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The current trend In neuroscience studies is to collect large samples of structural and functional
data, which results in having to deal with Big Data. Manual pre-processing and analysis is very Yes Ni Automatic DICOM
tedious and error-prone. Here we report a web-based processing pipeline with quality assurance. It <emplate—hea ] set?> transf:rfsﬁiragt? syntax
requires minimal user input once the processing parameters have been set. It aims to provide an icentincation
. i : and transformation
easy automated environment to analyze resting-state and task functional data for all types of _
. : . : . - - Generating No Yes orig.nii
subjects (normal or those with lesions present), while also having flexibility and extend-ability for
users with specific software needs. h l
I\/Iet OdS | <Emplate—brain—mask 5et?> N4BiasFieldCorrection
1. ANATOMIC: Robust structural volume pre-processing (Figure 1) v : -
.. ] i . ] orig.n4.nii
Skull-stripping Is the first step of structural data pre-processing. While there has been much effort default template: e \ e
In developing skull-stripping methods, no clear solution has emerged. Compared to BEaST [1], MNI152_T1_2MM_BRAIN l
FSL BET and FreeSurfer watershed method, ROBEX [2] was chosen as the default option since it Reorient to
rarely fails and can finish in 1 minute for a typical human head with minimal errors. For failure- get brain from e uct <kull @ [au_tﬂmaffi_c |E‘_5iﬂf"] Radiological RPI
proof, user-defined skull-stripping command can be specified. Optional non-local means (NLM) head and mask ldentfication —yT
filtering to smooth the image without blurring the edges, plus optional non-uniform intensity bias '/
field correction by ANTS N_4 are also prowde(_j. | | Anatomical Template prepared A 5
Then robust MRI registration [3] to normalize the subject’s brain to the MNI template space, manually edited Non-local means
followed by optional FSL FNIRT medium degree-of-freedom (DoF) non-linear registration, or lesion mask filtering
SPM low-DoF (1K) non-linear alignment. And by FSL FAST to generate white matter partial or approved directly rpi.nim.nii
volume is included to prepare boundary-based co-registration (BBR) [4], plus FSL FIRST to
obtain 7 sub-cortical structures. _ _
For flexibility, the SPM VBMS8-toolbox is implemented as a compatible alternative for anatomical Robust Skull Strip Optional Lesion mask
lization, which can normalize by high-DoF (6.4M) DARTEL i i for cost function masking
norma _ ’ _ y_ 9 ' _ S o _ brain.msk.nii or Enantiomorphic mapping
If a subject has a lesion present (chronic stroke), the lesion will be identified automatically. After
editing the mask or approved directly, to minimize the lesion affect for normalization, especially / \
for non-linear registration, we can choose cost function masking or enantiomorphic mapping. Robust Afine P ooet furction))
2. BOLD: Functipnal task/resting-state pre-processi_ng (Figure 2.A) _ registration Generating skull FAST segmentation brain transplant masking for
Once the time series data has passed the QA metrics, the BOLD data can be processed in the 0.nbrain.nii skull nii wm.nii/gm.nii/csf.nii method non-linear
following order: optional despike, optional slice-timing correction based on DICOM header or 0.anat2tpl.omat _ alignment
user input, motion correction with middle time frame as reference, quadric trend removal, optional
nuisance factors regression (Friston 24, FD, AFNI Euclidean and DVARS, WM/CSF principal \
components [5] etc.) , optional band pass filtering, optional percent signal conversion, optional Optional refinement p ! N
motion scrubbing based on FD, AFNI Euclidean and DVARS threshold, 1-step normalization to dof 9 and 12 FIRST: 7 The specially processed
' ' ' i i scale and pre-aligned sub-cortical structures lesion mask from above
template space (affine or non-linear) after BBR way co-registered to anatomical space, optional : Al St as optional input
. by skull P p
smoothin i dentification for alignment
J- 2.anat2tpl.omat : /
3. 15T LEVEL STATISTICS P
1st level analysis includes regional homogeneity and functional connectivity based on ROIls, MNI
coordinates, or masks. For task fMRI, FSL FEAT or SPM batch job by file name mapping can be " Dr Chris Gaser's )
specified to estimate BOLD activation. The file name mapping mechanism enables hundreds of ENIRT non-linear SPM unified segmentation VBMS8 toolbox
subjects’ batch job to run in parallel on headless HPC nodes. registration based non-linear registration adopting DARTEL
4 2ND LEVEL STATISTICS (de'-=30|(} {dﬂf'-=1|(} normalization
] .. L : : : : : dof~=6.4M
1 Group statistical processing is available by using file name mapping for SPM batch job, after 1st (_do }
| level analysis has been completed. ROI values from multiple contrasts can be exported to csv /
format ready for REDCap group analysis with subjects’ behavior index. _ _ .
(braln2tp|.nnnllnear.n||j

5. Web interface and PDF result report (Figure 2.B)
Parameters specification and pipeline launching are available through web interface built into
NUNDA (Northwestern Neural imaging Data Archive). The parameters are utilized by initial file

(-In1) which can ease editing, repeated use for consistency, and for archival purpose. Final PDF Figure 1. A. Automatic adaptive anatomical template preparation. B. Robust anatomical MPRAGE pre-
reports are generated for preprocessing and 1st level analysis. The PDF report plus optional processing supporting lesion based cost functional masking or enantiomorphic mapping, plus supporting multi-
compression of intermediate files, allows users to reanalyze the data from a particular step and level dof non-linear registration after robust affine registration.

makes quality assurance checking easy.

To ensure the pipeline operation, we only change the code in the development version and merge
to a stable version after passing all system tests. To ensure reproducibility of the data processing,
the entire command line entries for each step of the pipeline are also included in PDF.
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Ritamafic DICGM Projects Subjects Sessions
transfer/storage syntax Scan  Type Series Desc Usability  Files Note
identification 4 MPRAGE MPRAGE_SAG usable Show Counts
and transformation 7 BOLD MEW STORY COMPREHEMSION usable Show Counts visualfirst 192
raw.nii Total: Show Counts 54 785 1892
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l ”g,a_EE%HET.mfgﬁgngg;éai.%zg4g 55_"; 5;“““ Table 1. There have been hundreds of subjects fully automatically processed by the reported pipeline to
[ —+ — Simes June 2015.
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cairtogial P e Results & Conclusions
func.ni SokncET0832 (0q7_atr NUNDA is an XNAT based web interface for DICOM and processed data. We have built several processing
middle TR A B e otz tare: pipelines which are robust, flexible and extendable, and have successfully processed thousands of sessions’ data
as reference - - - ] ;
(Table 1). In the future, we will also incorporate FreeSurfer to make surface-based analysis available.
reference | refunc.nii | | Register to reference | 3dvolreg.nii Figure 2 A. Minimal BOLD dataset Acknowledgment: This study was supported by NIDCD grant 1P50DC012283-01A1.
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