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PAN MRI Processing Pipelines 
Arterial Spin Labelling
(PAN-ASL)
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Version Control
	Version
	Date (Initials)
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	2/5/2025 (CU)
	Initial Document.

	1.0
	10/14/2025 (CU)
	HML0163 renamed to HML0162
HML0700 included

	2.0
	10/14/2025
	New Release for June 30, 2025 Data Freeze. Additional subjects processed and exceptions updated.
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[bookmark: _Toc101951977][bookmark: _Toc193191374]Introduction
The purpose of this document is to describe the Arterial Spin Labelling (ASL) preprocessing pipelines used for the  Magnetic Resonance (MR) Image data collected by the Precision Aging Network (PAN) Project.


[bookmark: _Toc101951978][bookmark: _Toc193191375]PAN-ASL-001: Data Acquisition

[bookmark: _Toc193191376]PASL and PCASL Protocols
The three Siemens sites (UA, UM and EU) acquire ASL data using Pulsed Arterial Spin Labelling (PASL). JH uses a Philips scanner and has acquired ASL using Pseudo-continuous  Arterial Spin Labelling (PCASL). A separate M0 (proton-density) image is acquired in all sites for calibration.

[bookmark: _Toc193191377]ASL plus M0
At the beginning of the project an initial acquisition was used that collected ASL and included an M0. This was collected for 6 subjects (HML0046, HML0048, HML0049, HML0050, HML0051 and HML0195) and then discontinued. This data is only available at the UA site and is not included in this data release.

[bookmark: _Toc193191378]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: _Toc193191379]Scanner upgrades
On 10/21/2024 UM upgraded from Siemens XA20 to XA50. The main impact of this was an extra volume acquired for both the M0 (from 4 to 5 volumes) and the Control-Label scans (from 20 to 21 volumes) which added an extra minute to the scan. In both cases the first volume appears to be a dummy scan and has been removed after BIDS conversion. 

On 12/9/2024 UA upgraded from Siemens VE11 to XA30. No changes to the timing and volumes acquired were observed.

[bookmark: _Toc193191380]Chemical shift artefact
A chemical shift artefact is prominent in the PASL acquisition. Using scalp surfaces generated by the MNE package’s make_scalp_surfaces,  masks have been created which are used to exclude affected voxels from calculated measures. When these masks are used in a reported measure then the field name will contain a suffix with “chemshift” in it.


[bookmark: _Toc101951984]

[bookmark: _Toc193191381]PAN-ASL-002: BIDS Conversion

[bookmark: _Toc193191382]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. 

The first 2 echoes of the QSM acquisition MEGRE have been made available for field map creation.

[bookmark: _Toc193191383]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 HML0301 and HML0509 came in for a ses-02 because their first scan had technical difficulties.

[bookmark: _Toc193191384]BIDS Files

[bookmark: _Toc193191385]ASL
ASL files are located within the BIDS hierarchy in the perf folder. There will be 5 files for each subject. For PASL sites i.e. UM, UA and EU the tag acq-prod will be used.
For PCASL site (JH) the tag used will be acq-pcasl.

	Filename
	Description

	sub-HMLDDDD_ses-0X_<tag>_asl.nii.gz

	ASL scan

	sub-HMLDDDD_ses-0X_<tag>_asl.json

	Metadata for ASL

	sub-HMLDDDD_ses-0X_<tag>_asl.context

	Order of acquisition of Control and Label volumes

	sub-HMLDDDD_ses-0X_<tag>_m0scan.nii.gz

	M0 scan

	sub-HMLDDDD_ses-0X_<tag>_m0scan.json

	Metadata for M0 scan



For the 6 subjects that were scanned with the ASL plus M0 protocol the tag will be acq-plusM0 and there is no separate M0 scan as the M0 was collected as first volume of the ASL.

