

3. Geometric Plan Storage: The Geometric Planner stores a newly created Geometric Plan to the Archive.
4. Dosimetric Plan Storage: The Dosimetric Planner stores an Dosimetric Plan containing references to the RT Structure Set to the Archive.  A Dosimetric Plan, as defined in the BRTO Profile, is not meant to be consumed by another Dosimetric Planner or a Treatment Management System.
5. Dose Storage: The Dosimetric Planner stores a newly created RT Dose to the Archive.

6. Multi-Series Image Retrieval: The Archive stores CT images from multiple series (but a single study) to a Contourer to make these images available for contouring. 
7. Structure Set Retrieval: The Archive stores an RT Structure Set without high-resolution contours on a Contourer, Geometric Planner, Dosimetric Planner, or Dose Displayer.
8. Geometric Plan Retrieval: The Archive stores a Geometric Plan to a Dosimetric Planner.  

9. Dosimetric Plan Retrieval: The Archive stores a Dosimetric Plan containing the references to the RT Structure Set to the Dose Displayer. 
10. Dose Retrieval: The Archive stores an RT Dose to the Dose Displayer. 

11. Resampled/Combined CT Series Storage: The Contourer stores CT images which have been combined or resampled into a single series to the Archive.
12. High-resolution Structure Set Storage: The Contourer stores an RT Structure Set containing high-resolution contours to the Archive.  The RT Structure Set shall reference only a single CT image series.
13. High-resolution Structure Set Retrieval: The Archive stores an RT Structure Set containing high-resolution contours on an High-res Downsampler, Contourer, Geometric Planner, Dosimetric Planner, or Dose Displayer.
The following table shows which transactions are used in which Integration Profiles.
Table B-1.  Integration Profile Transactions

	Integration Profile Transaction
	BRTO

	Single/Contoured Image Series Retrieval
	X

	Structure Set Storage
	X

	Geometric Plan Storage
	X

	Dosimetric Plan Storage
	X

	Dose Storage
	X

	Multi-Series Image Retrieval
	X

	Structure Set Retrieval
	X

	Geometric Plan Retrieval
	X

	Dosimetric Plan Retrieval
	X

	Dose Retrieval
	X

	Resampled/ Combined CT Series Storagal
	X

	High-resolution Structure Set Storage
	X

	High-resolution Structure Set Retrieval
	X


Add the following sections after Section 3.11 in RO-TF 2:

3.XX High-resolution Structure Set Storage
This corresponds to transaction RO-XX of the IHE Radiation Oncology Technical Framework.  Transaction RO-XX is used by the Archive and Contourer actors.

3.XX.1 Scope

In the high-resolution Structure Set Storage Transaction, the Contourer stores a Structure Set on an Archive to make it available. 

3.XX.2 Use Case Roles
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Actor:
Contourer

Role:
Sends high-resolution Structure Set to Archive

Actor:
Archive

Role:
Stores high-resolution Structure Set received from Contourer

3.XX.3  Referenced standards
DICOM 2013 PS3.4: Storage Service Class.

3.XX.4 Interaction Diagram
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3.XX.4.1 Structure Set Storage
3.XX.4.1.1 Trigger Events
The user of the Contourer selects a Structure Set to store.

3.XX.4.1.2 Message Semantics
The message semantics are defined by the DICOM Storage SOP Class.  The Contourer is the storage SCU and the Archive is the storage SCP.

The Contours in the ROI Contour module are restricted to Geometric Type POINT and CLOSED_PLANAR.  If a ROI Contour contains high-resolution information, the Contour Number (3006,0048) and the Attached Contours (3006,0049) attributes must be present for all Contour Sequence items (3006,0040) of this ROI. The Attached Contours (3006,0049) shall reference the nearest, directly connected contours with a lower Contour Number (3006,0048). 
Note that any two non-disjoint contours will be connected by a path on the undirected graph defined by Attached Contour references. If the ROI path passes through an image plane, there has to be a contour on that  plane. All contour shall be parallel to the image plane.
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Also refer to Appendix A for an overview of the specific requirements on the DICOM attributes that are included in an RT Structure Set object.  In particular, the structure set must share a single frame of reference UID with the images.

The following table shows the IHE-RO extension of the DICOM requirements for the ROI Contour module.

Table 3.XX.4.1.2-1 Required Attributes for ROI Contour Module
	Attribute
	Tag
	Type
	Attribute Description

	>> Contour Number
	(3006,0048)
	RC+*
	Shall be present if Contour Geometry Type (3006,0042) is CLOSED_PLANAR.

	>> Attached Contours
	(3006,0049)
	RC+*
	Shall be present if Contour Geometry Type (3006,0042) is CLOSED_PLANAR and there are other contours referenced. Multiplicity equals the number of  contours referenced from this contour (s. 3.XX.4.1.2). 
 


3.XX.4.1.3 Expected Actions
Upon receipt of the Structure Set, the Archive shall store it. This Structure Set is then available for subsequent retrieval (RO-XY).
3.XY High-resolution Structure Set Retrieval

This corresponds to RO-XY of the IHE-RO technical framework.  Transaction RO-XY is used by the Archive, High-res Downsampler, Contourer, Geometric Planner, Dosimetric Planner, and Dose Displayer actors.

3.XY.1 Scope
In the high-resolution Structure Set Retrieval Transaction, the Archive stores a Structure Set on a Contourer, Geometric Planner, Dosimetric Planner, or Dose Displayer. 

