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Introduction 
Perfusion images can be obtained by using Arterial Spin Labeling (ASL), where nuclear spins 
in arterial blood water are labeled by radiofrequency (RF) pulses and gradients. The labeled 
blood acts as an endogenous tracer, allowing ASL to provide non-invasive perfusion imaging 
without the injection of an exogenous contrast agent. Following publication of the ASL 
consensus statement for the recommended implementation of ASL perfusion MRI for clinical 
application in the brain (Alsop et al., 2015) by the Perfusion Study Group of the International 
Society for Magnetic Resonance in Medicine (ISMRM) and the EU-COST ‘ASL in Dementia’ 
action in 2014, basic ASL perfusion imaging has now been implemented by the majority of 
MRI manufacturers. A standardized implementation, and the increased availability of ASL, 
has encouraged the use of ASL in clinical applications. Motivated by the non-invasive nature 
of ASL perfusion imaging, there is an increased number of cohort studies adopting ASL 
perfusion imaging, such as the Alzheimer’s Disease Neuroimaging Initiative (ADNI3; 
http://adni.loni.usc.edu/adni-3/) and some branches of the Human Connectome Project 
(https://www.humanconnectome.org/study/structural-functional-connectome-across-ad-su
btypes), in which data are acquired from multiple sites using different MRI scanners. To 
maximize the benefit of these data, guidelines for consistent reporting of image acquisition 
and analysis parameters is essential. 

The development of new ASL techniques has continued to improve cerebral blood flow (CBF) 
quantification and provide functionalities additional to conventional CBF measurements. 
These advances have greatly expanded the scope of ASL, but also bring further divergence of 
the technique, which can hamper research reproducibility. 

As part of the Open Science Initiative for Perfusion Imaging (OSIPI) (www.osipi.org/), the 
purpose of this document is to develop standardized nomenclature for the broad range of 
ASL imaging techniques and parameters, as well as the physiological constants required for 
quantitative analysis. We aim to achieve harmonization with other parallel efforts, such as 
the above-mentioned ASL consensus statement and the Brain Image Data Structure (BIDS) 
ASL extensions (please see the following subsection “Previous efforts on ASL standardization 
relevant to this document”).  

The resulting ASL lexicon is intended to form a common, community-endorsed 
recommendation for reporting of ASL perfusion imaging, detailing which and how 
parameters in acquisition protocols and analysis should be reported, aiming to improve the 
reproducibility of the reported studies. In the future, this lexicon could also be used to 
improve the Digital Imaging and Communications in Medicine (DICOM) standard for the 
purposes of communicating raw images and parametric maps of ASL perfusion MRI.  
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Previous efforts on ASL standardization relevant to this document 

“Recommended Implementation of Arterial Spin-Labeled Perfusion MRI for Clinical 
Applications: A Consensus of the ISMRM Perfusion Study Group and the European 
Consortium for ASL in Dementia” (Alsop et al., 2015) 

●​ A consensus paper of recommended implementations of ASL perfusion imaging for 
clinical applications, put together by an expert group of members of the Perfusion 
Study Group of the International Society for Magnetic Resonance in Medicine 
(ISMRM) and the European ‘ASL in Dementia’ consortium.  

Brain Image Data Structure (BIDS) (Gorgolewski et al., 2016) ASL extensions 

●​ A community effort to standardize how to organize and share neuroimaging datasets, 
which was extended to include ASL in 2021: 

●​ https://bids-specification.readthedocs.io/en/stable/04-modality-specific-files/
01-magnetic-resonance-imaging-data.html#arterial-spin-labeling-perfusion-da
ta 

●​ Preprint DOI 10.31234/osf.io/e87y3 

“Consensus‑based technical recommendations for clinical translation of renal ASL MRI” (Nery 
et al., 2020)  

●​ Technical recommendations for renal ASL from an international group of experts 
working under the framework of the PARENCHIMA project, funded by a European 
Cooperation in Science and Technology (COST) Action. 

Currently (October 2021), a series of updates to the 2015 ASL consensus paper, aka “ASL 
Grey Papers”, are being written on the following topics (tentative titles): 

●​ Recent technical development in ASL: A Review of the State of the Art 

●​ Recommendations for perfusion MRI with multi-time point Arterial Spin Labeling 

●​ Velocity Selective Arterial Spin Labeling Perfusion MRI: A Review of the State of the 
Art and Recommendations for Clinical Application  

●​ Arterial Spin Labeling – A position statement on how to interpret Arterial Spin 
Labeled Perfusion Images in clinical neuroimaging applications 

●​ Body ASL: an update on state-of-the-art for applications outside of the brain 
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Development of this document 

The overall structure of this document was implemented by the OSIPI Task force 4.1 

members from June 2020 to April 2021. The draft v0.1 was then sent out for consultation to 

experts of the field, as well as major MRI vendors, from May to July 2021. The experts of the 

field were chosen from the authors of the above mentioned “ASL Grey Papers”. The names of 

the external contributors are listed here. Their feedback is integrated into the draft 

document, and the draft v0.2 is published in August 2021. The draft v0.2 is shared with the 

members of the ISMRM Perfusion Study Group and all members are invited to leave their 

comments/suggestions on the document using Google Doc until the end of October 2021. 

Also, a Slack channel is provided to allow discussions among the Perfusion SG members 

during that period.   

 

Update of this document 

The document will be continuously amended by perfusion researchers who wish to 

contribute. 

 

Target audience  

This document is primarily intended to provide:  

●​ a guideline for developers of ASL sequences and analysis tools to conform to 

consensus recommendations, to avoid misunderstandings caused by diverse 

terminologies and inconsistent definitions. 

●​ a lexicon for researchers to find how their ASL studies and results should be 

documented and reported, which should make their studies more understandable 

and reproducible.  

This document is, however, not intended to provide recommendations for the choice of 

imaging techniques, sequence parameter values and analysis approaches, which can be 

found in the relevant literature (e.g. the ASL consensus paper). Although values for ASL 

sequence parameters and physiological constants are provided in this document, these are 

merely examples taken from the literature, and are not intended to be taken as 

recommendations for general use.  
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Organization of this document 

This document is separated into two main parts: (i) ASL Lexicon and (ii) Reporting 

Recommendations. 

The ASL Lexicon consists of several sections:  

●​ Section 1: Generic Definitions in ASL 

●​ Section 2: Labeling Methods 

●​ Section 3: Parameters in ASL Labeling Module 

●​ Section 4: Readout Module 

●​ Section 5: Derivative Parameters in ASL 

●​ Section 6: Physiological Parameters and Constants for Quantification 

In the Reporting Recommendations, there are two lists of parameters that are categorized 

with two recommendation levels:  

●​ Required: parameters that are essential for meaningful interpretation of the ASL data 

and for quantitative analysis. These must be included in an ASL publication in order 

for its data set to be ‘OSIPI compliant’. 

●​ Recommended: parameters that are useful for interpretation of the ASL data and 

could explain specific characteristics or systematic differences between data sets. We 

encourage authors to include as many of these as possible in ASL publications. 

Importantly, the content of this document is not meant to be a complete list of all existing 
techniques, but rather a dynamically growing inventory that is intended to be extended by 
the community as further methods and improvements are developed. 
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Part 1: ASL Lexicon 
The ASL Lexicon aims to organize comprehensive lists of terminology for ASL imaging 

techniques and acquisition parameters, as well as physiological constants and parameters 

required in quantitative analysis. The ASL Lexicon consists of seven sections, and within each 

individual section, methods/parameters are organized into tables, with the following items to 

be listed, if applicable: 

●​ Name: A unique name for the parameter or methods.  

