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1 Patient Evaluation and Paradigm Selection
1.1 Ordering 
We make the assumption that the ordering physician initiates the fMRI workflow by making a choice of one or more fMRI tasks to be performed during the fMRI examination. A general request for pre-surgical evaluation of motor function may include several individual tests of motor function (e.g. finger tapping, tongue rolling, toe flexion), or mapping of language areas which include one or more fMRI tasks to assess expressive and/or receptive language processes. Each fMRI task has paradigm-specific features customized for patient instruction, MR image acquisition parameters, and data processing parameters. 
To encourage repeatability and comparison of results pre and post surgery, specific stimulus paradigms have been designed to elicit responses within certain parts of the brain (i.e. motor or language regions). Our approach is to provide a set of stimulus paradigms to cover mapping of motor, language, visual and auditory processes. We have also included two paradigms as general framework for Start/Stop and Left/Right cueing, where a specific action can be required of the examiner. 

To support ease of use within current clinical workflow, we provide stimulus paradigms embedded within paradigm guidance software called nordicAktiva. This software runs on a standard PC. Once the software is launched, a series of four screens prompt the user to; 1) enter indentifying information (Name, ID, Series Description and Study Description, DOB, Gender); 2) select  the paradigm from a dropdown list of available paradigms; 3) run the paradigm (software waits for the scan trigger) and; 4) save and exit, repeat, or select new paradigm.
Each stimulus paradigm includes instructions to ensure proper training of the patient, paradigm parameters for proper conduct of the exam, and the capability to repeat an exam if necessary. We provide documentation in hard copy of stimulus paradigm instructions to insure that administration of the exam is well understood by the patient and the personnel who will perform the examination and interact with the patient. Each test will have specific hardware requirements (visual and/or auditory presentation, response device for collecting responses, etc).
Although paradigms can be modified and added to the library, we do not provide ‘on the fly’ capabilities for changing paradigms at the time of exam (e.g. to lengthen or shorten a run). Because not all sites have real-time capabilities, and experience of the examiner may be variable, we discourage ‘decision making’ about the appropriate number of observations, as this may lead to undesirable variability and/or error in analysis downstream. 

We provide the opportunity to repeat an exam if necessary and/or the availability of the general Start/Stop or Left/Right for customization of tasks. A comment box is available in nordicAktiva for the examiner to describe exactly what the patient was required to do during the task, and the precise instruction provided.  If modifications of task instructions are given to the patient due to variability in patient capabilities, this comment box can be used to describe those as well.
1.2 Patient Assessment and Training

Patient training should be conducted for all patients and all tasks. In order to familiarize the patient with the fMRI tasks to be performed and to confirm the patient’s ability to perform the task, we provide instruction within the paradigm guidance software to remind the examiner to provide proper instruction and allow them to practice. 
Patient training should be done just before the fMRI exam. In order to protect patient privacy and minimize the amount of time in the MR, patients may become familiar with the task by actually performing the task outside the scanner on a computer, or via visual instruction using a practice manual. It is also possible to practice while the patient is on the MR table and after adjustment of the peripheral equipment has taken place. If memory testing is a component of the test, the practice stimuli should be unique to avoid patient habituation or increase in familiarity that might interfere with the results.
In addition to increasing patient confidence, additional training provides an opportunity to assess the patient’s ability to perform the fMRI tasks. If the patient is unable to perform the task or respond using the designated response device, changes in paradigm selection and/or instructions may be required (e.g. a change from pressing a button to flexion/extension of wrist). If changes are required, they can and should be recorded in the comment window within nordicAktiva and remain part of the patient record.
2 Data Acquisition
2.1 Stimulus Delivery Using NNL Peripheral Equipment 
We believe that the ability to streamline the fMRI exam procedure and seamlessly integrate the technology into radiology department workflow hinges on having a well-integrated system of hardware and software tools for stimulus presentation and data acquisition. 

Visual System (VS) - NNL provides an MR-compatible, OLED based goggle system with integrated diopter correction and pupil distance adjustment. This mounts directly to the head coil (compatible with most all vendor platforms and head coils) and eliminates the need for additional corrective lenses, etc. The VS interfaces with the computer which is displaying the stimulus paradigms (i.e. nordicAktiva, or other 3rd party software).
Audio System (AS) – The AS is an MR compatible electrostatic headphone system that provides a way to present auditory stimuli to patients and to communicate with them during the exam. This also interfaces with the computer displaying the stimulus paradigms.
Response Grips (RG) – The response grips are ergonomically designed devices for collecting responses from the patient. There is a left and right grip, with two potential responses each. The interface unit in the MR control room provides feedback (visual or aural) regarding button presses so that the examiner can verify and monitor responses.

