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Version Control
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[bookmark: _Toc101951977][bookmark: _Toc193201835]Introduction
The purpose of this document is to describe the Diffusion Weighted Imaging (DWI) preprocessing pipelines used for the  Magnetic Resonance (MR) Image data collected by the Precision Aging Network (PAN) Project.


[bookmark: _Toc101951978][bookmark: _Toc193201836]PAN-DWI-001: Data Acquisition

[bookmark: _Toc193201837]DWI Protocol
All four sites collected identical multi-shell acquisitions collected on the sphere. There is just a very minor difference in the number of b=0 volumes between the Siemens and Philips sites.

	Site
	Number of b=0 volumes
	Number of b=500 volumes
	Number of b=1000 volumes
	Number of b=2000 volumes
	Total Number of volumes

	UA, UM, EU (Siemens)
	13
	12
	48
	64
	137

	JH (Philips)
	12
	12
	48
	64
	136




An additional reverse-phase encoded b0 acquisition was also acquired for susceptibility distortion correction

[bookmark: _Toc193201838]XNAT
DICOMS are uploaded to the PAN XNAT using the XNAT Desktop Client or the compressed uploader. Each site has its own unique project on the XNAT. DICOMS at the U of A are directly sent from the scanner to the XNAT.

[bookmark: _Toc193201839]Scanner upgrades
On 10/21/2024 UM upgraded from Siemens XA20 to XA50. No changes to the DWI protocol were observed.

On 12/9/2024 UA upgraded from Siemens VE11 to XA30. No changes to the DWI protocol were observed.



[bookmark: _Toc101951984]

[bookmark: _Toc193201840]PAN-DWI-002: BIDS Conversion

[bookmark: _Toc193201841]BIDS Conversion
BIDS conversion is performed on the XNAT in a custom docker container using Heudiconv 0.10.0 for UA data and using dcm2bids 2.1.6 for the other sites. This initial choice was made because of the variety of DICOM formats (Enhanced DICOMS from UM,EU and JH and Siemens mosaics from U of A). 

Anatomical scans (T1 and FLAIR) have also been defaced using pydeface 1.1.0. 


[bookmark: _Toc193201842]BIDS Sessions
The session tag ses-01 has been used as the default session tag for each subject. On rare occasions subjects returned for a second session if their first scan had issues. Participants HML0102, HML0111, HML0282, HML0502, HML0575 and HML0739 came in for a ses-02 because their first scan had technical difficulties.

[bookmark: _Toc193201843]BIDS Files

[bookmark: _Toc193201844]DWI
DWI files are located within the BIDS hierarchy in the dwi folder. There will be 4 files for each subject. 

	Filename
	Description

	sub-HMLDDDD_ses-0X_dwi.nii.gz

	DWI scan

	sub-HMLDDDD_ses-0X_dwi.json

	Metadata for DWI

	sub-HMLDDDD_ses-0X_dwi.bval

	Bvals for DWI

	sub-HMLDDDD_ses-0X_dwi.bvec

	Bvecs for DWI



[bookmark: _Toc193201845]Anatomical scans
T1w and FLAIR files are located within the BIDS hierarchy in the anat folder. The defaced files are available for processing and these are named _rec-defaced_T1w and _rec-defaced_FLAIR

[bookmark: _Toc193201846]Reverse-Phase Encoded (RPE) Scans
A reverse-phase encoded scan is also acquired and is placed in the fmap folder for use in susceptibility distortion correction of the DWI scans. This is named sub-HMLDDDD_ses-0X_dir-PA_dwi.nii.gz


