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Proposal 1.0 – 2/6/2014
I. Purpose
(See the parent document “Incorporation of Imaging-Based Functional Assessment Procedures into the DICOM Standard” (rev. 10/13/2011), Section I.)
II. Background
(See the parent document “Incorporation of Imaging-Based Functional Assessment Procedures into the DICOM Standard” (rev. 10/13/2011), section II.)
III. Framework
(See the parent document “Incorporation of Imaging-Based Functional Assessment Procedures into the DICOM Standard” (rev. 10/13/2011), section III.)
IV. Dictionary
(See the parent document “Incorporation of Imaging-Based Functional Assessment Procedures into the DICOM Standard” (rev. 10/13/2011), section IV.)

V. Implementation Priorities
(This section expands and clarifies the corresponding discussion of Implementation Priorities in “Incorporation of Imaging-Based Functional Assessment Procedures into the DICOM Standard” (rev. 10/13/2011), section V.)

This section will identify three levels of implementation priority: Immediate, Basic, and Extended. Many manufacturers may feel they have adequately supported functional assessment with private DICOM tags or non-DICOM information. Realistically, achieving any industry acceptance for a full DICOM implementation of functional assessment support is unlikely. By prioritizing, we would have to achieve consensus on at least fundamental workflow items that would provide the most benefit for the invested time.
1. Immediate: These would remove current uncertainty from image processing associated with functional assessment, and enhance integration of functional assessment results into the clinical radiology workflow.

CLARIFICATION: Pre-acquisitions are discarded at the beginning of an EPI sequence to ensure the scanner has stabilized (T1 equilibration
, steady-state magnetization) during an initial phase we will refer to as settling phase. The signal transient during this period significantly impedes subsequent detection of statistically valid responses. Some manufacturers choose to drop this data automatically from the time series whereas others do not; and the question arises whether the scanner’s sync signal occurs before settling time or after. This does not refer to post-acquisition editing (or rejection of entire series) for QC reasons.

a. Temporal Synchronization: Most systems used for fMRI employ a hardware sync pulse from the scanner to coordinate paradigm presentation by an external system with image acquisition. As long as all paradigm execution timing (epochs, stimuli, and patient responses) is performed by one external application and/or hardware platform, hardware-synchronized to the scanner, the timing needed for analysis can be relative to the paradigm execution record. If multiple applications require coordination, a more sophisticated system (e.g. DICOM Synchronization Frame of Reference
) could be adapted.

Proposal 1a: The standard shall incorporate a synchronization record containing the NTP timestamp corresponding to MR scanner sync pulse generation; and the NTP timestamp corresponding to the first volume appearing in the DICOM series. This shall be included in DICOM output for MR data acquired for functional assessment, e.g., EPI. 


b. Enhanced MRI for EPI: Some currently available DICOM data types would enhance current imaging for functional assessment. Examples: use of Enhanced MR multi-frame
 for EPI series would dramatically reduce the number of instances, decreasing overhead in the DICOM infrastructure.

Proposal 1b: The committee shall recommend the use Enhanced MR format in studies performed for functional assessment, and recommend  scanner manufacturers offer Enhanced MR format for EPI series representation, at least for functional MR and diffusion MR series.

c. Discarded acquisitions versus sync: Some new DICOM objects should be provided in imaging headers for functional assessment scans. Examples: Explicit tags identifying discarded pre- and post-acquisitions (also known as ‘dummy samples’).

Proposal 1c: The standard shall incorporate a Settling Phase record, indicating the number of acquisitions (image volumes) designated for discard at the beginning of the series, and whether they were dropped from the time series automatically or retained in the DICOM output. This shall be included in DICOM output for MR data acquired for functional assessment, e.g., EPI.

d. Quantitative fMRI activation maps: Statistical analysis based on the timing of the behavioral task paradigm results in a functional activation map that is usually quantified by a statistical parameter (r, t, F, p) and displayed using a color palette. The maps must remain quantifiable by retaining the value of the statistical parameter, i.e., not reduced to a DICOM Secondary Capture level of color-only information, when presented for clinical use. Another feature of Enhanced MR (above), DICOM Real-World Value Mapping, could be used to document the meaning of the stored values. (This includes use of Slope / Intercept tags to express the relationship.)

