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Technical Report

Background:


fMRI analysis of spatial connectivity would allow accurate images of active portions of the brain. By using a standardized test, all patients would experience the same stimulus. This will allow for comparison of multiple trials utilizing different patients as well as multiple trials of the same patient. All of the information will be collected, segmented and applied to a commercially available atlas. This will allow for visualization of proficient cognitive function as well as deficient cognitive function. 

Problem:


The goal is to create a standardized testing program that is compatible with the ferro-magnetic sensitive environment of the fMRI. This method of using fMRI and a projected, interactive test is designed to replace the current, invasive method of direct electrical stimulation of the brain, where electrical readings are taken from probes placed directly on the brain surface of a patient. The results can also be standardized by fitting them to an atlas, and will not be subject to differences in data caused by probe placement. 

This program is to be tested on several patients and the results will be segmented and applied to a commercial available brain atlas. Then analysis can be done to compare proficient and deficient cognitive functions. The ease of use of the program will be studied as well. Questions are based on a current set of questions administered by the Johns Hopkins Neurology Department. 

Significance:


fMRI visualization and analysis of patients is potentially very useful. It could track the diminishing cognitive functions of patients affected by neuro-degerative diseases such as Alzheimer’s. Use of this technique can also help to diagnose the severity of damage caused by a stroke or other traumatic brain injury. However, the greatest significance of this work will be to create an atlas of the cognitive brain to use as a comparison tool. By comparing individual patient data will a compilation of data, assessments about the cognitive functioning of individual patients can be made relative to the atlas based standard.


While this project focused only on spatial and color based cognition and using both auditory and visual stimulus, additional testing  programs could be designed to test other brain functions.

Approach:


The cognitive testing program was developed for the PowerMac platform. It was written in C++ and utilizes Mac Toolbox Utilities. It can be run on any PowerMac running system 7.5 or later. The graphics engine is highly optimized, allowing for very fast processing and screen redraws. This will allow for optimal performance on Macs with processors from the 7100 to the current G4’s. This optimization allows computers that were produced as far back as 1995 to run the program with little difference from current technology.


The program was planned to be tested on two patients: a proficiently functioning patient as well as a deficiently functioning patient. This would allow for a basic feel for the type of data that would be collected from the fMRI as well as allowing for some basic data to be compiled and analyzed. It would also allow for staff and patient feedback on the applicability and ease of use of the testing program. 

Results:

The final version of the program was completed. The program has fully functioning visual and auditory stimulation modes. It also outputs a data file indicating which questions were answered successfully and which questions were answered incorrectly. The program was recently distributed to our advisor for comments. We have asked him to distribute the program to other members of the Neurology staff to gain input on the program. However, as of this time we have not heard back from him or any other staff members. If we receive any information, this report can be updated.

We were unable to obtain any fMRI data from the testing program. We were not able to get the fMRI time that was needed, or access to patients through our faculty advisor. Further work is needed to get this data, but once obtained, the data can be analyzed. The segmentation program as well as the atlas that was planned to be used is commercially available software and is currently in use in the fMRI facilities. 

Management Report

Project Member Roles:

Emily: (project programmer) Responsible for creation of the computer based Cognitive Testing Program (CTP),  researching connector options to connect the 15 pin PC game port to USB connector, patient testing and some data analysis. Also responsible for technical aspects of project presentations (checkpoint and final).

Ramesh: (group leader) Responsible for research on and obtaining needed software (atlas and segmentation programs), obtaining PC to Mac connector, patient testing and data analysis, fMRI data processing and atlas data fitting. Also responsible for maintaining project notebook and scheduling presentations. 

Dr. Hart: (group advisor) Responsible for scheduling patients and fMRI time, creating goals for the program aspect of the program, and feedback about the state and design of the program.

Original Goals vs. Accomplished Goals:


The original goal of the program was to create CTP and test the program on at least two patients, a proficient patient and a deficient patient. The data from these two trials would be segmented and fitted to a brain atlas. Both the segmentation program and the atlas that were planned to use are commercially available programs that are currently in use in the fMRI testing facility. Processing of this data was scheduled to be completed over a weekend, and the actual analysis was to be completed after all of the data was processed. 

The program was originally conceived to be Java-based utilizing the Swing API, with the intention of creating a multi-platform development. However, the final version of the program (CTP 2.0) is written in C++ and designed exclusively for the PowerMac platform. The program was tested extensively for compatibility and ease of use by the project programmer. It was also forwarded to other group members for testing and to assess the current state of the program relative to goals. (For program development and release information please see Appendix B.)


However, the platform change necessitated the need to find a connector that would allow the 15 pin PC game port compatible joystick to connect to the Mac. Because the Mac that is available in the testing facility is a G4 PowerMac, the complementing connector will have to be either USB or FireWire compatible. If the facility is using older Macs, ADB converters could also be used.  


 The issue of interface compatibility was not addressed until late in the semester. The group programmer did extensive on-line research into the issue and recommended the purchase of  Radio Shack part number: 26-164. This adapter costs $14.99 and is available in stores and on-line at: www.radioshack.com. The project leader planned to purchase the adapter and test the compatibility with the fMRI joystick. However, no communication has been received to date about the status of this testing. 