[bookmark: _Toc193201847]Philips specific BIDS additions
Additional processing was required for Philips scans  as the bids conversion process which uses dcm2niix was not able to identify all the necessary metadata from the provided dicoms. 
[bookmark: _Toc193201848]Phase-encoding directions
The phase encoding direction for the DWI and DWI-RPE scans were inserted into the BIDS metadata for each subject acquired on the Philips scanner.
Philips DWI RPE
"PhaseEncodingDirection": "j-",
Philips DWI
"PhaseEncodingDirection": "j",
Please note that the DWI and DWI-RPE acquisitions from the Philips scanner have been obtained in the opposite direction to the Siemens sites. This means that the name for the DWI RPE scan sub-HMLDDDD_ses-0X_dir-PA_dwi.nii.gz for the Philips site is misleading as it has actually been collected in the AP direction. This has not been changed at this moment to avoid breaking the preprocessing pipelines. The correct phase-encoding direction is provided in the associated json sidecar.

[bookmark: _Toc193201849]DWI Slice timing information
The slice timing information for the DWI and DWI-RPE scans were inserted into the BIDS metadata for each subject acquired on the Philips scanner.
The ExamCard Parameter “Temporal slice spacing” was set to “default” and so the slices are evenly distributed across the TR, taking into account the MultiBand factor. This worked out to be the same slice-timing configuration as the Siemens sites.









[bookmark: _Toc101951988]

[bookmark: _Toc193201850]PAN-DWI-003: HPC Analysis

[bookmark: _Toc193201851]QSIPREP Processing
QSIPREP version 0.21.4  (strictly speaking QSIPrep 0.21.5.dev0+g36b93fe.d20240504)  is used for processing the diffusion data on the University of Arizona’s High Performance Computer. See the Appendix for the boilerplate. Following below are parameter choices made:

(a) All the siemens sites use Prescan Normalize and the Philips site uses Constant Level Appearance (CLEAR) which are both methods that correct for non-uniform receiver coil profiles. It was thus decided to run Qsiprep without performing bias field correction with  --b1-biascorrect-stage none

(b) The DWI acquisition uses Partial Fourier 6/8  acquisition which has been shown to have Gibbs-ringing robustly removed by TORTOISE’s Gibbs. --unringing-method rpg

(c) Though not explicitly provided in the command line call, the default MP-PCA denoising method dwidenoise was performed.


(d) FSL’s EDDY and TOPUP were preferred for joint eddy current correction, head motion correction and susceptibility distortion correction. --hmc-model eddy

(e)  The CUDA version of EDDY was used to enable slice-to-volume movement correction and also the correction of susceptibility-by-movement interactions. These are specified in the eddy_params files:

{
  "flm": "linear",
  "slm": "linear",
  "fep": false,
  "interp": "spline",
  "nvoxhp": 1000,
  "fudge_factor": 10,
  "dont_sep_offs_move": false,
  "dont_peas": false,
  "niter": 5,
  "method": "jac",
  "repol": true,
  "num_threads": 1,
  "is_shelled": true,
  "use_cuda": true,
  "cnr_maps": true,
  "residuals": true,
  "output_type": "NIFTI_GZ",
  "estimate_move_by_susceptibility": true,
  "mporder": 8,
  "args": "--initrand --ol_type=both"
}

(f) A bids filter file is used to ensure that only session specific anatomical and diffusion data is processed:

{
  "dwi": {
    "session": "01"
  },
  "t1w": {
    "session": "01"
  }
}

The  full command line call looks as follows:
qsiprep BIDS 
        qsiprep_node 
        participant 
        --participant_label HML0551 
        --separate-all-dwis 
        --bids-filter-file HML0551_01_bids_filter_file.json 
        --hmc-model eddy 
        --unringing-method rpg 
        --b1-biascorrect-stage none 
        --eddy-config eddyparams_cuda.json 
        --mem_mb 50000 
        --nthreads 10  
        --fs-license-file license.txt 
        --write-graph 
        --output-resolution 2.0 
        -w qsiprep_work 
        --anat-modality T1w 
        --omp-nthreads 1