Proposal 1d: The standard shall define Real World tag values for the statistical measures commonly used to denominate fMRI activation maps, including t, F, correlation (r), and percentage (%). Multiple mappings should be supported. Other recommendations regarding representation of activation as signal levels may follow review of the Real World method. The committee shall recommend the use of these Enhanced MR features in fMRI post-processing workflows as well as incorporation by PACS and other fMRI image consumers.

e. Color-coding fMRI activation maps: Practices vary regarding colorization of functional activation maps, dictating the need for flexibility in clinical application. Storage of maps as fixed DICOM screen capture (SC) type RGB images results in loss of quantification capability.

Enhanced MR contains color look-up table (LUT) capability, which would permit definition of a default color mapping without loss of quantitative information, and permitting change of mapping (different LUT) during clinical use. A further extension, Color Image Storage,
 may also help with functional imaging by providing a way to convey color palettes with the imaging.

Proposal 1e: The standard shall recommend use of Supplement 100 color mapping information as an optional means of retaining user color representation choices with activation maps in fMRI post-processing workflows and by PACS and other fMRI image consumers. 

2. Basic: Additional DICOM objects forming a Paradigm Execution record, documenting key information about the paradigm performed necessary for clinical interpretation. This would include DICOM objects for: basic paradigm identification; personnel identification; and paradigm execution results. These would be created by the stimulus presentation application. (This may not be sufficient to completely describe processing in detail (e.g. statistical model) but should suffice for generic direction of processing (timing, phases, expected responses). 
a. DICOM Study UID synchronization: needed to provide common identification for paradigm execution results not created by the scanner performing the imaging. In a basic implementation the scanner can originate the Study UID which is passed along to other application (paradigm presentation). 

b. Pre-allocation of Study ID: If paradigm execution information can originate in a patient encounter before imaging (e.g. training session) then either i) training data is held until testing (imaging) takes place, or ii) some patient scheduling facility links the training with later testing sessions. DICOM Referenced Study
 may be useful.
DICOM Study UID synchronization is needed to provide common identification for paradigm execution results not created by the scanner performing the imaging. In a basic implementation the scanner can originate the Study UID which is passed along to other application (paradigm presentation). 
c. Paradigm Execution Record:  This will require new tags for basic paradigm identification; design definition (e.g. phases used) and paradigm execution (phase, stimulus, and response events, as well as basic behavioral and imaging assessments). 

d. Currently available tags for human performer, date/time stamps, etc. can be applied in capturing the training and testing workflow.

3. Extended: Full description of paradigms in DICOM format, including statistical models and specific characterization of stimuli; full analysis records in DICOM format. 

a. Paradigm Specification Record: documenting paradigm design.

b. Paradigm Analysis Record: organizing activation map(s) with other results including activation time-series. Enhanced MR may help organize multiple activation maps (e.g. different significance levels, clustering strategies, smoothing) into multi-frame images.

c. DICOM Waveform storage: may be of value in representing activation, motion, etc. time series results.
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A. Appendix: Real-World Examples
(See the parent document “Incorporation of Imaging-Based Functional Assessment Procedures into the DICOM Standard” (rev. 10/13/2011), Appendix A.)

B. Appendix: Guidance & Rationale, Framework
 (See the parent document “Incorporation of Imaging-Based Functional Assessment Procedures into the DICOM Standard” (rev. 10/13/2011), Appendix B.)

C. Appendix: Guidance & Rationale, Implementation Priorities
This section captures the rationale for the proposed implementation priorities of Section IV. It follows the organization of the framework in Section V. To maintain readability, some of the comments are reproduced from Appendix B.
DICOM WG-16 representatives who contributed to the discussion are coded as follows:


BH: Bob Haworth (GE)

MP: Michael Partridge (Hitachi)

KV: Kees Verduin (Kaveco)

WCVW: Wim Corijn Van Willenswaard (Philips)

Unless otherwise noted, responses are from the discussion of 12/2011-1/2012.

1. Immediate Priorities
a. Temporal Synchronization: Proposed use of the DICOM Synchronization Frame of Reference
.

Q: What is the degree of adoption of DICOM Sync FoR among MR scanner vendors?

BH: Temporal Synchronization between DICOM objects that are produced by different systems must be addressed and can be done a number of ways. In DICOM there is a Synchronization module (see C.7.4.2) and there is UID for the international UTC time standard usually implemented by the use of NTP. A shared trigger event could also be used. Both the image object and the execution object would need to contain the same Synchronization Frame of Reference UID (0020,0200). …if most scanners are triggering the paradigm presentation system, then this would be good to know as this could ease how we approach the synchronization process. It would be good to get QIBA consensus on whether this could be standardized. I see that this is the only way we could have paradigm information in the images themselves (stimulus on/off for example). 