●​ Notation: If applicable, a commonly used abbreviation. 

●​ Description: A short definition or specification; if available, a mathematical formula 

will be utilized to provide a unique description of the quantity, regardless of varying 

nomenclature and interpretation. 

●​ Unit: If applicable, the general physical units. 

●​ Reference: key literature establishing the concept or corresponding analysis method 

and providing relevant details. If applicable, the publication first introducing the 

respective technique is cited. For general concepts and quantities, review papers will 

be cited which give an overview of the general concept. 

In this document, the term “labeling” is used in the description throughout all techniques, 

which is however interchangeable with “tagging”. 

 

Section 1: Generic Definition in ASL 

In this section, the basic structural elements of the standard ASL sequence are listed and 

defined. Detailed descriptions of the basic principles of ASL can be found in several excellent 

technical review articles and book chapters, e.g.  (Alsop et al., 2015; Barker et al., 2013; 

Golay et al., 2004; Wong, 2005). 

OSIPI Name Description 

Arterial Spin 

Labeling (ASL) 

Any MRI technique in which contrast is generated by manipulation of the 

arterial blood magnetization using RF pulses prior to image acquisition, with 

the aim of isolating inflowing signal for flow/perfusion quantification. 
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Labeling pulse RF pulse, or train of RF pulses, intended to change the magnetization state of 

blood in order to differentiate it from stationary tissue.  In general, labeling 

pulses can be spatially selective, targeting the blood outside the imaging 

volume (upstream), or velocity/acceleration selective (VS/Acc), targeting 

blood without special selectivity (i.e. including blood flowing within the 

imaging volume) according to its velocity or acceleration.  

Control pulse RF pulse, or train of RF pulses, intended to match the static tissue 

Magnetization Transfer (MT), diffusion, eddy currents, or any other side 

effects of the labeling pulse, while causing minimal perturbation to arterial 

blood.  

Labeled image Image acquired after preparation by a labeling pulse. 

Control image Image acquired after preparation by a control pulse. 

Delay time 

 

The time interval between the end of labeling and the image readout that 

allows the labeled arterial blood bolus to reach the tissue of interest. In 

general, it is called the Post-Labeling Delay (PLD) in pseudo-continuous ASL 

(PCASL)  and Inflow Time (TI) in Pulsed-ASL (PASL). In VSASL, both TI and PLD 

are used to define different temporal parameters. See the section 

“Parameters in ASL labeling module” and Figures section below for more 

details. 

Single PLD/TI ASL protocol in which images are acquired with a single delay time. 

Multiple PLD/TI ASL protocol in which images are acquired with multiple (more than one) 

delay times. 

Background 

suppression (BS) 

Strategy for reduction of static tissue signal intensity using a train of RF 

pulses applied prior to image readout. The aim of background suppression is 

to improve SNR of the ASL image by reducing signal fluctuations in the 

labeled and control images. There are many background suppression 

schemes available, involving saturation and inversion pulses.   
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Saturation Saturation of the imaging volume is performed just before and/or after the 

labeling and control pulses, to set its longitudinal magnetization to zero and 

thereby eliminate any label/control MT or slice profile mismatches. Water 

suppression enhanced through T1 effects (WET) pulses (Ogg et al., 1994) 

with four pulses are commonly used (Golay et al., 2005).  

Vascular 

suppression 

Reduction of signal present in larger arterial vessels at the time of imaging. 

Generally, it is achieved by applying crusher gradients after the excitation 

pulse, which selectively dephases signal based on the velocity profile of the 

spins in the direction of the gradient (Petersen et al., 2006). In VSASL, 

vascular suppression is achieved using velocity selective saturation pulses. 

M0 image (also 

known as proton 

density image) 

 

 

Additional calibration image required for blood flow quantification, used to 

estimate the fully-relaxed magnetization (M0) of blood (M0b) and tissue 

(M0t), which are necessary to calculate perfusion from ASL images. M0 

image is commonly obtained as a proton density image by turning off all 

preparation pulses before acquisition while using a relatively long TR. When 

background suppression pulses are not applied, the average (mean) control 

image can be used as the M0 image by correcting for T1 relaxation. 

 

 

Section 2: ASL Labeling Methods 

Subsection 1: (Pseudo-) Continuous ASL 

Name Notation Description References 

Continuous ASL CASL A single, continuous-wave, RF pulse 

applied over a long period, typically 

1-3s, in combination with a constant 

magnetic field gradient. Arterial blood is 

continuously inverted as it flows 

through a specified labeling plane by 

(Alsop and 

Detre, 1998, 

1996; 

Williams et 

al., 1992) 
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means of flow-driven adiabatic 

inversion.  

Pseudo-continuous ASL PCASL Similar to CASL, labeling occurs over a 

long period, typically 1.5-2s and inverts 

flowing arterial blood. In PCASL, 

however, a train of short RF pulses 

applied at a rate of approximately one 

per millisecond replaces the single, 

continuous pulse of CASL. For the 

control scan, phase modulation of the 

RF pulse train is applied, such that 

magnetization transfer effects are 

identical to the labeling scan, but the 

arterial blood magnetization is 

unperturbed. Note that the mechanism 

of arterial blood inversion is equivalent 

for CASL and PCASL and, consequently, 

the quantification model is the same. 

(Dai et al., 

2008) 

Balanced PCASL bPCASL PCASL implementation which uses the 

same gradient waveform for the label 

and control pulses.  

 

Unbalanced PCASL ubPCASL PCASL implementation which uses 

different gradient waveforms for the 

label and control pulses, so that the 

average gradient (Gav) becomes zero for 

the control. If optimized, improved 

robustness to off-resonance effects at 

the labeling plane can be achieved 

compared to bPCASL.  

 

Separate RF labeling 

coils 

 Using separate, dedicated RF 

transmission coils (i.e. in addition to the 

RF transmit coils for imaging) positioned 

over the artery/arteries of interest , to 

(Mora 

Álvarez et 

al., 2019; 

Talagala et 

al., 2004; 

 

12 

https://www.zotero.org/google-docs/?sEipOJ
https://www.zotero.org/google-docs/?sEipOJ
https://www.zotero.org/google-docs/?ypnoUd
https://www.zotero.org/google-docs/?ypnoUd
https://www.zotero.org/google-docs/?ypnoUd
https://www.zotero.org/google-docs/?ypnoUd
https://www.zotero.org/google-docs/?ypnoUd


 

reduce power deposition and avoid MT 

effects in the perfused organ 

Zhang et al., 

1995) 

Flow encoding arterial 

spin tagging 

FEAST A technique based on (P)CASL that 

acquires a pair of ASL subtraction 

images with and without crusher 

gradients for vascular suppression. The 

ATT is calculated using the ratio 

between (P)CASL images with and 

without vascular suppression 

(Wang et al., 

2003) 

 

 

 

Subsection 2: Pulsed ASL 

Name Notation Description References 

Pulsed ASL PASL A general term for ASL methods with a 

single (or limited number of) short RF 

pulse(s) (typically 10-20 ms) applied to 

‘instantaneously’ invert a slab of arterial 

blood magnetization.  