[bookmark: _Toc193201852]NODDI Processing

[bookmark: _Toc193201853]NODDI White-matter model
The qsirecon module of QSIPREP version 0.21.4  (strictly speaking QSIPrep 0.21.5.dev0+g36b93fe.d20240504)  was used to fit a white-matter NODDI model (amico-noddi) to the QSIPREP preprocessed outputs. The default NODDI parameters were used. 
[bookmark: _Toc193201854]NODDI Grey-matter model
Version 2.1.0 of AMICO (https://github.com/daducci/AMICO) was installed into a docker image (aacazxnat/panproc-apps:0.1) and used to fit a grey-matter NODDI model. The parallel diffusivity parameter was set to 0.0011 mm^2/s as described in Guerrero et al (2019) to more accurately model the tissue compartments in gray matter.

[bookmark: _Toc193201855]DIFFUSION TENSOR Processing

Fractional Anisotropy (FA),Mean Diffusivity (MD),  Radial Diffusivity (RD) and Axial Diffusivity (AD) were all calculated from QSIPREP preprocessed outputs using Mrtrix version 3.0.4

[bookmark: _Toc193201856]White Matter Tract Segmentation 

White matter bundle segmentation for each subject was performed on the preprocessed QSIPREP outputs using Tractseg (https://github.com/MIC-DKFZ/TractSeg) version 2.8 which is conveniently available in a docker image (wasserth/tractseg_container:master) 



[bookmark: _Toc101951990][bookmark: _Toc193201857]PAN-DWI-004: DWI Derivatives
Derivative measures based on the preprocessing steps mentioned above are shared in the coree_chen_dwi_measures table. 
[bookmark: _Toc193201858]NODDI Gray-matter Derived Summary Measures 
Using the NODDI measures derived by the Amico-noddi gray matter model  additional masking has been preformed using  the Gray matter calculated using FSL’s FAST algorithm (as part of the fsl_anat anatomical processing pipeline  https://web.mit.edu/fsl_v5.0.10/fsl/doc/wiki/fsl_anat.html) and the cortical masks derived by Freesurfer’s surface pipeline using mris_volmask (https://surfer.nmr.mgh.harvard.edu/fswiki/mris%25volmask )  to obtain summaries of Free Water Fraction (FWF), Neurite Density Index (NDI) and the Orientation Dispersion Index (ODI)  in cortical GM These measures are calculated in the qsiprep native space.
	Measure
	Description

	noddi_gm.gmcort.fit_FWF.Cerebral_Cortex
	NODDI GM Free Water Fraction (FWF) in Cortical GM

	noddi_gm.gmcort.fit_NDI.Cerebral_Cortex
	NODDI GM Neurite Density Index (NDI) in Cortical GM

	noddi_gm.gmcort.fit_ODI.Cerebral_Cortex
	NODDI GM Orientation Dispersion Index (ODI) in Cortical GM

	noddi_gm.gmhemi.fit_FWF.Left_Cerebral_Cortex
	NODDI GM FWF left Cortical GM

	noddi_gm.gmhemi.fit_FWF.Right_Cerebral_Cortex
	NODDI GM FWF Right Cortical GM

	noddi_gm.gmhemi.fit_NDI.Left_Cerebral_Cortex
	NODDI GM NDI left Cortical GM

	noddi_gm.gmhemi.fit_NDI.Right_Cerebral_Cortex
	NODDI GM NDI Right Cortical GM

	noddi_gm.gmhemi.fit_ODI.Left_Cerebral_Cortex
	NODDI GM ODI left Cortical GM

	noddi_gm.gmhemi.fit_ODI.Right_Cerebral_Cortex
	NODDI GM ODI Right Cortical GM



[bookmark: _Toc193201859]NODDI White-matter Derived Summary Measures 
Using the NODDI measures derived by QSIPREP’s  Qsirecon white matter model,  additional masking has been performed as described above “NODDI Gray-matter Derived Summary Measures” using White matter masks instead. Note that QSIPREP refers to the FWF as ISOVF, the NDI as ICVF and the ODI as OD.
	Measure
	Description