SyncBox (SB) – the SB is a device used to precisely synchronize MR image acquisition with the presentation of the stimulus paradigm. The SB is compatible with all MR vendor systems. 
Set up – during set up and prior to patient arrival, all of the equipment communication can be verified using the nordicAktiva hardware test. 
2.2 Synchronization of Stimulus Delivery and Image Acquisition
The workflow for the examiner has been designed to be fairly simple. Once the patient has been trained and is comfortably in the MR, nordicAktiva software can be launched, patient identifying information added and the paradigm is selected. The paradigm ‘waits’ for the trigger signal from the scanner to then begin stimulus cuing precisely synchronized with MR image acquisition.
2.3 fMRI Exam Administration
Image acquisition typically consists of localizer images, followed by acquisition of at least one high resolution (structural) dataset and one or more low resolution (functional) datasets. Diffusion tensor imaging data may also be collected, as well as additional exams related to the stereotactic placement of the neuronavigation or treatment planning system. 
After the administration of each functional imaging task, the examiner will then have the opportunity in nordicAktiva to either - repeat the same task, select another task or end the exam. After each fMRI task the patient should consulted to make sure they are feeling ok, felt comfortable with the exam and are ready to begin the next step. Within the nordicAktiva software program, a comment window allows the examiner to log any notes or relevant information regarding the exam. This can be added to a permanent report later, to become part of the patient exam record.
3 Post-Acquisition Data Processing
In order to maximize MR scanner utilization and provide more flexibility in clinical workflow, NNL has designed image analysis software (nordicICE, or nordicBrainEx) to work on a PC platform and not directly on the MR scanner console. 

Image data can be pulled directly from the PACs or can be pushed from the MR scanner to the PC where the analysis software resides. Network licensing of our software allows multiple licenses to reside on many computers for maximal flexibility and ease of communication post exam.

The specific scan parameters unique to each fMRI exam are available not only in the DICOM header of the image data, but in a ‘design file’ generated by nordicAktiva. This design file can also be pushed to an alternate location for processing.

The NNL analysis software also provides a DICOM database. The DICOM database can be used to perform query/retrieve function of the imaging data. 
3.1 Statistical Model (GLM)

The majority of fMRI data processed in recent years using SPM and/or AFNI employs a multiple-regression-based statistical analysis based on the Generalized Linear Model (GLM). GLM models represent (a) one or more statistical conditions of interest that model “active” mental states (i.e., the neuronal activities of interest) and “baseline” mental states; and (b), zero or more statistical conditions of no interest that model statistical confounds, such as DC bias, linear signal drift over time, low-frequency noise, etc. Each condition of interest models the onset and duration of one specific type of neuronal activity throughout the course of the experiment. Each statistical condition is used to generate a regressor, which is a quantity used in the multiple regression analysis.
3.2 Acquisition Parameters

The acquisition parameters provide information about how the MR image data was acquired. These parameters such as TR, TE, # of volumes, voxel size, etc. are available in the DICOM header and are identified automatically when imported into the NNL software. If for some reason the information provided in the header is incorrect, information may be updated prior to further processing steps. 
3.3 Processing Parameters

Design files specifying the stimulus presentation model are automatically generated from nordicAktiva can be uploaded to our analysis software or can be generated in real time (for instance, if an alternative stimulus presentation software is used – e.g. EPrime) within nordicICE or nordicBrainEx.

Further processing and statistical analysis of the acquired brain images is based on a set of parameters that define how the data should be handled. The parameters to be defined include statistical contrast vectors, the width of the Gaussian smoothing kernel, and hemodynamic response function parameters. Standard (optional) pre-processing steps also include slice-time and motion correction, specification of smoothing and/or filtering options, autodetection of noise threshold, and quality check/inspection of the individual images in the time series. Intermodality coregistration of functional and structural datasets is recommended. 
NNL is not considered a ‘black box’ where processing is concerned. Although the processing steps can be defined and then used in a standard automated way, all parameters can be modified and the data reprocessed if required.
All outputs of motion correction are available graphically and can be exported to a report generated by the software.

Likewise, coregistration can be performed automatically or ‘nudging’ can be done manually and results of the coregistration sent to report.

3.4 Visualization of statistical output
Statistical data is available for overlay on 3d structural image, and available in conventional 2D and multiplanar view. Multiple fMRI datasets may be viewed at one time (along with DTI data if available). Statistical processing to extract functional signal provides t- and F-tests to identify voxels with time-varying signals that are correlated with the expected hemodynamic response function represented in the statistical model. The results of this processing include voxel-wise datasets that correspond to the statistical analysis.
Thresholding capabilities are available for use with these t-maps and statistical outputs can be saved to report. Region of interest capabilities are also available for examining signal change over the time course in a set of voxels. This information is available graphically and again can be sent to report.

Distance measurements, tumor segmentation, and other visualization tools are also available.

4 Exam Reporting and Interpretation
4.1 Behavioral Performance Measures

Patient responses may be collected during the performance of the fMRI examination. Response data is important for a variety of reasons, including the assessment of patient performance and verification of quality of data.  This information is available via log files which can be included in the final report generated.
4.2 Structural data

Structural data may be modified during post-acquisition processing. Typical modifications include removing structures (such as hair, boney-tissue, etc) which would otherwise obscure visualization of results. Processing may also include re-orientation of the data into a standardized, or canonical, orientation.

4.3 Statistical Maps
Functional data can be saved and exported in a variety of formats. Volume and image data can be exported in .jpg, or DICOM format to PACs, exported in Analyze or NIFTI format for viewing or further analysis using other software packages. Data can also be exported to neuronavigation systems – either as white pixel on gray scale (BrainLab), or colored pixels (Medtronic Stealth).

4.4 Records or Reports

A formal report can be generated within the software that includes any and all images, statistical outputs that are saved to it. An appendix can automatically be generated that also includes all data acquisition and data analysis parameters so that the exam details are part of the final patient report and record.
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