(Author comment) If we assign responsibility for time base to the Stimulus Presentation application, which is in turn synchronized by the scanner, then time synchronization between imaging data and the paradigm execution record is accomplished through the synch event. (The stimulus application might be executed by the scanner itself, in some tightly coupled sub-system, or an independent ‘Stimulus PC.’) Timebase resolution and accuracy is dependent upon both scanner sync characteristics and the performance of the stimulus presentation platform. These should be defined in manufacturer specifications and are beyond the scope of the DICOM standard.

In this document the Stimulus Presentation and Patient Response applications are assumed to either be one and the same, or running simultaneously on the same platform, so that they share the same time base. 

BH: I think most vendors support NTP even if not the IHE time profile.  If you do not then let me know and I can say some support it and some do not.

BH: Philips, Siemens & GE support; MP to check Hitachi.

b. Enhanced MRI for EPI: Proposed use of Enhanced MR multi-frame
.

Q: What is the degree of adoption of DICOM Enhanced MR multi-frame mode for EPI series among MR scanner vendors?

BH: I think this question relates to whether we would standardize enhanced versus classic images.  I don’t think there is a question.  Still penetration of enhanced into the market is of concern to QIBA in terms of when they will be able to use any changes that are proposed.  I don’t think as a standards committee we can commit anything.  Nor would we try to use the classic MR object.

KV: Currently I only know of Philips’s implementations, but I would be obliged to learn from other vendors when their scanners will create these objects as well.

MP: Hitachi has begun work towards Enhanced MR Images, but these images need substantial changes in order to DICOM transfer with other vendors.  I am not sure when these changes will be completed.  

BH: During 2005 testing we were seeing 3x performance improvement.

BH: Enhanced MRI for EPI: Siemens and Philips support; GE and Hitachi do not; Toshiba unknown.

c. Discarded acquisitions versus sync: Request for new DICOM objects in MR imaging headers for discarded pre- and post-acquisitions (also known as ‘dummy samples’).

Q: Reaction to documentation and/or standardization of discarded acquisitions and relationship to sync?

BH: Seems that some vendors collect data that is later thrown away so that discarded acquisitions needs to be known.

KV: As for discarded and training acquisitions, either on the scanner or on the paradigm computer, I strongly feel that these results should simply not (NOT) be transferred to workstations or PACS.

BH: Agree we need to look at this issue.  Need a proposal on how to deal with this.  What information is needed? Should this be standardized as part of DICOM or can we assume the 2 machines are synchronized outside of the purview of the standard?

d. Quantitative fMRI activation maps: Functional activation maps are usually quantified by a statistical parameter (r, t, F, p) and displayed using a color palette. Would like to maintain quantifiable activation maps.

Q: What is the degree of adoption of Enhanced MR’s Real World values among PACS viewer vendors?

BH: I am not sure what the alternative would be to using Real World Value mapping.  If there is a big fmri need for this perhaps this is what would propel vendors to implement this.

KV: I haven’t seen any Real-World Value mapping implementations though either.

BH: The first step is to define what the pixel values will mean.  Second step is whether we would mandate Real World Mapping support. Seems that we should allow real world mapping even if we don’t require it.  Whether the PACS makes use of this would not really change what we do as a standards committee.

e. Color-coding fMRI activation maps Use of Enhanced MR color look-up table (LUT) capability, which would permit definition of a default color mapping without loss of quantitative information, and permit change of mapping (different LUT) during clinical use. A further extension, Color Image Storage,
 may also help with functional imaging by providing a way to convey color palettes with the imaging.

Q: What is the degree of adoption of Enhanced MR color LUT and Color Images among PACS viewer vendors? 

BH: This is a good question.  Not sure we should recommend using the Enhanced object’s color mechanism for fused images and since then Supplement 100 allows for better presentation without producing extra images.  And I suppose it is a question of how many viewers support dynamic blending of color and grey scale as the standard requires.  Has anyone implemented this?

MP: I am not aware of any blending of color and gray scale image data by Hitachi.

WCVW: We have used Color LUT for a short period also in Classic images and got different reactions: a) PACS systems that had problems with it and rejected the objects. Not sure if the COLOR itself was the problem or the combination with MR; b) PACS systems that could handle the COLOR information perfectly (we got questions after removal of this “feature”). (Further clarification: “I think this means that several PACS systems can handle COLOR LUT information irrespective to classic or enhanced.”)

BH: All: please specify if you implement the 2 way color/gray scale pipeline specified in the standard. See in PS 3.3-2011
… If no one is implementing or sees value in implementing now that we have supplement 100 we should consider a CP removing this requirement from the standard. See PS 3.4 – 2011 for more information on the impact of supplement 100.