	noddi_wm.wmhemi.desc_ICVF.Left_Cerebral_White_Matter
	NODDI NDI left Cerebral WM

	noddi_wm.wmhemi.desc_ICVF.Right_Cerebral_White_Matter
	NODDI NDI Right Cerebral WM

	noddi_wm.wmhemi.desc_ISOVF.Left_Cerebral_White_Matter
	NODDI FWF left Cerebral WM

	noddi_wm.wmhemi.desc_ISOVF.Right_Cerebral_White_Matter
	NODDI FWF Right Cerebral WM

	
	

	noddi_wm.wmhemi.desc_OD.Left_Cerebral_White_Matter
	NODDI ODI left Cerebral WM

	noddi_wm.wmhemi.desc_OD.Right_Cerebral_White_Matter
	NODDI ODI Right Cerebral WM

	noddi_wm.wmintra.desc_ICVF.Cerebral_White_Matter
	NODDI NDI in Cerebral WM

	noddi_wm.wmintra.desc_ISOVF.Cerebral_White_Matter
	NODDI FWF in Cerebral WM

	noddi_wm.wmintra.desc_OD.Cerebral_White_Matter
	NODDI ODI in Cerebral WM



[bookmark: _Toc193201860]Tensor Gray-matter Derived Summary Measures 
Using the Tensor measures derived by Mrtrix  additional masking has been performed using  the Gray matter mask calculated using FSL’s FAST algorithm (as part of the fsl_anat anatomical processing pipeline  https://web.mit.edu/fsl_v5.0.10/fsl/doc/wiki/fsl_anat.html) and the cortical masks derived by Freesurfer’s surface pipeline using mris_volmask (https://surfer.nmr.mgh.harvard.edu/fswiki/mris%25volmask )  to obtain summaries of Axial Diffusivity (AD), mean Diffusivity/ mean Apparent Diffusion Coefficient (ADC), Fractional Anisotropy (FA) and the Radial Diffusivity (RD) in cortical GM These measures are calculated in the qsiprep native space.
	Measure
	Description

	tensor_gm.gmcort.desc_ad.Cerebral_Cortex
	Axial Diffusivity (AD) in Cortical GM

	tensor_gm.gmcort.desc_adc.Cerebral_Cortex
	Mean Apparent Diffusion Coefficient (ADC) in Cortical GM

	tensor_gm.gmcort.desc_fa.Cerebral_Cortex
	Fractional Anisotropy (AD) in Cortical GM

	tensor_gm.gmcort.desc_rd.Cerebral_Cortex
	Radial Diffusivity (RD) in Cortical GM

	tensor_gm.gmhemi.desc_ad.Left_Cerebral_Cortex
	AD in Left Cortical GM

	tensor_gm.gmhemi.desc_ad.Right_Cerebral_Cortex
	AD in Right Cortical GM

	tensor_gm.gmhemi.desc_adc.Left_Cerebral_Cortex
	ADC in Left Cortical GM

	tensor_gm.gmhemi.desc_adc.Right_Cerebral_Cortex
	ADC in Right Cortical GM

	tensor_gm.gmhemi.desc_fa.Left_Cerebral_Cortex
	FA in Left Cortical GM

	tensor_gm.gmhemi.desc_fa.Right_Cerebral_Cortex
	FA in Right Cortical GM

	tensor_gm.gmhemi.desc_rd.Left_Cerebral_Cortex
	RD in Left Cortical GM

	tensor_gm.gmhemi.desc_rd.Right_Cerebral_Cortex
	RD in Right Cortical GM



[bookmark: _Toc193201861]Tensor White-matter Derived Summary Measures 
Using the Tensor measures derived by Mrtrix  additional masking has been performed as described above “Tensor Gray-matter Derived Summary Measures” using white matter masks instead. 
	Measure
	Description

