Draft QIBA profile for fMRI brain mapping:
1. Intended use: fMRI is used as a tool for pre-treatment planning in individual patients with brain lesions, including tumors, vascular malformation and epileptogenic foci. The presenting symptoms and location of the affected brain tissue determine the particular region or regions of the brain to be mapped and the behavioral paradigm(s) selected (e.g. motor task, language task). The change in BOLD signal (relative to a control condition) provides information about the brain region(s) involved in task performance and about the proximity of this eloquent cortex to brain site(s) to be treated. Endpoints that will influence treatment planning include risk assessment (impact of treatment on functioning cortex, e.g. surgical or radiation induced damage) and predictive value estimation (will damage to eloquent tissue result in a deficit). The goal of this profile is to specify the procedures and quantitative parameters under which BOLD fMRI is an accurate and reliable predictor of brain function, that is, as a valid imaging biomarker for medically meaningful changes in brain activity elicited by a particular task.

2. Claims

A. On a test-retest basis, fMRI can be performed reproducibly to a level such that the center of mass of activation of a focus of interest is within 5mm of itself, with at least 90% overlap of the activation clusters.
B. On a test-retest basis, fMRI can be performed reproducibly to a level such that the relative magnitude of activation in homologous regions across hemispheres should be within 10%. 

C. Quantitative measures of “risk” to eloquent brain structures… distance metrics… etc.    
3. Protocol
A. Patient evaluation and fMRI paradigm selection

B. Paradigm design

C. Patient training on behavioral task and quantitative assessment of performance

D. Equipment Q/A checks and calibrations

E. Patient preparation, instructions, behavioral check, adjustment of peripheral equipment

F. Pre-scan setup, shimming, selection of slices and other imaging parameters

G. Performance of fMRI scans including patient task instructions, performance monitoring

H. Post-scan evaluations of alertness, performance

I.  Post processing, artifact detection etc.

J. Report generation and content, including technical Q/A and evaluation

K. Clinical interpretation

L. Archiving and export to treatment systems

M. Follow-up
4. Compliance checks
fMRI signals reflect changes in local blood oxygenation and volume triggered by net changes in local neuronal activity. Such signals are therefore an indirect measure of brain activity. Moreover, the functional specificity of the fMRI activity depends on the behavioral task paradigm and the patient’s ability to perform the task. Thus, fMRI signals and the ability to identify functionally-specific eloquent cortex can be compromised by:


2. Behavioral compliance – Since the fMRI signal depends on the patient’s ability to perform the required behavioral task and thereby activate neurons in task-related brain areas, the occurrence, magnitude and extent of fMRI activation can vary in proportion to the accuracy, reliability, speed, etc of the patient’s performance. 
3. Consistency over time of activation cluster 
4. Detectability of signal changes in phantom

5. Temporal stability of signal changes in phantom (1/week)
QIBA Profiles consist of:

1. Intended use (clinical context), e.g. risk assessment or clinical trials

2. Claims (level of performance, both state-of-the-art and areas for improvement)

3. Protocol (structure provided by UPICT template)

4. Compliance check

It tells a user what can be accomplished by following the Profile. ("Profile Claims") 

E.g. you will be able to detect volume changes of greater than <20%> in Stage IV Lung Nodules which are <5mm> in diameter or greater. 

It tells a vendor what they must implement in their product to state compliance with the Profile. ("Profile Details") 

E.g. to comply, the scanner must be able to: 

· scan a <Mark-324> Chest Phantom, identify the smallest resolvable target, display the diameter of that target 

· demonstrate resolving targets at least as small as <2mm> diameter on the Mark-324 phantom 

· scan patients according to the ACRIN NLST acquisition protocol 

E.g. to comply, the quantification application must be able to: 

· segment a nodule (automatically or manually), derive the volume, store it in a DICOM object 

· run a user through a set of test data with known volumes and at the end display an accuracy score 

It may also tell the user staff what they must do for the Profile Claims to be realized. ("Profile Details") 

E.g. to comply, the site CT techs must be able to: 

· scan the patient within 10 minutes of contrast injection 

E.g. to comply, the radiologist must be able to: 

· achieve a score of <95%> or better using their segmentation application on the <Lung Invaders> test set. 

From the UPICT Template

Acquisition vs. Analysis vs. Interpretation
This document organizes acquisition, reconstruction, post-processing, analysis and interpretation as steps in a pipeline that transforms data to information to knowledge.

Acquisition, reconstruction and post-processing are considered to address the collection and structuring of new data from the subject.  Analysis is primarily considered to be computational steps that transform the data into information, extracting important values.  Interpretation is primarily considered to be judgment that transforms the information into knowledge.  

(The transformation of knowledge into wisdom is beyond the scope of this document.)


Bulls-eye Compliance Levels

Acquisition parameter values and some other requirements in this protocol are specified using a “bullseye” approach.  Three rings are considered from widest to narrowest with the following semantics:  

ACCEPTABLE: failing to meet this specification will result in data that is likely unacceptable for the intended use of this protocol. 

TARGET: meeting this specification is considered to be achievable with reasonable effort and equipment and is expected to provide better results than meeting the ACCEPTABLE specification.

IDEAL: meeting this specification may require unusual effort or equipment, but is expected to provide better results than meeting the TARGET.

An ACCEPTABLE value will always be provided for each parameter.  When there is no reason to expect better results (e.g. in terms of higher image quality, greater consistency, lower dose, etc.), TARGET and IDEAL values are not provided.  

Some protocols may need sites that perform at higher compliance levels do so consistently, so sites may be requested to declare their “level of compliance”.  If a site declares they will operate at the TARGET level, they must achieve the TARGET specification whenever it is provided and the ACCEPTABLE specification when a TARGET specification is not provided.  Similarly, if they declare IDEAL, they must achieve the IDEAL specification whenever it is provided, the TARGET specification where no IDEAL level is specified, and the ACCEPTABLE level for the rest.
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