(Alsop et al., 

2015) 

Echo-Planar Imaging and 

Signal Targeting with 

Alternating 

Radiofrequency 

EPISTAR 

STAR 

(non-EPI 

readout) 

Version of PASL in which the label is 

performed by a slab-selective adiabatic 

inversion pulse applied proximal to the 

imaging volume/slices. In the original 

multi-slice implementation, the control 

preparation was achieved by applying 

slab-selective RF pulses over the same 

region as the label, with total power 

matched to the labeling inversion pulse 

(to generate the same MT effects across 

the imaging volume) but which result in 

minimal perturbation of the arterial 

blood magnetization e.g. two 

(Edelman 

and Chen, 

1998; 

Petersen and 

Golay, 2007) 
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consecutive inversion pulses with half 

power. In the Philips product 

implementation, the control 

preparation is achieved by mirroring the 

RF amplitude and frequency modulation 

for the second part of the adiabatic 

pulse.   

Flow-Sensitive 

Alternating Inversion 

Recovery 

FAIR Version of PASL in which the label is 

performed by a non-slice-selective 

global inversion pulse, while the control 

image is obtained using a slice-selective 

inversion pulse applied to the imaging 

slab. Because of this symmetric nature, 

FAIR allows inflow of the labeled blood 

from both sides of the imaging volume. 

(Kim, 1995) 

Proximal Inversion with 

Control for 

Off-Resonance Effects 

PICORE Version of PASL, in which the label is the 

same as in EPISTAR, while the control 

image is obtained using an 

off-resonance inversion pulse that is 

applied with the same frequency offset 

as the label, but without a slab-selective 

gradient.  

(Wong et al., 

1997) 

Double Inversions with 

Proximal Labeling of 

bOth tag and control 

iMAges 

DIPLOMA Version of PASL designed to reduce the 

residual MT mismatch between the 

label and control images observed in 

EPISTAR and PICORE. In both label and 

control, two consecutive adiabatic 

inversion pulses are applied; in the 

labeling preparation, application of an 

off-resonance inversion pulse (similar to 

the one applied in PICORE for control 

preparation) is followed by a 

slab-selective inversion pulse. In the 

(Jahng et al., 

2003) 
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control preparation, two slab-selective 

inversion pulses are applied.  

Transfer insensitive 

labeling technique 

TILT Version of PASL, in which labeling is 

achieved by two successive 90° 

radiofrequency (RF) pulses. For the 

control, the phase of the second pulse is 

shifted by 180°, thereby yielding no net 

effect on blood water magnetization. 

(Golay et al., 

1999) 

 

Bolus cut-off technique  In PASL, the bolus duration (see Section 

3) of labeled blood is unknown a priori, 

and depends on the labeling slab 

thickness and blood flow velocity. To 

achieve accurate quantification of CBF 

with a single TI acquisition, several 

techniques have been proposed to 

define the bolus duration, as described 

below.  

 

Quantitative Imaging of 

Perfusion Using a Single 

Subtraction 

QUIPSS QUIPSS aims to eliminate arterial transit 

time effects in PASL, to enable reliable 

quantification of CBF with a single TI 

acquisition. This is achieved by applying 

a saturation RF pulse to the imaging 

volume at a time TI1 after labeling, 

where TI1 is greater than the arterial 

transit time, followed by image 

acquisition at time TI. N.B. this approach 

has not been widely adopted due to the 

prevalence of intravascular signal in the 

ASL difference images. 

(Wong et al., 

1998a) 

Quantitative Imaging of 

Perfusion Using a Single 

Subtraction II 

QUIPSS-II QUIPSS-II aims to control the bolus 

duration in PASL and allow reliable 

quantification of CBF when using PASL 

with a single TI. This is achieved by 

applying a saturation RF slab to the area 

(Wong et al., 

1998a) 
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where the labeling RF slab is applied, 

thereby cutting off the “tail” of the 

labeled bolus. See “Bolus duration” for 

the definition.   

QUIPPS II with thin-slice 

TI1 periodic saturation 

Q2TIPS Modified version of QUIPSS-II, aiming to 

improve the saturation efficiency by 

replacing the QUIPSS-II saturation pulse 

with multiple thin RF saturation pulses 

applied at the distal edge of the labeling 

slab.  

(Luh et al., 

1999) 

QUIPSS II with 

window-sliding 

saturation sequence 

Q2WISE A hybrid technique between Q2TIPS and 

QUIPSS II. In Q2WISE, saturation is 

achieved by using 2 thin saturation 

pulses and 1 thick slab saturation pulse 

to reduce the RF power deposition 

(Song et al., 

2012) 

Wedge-shaped PASL WS-PASL Version of PASL, in which a 

wedge-shaped adiabatic inversion pulse 

is used to directly control the bolus 

duration in different vessels based on 

the flow velocity. 

(Guo et al., 

2016) 

Attenuating the static 

signal in arterial spin 

tagging 

ASSIST FAIR ASL approach with multiple 

inversion pulses during the inflow  time 

to suppress static tissue signal (first 

implementation of background 

suppression with ASL) 

(Ye et al., 

2000) 

 

 

Subsection 3: Velocity-selective ASL 

Name Notation Description References 

Velocity-selective ASL VSASL A general term for ASL techniques 

where the magnetization is labeled by 

(Guo et al., 

2015; Qin 
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saturation or inversion based on its 

velocity. See Figure-3 for a general 

schematic diagram. In the original 

implementation, the saturation of 

flowing blood signal is achieved using a 

double-refocused hyperbolic 

secant/tangent (DRHS/T) or 

B1-Insensitive Rotation-8 (BIR-8) pulse 

train in combination with velocity 

encoding gradients. Control images are 

acquired without velocity encoding 

gradients.       

and van Zijl, 

2016; Wong 

et al., 2006) 

 

Fourier-transform based 

velocity-selective 

saturation ASL 

FT-VSS ASL A variation of VSASL in which the 

magnetization within a certain velocity 

band is saturated by a train of 

composite pulses incorporating 

velocity-sensitive bipolar gradients and 

refocusing 180° pulses. In contrast to 

the above-mentioned original 

implementation of VSASL, in FT-VSS-ASL, 

the static magnetization is saturated 

while preserving the magnetization 

flowing above the velocity threshold. In 

the control image acquisition, all 

magnetization is saturated.   

(Qin et al., 

2016; Shin et 

al., 2013) 

Fourier-transform based 

velocity-selective 

inversion ASL 

FT-VSI ASL Analogous to the FT-VSS ASL method 

described above, FT-VSI ASL uses 

composite velocity-selective inversion 

pulses to invert both flowing and static 

tissue magnetization (label) or only the 

static tissue magnetization (control). 

SNR is improved compared with 

saturation based VSASL. 

(Qin and van 

Zijl, 2016) 

 

Multi-module 

Velocity-selective ASL 

mm-VSASL A strategy to measure ASL signal with 

multiple velocity-selective saturation 

labeling modules to increase labeling 

(Guo and 

Wong, 2015) 
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bolus size and reduce T1 relaxation of 

the ASL signal. This method provides 

improved SNR compared to 

conventional single-module VSASL with 

VS saturation. 

Acceleration-selective 

ASL 

AccASL An extension of VSASL, which labels 

(saturates) based on the 

acceleration/deceleration of blood spins 

rather than their velocity. Since arterial 

blood exhibits stronger 

acceleration/deceleration, it labels 

predominantly arterial (as opposed to 

venous) blood. AccASL includes both 

CBF and CBV weighting.  

(Schmid et 

al., 2014) 

 

 

 

Subsection 4: Vessel-selective ASL 

Name Notation Description References 

Vessel-selective ASL  A general term for ASL techniques 

where blood magnetization of specific 

targeted arteries is labeled by spatially 

selective labeling scheme. In general, 

vessel-selective ASL is achieved by 

either (P)CASL or PASL.  