	tensor_wm.wmhemi.desc_ad.Left_Cerebral_White_Matter
	AD in Left Cerebral WM

	tensor_wm.wmhemi.desc_ad.Right_Cerebral_White_Matter
	AD in Right Cerebral WM

	tensor_wm.wmhemi.desc_adc.Left_Cerebral_White_Matter
	ADC in Left Cerebral WM

	tensor_wm.wmhemi.desc_adc.Right_Cerebral_White_Matter
	ADC in Right Cerebral WM

	tensor_wm.wmhemi.desc_fa.Left_Cerebral_White_Matter
	FA in Left Cerebral WM

	tensor_wm.wmhemi.desc_fa.Right_Cerebral_White_Matter
	FA in Right Cerebral WM

	tensor_wm.wmhemi.desc_rd.Left_Cerebral_White_Matter
	RD in Left Cerebral WM

	tensor_wm.wmhemi.desc_rd.Right_Cerebral_White_Matter
	RD in Right Cerebral WM

	tensor_wm.wmintra.desc_ad.Cerebral_White_Matter
	AD in Cerebral WM

	tensor_wm.wmintra.desc_adc.Cerebral_White_Matter
	ADC in Cerebral WM

	tensor_wm.wmintra.desc_fa.Cerebral_White_Matter
	FA in Cerebral WM

	tensor_wm.wmintra.desc_rd.Cerebral_White_Matter
	RD in Cerebral WM



[bookmark: _Toc193201862]Tractseg WM bundle measures
In addition to the above 38 WM tracts have been determined for each subject and mean measures of AD, ADC, FA, RD, NDI, ODI and FWF have been calculated for each tract for each subject.  For the Neurite Denisty Index (NDI) this is displayed below. 
	Measure
	Description

	noddi_wm.tractseg_native.desc_ICVF.AF_left
	NODDI NDI Arcuate fasciculus (AF) Left

	noddi_wm.tractseg_native.desc_ICVF.AF_right
	NODDI NDI Arcuate fasciculus (AF) Right

	noddi_wm.tractseg_native.desc_ICVF.ATR_left
	NODDI NDI Anterior Thalamic Radiation (ATR) Left

	noddi_wm.tractseg_native.desc_ICVF.ATR_right
	NODDI NDI Anterior Thalamic Radiation (ATR) Right

	noddi_wm.tractseg_native.desc_ICVF.CC_ant_midbody
	NODDI NDI Corpus Collusum (CC)  Ant. Midbody

	noddi_wm.tractseg_native.desc_ICVF.CC_genu
	NODDI NDI Corpus Collusum (CC) Genu

	noddi_wm.tractseg_native.desc_ICVF.CC_isthmus
	NODDI NDI Corpus Collusum (CC) Isthmus

	noddi_wm.tractseg_native.desc_ICVF.CC_post_midbody
	NODDI NDI Corpus Collusum (CC) Post. Midbody

	noddi_wm.tractseg_native.desc_ICVF.CC_rostral_body
	NODDI NDI Corpus Collusum (CC) Rostral body

	noddi_wm.tractseg_native.desc_ICVF.CC_rostrum
	NODDI NDI Corpus Collusum (CC) Rostrum

	noddi_wm.tractseg_native.desc_ICVF.CC_splenium
	NODDI NDI Corpus Collusum (CC) Splenium

	noddi_wm.tractseg_native.desc_ICVF.CG_left
	NODDI NDI Cingulum (CG) Left

	noddi_wm.tractseg_native.desc_ICVF.CG_right
	NODDI NDI Cingulum (CG) Right

	noddi_wm.tractseg_native.desc_ICVF.CST_left
	NODDI NDI Corticospinal Tract (CST) Left

	noddi_wm.tractseg_native.desc_ICVF.CST_right
	NODDI NDI Corticospinal Tract (CST) Right

