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Prism provides a tool chain for fMRI training, acquisition, processing, and clinical use. This is presented as a meta-workflow, in that Prism’s users tend to impose their own site-specific configuration choices for fMRI. Configurable choices include paradigms, subtypes (natural language, difficulty), measures (r versus t), clustering, spatial filtering, threshold levels, opacity and blending in decks, etc.

Rather than only presenting a series of steps, I thought it would be interesting to reflect on the shaping of this tool chain. In hindsight, two principles are quite apparent.

1) Promote Repeatability of Process to ensure Reproducibility of Results
More scripted behavior and less nuancing (craft versus artistry)
2) Automate the collection of all results, including non-imaging data
If it wasn’t documented, it wasn’t done.
	Phase
	Step
“More scripted behavior and less nuancing (craft versus artistry)”
	Work Product (record)
“If wasn’t documented, it wasn’t done”
	Notes

	Training
	Review patient presentation;
Establish goals for functional imaging in patient
	Proposed paradigms (generic); patient ID, trainer ID
	

	
	Train patient to perform each proposed paradigm
	Paradigm properties;
objective data (answer, probe accuracy and lag) etc.
	Prism uses same platform for training and testing

	
	At completion, assess performance 
	Patient self-assessment, trainer assessment, free-form comments
	Electronically recorded

	
	Tune or replace paradigm selection as needed;
may change difficulty, length, etc.
	Revised paradigm list;
free-form comments
	Prism records on network

	Acquisition
	Identify patient, retrieve training record;
place patient in scanner
	Trained paradigms = worklist
	Trained patients are presented to tester

	
	Review paradigms ordered and training
	Patient ID, tester ID
	

	
	Perform equipment QA & final checks
	QA checklist
	

	
	Select a paradigm; confirm scan parameters; review instructions with patient
	Paradigm description contains all instructions, parameters, etc.
	

	
	Initiate scan/paradigm presentation;
monitor patient performance (visually, patient responses, audio from patient, etc.)
	Paradigm properties;
objective data (answer, probe accuracy and lag) etc.
	Additional integration of vital signs monitoring, motion monitoring, eye tracking, etc.

	
	At paradigm completion, assess performance and scan quality; create notes for processing techs as needed (e.g. motion, etc.)
	Patient self-assessment, tester assessment, free-form comments
	

	
	Repeat any paradigms as needed
	
	

	
	At completion of all paradigms: associate scan files, complete QA of scan files (clarify naming, exclude any unusable data, etc.)
	Completed records associated with scan data
	In Prism, non-imaging data is also DICOM encapsulated.

	Processing
	Arrival of study for processing
	Processing tech ID;
Study ID, Patient ID
	

	
	Automated processing per scan:
creation of 3D image volumes, registration, post-processing (time series to activation maps) etc.
	All paradigm parameters accompany data.
	Site-specific customization of processing (e.g., preferred activation map measures and clustering, spatial filtering, etc.)

	
	QA per scan: assessment of motion, registration, activation strength
	Technical comments
	Many metrics can and should be automated.

	
	Preparation of report and storage of results
	Aggregation of functional and other imaging; embedding of QA comments
	May customize templates by site and/or case type, a la ‘hanging protocols’

	Clinical Use
	Query for study or pre-loading of study to clinician workstation
	Clinician ID
	

	
	Combine multiple registered image volumes of various types to explore data, illustrate pathology, create treatment plan, etc.
	Capture all visualization characteristics in report (e.g. color maps, thresholds, opacity)
	Clinical discretion is applied in setting thresholds, weighing importance of paradigms, etc.

	
	Export views, series, etc. to PACS, navigation systems, treatment planning systems, etc.
	DICOM or simple image formats (JPG, PNG, etc.)
	Target systems vary widely in capabilities and adherence to standards like DICOM

	
	Save completed report
	All changes, exports etc. must be audit logged per HIPAA
	In Prism, retrieved report can recreate any saved view


Comments
1) Use DICOM objects to store non-imaging data as well as image results
- currently these will be private tags, but fine granularity and structured versus ‘black box’
- this can evolve via QIBA-fMRI/WG-16 cooperation to generalized but standardized tags
2) Use a centralized DICOM-based communications & control facility (Prism Flow)
- an important means of integrating and disseminating all information
- widely available already in HIT
- need for further exploitation of HL-7 for non-imaging data (scheduling, demographics, vital signs, etc.)
3) Sites frequently utilize their own paradigms and even incorporate their own processing steps, depending upon expertise and research interests
-  a challenge to provide flexibility yet enforce principles of repeatability and documentation
- nonetheless, many users will employ defaults most of the time
4) There is a need for clinical training (as opposed to technical in-service) for the application of fMRI in diagnosis and treatment planning
- professional societies should take the lead, e.g., ASFNR
- MCW in Milwaukee has presented research fMRI for many years
- Holodny  @ MS-K focus on clinical fMRI in November!
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