3.XY.2 Use Case Roles
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Actor:
Archive

Role:
Sends high-resolution  Structure Set to High-res Downsampler, Contourer, Geometric Planner, Dosimetric Planner or Dose Displayer

Actor: High-res Downsampler, Contourer, Geometric Planner, Dosimetric Planner or Dose Displayer
Role:
Stores high-resolution Structure Set received from Archive

3.XY.3 Referenced standards
DICOM 2013 PS3.4: Storage Service Class.

3.XY.4 Interaction Diagram
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3.XY.4.1 Structure Set Retrieval
3.XY.4.1.1 Trigger Events
The user of the Contourer determines that a new set  contours is to be based upon an existing Structure Set and requests that the Archive send this Structure Set to the Contourer.

The user of the Geometric Planner determines that a new Geometric Plan is to be based upon an existing Structure Set and requests that the Archive send this Structure Set to the Geometric Planner.

The user of the Dosimetric Planner determines that a new dosimetric plan is to be based upon an existing Structure Set requests that the Archive send this Structure Set to the Dosimetric Planner.

The user of the Dose Displayer determines that a dose display is to be based upon an existing Structure Set and requests that the Archive send this Structure Set to the Dose Displayer.

The mechanism(s) by which these transfers are initiated is outside the scope of this profile.

3.XY.4.1.2 Message Semantics
The message semantics are defined by the DICOM Storage SOP Class.  The Contourer, Geometric Planner, Dosimetric Planner, or Dose Displayer is the storage SCP and the Archive is the storage SCU.

Also refer to Appendix A for an overview of the specific requirements on the DICOM attributes that are included in an RT Structure Set object.  In particular, the structure set must have the same study instance UID, but a different series instance UID, than the CT series upon which the contours are based. Additionally, the attributes mentioned in table 3.XY.4.1.2-1 have to be present.
The following table shows the IHE-RO extension of the DICOM requirements for the ROI Contour module.

Table 3.XY.4.1.2-1 Required Attributes for ROI Contour Module
	Attribute
	Tag
	Type
	Attribute Description

	>> Contour Number
	(3006,0048)
	RC+*
	Shall be present if Contour Geometry Type (3006,0042) is CLOSED_PLANAR.

	>> Attached Contours
	(3006,0049)
	RC+*
	Shall be present if Contour Geometry Type (3006,0042) is CLOSED_PLANAR and there are other contours referenced. Multiplicity equals the number of  contours referenced from this contour (s. 3.XX.4.1.2). 
 


3.XY.4.1.3 Expected Actions
The receiving actor will receive the Structure Set, and will relate it to the referenced images. Contours not located on image slices will be arranged according to referenced contour number in the Attached Contours (3006,0049). The contours contained will then be available to the user of the receiving actor.
A receiving actor, that is not capable to display high-resolution contours, shall handle such data safely (Check for Contour Image Sequence (3006,0016) inside Contour Sequence (3006,0040)).



Replace Table A.3-14 in RO-TF 2 by the following:

	Attribute
	Tag
	Type
	Attribute Note

	ROI Contour Sequence
	(3006,0039)
	R*
	

	>ROI Display Color
	(3006,002A)
	O+*
	Not required - no compliant implementation shall rely on this element being present for proper operation.

However applications are allowed to be aware of this element and use it to map display colors.

	>Contour Sequence
	(3006,0040)
	R+*
	Shall be present. Shall contain an item for each contour in the ROI.

Compliant implementations shall be able to handle as many as 100 contours on a single slice. That is, the number of contours in items in all Contour Sequences with the same z-coordinate (and referenced CT image) should be less than or equal to 100.

	>> Contour Number
	(3006,0048)
	RC+*
	Shall be present if Contour Geometry Type (3006,0042) is CLOSED_PLANAR.

	>> Attached Contours
	(3006,0049)
	RC+*
	Shall be present if Contour Geometry Type (3006,0042) is CLOSED_PLANAR and there are other contours referenced. Multiplicity equals the number of  contours referenced from this contour (s. 3.XX.4.1.2). 
 

	>>Contour Image Sequence
	(3006,0016)
	RC+*
	Shall be present for contours located on image planes. This item is the image upon which this contour should be placed.

If the contour type is CLOSED_PLANAR, then the z-coordinates of the contour shall match the z-coordinate of Image Position (Patient) in the image.

	>>>Referenced SOP Class UID
	(0008,1150)
	R+*
	Shall be present with a value of '1.2.840.10008.5.1.4.1.1.2'

	>>>Referenced SOP Instance UID
	(0008,1155)
	R*
	SOP Instance UID of the image being referenced.

	>>>Referenced Frame Number
	(0008,1160)
	O+*
	Shall not be present

	>>Contour Geometric Type
	(3006,0042)
	R+*
	Shall be present, with a value of POINT or CLOSED_PLANAR.

Conforming implementations must properly interpret this value.

	>>Contour Slab Thickness
	(3006,0044)
	O+*
	Not required - no compliant implementation shall rely on this element being present for proper operation.

	>>Contour Offset Vector
	(3006,0045)
	O+*
	The profile requires that this attribute be zero if present.

	>>Number of Contour Points
	(3006,0046)
	R+*
	Required, and must match the actual number of points in Contour Data.

Shall not exceed the number for which the Contour Data can not be encoded when using explicit transfer syntax.

	>>Contour Data 
	(3006,0050)
	R+*
	Shall be present. 

If contour type is CLOSED_PLANAR, then all points must have the same z-coordinate. This z-coordinate shall match the z-coordinate in the related CT image within 0.01 mm (contained in the Contour Image sequence in the same item of the ROI Contour Sequence as this data).  An implication of this is that the CLOSED_PLANAR contours are axial.
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