[bookmark: _Toc193191386]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: _Toc193191387]Field Maps
Two echoes of the QSM MEGRE acquisition (available in the anat folder) have been copied over directly to the field map directory fmap for use in susceptibility distortion correction of the ASL scans. These scans are named _phase1 , _phase2, _magnitude1 and _magnitude2 and fall under case 2 of the BIDS specification (Two phase maps and two magnitude maps)

[bookmark: _Toc193191388]Additional ASL fields
Additional information was appended to the BIDS metadata for the ASL acquisitions to enable them to conform to the BIDS standards. The values for these fields were determined from the MRI  Protocols directly. The  BIDS specifications for ASL can be found here https://bids-specification.readthedocs.io/en/stable/appendices/arterial-spin-labeling.html)

[bookmark: _Toc193191389]PASL
ASL additional fields:
"EffectiveEchoSpacing": 0.0005,
"PostLabelingDelay": 2.75,
"LabelingDuration": 0.8,
"BolusCutOffFlag": "true",
"BolusCutOffTechnique": "QUIPSSII",
"BolusCutOffDelayTechnique": "QUIPSSII",
"BolusCutOffDelayTime": 0.8,
"RepetitionTimePreparation": 4,
"M0Type": "Separate"

M0 additional fields:
"IntendedFor": "ses-01/perf/sub-HML0077_ses-01_acq-prod_asl.nii.gz",
"RepetitionTimePreparation": 4

[bookmark: _Toc193191390]PCASL
ASL additional fields:
"EffectiveEchoSpacing": 0.0002519,
"PhaseEncodingDirection": "j",
"ArterialSpinLabelingType": "PCASL",
"PostLabelingDelay": 1.95,
"LabelingDuration": 1.8,
"RepetitionTimePreparation": 4.2,
"M0Type": "Separate"

M0 additional fields:
"PhaseEncodingDirection": "j",
"IntendedFor": "ses-01/perf/sub-HML0001_ses-01_acq-pcasl_asl.nii.gz",
"RepetitionTimePreparation": 10




[bookmark: _Toc193191391]Effective Echo Spacing 

The effective echo spacing is required for optimal field map application. This is provided for the Siemens PASL acquisitions in the protocol pdf.

The effective echo spacing for the PCASL acquisition was obtained using a formula provided at the OSF site of the Spinoza Center at https://osf.io/hks7x which calculates this for Philips sites:

 wfs = 3.5;
 epifactor= 15;
 acceleration = 2;
 EESms = (((1000*wfs)/(434.215*(epifactor + 1))/acceleration))
 EESms = 0.2519










[bookmark: _Toc101951988]

[bookmark: _Toc193191392]PAN-ASL-003: HPC Analysis

[bookmark: _Toc193191393]BASIL Processing
BASIL v4.029-2-gc633891 which is bundled with FSL 6.0.7.4  is used for processing on the University of Arizona’s High Performance Computer. For both PCASL and PASL the following choices have been made.

(a) Use of a simple model that is recommended in the ASL White Paper (Alsop et al 2015) which assumes complete bolus arrival in the voxel. The main implications of this are that we use an Arterial Transit Time (ATT) default of 0s and T1 of 1.65 seconds for both tissue and blood. Also we use voxel calibration. This is specified by using the parameter --wp. BASIL will thus not attempt to estimate the ATT and the T1 as these are already fixed but it will still use a smooth spatial prior to perform spatial regularization of the CBF estimates (see https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/BASIL/UserGuide#Spatial_regularization) 

(b) There are arguments for and against using the Voxel-based calibration method with some researchers opting for use of a single M0 value derived from a region of interest like the CSF or WM. On balance however Pinto et al (2020) https://pubmed.ncbi.nlm.nih.gov/31605558/ recommend voxel calibration because it is simple to implement (thus less prone to error) and also intrinsically corrects for the coil sensitivity profile and so we have opted to use this approach.

(c) Use of FSL’s automated  fslanat pipeline for coregistration of the ASL data to MNI space and to perform tissue segmentation of the T1 image which is used by BASIL for partial volume correction.