	noddi_wm.tractseg_native.desc_ICVF.FX_left
	NODDI NDI Fornix (FX) Left

	noddi_wm.tractseg_native.desc_ICVF.FX_right
	NODDI NDI Fornix (FX) Right

	noddi_wm.tractseg_native.desc_ICVF.ICP_left
	NODDI NDI Inferior cerebellar peduncle (ICP) Left

	noddi_wm.tractseg_native.desc_ICVF.ICP_right
	NODDI NDI Inferior cerebellar peduncle (ICP) Right

	noddi_wm.tractseg_native.desc_ICVF.ILF_left
	NODDI NDI Inferior longitudinal fasciculus (ILF) Left

	noddi_wm.tractseg_native.desc_ICVF.ILF_right
	NODDI NDI Inferior longitudinal fasciculus (ILF) Right

	noddi_wm.tractseg_native.desc_ICVF.MCP
	NODDI NDI Middle cerebellar peduncle (MCP)

	noddi_wm.tractseg_native.desc_ICVF.MLF_left
	NODDI NDI Middle longitudinal fasciculus (MLF) Left

	noddi_wm.tractseg_native.desc_ICVF.MLF_right
	NODDI NDI Middle longitudinal fasciculus (MLF) Right

	noddi_wm.tractseg_native.desc_ICVF.OR_left
	NODDI NDI Optic Radiation (OR) Left

	noddi_wm.tractseg_native.desc_ICVF.OR_right
	NODDI NDI Optic Radiation (OR) Right

	noddi_wm.tractseg_native.desc_ICVF.SCP_left
	NODDI NDI Superior cerebellar peduncle (SCP) Left

	noddi_wm.tractseg_native.desc_ICVF.SCP_right
	NODDI NDI Superior cerebellar peduncle (SCP) Right

	noddi_wm.tractseg_native.desc_ICVF.SLF_III_left
	NODDI NDI Superior longitudinal fasciculus III (SLF_III) Left

	noddi_wm.tractseg_native.desc_ICVF.SLF_III_right
	NODDI NDI Superior longitudinal fasciculus III (SLF_III) Right

	noddi_wm.tractseg_native.desc_ICVF.SLF_II_left
	NODDI NDI Superior longitudinal fasciculus II (SLF_II) Left

	noddi_wm.tractseg_native.desc_ICVF.SLF_II_right
	NODDI NDI Superior longitudinal fasciculus II (SLF_II) Right

	noddi_wm.tractseg_native.desc_ICVF.SLF_I_left
	NODDI NDI Superior longitudinal fasciculus I (SLF_I) Left

	noddi_wm.tractseg_native.desc_ICVF.SLF_I_right
	NODDI NDI Superior longitudinal fasciculus I (SLF_I) Right

	noddi_wm.tractseg_native.desc_ICVF.STR_left
	NODDI NDI Superior Thalamic Radiation (STR) Left

	noddi_wm.tractseg_native.desc_ICVF.STR_right
	NODDI NDI Superior Thalamic Radiation (STR) Right

	noddi_wm.tractseg_native.desc_ICVF.UF_left
	NODDI NDI Uncinate fasciculus (UF) Left

	noddi_wm.tractseg_native.desc_ICVF.UF_right
	NODDI NDI Uncinate fasciculus (UF) Right




[bookmark: _Toc193201863]PAN-DWI-005: Exceptions
Certain subjects/sessions could not be successfully processed using the pipeline above or were removed to maintain validity and accuracy. These are delineated below:
	BIDS Participant
	BIDS Session
	Reason

	sub-HML0015
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0021
	ses-01
	No scan acquired

	sub-HML0028
	ses-01
	No scan acquired

	sub-HML0037
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0053
	ses-01
	No scan acquired

	sub-HML0060
	ses-01
	DWI not acquired.

	sub-HML0068
	ses-01
	DWI RPE not acquired correctly. Subject did come in for a session 002 but a T1w image was not collected

	sub-HML0070
	ses-01
	DWI RPE not acquired correctly. Subject did come in for a session 002 but a T1w image was not collected.