See each 

technique 

below 

 

Subsection 4a: Vessel-selective ASL based on (P)CASL 

Name Notation Description References 

Oblique-plane CASL / 

PCASL 

 The labeling plane is tilted so that it only 

intersects the arteries of interest, and 

(Detre et al., 

1994; 
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consequently only blood flowing in 

those arteries is inverted.  

Werner et 

al., 2004) 

Rotating oblique plane CASSL The CASL labeling plane is both tilted 

and rotating to label only one single 

artery. 

(Helle et al., 

2011; 

Werner et 

al., 2005) 

Vessel-encoded PCASL VE-ASL Modified PCASL labeling using 

additional transverse gradients and 

phase cycling to selectively tag 

particular arteries. Can use Hadamard 

vessel encoding or other schemes to 

generate vascular territory maps. 

(Wong, 

2007) 

 

Super-selective PCASL ss-PCASL Creating a labeling disc by incorporating 

additional variable (rotating) gradients 

in x and y direction during PCASL 

labeling to label a single artery. 

(Dai et al., 

2010; Helle 

et al., 2010) 

Ternary encoded ASL  Encoding super-selective PCASL with a 

ternary matrix – i.e. a three-fold matrix - 

without control condition. 

(Lindner et 

al., 2020) 

 

 

Subsection 4b: Vessel-selective ASL based in PASL 

Name Notation Description References 

Slab-selective PASL  PASL with anatomically-tilted oblique 

labeling plane, combined with 

post-saturation of the imaging volume 

to remove the direct effects of the 

labeling pulses on the imaging slices 

(Hendrikse 

et al., 2004) 

Pulsed Star Labeling of 

Arterial Regions 

PULSAR Slab-selective STAR labeling, combined 

with pre-saturation and post-saturation. 

(Golay et al., 

2005) 
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Cycled ASL  Slab-selective PASL technique that 

determines the pattern of label/control 

acquisition according to a Hadamard 

matrix. Similar in principle to 

vessel-encoded PCASL. 

(Günther, 

2006) 

 

 

Subsection 5: Multi-time-point Approaches 

Name Notation Description References 

Multi-time-point ASL  A general term for ASL techniques in 

which data are acquired repeatedly with 

varied time parameters (delay time, 

and/or labeling duration for PCASL) to 

observe the kinetic ASL signal. Also 

often called “Multi-delay ASL”, 

particularly when only the delay time is 

varied.   

 

Multi-time-point 

sequential ASL 

 Multi-time-point ASL acquisition that 

acquires images with multiple 

timepoints as successive single-TI/PLD 

scans. 

 

Look-Locker ASL LL-ASL ASL acquisitions in which several  

images are acquired at multiple time 

points after a single labeling module. 

Readouts with low flip angle are used to 

reduce saturation of the labeled blood 

by the first readouts. 

(Günther et 

al., 2001) 

 

Quantitative STAR 

labeling of arterial 

regions 

QUASAR PASL-based sequence that consists of 

several Look-Locker readouts: (i) with 

and without vascular suppression to 

obtain local arterial input function; (ii) 

two different readout flip angles. A 

(Petersen et 

al., 2006) 
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Q2TIPS-like saturation is used to define 

the bolus width. This sequence allows 

measurement of the local AIF and 

quantification of CBF by deconvolution. 

Reduced resolution 

transit delay prescan 

 A fast multi-time point ASL 

implementation that is specifically used 

to acquire low spatial resolution arterial 

transit time maps. Typically used as an 

ancillary scan to enhance the 

quantification accuracy of a 

standard-resolution single-PLD ASL 

acquisition. 

(Dai et al., 

2012) 

 

Time-encoded PCASL 

(also commonly referred 

to as Hadamard- 

encoded) 

te-PCASL Modification of  PCASL which splits the 

labeling/control module into varying 

control and label sub-periods according 

to an encoding matrix. This improves 

the temporal efficiency of 

multi-time-point ASL - i.e. reduces the 

number of acquisitions required for a 

multi-PLD data set. The most typical 

implementation is Hadamard encoding. 

Alternatives include (for example) 

Walsh-ordering.  

(Dai et al., 

2013; 

Guenther, 

2007; 

Teeuwisse et 

al., 2014; 

von 

Samson-Him

melstjerna 

et al., 2016; 

Wells et al., 

2010) 

 

Subsection 6: MR Fingerprinting ASL 

Name Notation Description References 

MR fingerprinting ASL MRF-ASL An ASL method that uses a 

pseudo-random variation of the 

acquisition parameters, based on the 

principles of MR fingerprinting (MRF). 

Multiple hemodynamic parameters such 

(Su et al., 

2017; Zhang 

et al., 2020) 
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as B1+, T1, ATT and CBF can be 

estimated simultaneously. 

 

Subsection 7: ASL Angiography 

ASL-based MR Angiography ASL-MRA MR Angiography obtained by 

employing an ASL scheme combined 

with a high spatial resolution 2D or 

3D readout module. Typically, the 

readout is performed immediately 

after the labeling while the labeled 

blood is located within the 

macro-vasculature. Dynamic MRA is 

obtainable by using Look-Locker 

readout or time-encoded ASL 

scheme. Both PASL and PCASL are 

suitable for labeling. 

(Bi et al., 

2010; Suzuki 

et al., 2020; 

Yan et al., 

2010) 

 

Acquisition of ConTRol and 

labEled imaging in the Same 

Shot 

ACTRESS Look-locker sampling is performed 

after ASL labeling and the first phase, 

in which labeled blood has not yet 

arrived in the imaging volume, 

serves as control condition, making 

the acquisition more efficient 

(Suzuki et 

al., 2018a) 

 

Vessel-selective ASL 

Angiography 

 Static or dynamic MRA combined 

with vessel-selective ASL for 

visualization of arterial trees arising 

exclusively from the selected 

artery(ies). 

 

 

(Jensen-Kon

dering et al., 

2015; 

Nakamura et 

al., 2013; 

Okell et al., 

2010; 

Robson et 

al., 2010) 

4D dynamic MR angiography 

using pseudo-continuous 

arterial spin labeling 

4D-PACK PCASL-based 4D dynamic MRA 

technique which uses keyhole and 

(Obara et al., 

2018) 
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combined with Keyhole and 

View-sharing 

view-sharing techniques for scan 

acceleration. 

Combined ASL and Phase 

Contrast Angiography 

 (Super-selective) pseudo-continuous  

labeling with phase-contrast readout 

(Lindner et 

al., 2017) 

Combined ASL angiography 

and perfusion 

 A simultaneous acquisition concept 

in which both angiographic 

(macro-vasculature) and subsequent 

perfusion (micro-vasculature) images 

are obtained by sharing the labeling 

module within a single ASL 

sequence.  

(Okell, 2019; 

Suzuki et al., 

2018b) 

Velocity selective ASL for 

static MRA 

FT-VSS-MRA Static MRA with a FT-VSS ASL 

labeling scheme, in which the static 

tissue signal is saturated by FT-VSS, 

thereby not requiring subtraction. 

(Qin et al., 

2016; Shin et 

al., 2013) 

Acceleration selective ASL 

for static MRA 

AccASL-MRA Static MRA with the labeling scheme 

based on AccASL. 

