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Step 1: Segmentation with FSL FIRST
Highlighted portions of the instructions may require you to make changes so that the commands work on your system and data.
Data Structure and Organization
1. For this protocol we will assume you are working in the directory on your own network called /enigma/first/.

2. Put your unprocessed structural MRI scans for each subject in the /enigma/first/data directory. We assume they are called subj1.nii, subj2.nii, etc.  No pre-processing of the structural scans is necessary.

3. Create a directory to store your scripts called /enigma/first/scripts.

Set up FSL
1. Install and set up FSL version 4.1.9 which includes FIRST version 1.2 from the FSL website.

2. If you have multiple versions of FSL on the same machine, make sure you are using the correct one. You can check this by typing cat ${FSLDIR}/etc/fslversion and making sure the output says 4.1.9.
3. Open up the text file ${FSLDIR}/bin/fsl_sub  and check that the variable SGE_ROOT is blank.  This is the default setting if you have not previously edited the fsl_sub file.
4. Become familiar with the instructions for running FIRST.

Modify FIRST settings
1. Copy the file ${FSLDIR}/bin/run_first_all to the scripts directory and rename it.  
cp ${FSLDIR}/bin/run_first_all /enigma/first/scripts/run_first_all_edit
This is the driver script for running FIRST.  We will edit this file to have different settings than the default.

2. Copy the file ${FSLDIR}/bin/first_flirt to the scripts directory and rename it.  
cp ${FSLDIR}/bin/first_flirt /enigma/first/scripts/first_flirt_edit

This is the driver script for running the linear registration via FLIRT.  We will edit this file to have different settings than the default because through experience the registration has mixed results based on the default parameters.

3. Edit the first_flirt_edit file in your favorite text editor.  For example, 
emacs /enigma/first/scripts/first_flirt_edit

Change the line which now reads:

${FSLDIR}/bin/flirt -in $A -out ${B}_tmp_stage1 -ref ${FSLDIR}/data/standard/${refim} -omat ${B}_tmp_stage1.mat $inweightCom

TO

${FSLDIR}/bin/flirt -in $A -out ${B}_tmp_stage1 -ref ${FSLDIR}/data/standard/${refim} -omat ${B}_tmp_stage1.mat $inweightCom -cost normmi -searchrx -180 180 -searchry -180 180 -searchrz -180 180
4. Save and close the file.

5. Edit the run_first_all_edit file in your favorite text editor.  For example, 
emacs /enigma/first/scripts/run_first_all_edit

Change the lines which now read:

FLIRTID=`${FSLDIR}/bin/fsl_sub -l $logdir -T 15 ${FSLDIR}/bin/first_flirt $iname ${matname} $opts`

TO

FLIRTID=`${FSLDIR}/bin/fsl_sub -l $logdir -T 15 /enigma/first/scripts/first_flirt_edit $iname ${matname} $opts`

Save and close the file.  This specifies to use the modified first_flirt file.

Run First
1. If you haven’t done so already, make a working directory to store your data: 
mkdir /enigma/first/data
2. Make sure you have copied the original MRI scan for each subject in *.nii or *.nii.gz format  to your new working directory folder:

**Depending on how your data are store previously this copy command will be different.
3. We can now run the modified FIRST command: /enigma/first/scripts/run_first_all_edit -i subj1.nii -o subj1_first12. First, check that you are in the bash shell by doing “echo $SHELL” on the command line without parentheses. If it does not return the name “bash” you can type “bash” in your command line to switch. Assuming you are using a bash shell we can create a script to run each subject separately. This is ideal for those with access to a cluster computing environment:

cd /enigma/first/data

for subj_id in subj*.nii ; do #change to the pattern that selects the filenames of your original MRIs 
subj_id_nosuffix=`$FSLDIR/bin/remove_ext $subj_id`
$FSLDIR/bin/fslecho "#!/bin/bash" > runfirst_${ subj_id_nosuffix}.sh
$FSLDIR/bin/fslecho "/enigma/first/scripts/run_first_all_edit -i ${subj_id_nosuffix} -o ${subj_id_nosuffix}_first12" \

>> runfirst_${ subj_id_nosuffix}.sh

chmod 777 runfirst_${ subj_id_nosuffix}.sh
done

# If you do not have a cluster computing environment you can 

# run the scripts sequentially, just loop through them:

for subj_id in subj*.nii; do #change to the pattern that selects the filenames of your original MRIs
subj_id_nosuffix=`$FSLDIR/bin/remove_ext $subj_id`

./runfirst_${ subj_id_nosuffix}.sh

done
4. This will take around 1 hour to run per subject.  Also, make sure to use a node with a lot of memory.  In our experience 2GB memory is enough, but if the process dies without generating segmented volumes rerun it with more available RAM (4 or 6Gb).

5. You will know when the process has finished because the file subj1_first12_all_fast_firstseg.nii.gz will appear.  This represents the segmented image.

Check the registered scans from FIRST to find errors
1. The most likely place that the program will fail is at the initial registration step.  In order to check the registrations, run: 
${FSLDIR}/bin/slicesdir -p ${FSLDIR}/data/standard/MNI152_T1_1mm.nii.gz *_to_std_sub.nii.gz

This will produce a webpage in the directory where you run it that you can then easily check the registrations for each step.  When the registrations are bad, they are very bad (brain is upside down, zoomed in, zoomed out, etc.) so it is easy to tell when something is wrong. 
2. If any of the registrations are unsuccessful, try removing excess brain tissue like neck from the failed scans. You can do this using the AFNI program @clip_volume which zeroes out data at a certain Z coordinate in your image. For example, for one of the images in the ADNI dataset we ran the command: @clip_volume -below -70 -prefix subject1_clipped.nii -input subject1.nii where “-70” is the Z coordinate to cut below and “-prefix” allows you to name the ouput (make sure to include *.nii as a suffix or it will be outputted in AFNI file format). You may have to tailor your chosen Z coordinate to your dataset and to each image. Try to cut just below the foramen magnum if possible. You can verify that the @clip_volume script has cut at a proper level by looking at your image in FSLView simply by running: fslview subject1_clipped.nii. Once you have cropped the excess neck in the failed volumes rerun FIRST using these newly corrected volumes.

3. If some of these images still fail, you can skullstrip your images using BET or AFNI’s 3dSkullStrip prior to running FIRST again. Once you have successfully skullstripped your images that failed previously, you can run them in FIRST using this slightly modified command:

 /enigma/first/scripts/run_first_all_edit -b -i subj1_brain.nii \ -o subj1_brain_first12
After you run this do a quality check again using the website generating command above. 