	sub-HML0097
	ses-01
	DWI RPE not acquired correctly.

	sub-HML0104
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0114
	ses-01
	No scan acquired

	sub-HML0126
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0145
	ses-01
	No scan acquired

	sub-HML0152
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0166
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0168
	ses-01
	No scan acquired

	sub-HML0180
	ses-01
	No scan acquired

	sub-HML0183
	ses-01
	No scan acquired

	sub-HML0185
	ses-01
	No scan acquired

	sub-HML0186
	ses-01
	No scan acquired

	sub-HML0194
	ses-01
	DWI and DWI RPE not acquired.

	sub-HML0264
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0272
	ses-01
	No scan acquired

	sub-HML0278
	ses-01
	No scan acquired

	sub-HML0283
	ses-01
	No scan acquired

	sub-HML0288
	ses-01
	No scan acquired

	sub-HML0292
	ses-01
	No scan acquired

	sub-HML0293
	ses-01
	No scan acquired

	sub-HML0294
	ses-01
	No scan acquired

	sub-HML0295
	ses-01
	No scan acquired

	sub-HML0331
	ses-01
	No scan acquired

	sub-HML0333
	ses-01
	No scan acquired

	sub-HML0344
	ses-01
	No scan acquired

	sub-HML0350
	ses-01
	DWI RPE not acquired correctly.

	sub-HML0355
	ses-01
	No scan acquired

	sub-HML0358
	ses-01
	No scan acquired

	sub-HML0359
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0363
	ses-01
	No scan acquired

	sub-HML0367
	ses-01
	No scan acquired

	sub-HML0369
	ses-01
	No scan acquired

	sub-HML0372
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0374
	ses-01
	No scan acquired

	sub-HML0381
	ses-01
	No scan acquired

	sub-HML0396
	ses-01
	No scan acquired

	sub-HML0405
	ses-01
	No scan acquired

	sub-HML0406
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0407
	ses-01
	DWI not acquired.

	sub-HML0409
	ses-01
	No scan acquired

	sub-HML0416
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0424
	ses-01
	No scan acquired

	sub-HML0430
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0434
	ses-01
	No scan acquired

	sub-HML0438
	ses-01
	No scan acquired

	sub-HML0452
	ses-01
	No scan acquired

	sub-HML0453
	ses-01
	No scan acquired

	sub-HML0454
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0456
	ses-01
	No scan acquired

	sub-HML0463
	ses-01
	DWI not acquired.

	sub-HML0465
	ses-01
	No scan acquired

	sub-HML0466
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0491
	ses-01
	No scan acquired

	sub-HML0505
	ses-01
	DWI not acquired.

	sub-HML0519
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0526
	ses-01
	No scan acquired

	sub-HML0530
	ses-01
	No scan acquired

	sub-HML0537
	ses-01
	No scan acquired

	sub-HML0568
	ses-01
	No scan acquired

	sub-HML0579
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0616
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0617
	ses-01
	No scan acquired

	sub-HML0652
	ses-01
	No scan acquired

	sub-HML0653
	ses-01
	No scan acquired

	sub-HML0654
	Ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0661
	ses-01
	DWI only partially acquired.

	sub-HML0666
	ses-01
	No scan acquired

	sub-HML0667
	ses-01
	No scan acquired

	sub-HML0670
	ses-01
	No scan acquired

	sub-HML0692
	ses-01
	No scan acquired

	sub-HML0701
	ses-01
	No scan acquired

	sub-HML0710
	ses-01
	No scan acquired

	sub-HML0714
	ses-01
	No scan acquired

	sub-HML0738
	ses-01
	No scan acquired

	sub-HML0772
	ses-01
	No scan acquired

	sub-HML0775
	ses-01
	No scan acquired

	sub-HML0788
	ses-01
	No scan acquired

	sub-HML0792
	ses-01
	No scan acquired

	sub-HML0810
	ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0815
	ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0859
	ses-01
	Tractseg failure during WM tract segmentation

	sub-HML0862
	ses-01
	No scan acquired
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Preprocessing was performed using QSIPrep 0.21.5.dev0+g36b93fe.d20240504, which is based on Nipype 1.8.6 (Gorgolewski et al. (2011); Gorgolewski et al. (2018); RRID:SCR_002502).