(Obara et al., 

2017) 

 

Subsection 8: Modified ASL Labeling Methods for Special Derivatives  

Name Notation Description References 

T2 Relaxation Under Spin 

Tagging 

TRUST A method to measure the cerebral 

metabolic rate of oxygen (CMRO2). 

TRUST MRI utilizes the spin tagging 

principle to label venous blood and uses 

T2-preparation pulses to modulate the 

signal with different T2-weightings and 

thereby measure venous oxygenation. 

(Lu and Ge, 

2008) 

 

Dual echo ASL BOLD  Acquiring ASL with two echoes, thus 

being able to extract both ASL and BOLD 

signals. Recently used to also estimate 

CMRO2 changes. 

(Englund et 

al., 2020; 

Fernández-S

eara et al., 

2016; Glover 

et al., 1996; 

Silva et al., 

1999) 
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QUantitative Imaging of 

eXtraction of Oxygen 

and TIssue Consumption 

QUIXOTIC Method to measure OEF and CMRO2 

which uses velocity-selective labeling to 

isolate MR signal exclusively from 

postcapillary venular blood. Voxelwise 

venous oxygenation is estimated via a 

T2 measurement of the isolated venular 

blood signal, and OEF and CMRO2 are 

calculated from this. 

(Bolar et al., 

2011) 

 

Velocity-Selective 

Excitation and Arterial 

Nulling 

VSEAN A development of QUIXOTIC which 

combines velocity-selective excitation 

and pulsed arterial spin labeling to 

isolate venular blood signal for venous 

oxygenation measurement. This method 

avoids subtraction and associated CSF 

contamination, and has improved SNR.  

A T2 measurement of the isolated 

venular blood signal yields voxelwise 

venous oxygenation, which can be used 

to derive OEF and CMRO2. 

(Guo and 

Wong, 2012) 

 

Water extraction with 

phase contrast arterial 

spin tagging 

WEPCAST A method to measure water extraction 

fraction. Uses PCASL in combination 

with phase-contrast velocity-encoding 

to isolate the ASL signal that passes 

through into the venous outflow. 

(Lin et al., 

2018)  

Diffusion-weighted ASL DW-ASL A method which uses vascular crusher 

gradients to enable acquisition of ASL 

data with and without the intravascular 

contribution, and thereby allow 

estimation of the water exchange rate 

across the blood-brain barrier.. 

(Shao et al., 

2019a; 

Wang et al., 

2007) 

 

Magnetisation transfer 

weighted ASL 

MT-ASL A method to separate two 

compartments (capillary and brain 

tissue) of the ASL signal based on their 

different magnetisation transfer effects. 

Water exchange rate across the 

blood-brain barrier can then be 

quantified. 

(Silva et al., 

1997)  

Multi-echo time ASL Multi-TE ASL A method to measure the perfusion 

signal at a range of echo times, and 

(Gregori et 

al., 2013; 

 

24 

https://www.zotero.org/google-docs/?Gbrrbs
https://www.zotero.org/google-docs/?Gbrrbs
https://www.zotero.org/google-docs/?5TZcTx
https://www.zotero.org/google-docs/?5TZcTx
https://www.zotero.org/google-docs/?JXCWJ7
https://www.zotero.org/google-docs/?JXCWJ7
https://www.zotero.org/google-docs/?p9w1Sm
https://www.zotero.org/google-docs/?p9w1Sm
https://www.zotero.org/google-docs/?p9w1Sm
https://www.zotero.org/google-docs/?p9w1Sm
https://www.zotero.org/google-docs/?nu0zvq
https://www.zotero.org/google-docs/?nu0zvq
https://www.zotero.org/google-docs/?Z0wfKN
https://www.zotero.org/google-docs/?Z0wfKN


 

separate two compartments (capillary 

and brain tissue) of the ASL signal based 

on their T2 differences. Water exchange 

rate across the blood-brain barrier can 

then be quantified. 

Ohene et al., 

2019; 

Schidlowski 

et al., 2020; 

Wells et al., 

2013) 

Intrinsic Diffusivity 

Encoding of Arterial 

Labeled Spin 

IDEALS A method for whole-brain mapping of 

water permeability using separation of 

the intravascular and extravascular 

signal with segmented 3D-GRASE by 

modulating the relative sensitivity 

between relaxation, true diffusion, and 

pseudo diffusion. 

(Wengler et 

al., 2019) 

 

vascular space 

occupancy 

(VASO)-dependent 

functional MRI (fMRI)  

VASO A method predominantly used for fMRI 

that detects changes in CBV by nulling 

the blood signal using a 

flow-independent inversion pulse. 

Readout is performed when blood signal 

is zero and the extravascular tissue 

signal is positive. 

(Lu et al., 

2003) 

 

inflow Vascular Space 

Occupancy 

iVASO Uses spatially selective inversion to 

suppress the signal from blood flowing 

into the imaging volume, with a control 

scan to measure absolute arterial 

cerebral blood volume aCBV using 

cerebrospinal fluid (CSF) for signal 

normalization. 

(Hua et al., 

2011a) 

 

Arterial cerebral blood 

volume-weighted 

functional MRI using 

pseudocontinuous 

arterial spin tagging 

 

AVAST 

 

A technique for fast imaging of aCBV 

signals suitable for functional imaging 

studies. AVAST was developed in order 

to achieve a contrast that depends on 

aCBV with little contamination from 

perfusion signals by taking advantage of 

the kinetics of the tag through the 

vasculature.  

(Jahanian et 

al., 2015) 
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Section 3: Parameters in ASL Labeling Module 

In this section, a list of parameters related to ASL Labeling Methods is provided. This section 

complies with the consensus paper for brain ASL by the Perfusion Study Group of the 

International Society for Magnetic Resonance in Medicine (ISMRM) and the EU-COST action 

‘ASL in dementia’ (Alsop et al., 2015), as well as ASL-BIDS. When OSIPI suggests different 

names/definitions from BIDS, the differences are provided in the description.  

Name Notation Unit Description 

Labeling duration LD 

Also known 

as: 

τ 

ms (OSIPI), 

sec (BIDS) 

For CASL/PCASL. Duration of the constant CASL 

labeling RF or PCASL labeling pulse train. See 

Figure-1. 

Bolus duration BD ms (OSIPI), 

sec (BIDS) 

For PASL. Temporal width of the labeled bolus. 

For QUIPSS-II/Q2TIPS, this is defined as the time 

from the labeling pulse to the centre of the first 

saturation pulse (and is equal to TI1, see below). 

If QUIPSS-II/Q2TIPS saturation is not used, this 

parameter is not known a priori, but is 

determined by the arterial blood velocity and 

inversion slab thickness, or the RF transmit coil 

length for FAIR. 

Post-labeling 

delay 

PLD ms (OSIPI), 

sec (BIDS) 

For CASL/PCASL. Time from the end of the 

labeling pulse to the center of the imaging  

excitation pulse (see Figure 1). In a 2D multi-slice 

acquisition, the PLD is defined by the time of the 

first slice acquisition; however, it is important to 

note that the effective PLD for each slice is 

different, and is determined by the PLD and the 

inter-slice time. 

Inversion time TI ms (OSIPI), 

sec (BIDS) 

For general PASL. Time from the center of the 

labeling pulse to the center of the imaging  

excitation pulse. In 2D multi-slice acquisition, this 

relates to the first acquired slice. ASL-BIDS uses 

the term “post-labeling delay”for this parameter. 
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Inflow time  ms or s In some post-processing tools (e.g. FSL), inflow 

time is used to define the time from the start of 

labeling to the center of the imaging excitation 

pulse. For PASL, it is equivalent to inversion time. 