Patient testing was initially delayed, and ultimately never accomplished due to communication issues with the project advisor. While the CTP element final release came fairly late in the semester, intermediate testing versions were available at several earlier checkpoint dates. The delay of testing was not due to the CTP not being completed, it was due to not receiving a compatible interface as well as no scheduled testing dates. Contact could not be established with the project advisor even though multiple attempts were made by both group members. Dr. Hart was contacted by phone and e-mail on numerous occasions, but either responded very late or never returned the contact. 

Next Steps: 


The completion of patient testing is the next logical step to this project. Analysis and data processing could then be initiated, allowing for the completion of the original goals of the project. Possible other improvements include the addition of a dialogue box interface to the program, allowing for pre-testing input of patient data, and development of a PC platform based program. 

The program interface improvement is a fairly quick update to the program, requiring only a small time investment. The dialogue approach was actually planned to be included in the final release, however problems with the computer crashing occurred. Fixing this would require the location of the bug in the program.

Moving the program to a PC based platform would require a large time investment. The program would still be written in C++  but would have to be adapted to run with Windows toolbox applications, or be written using GTK+ to run on a Linux machine. Either one of these approaches would require re-writing the graphics engine as well as a large part of the supporting code. Approximately 80-90% of the code could not be re-used.

One final possible improvement would be to use an MRI simulator to better correlate and assess the validity of the program.  This would be extremely useful in getting images to correlate based on coil placement, slice thickness and noise level. However, further research needs to be done on MRI simulation in general, and specifically on any programs that are currently available. 

Appendix A: Survey distributed to advisor with final version of CTP program

1. Does the program accomplish the goals of the current testing programs?

2. Does the program accomplish the envisioned goals of a computer based testing program?

3. Is the program easy to use from the viewpoint of the clinician?

4. Do believe that this program would make a valuable addition or adequate replacement for current methods of testing spatial connectivity?

5. Are there any changes that you would make to the program? If so, what would you like changed?

Appendix B: Technical Appendix 1: Program Development and Release

Program Development and Release Key Dates:

· 03/30/2001: Checkpoint Presentation: basic program completed in Java/Swing

· 04/07/2001: Program switched to Mac platform

· 04/09/2001: Status report given to Ramesh about Mac platform development

· 04/11/2001: Preliminary version of program running

· 04/16/2001: Ramesh requests switch back to PC – told him no due to time constraints

· 04/16/2001: E-mailed Dr. Hart – received no response

· 04/17/2001: Received e-mail from Ramesh requesting the following changes:

· question to appear larger

· ten seconds per screen

· one second blank screen

· all 16 questions need to appear in some way

· intro page

· blank screen at end

· 04/17/2001: Additional request -> auditory component (not in original plan)

· 04/17/2001: Revised list of questions

· no longer want random placement of shapes

· had to redesign entire program

· pick-up command needs to record some kind of movement

· Informed Ramesh and Dr. Hart that I had an exam

· Still planned to be completed by 04/19/2001

· 04/18/2001: Version 1.0, 1.01 released with plans to release version 1.1 by end of week

· 04/19/2001: Version 1.02 released, still no information received about time of trial

· 04/20/2001: Spoke to Ramesh: fix a few bugs in program, otherwise looks good

· 04/24/2001: Two separate programs were wanted: one with audio exclusively, the other with visual stimulus exclusively

· 04/24/2001: Less words wanted in opening screen, no click needs to be recorded on exit screen, shape placement incorrect

· circles and squares are transposed

· questions will need to be reworked as they are hard coded into the program

· 05/03/2001: Program cleaned up to be ready for the presentation, audio added as separate program, spoke with Ramesh: we need an adapter for Mac (db15->USB), recommendation on adapter 

· 05/04/2001: Final presentation

· 05/14/2001: Final program release: v2.0: menu bar control added

Appendix C: Technical Appendix 2: CTP Users Manual

Detection of Spatial Connectivity via fMRI Analysis

Cognitive Testing Program: CTP README

Platform: 


The Cognitive Testing Program (CTP) was developed using a PowerBook G3 2000 running MacOS 9.1. This program is designed to work on all PowerMacs running System 7.5 or greater.

Viewing Program:


As this program is designed to be used with a projector, the computer must be set up properly to project the test. Using the Monitors Control Panel, set the external viewer as the primary monitor. This will allow for mirroring and proper program operation. 

Program Use:


Upon launch, a menu is presented. Using the file menu, you may switch the program to audio mode. The default setting is visual only mode. Select the start menu item to begin the test. Hit any key to exit the test before completion if desired. 


Results will be stored in a file titled res.txt in the same directory as the application. The clinician should add patient data, test date, test number and testing method. This file needs to be renamed to prevent over-write on subsequent testing. At this time the naming convention of the files is left to the clinician.  

Intended Future Improvements:

A dialogue box will be added to allow for pre-test entering of all patient data and assign file name based on patient name and trial number. 

Appendix D: Technical Appendix 3: CTP Code

Detection of Spatial Connectivity via fMRI Analysis

Cognitive Testing Program: CTP Code
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