(d) Perform susceptibility distortion correction using the first 2 echos of the Mult-echo GRE acquisition that was collected for QSM. We have used a customized version of  FSL’s fsl_prepare_fieldmap script to create a valid fieldmap which can be used in BASIL.

(e)  In order to use the field map we need the echo spacing for the ASL acquisition. For PASL we are simply using what is provided by the Siemens Card i.e. 0.0005 seconds.  Phase Encoding Direction of PASL determined as "-y".

(f) For PCASL on JHU’s Philips we are using the OSF/Spinoza Center formula https://osf.io/hks7x to calculate echo spacing as 0.0002519. Phase Encoding Direction of PCASL determined as "+y" 

(g) (f)We also perform motion correction using FSL’s MCFLIRT. This is specified with the –mc parameter

(h) (g) we also pass --pvcorr for  additional partial volume corrected  outputs.


[bookmark: _Toc193191394]PASL 
In addition to the above common steps, PASL processing in BASIL has some special requirements. These are listed below:

(a) For PASL, we are using QUIPSS II for fixing the label duration and so will pass the --fixbolus parameter to BASIL to reflect this; The Control comes before Label in sequence and so we use --iaf=ct

(b) For PASL, label duration(--bolus)  is 0.8s, TI (--tis)  is  2.75 s . Confusingly the TIS is actual stored in the BIDS Json file as "PostLabelingDelay" which is the BIDS specified way of doing this.

(c) TR (--tr) of the M0 is 4 seconds

A typical PASL command line call looks as follows:
oxford_asl --mc \
           --fixbat \
           --wp \
           -o .../basiloutput
           -i .../perf/sub-HML0182_ses-SESSION001_acq-prod_asl.nii.gz \
           --ibf=rpt \
           --rpts=10 \
           --fixbolus \
           --bolus=0.8 \
           --tis=2.75 \
           --fmap=.../desc-preproc_desc-rads_fieldmap.nii.gz
           --fmapmag=.../desc-magnitude_fieldmap.nii.gz \
           --fmapmagbrain.../desc-magnitude_desc-brain_fieldmap.nii.gz \
           --echospacing=0.0005 \
           --pedir=-y \
           --fslanat=.../fslanat_node/HML0182_struct.anat
           --iaf=ct
           --cmethod=voxel
           -c .../sub-HML0182_ses-SESSION001_acq-prod_m0scan.nii.gz \
           --tr=4 \
           --pvcorr

[bookmark: _Toc193191395]PCASL 
In addition to the above common steps, PCASL processing in BASIL has some special requirements. These are listed below:

(a) For PCASL we pass the parameter --casl.
(b) For PCASL, label duration(--bolus)  is 1.8s. The  --tis parameter is calculated as the label_duration + the post labelling delay .  The "PostLabelingDelay" is stored in the the BIDS json and is 1.95 seconds  . The --tis parameter  is thus   3.75 s 
(c) TR (--tr) of the M0 is 10 seconds
A typical PASL command line call looks as follows:

oxford_asl --mc \
           --fixbat \
           --wp \
           -o .../basiloutput \
           -i .../sub-HML0227_ses-SESSION001_acq-pcasl_asl.nii.gz \
           --ibf=rpt \
           --rpts=10 \
           --bolus=1.8 \
           --casl \
           --tis=3.75 \
           --fmap=.../desc-preproc_desc-rads_fieldmap.nii.gz \
           --fmapmag=.../fmapid-auto00000_desc-magnitude_fieldmap.nii.gz \
           --fmapmagbrain=..._desc-magnitude_desc-brain_fieldmap.nii.gz \
           --echospacing=0.0002519 \
           --pedir=y \
           --fslanat=.../fslanat_node/HML0227_struct.anat \
           --iaf=tc \ 
           --cmethod=voxel \
           -c .../sub-HML0227_ses-SESSION001_acq-pcasl_m0scan.nii.gz \
           --tr=10 \
           --pvcorr