Anatomical data preprocessing

    The T1-weighted (T1w) image was corrected for intensity non-uniformity (INU) using N4BiasFieldCorrection (Tustison et al. 2010, ANTs 2.4.3), and used as an anatomical reference throughout the workflow. The anatomical reference image was reoriented into AC-PC alignment via a 6-DOF transform extracted from a full Affine registration to the MNI152NLin2009cAsym template. A full nonlinear registration to the template from AC-PC space was estimated via symmetric nonlinear registration (SyN) using antsRegistration. Brain extraction was performed on the T1w image using SynthStrip (Hoopes et al. 2022) and automated segmentation was performed using SynthSeg (Billot, Greve, et al. 2023, @synthseg2) from FreeSurfer version 7.3.1.

Diffusion data preprocessing

    Any images with a b-value less than 100 s/mm^2 were treated as a b=0 image. MP-PCA denoising as implemented in MRtrix3’s dwidenoise(Veraart et al. 2016) was applied with a 5-voxel window. When phase data were available, this was done on complex-valued data. After MP-PCA, Gibbs unringing was performed using TORTOISE’s Gibbs (Lee, Novikov, and Fieremans 2021). Following unringing, the mean intensity of the DWI series was adjusted so all the mean intensity of the b=0 images matched across eachseparate DWI scanning sequence.

FSL (version None)’s eddy was used for head motion correction and Eddy current correction (Andersson and Sotiropoulos 2016). Eddy was configured with a q-space smoothing factor of 10, a total of 5 iterations, and 1000 voxels used to estimate hyperparameters. A linear first level model and a linear second level model were used to characterize Eddy current-related spatial distortion. q-space coordinates were forcefully assigned to shells. Field offset was attempted to be separated from subject movement. Shells were aligned post-eddy. Eddy’s outlier replacement was run (Andersson et al. 2016). Data were grouped by slice, only including values from slices determined to contain at least 250 intracerebral voxels. Groups deviating by more than 4 standard deviations from the prediction had their data replaced with imputed values. Slice-to-volume correction was estimated with temporal order 8, 5 iterations, trilinear interpolation and lambda=1.000 (Andersson et al. 2017).

Data was collected with reversed phase-encode blips, resulting in pairs of images with distortions going in opposite directions. FSL’s TOPUP (Andersson, Skare, and Ashburner 2003) was used to estimate a susceptibility-induced off-resonance field based on b=0 reference images with reversed phase encoding directions. The TOPUP-estimated fieldmap was incorporated into the Eddy current and head motion correction interpolation. Dynamic susceptibility distortion correction was applied with 10 iterations, lambda=10.00 and spline knot-spacing of 10.00mm (Andersson et al. 2018). Final interpolation was performed using the jac method.

Several confounding time-series were calculated based on the preprocessed DWI: framewise displacement (FD) using the implementation in Nipype (following the definitions by Power et al. 2014). The head-motion estimates calculated in the correction step were also placed within the corresponding confounds file. Slicewise cross correlation was also calculated. The DWI time-series were resampled to ACPC, generating a preprocessed DWI run in ACPC space with 2mm isotropic voxels.

Many internal operations of QSIPrep use Nilearn 0.10.1 (Abraham et al. 2014, RRID:SCR_001362) and Dipy (Garyfallidis et al. 2014). For more details of the pipeline, see the section corresponding to workflows in QSIPrep’s documentation.
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