2. Basic: Additional DICOM objects forming a Paradigm Execution record: paradigm identification; personnel identification; and paradigm execution results.
a. DICOM Study UID synchronization: needed to provide common identification for paradigm execution results not created by the scanner performing the imaging. In a basic implementation the scanner can originate the Study UID which is passed along to other application (paradigm presentation). 

b. Pre-allocation of Study ID: If paradigm execution information can originate in a patient encounter before imaging (e.g. training session) then either i) training data is held until testing (imaging) takes place, or ii) some patient scheduling facility links the training with later testing sessions. DICOM Referenced Study
 may be useful.

Q: Is support of scheduling via RIS common in scanners?

BH: Most scanners support MWL [Modality Work List].  However as noted not all scanners will be connected to a RIS.  So an alternative method would be needed.

Q: Is DICOM Referenced Study supported on scanners or PACS?

BH: Not sure what the question relates to.  Study references within the object can certainly be supported.  Not sure what the expectation is in regards to using the reference.
c. Paradigm Execution Record:  This will require new tags for basic paradigm identification; design definition (e.g. phases used) and paradigm execution (phase, stimulus, and response events, as well as basic behavioral and imaging assessments). 

d. Currently available tags for human performer, date/time stamps, etc. can be applied in capturing the training and testing workflow.

3. Extended: Full description of paradigms in DICOM format, including statistical models and specific characterization of stimuli; full analysis records in DICOM format. 

a. Paradigm Specification Record: documenting paradigm design.

b. Paradigm Analysis Record: organizing activation map(s) with other results including activation time-series. Enhanced MR may help organize multiple activation maps (e.g. different significance levels, clustering strategies, smoothing) into multi-frame images.

c. DICOM Waveform storage: may be of value in representing activation, motion, etc. time series results.

� GE Signa Field Notes v2(1), � HYPERLINK "http://www.gehealthcare.com/usen/education/tip_app/docs/fieldnotes_volume2-1.pdf" �http://www.gehealthcare.com/usen/education/tip_app/docs/fieldnotes_volume2-1.pdf� 


� DICOM Suppl. 30: Waveform Interchange, at � HYPERLINK "http://medical.nema.org/Dicom/supps/sup30_lb.pdf" �http://medical.nema.org/Dicom/supps/sup30_lb.pdf� 


� DICOM Suppl 49: Enhanced MR Image Storage SOP Class, � HYPERLINK "ftp://medical.nema.org/medical/dicom/final/sup49_ft.pdf" �ftp://medical.nema.org/medical/dicom/final/sup49_ft.pdf� 


� DICOM Suppl. 141: Enhanced MR Color Image Storage SOP Class, at � HYPERLINK "ftp://medical.nema.org/medical/dicom/final/sup141_ft2.pdf" �ftp://medical.nema.org/medical/dicom/final/sup141_ft2.pdf� 


� DICOM Suppl. 23: Structured Reporting Storage SOP Classes, at � HYPERLINK "http://medical.nema.org/Dicom/supps/sup23_lb.pdf" �http://medical.nema.org/Dicom/supps/sup23_lb.pdf� 


� DICOM Suppl. 30: Waveform Interchange, at � HYPERLINK "http://medical.nema.org/Dicom/supps/sup30_lb.pdf" �http://medical.nema.org/Dicom/supps/sup30_lb.pdf� 


� DICOM Suppl 49: Enhanced MR Image Storage SOP Class, � HYPERLINK "ftp://medical.nema.org/medical/dicom/final/sup49_ft.pdf" �ftp://medical.nema.org/medical/dicom/final/sup49_ft.pdf� 


� DICOM Suppl. 141: Enhanced MR Color Image Storage SOP Class, at � HYPERLINK "ftp://medical.nema.org/medical/dicom/final/sup141_ft2.pdf" �ftp://medical.nema.org/medical/dicom/final/sup141_ft2.pdf� 


� PS 3.3-2011: C.8.16.2.1.1.1 Supplemental Palette Color LUTs; Figure C.8-20 presents two separate image visualization pipelines that can be used for interpreting the stored pixel values.


� PS 3.4-2011: N.2.2 Color Transformations, N.2.2.1 Profile Connection Space Transformation


� DICOM Suppl. 23: Structured Reporting Storage SOP Classes, at � HYPERLINK "http://medical.nema.org/Dicom/supps/sup23_lb.pdf" �http://medical.nema.org/Dicom/supps/sup23_lb.pdf� 
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