[bookmark: _Toc101951990][bookmark: _Toc193191396]PAN-ASL-004: ASL Derivatives
After processing the ASL data with BASIL and ASLPREP, we obtain some derivative measures which are shared in the coree_chen_asl_measures table. 
[bookmark: _Toc193191397]BASIL CBF Derived Summary Measures 
Using the perfusion maps created by BASIL we have derived CBF values by combining the Chemical shift mask created using MNE Python, the Gray matter and White matter masks 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 tissue summaries of CBF in cortical GM and cerebral WM. These measures are provided in the subject’s native space using a combined transform from freesurfer’s conformed space to the native anatomical space (calculated using freesurfers tkregister2 command) and from native anatomical space to the perfusion space (calculated by BASIL’s pipeline).
	Measure
	Description

	basil_pvcorr_gm_chemshift.gmcort.perfusion_calib.Cerebral_Cortex
	BASIL - Derived mean PVC GM CBF using Chemical Shift Mask in Cortical GM

	basil_pvcorr_gm_chemshift.gmhemi.perfusion_calib.Left_Cerebral_Cortex
	BASIL - Derived mean PVC GM CBF using Chemical Shift Mask in Cortical GM - Left hemisphere

	basil_pvcorr_gm_chemshift.gmhemi.perfusion_calib.Right_Cerebral_Cortex
	BASIL - Derived mean PVC GM CBF using Chemical Shift Mask in Cortical GM - Right hemisphere

	basil_pvcorr_wm_chemshift.wmintra.perfusion_wm_calib.Cerebral_White_Matter
	BASIL - Derived mean PVC GM CBF using Chemical Shift Mask in Cerebal WM

	basil_pvcorr_wm_chemshift.wmhemi.perfusion_wm_calib.Left_Cerebral_White_Matter
	BASIL - Derived mean PVC GM CBF using Chemical Shift Mask in Cerebral WM - Left hemisphere

	basil_pvcorr_wm_chemshift.wmhemi.perfusion_wm_calib.Right_Cerebral_White_Matter
	BASIL - Derived mean PVC GM CBF using Chemical Shift Mask in Cerebral WM - Right hemisphere



[bookmark: _Toc193191398]BASIL CBF Measures in Arterial Territories
A 6-node arterial atlas in MNI152NLin6Asym space was created based  on the 32-node arterial atlas compatible with FSL (Atlas_182 at https://github.com/Chin-Fu-Liu/Arterial_Atlas/tree/main ) to determine summary CBF measures within major arterial regions in the cortical areas of the brain. 
	6 node cortical Region Name
	Regions represented in 32 node atlas 

	LACA_CORT
	ACAL, MLSL

	RACA_CORT
	ACAR, MLSR

	LMCA_CORT
	MCAFL, MCAPL,MCATL,MCAOL,MCAIL

	RMCA_CORT
	MCAFR, MCAPR,MCATR,MCAOR,MCAIR

	LPCA_CORT
	PCATL,PCAOL

	RPCA_CORT
	PCATR,PCAOR



Refer to Arterial_Atlas/data/ArterialAtlasLables.txt at main · Chin-Fu-Liu/Arterial_Atlas · GitHub for labels.
This atlas was used in conjunction with the Chemical shift mask created using MNE Python and the Gray matter and White matter masks 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) to obtain ROI measures. For each node/roi a summary value is obtained using the GM and WM mask of BASIL’s PVC values. 
These measures are provided in the subject’s native space using a combined transform from MNI152NLin6Asym space to the native anatomical space (calculated calculated by the fsl_anat pipeline) and from native anatomical space to the perfusion space (calculated by BASIL’s pipeline).
Provided below is an example for 1 region ACAL. Similar results will be provided for all 6 regions.
	Measure
	Description

	basil_pvcorr_gm_chemshift.arterial_32nodes.perfusion_calib.LACA_CORT
	BASIL - Derived mean PVC GM CBF using Chemical Shift Mask  with Arterial Region

	basil_pvcorr_wm_chemshift.arterial_32nodes.perfusion_calib.LACA_CORT
	BASIL - Derived mean PVC WM CBF using Chemical Shift Mask  with Arterial Region