For PCASL, inflow time is equivalent to PLD + LD. 

 TI1 sec (BIDS), 

ms (usual) 

For QUIPSS-II/Q2TIPS. Time from the center of 

the labeling pulse to the center of the bolus 

saturation pulse (QUIPSS-II) or center of the first 

saturation pulse (Q2TIPS). See Figure-2. ASL-BIDS 

uses the term “BolusCutOffDelayTime(1)”. 

 TI2 ms (OSIPI), 

sec (BIDS) 

For QUIPSS-II/Q2TIPS. Time from the center of 

the labeling pulse to the center of the excitation 

pulse of the image acquisition. This value is 

equivalent to TI of the conventional 

(non-QUIPSS-II/Q2TIPS) PASL. See Figure-2. 

TI1 stop TI1s ms (OSIPI), 

sec (BIDS) 

For Q2TIPS. Time from the center of the labeling 

pulse to the center of the last bolus saturation 

pulse. See Figure-2. BIDS uses the term 

“BolusCutOffDelayTime(2)”. 

Background 

suppression 

(pulse) timing 

BS1 to BSn ms or s The timing parameters for the background 

suppression RF pulses. Currently, there are three 

different definitions for these timings 

implemented on commercial scanners (please 

see Figure 1): (a) time from the center of either 

the labeling pulse (for PASL) or the first labeling 

pulse (for PCASL) to the center of the nth 

background suppression pulse, (b) timing from 

the center of the nth background suppression to 

the center of the first readout excitation pulse, 

and (c) BSn Time: from the center of the last 

PCASL labeling pulse to the center of the nth BS 

pulse; BSn TI: from the center of the nth BS pulse 

to the center of the first excitation pulse.  
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Vascular crusher 

gradient strength 

Venc cm/s Crusher gradients have an amplitude sufficient to 

cause a 180° phase shift for blood moving with a 

velocity of Venc in the direction of the gradients.  

b s/mm2 Crusher gradients are equivalent to 

diffusion-weighting gradients with this b value (b 

value defined here: Thomas et al 2000 Phys. 

Med. Biol. 45 R97 DOI: 

10.1088/0031-9155/45/8/201).  

Labeling plane   The plane at which flowing blood is labeled in 

(P)CASL. 

"Fixed labeling plane" means the labeling plane 

is parallel to the image slice with a specified 

distance relative to the lowest slice. 

"Free labeling plane" means the labeling plane 

can be moved and angulated independently from 

the imaging volume 

Labeling plane 

offset / distance 

 mm For PCASL, this is the distance between the 

center of the imaging volume and the center of 

the labeling plane 

Labeling Pulse 

Average Gradient 

Gav mT/m For PCASL. The non-zero mean gradient applied 

concurrently with the RF labeling pulses, which 

combines to produce flow-driven adiabatic 

inversion. See Figure-4. 

Labeling Pulse 

Maximum 

Gradient 

Gmax mT/m For PCASL. The amplitude of the slice-selection 

gradient applied during the labeling pulses in the 

PCASL labeling pulse train. See Figure-4.  

Labeling Pulse 

Average B1 

B1av μT For (P)CASL, the average B1-field strength of the 

RF labeling pulses over the entire pulse train. See 

Figure-4. 

Labeling Pulse 

Flip Angle 

 degree (°) For PCASL. The flip angle of a single labeling 

pulse in pCASL labeling pulse train. 
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Labeling Pulse 

Interval 

Δt ms For PCASL. The interval between the centers of 

two successive PCASL labeling pulses. See 

Figure-4.  

Labeling Pulse 

Duration 

pw 

δ 

ms For PCASL. The duration of each PCASL labeling 

pulse. See Figure-4. 

PCASL control 

type 

  For PCASL. Type of the gradient scheme used in 

pCASL control condition: either Balanced and 

Unbalanced. 

Balanced: Identical Gav (nonzero) for label and 

control. 

Unbalanced: Gav  in label is nonzero but zero in 

control (refocusing gradient lobes are increased 

in amplitude such that the mean gradient is 

zero). 

Labeling slab   For PASL, the volume over which the labeling RF 

pulse is applied. 

Labeling Slab 

Thickness 

 mm For PASL. The nominal thickness of the labeling 

RF slab. 

Labeling slab gap  mm For PASL, this is the nominal gap between the 

leading edge of the labeling slab and the closest 

edge of the imaging volume 

Cutoff velocity Vcut  In VSASL, spins moving above a chosen velocity, 

referred to as the cutoff velocity (Vcut) is labeled. 

Vcut determines how deep into the arterial tree 

the blood is labeled. 

 

Section 4: Readout Module 
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Section 5: Derivative Parameters 

Subsection 1: Derivative Parameters of Standard ASL 

This subsection “Derivative Parameters of Standard ASL” complies with the consensus paper 

for brain ASL by the Perfusion Study Group of the International Society for Magnetic 

Resonance in Medicine (ISMRM) and the EU-COST action ‘ASL in dementia’ (Alsop et al., 

2015), as well as ASL-BIDS Extension Proposal which is currently being developed.  

Name Notation Unit Description 

ASL difference 

image 

Also known as 

Delta M 

Perfusion 

weighted image 

ΔM arbitrary unit Image obtained by subtracting the labeled image 

from the control image, which subtracts out the 

static tissue signal and consequently shows the 

perfusion signal produced by ASL preparation. 

Normalised 

perfusion 

weighted image 

ΔM/M0 % ASL difference image normalized by M0, expressed 

as a percentage. 

Cerebral Blood 

Flow 

CBF mL/100g/mi

n 

Quantity of blood (mL) reaching 100g of brain tissue 

per unit of time (min) 

Arterial Transit 

Time 

Also known as: 

Bolus Arrival 

Time 

Arterial Arrival 

Time 

ATT 
 
 
 

BAT 

 

AAT 

ms Time between when blood is labeled and when it 

first arrives in the imaging voxel/slice. 

Note that ATT, AAT and BAT are dependent on the 

positioning of the labeling plane/slab relative to the 

imaging volume, and are therefore not generally 

comparable across studies. 
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Subsection 2: Derivative Parameters of Advanced ASL 

Name Notation Unit Description References 

Tissue transit 

time 

TTT or 𝜹 ms TTT is the time between the spins 

being labeled and arriving in the 

tissue compartment (after being 

transported from capillary to 

tissue).  

(Alsop and 

Detre, 1996) 

(Wang et al., 

2002) 

Pre-exchange 

lifetime, or 

mean blood 

water residence 

time, 

or  

mean exchange 

time 

Tex or  τ
𝑒

ms The difference between TTT and 

ATT i.e. the time between arrival of 

labeled blood in the voxel and 

exchange from the blood into the 

extravascular tissue 

(Wells et al., 

2013)  

(Dickie et al., 

2020) 

Delivery 

function 

 

Fractional 

arterial input 

function 

c(t) fraction 

(0 to 1) 

Fractional ASL signal in larger 

arteries. Corresponds to the 

normalized arterial concentration 

of magnetization arriving at the 

voxel at time t, and is subject to T1 

decay. Its shape depends on the 

labeling type. 

(Buxton et al., 

1998) 

(Petersen et 

al., 2006) 

(Knutsson et 

al., 2008) 

Arterial input 

function 

AIF 

 

 

arbitrary unit Describes inflowing magnetization 

and is obtained by multiplication of 

the delivery function c(t) by 2M0b. 