[bookmark: _Toc193191399]PAN-ASL-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-HML0001
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0003
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0012
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0021
	ses-01
	No scan acquired

	sub-HML0028
	ses-01
	No scan acquired

	sub-HML0037
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0046
	ses-01
	ASL Plus MO acquisition

	sub-HML0048
	ses-01
	ASL Plus MO acquisition

	sub-HML0049
	ses-01
	ASL Plus MO acquisition

	sub-HML0050
	ses-01
	ASL Plus MO acquisition

	sub-HML0051
	ses-01
	ASL Plus MO acquisition

	sub-HML0053
	ses-01
	No scan acquired

	sub-HML0074
	ses-01
	Scan terminated early. ASL not acquired

	sub-HML0114
	ses-01
	No scan acquired

	sub-HML0145
	ses-01
	No scan acquired

	sub-HML0148
	ses-01
	MEGRE not collected – Field Map not available

	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-HML0195
	ses-01
	ASL Plus MO acquisition

	Sub-HML0202
	ses-01
	Problem with Calibration M0 image.

	sub-HML0240
	ses-01
	MEGRE not collected – Field Map not available

	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-HML0355
	ses-01
	No scan acquired

	sub-HML0358
	ses-01
	No scan acquired

	sub-HML0363
	ses-01
	No scan acquired

	sub-HML0367
	ses-01
	No scan acquired

	sub-HML0369
	ses-01
	No scan acquired

	sub-HML0374
	ses-01
	No scan acquired

	sub-HML0381
	ses-01
	No scan acquired

	sub-HML0396
	ses-01
	No scan acquired

	sub-HML0401
	ses-01
	ASL not acquired

	sub-HML0405
	ses-01
	No scan acquired

	sub-HML0407
	ses-01
	ASL not acquired

	sub-HML0409
	ses-01
	No scan acquired

	sub-HML0424
	ses-01
	No scan acquired

	sub-HML0434
	ses-01
	No scan acquired

	sub-HML0438
	ses-01
	No scan acquired

	sub-HML0441
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0448
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0452
	ses-01
	No scan acquired

	sub-HML0453
	ses-01
	No scan acquired

	sub-HML0456
	ses-01
	No scan acquired

	sub-HML0463
	ses-01
	ASL not acquired

	sub-HML0465
	ses-01
	No scan acquired

	sub-HML0491
	ses-01
	No scan acquired

	sub-HML0505
	ses-01
	ASL not acquired

	sub-HML0526
	ses-01
	No scan acquired

	sub-HML0530
	ses-01
	No scan acquired

	sub-HML0537
	ses-01
	No scan acquired

	sub-HML0561
	ses-01
	ASL not acquired

	sub-HML0568
	ses-01
	No scan acquired

	sub-HML0585
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0617
	ses-01
	No scan acquired

	sub-HML0652
	ses-01
	No scan acquired

	sub-HML0653
	ses-01
	No scan acquired

	sub-HML0661
	ses-01
	Scan terminated early. ASL not acquired

	sub-HML0663
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0666
	ses-01
	No scan acquired

	sub-HML0667
	ses-01
	No scan acquired

	sub-HML0670
	ses-01
	No scan acquired

	sub-HML0685
	ses-01
	ASL not acquired

	sub-HML0692
	ses-01
	No scan acquired

	sub-HML0701
	ses-01
	No scan acquired

	sub-HML0702
	ses-01
	ASL not acquired

	sub-HML0710
	ses-01
	No scan acquired

	sub-HML0714
	ses-01
	No scan acquired

	sub-HML0720
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0731
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0735
	ses-01
	MEGRE not collected – Field Map not available

	sub-HML0738
	ses-01
	No scan acquired

	sub-HML0759
	ses-01
	MEGRE not collected – Field Map not available

	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-HML0819
	ses-01
	Problem with Calibration M0 image.

	sub-HML0862
	ses-01
	No scan acquired
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