(Petersen et 

al., 2006) 

(Knutsson et 

al., 2008) 

Equilibrium 

water exchange 

rate from 

capillary to 

tissue 

kin or kw min-1 Water exchange rate across the 

blood-brain barrier, which is 

mediated by multiple pathways 

including passive diffusion through 

endothelium, active cotransport 

(i.e. via ion channels), and through 

(Parkes and 

Tofts, 2002) 

(Wang et al., 

2007) 

(St. Lawrence 

et al., 2012) 
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water channel proteins 

(aquaporin-4) at the end feet of 

astrocytes. This exchange rate can 

be quantified by separating the 

signal contributions from the 

capillary and tissue compartments. 

(Gregori et al., 

2013) 

(Dickie et al., 

2020) 

Arterial blood 

flow (through a 

unit volume) 

aBF mL/mL/min Arterial blood flow per unit volume 

in large arteries can be quantified 

using model-free methods under 

the assumption of 

indicator-dilution theory from 

dynamic MR angiography with 

sufficient spatial and temporal 

resolution. 

(Shao et al., 

2019) 

(Shao et al., 

2019b) 

 

Arterial blood 

volume 

/ Arterial 

cerebral blood 

volume 

aBV / 

aCBV 

/ CBVa 

fraction  

(0 to 1) 

or % 

or ml blood 

/100 ml 

tissue 

 

Ratio of the intravascular volume 

of arteries and arterioles to the 

entire voxel volume 

(Barbier et al., 

2001; Brookes 

et al., 2007; 

Hua et al., 

2011b; 

Petersen et 

al., 2006; Yan 

et al., 2012) 

Partial (capillary, 

intravascular, 

extravascular) 

volume fraction 

Vc 

Vi 

Ve 

mL/100 g Distribution volume of labeled 

blood in the capillary, intravascular, 

or extravascular space 

(Gregori et al., 

2013; Shao et 

al., 2019a; St 

Lawrence and 

Lee, 1998) 

Water extraction 

fraction 

Ew 

EF 

fraction (0 to 

1) 

Fraction of water that is extracted 

into the extravascular space 

(Shao et al., 

2019a; St 

Lawrence and 

Lee, 1998) 

Permeability 

surface area 

product of water 

PSw mL/min/ 100 

g 

Capillary permeability surface-area 

product, measuring water flow 

through the vessel wall per unit 

volume 

(Gregori et al., 

2013; Shao et 

al., 2019a; St 
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Lawrence and 

Lee, 1998) 

Volume flow 

rate 

Q mL/min Volume of blood passing through 

an artery per unit time, which can 

be obtained by multiplication of 

the artery cross section with mean 

velocity, or by ASL-MRA.  

(Okell et al., 

2013; van 

Osch et al., 

2006) 

Vascular 

compliance 

VC ml/mmHg VC is defined as the ratio of change 

in arterial cerebral blood volume 

(ΔCBV) and change in arterial 

pressure (ΔBP) between the 

systolic and diastolic phases of the 

cardiac cycle. ΔCBV can be 

measured by synchronized 

dynamic ASL.  

(Yan et al., 

2016) 

 

Cerebrovascular 
reactivity 
 

CVR(*) ΔCBF(%) 

 

ΔCBF(%)/mm

Hg 

CVR is a measure of the change in 

cerebral blood flow for a given 

vasodilatory stimulus (i.e CO2, 

acetazolamide). Often, this is 

normalized to the change in 

end-tidal CO2. 

(Tancredi et 

al., 2012) 

Cerebrovascular 
reserve 

CVR % The maximum possible change in 

CBF from baseline due to 

stimulation 

(Ozgur et al., 

2001) 

 

*Please note that, in general, the same notation “CVR” is used for both cerebrovascular reactivity and 

cerebrovascular reserve. 

  

Subsection 3: Derivative Parameters in Partial Volume Correction 
 

 

(Asllani et al., 2008) 
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Name Notation Unit Description References 

Partial volume effect PVE  The typical voxel size of an ASL 

perfusion image is much larger 

than the cortical thickness, and 

individual voxels are likely to 

contain a mixture of gray matter 

(GM), white matter (WM), and 

cerebrospinal fluid (CSF), which is 

known as the partial volume effect. 

(Asllani et al., 

2008; Chappell 

et al., 2011) 

Tissue partial 

volume  

 

Also known as: 

 

Fractional tissue 

volume 

PGM, 

PWM, 

PCSF 

Fraction 

(0 to 1) 

Partial volume of different tissue 

types (GM, WM, CSF) as a fraction 

of the total voxel volume 

(Asllani et al., 

2008) 

 

Tissue specific 

perfusion 

CBFGM 

CBFWM 

 Perfusion, of specific tissue types 

within a voxel, estimated either by 

(a) including only voxels with a 

tissue probability value higher than 

a stated threshold, or (b) explicitly 

correcting for the partial volume 

effects of GM/WM/CSF within 

voxels.  

(Asllani et al., 

2008; Chappell 

et al., 2011) 

 

 

 

Section 6: Ancillary parameters for quantification 

Subsection 1: One-compartment model for single-PLD  

The general kinetic model is used to derive the quantification equations below. Several 

assumptions need to be fulfilled to ensure its validity - for example delivery of the entire 
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bolus to the tissue and that label relaxation is governed by blood T1 during the entire 

measurement. This is the basic quantification model recommended by the ASL consensus 

paper (Alsop et al., 2015). 

 

 

PCASL  

 
(Alsop et al., 2015; Buxton et al., 1998) 

PASL 

 
(Alsop et al., 2015; Wong et al., 1998a) 

 

Name Notation Unit Description Literature value References 

 

T1 relaxation 

time of blood 

 

Also known 

as: 

 

Blood T1 

 

T1b 

 

ms 

 

The longitudinal 

relaxation time of arterial 

blood 

ASL White 

paper 

consensus: 

1.5T: 1350 ms  

(Lu et al., 2003) 

3T: 1650 ms  (Lu et al., 2004) 

Renal 

consensus: 

1.5T: 1480 ms 

(Nery et al., 2020) 

  

Other sources: 

1.5T: 1480 ms 

3.0T: 1649 ms 

3.0T: 1842 ms 

7.0T: 2087 ms 

7.0T: 2212 ms  

9.4T: 2429 ms 

(Dobre et al., 

2007; Zhang et al., 

2013; Li et al., 

2017) 
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Equilibrium 

magnetization 

of blood 

 

Also known 

as: 

 

M0 of blood 

M0b 

 

arbitrary 

unit 

Fully relaxed longitudinal 

magnetization of arterial 

blood, which is required 

to scale the subtracted 

ASL signal and obtain 

absolute CBF units. In the 

ASL White paper, it is 

recommended to 

estimate M0b voxel-wise 

from M0t measured by an 

M0 

image. The blood-brain 

partition coefficient λ 

scales M0t to M0b. 

N.A.  (Alsop et al., 

2015) 

Equilibrium 

magnetization 

of tissue 

Also known 

as: 

M0 of tissue 

M0t 

 

arbitrary 

unit 

Fully relaxed longitudinal 

magnetization of tissue. 

This value might be 

different in different 

organs or tissue types 

with an organ. 

N.A. (Alsop et al., 

2015) 

Blood-brain 

partition 

coefficient 

λ mL/g The ratio between blood 

and tissue water 

concentration at 

equilibrium in mL of 

blood, per g of tissue. 

When used in ASL 

quantification, 

instantaneous equilibrium 

between tissue and veins 

is assumed 

Whole brain 

average: 0.9  

Gray matter: 

0.98 

White matter: 

0.82 

 

(Herscovitch and 

Raichle, 1985) 

 

Labeling 

efficiency 

α fraction 

(0 to 1) 

Combines the inversion 

efficiency of the labeling 

pulse itself and the loss of 

label caused by 

Labeling pulse 

PCASL: 0.85  

PASL: 0.98  

 

(Dai et al., 2008; 

Garcia et al., 

2005; Wong et al., 

1998b) 
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background suppression 

(dependent on the 

number and type of BS 

pulses). A value of 1 

corresponds to full 

inversion of blood 

magnetization. 

Background 

Suppression 

(per pulse):  

0.93 

 

Subsection 2: Haematocrit 

Blood T1 relaxation time depends on the hematocrit level and can differ across populations, disease, 

and sex. It is advised to measure the T1b if heterogeneous Hct values are expected in the population. 

An alternative is to estimate T1b from the Hct values obtained from blood samples. 

 

 

Adult (simplified, 3T) 

 
(Lu et al., 2004) 

 

 

Adult 

 

(Hales et al., 2016) 

Neonates (simplified, 3T) 

 
(De Vis et al., 2014) 

 

Name Notation Unit Description Literature value Reference

s 
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Hematocrit Hct fraction  

(0 to 1) 

Ratio of the volume of 

red blood cells to the 

total volume of blood 

Adult: 0.38 –0.46  

 

Neonate: 

0.28–0.67  

 

(Lu et al., 

2004) 

(De Vis et 

al., 2014) 

      

Water fraction 

in erythrocytes 

fe fraction 

(0 to 1) 

The fraction of water in 

whole blood that 

resides in erythrocytes. 

Calculated based on 

the hematocrit value. 

 (Hales et 

al., 2016) 

Hemoglobin 

concentration 

ctHb g/dL Total concentration of 

hemoglobin in blood. 

12.9 - 15.6 (Grgac et 

al., 2013) 

Oxygen 

saturation  

Y fraction 

(0 to 1) 

Oxygen saturation 

fraction (0-1). Default 

value for arterial blood 

is used if not measured 

Arteries: 0.97  

 

Capillaries: 0.77  

(Hales et 

al., 2016) 

(Zhao et 

al., 2007) 

Difference 

between 

predicted and 

measured T1b 

𝛥T1b s The difference 

between the predicted 

and measured values 

calculated as the mean 

bias in the in-vivo 

literature values 

In-vitro: 0 s  

In-vivo: 0.108 s 

(Hales et 

al., 2016) 

Subsection 3: Advanced physiological parameters 

Name Notation Unit Description Literature 

value 

References 

Flow velocity v 

υ 

cm/s Flow velocity of blood in the 

feeding arteries. It directly 

influences the labeling 

efficiency in pCASL 
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Section 7: Outside of Brain 

Subsection 1: Derivative Parameters in Body 

Organ Name Notation Unit Description References 

Placenta Placental Blood 

Flow / Placental 

perfusion 

PBF mL/100g/
min 

Perfusion value in 
placenta 

(Shao et al., 2018) 

(Zun and 

Limperopoulos, 

2018) 

Kidney Renal Blood Flow 

/ Renal perfusion 

RBF mL/100g/
min 

Tissue perfusion value 
in kidney 

(Nery et al., 2018) 

(Odudu et al., 

2018) 

Liver Hepatic arterial 

perfusion 

 mL/100g/
min 

Perfusion arising from 
the hepatic arteries in 
liver 

(Schalkx et al., 

2015) 

(Pan et al., 2016) 

(Martirosian et al., 

2019) 
Portal-venous 

perfusion 

 mL/100g/
min 

Perfusion arising from 
the portal veins in liver 

Hepatic 

perfusion index 

HPI % Percentage ratio of the 
hepatic arterial 
perfusion to the global 
liver perfusion 

Heart Myocardial 

blood flow 

MBF mL/100g/
min 

Perfusion value in 
myocardium 

(Kober et al., 2016) 

Myocardial 

perfusion 

reserve 

MPR  MPR was defined as the 

ratio of MBF at stress 

(i.e. using adenosine 

vasodilation) and at 

rest.  

(Yoon et al., 2017) 

(Aramendía-Vidaur
reta et al., 2020) 
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Subsection 2: Organ Specific Parameters in Body 

 λ 

(mL/g) 

T1t (ms) Reference 

Kidney cortex 

 

 0.9 966±58 (1.5T) 

1142±154 (3T) 

 

(Nery, et al. 2020) (Gardener, et al. 2010)  

(de Bazelaire, et al. 2004) (Roberts, et al. 

1995)  

Kidney medulla  

 

 0.9 1412±58 (1.5T) 

1545±142 (3T) 

(Nery, et al. 2020) (Gardener, et al. 2010) 

(de Bazelaire, et al. 2004) (Roberts, et al. 

1995)  

Thyroid 

 

0.8 1000 (1.5T) (Schraml, et al. 2007) 

Parotid gland 

 

1.0 800 (1.5T) (Schwenzer, et al. 2008) (de Bazelaire, et al. 

2004) (Mascaro, et al. 1995) 

Placenta 0.9 1684 (1.5T), negative 

corr. with gestational 

age 

(Zun, et al. 2017) (Wright, et al. 2013) 

Liver  586±39 (1.5T) 

809±71 (3T) 

(de Bazelaire, et al. 2004)  

Spleen  1057±42 (1.5T) 

1328±31 (3T) 

(de Bazelaire, et al. 2004)  

Pancreas  584±14 (1.5T) 

725±71 (3T) 

(de Bazelaire, et al. 2004)  

Paravertebral 

muscle 

 856±61 (1.5T) 

898±33 (3T) 

(de Bazelaire, et al. 2004)  

Bone marrow 

(L4) 

 549±52 (1.5T) 

586±73 (3T) 

(de Bazelaire, et al. 2004)  

Subcutaneous 

fat 

 343±37 (1.5T) 

382±13 (3T) 

(de Bazelaire, et al. 2004)  
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Prostate  1317±85 (1.5T) 

1597±42 (3T) 

(de Bazelaire, et al. 2004)  

Myometrium  1309±35 (1.5T) 

1514±156 (3T) 

(de Bazelaire, et al. 2004)  

Endometrium  1274±64 (1.5T)  

1453±123 (3T) 

(de Bazelaire, et al. 2004)  

Cervix  1135±154 (1.5T) 

1616±61 (3T) 

(de Bazelaire, et al. 2004)  

Myocardium 0.92 1158 (3T) 

 

(Bergmann, et al. 1984) (von 

Knobelsdorff-Brenkenhoff et al. 2013)  
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Figures 
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Figure 1: Schematic sequence diagram of (P)CASL.  

The timing parameter for the background suppression (BS) pulses. Currently, there are three different 

definitions of the timings implemented in commercial scanners: (a) time from the center of the first 

PCASL labeling pulse to the center of the nth BS pulse, (b) time from the center of the first excitation 

pulse to the centre of the nth BS pulse, (c) BS Time: from the center of the last PCASL labeling pulse 

to the center of the nth BS pulse; BS TI: from the center of the nth BS pulse to the center of the first 

excitation pulse. (Figure (c) courtesy: Canon Medical Systems Corporation). 

 

 

Figure 2: Schematic sequence diagram of QUIPSS-II and Q2TIPS. 
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Figure 3: Schematic sequence diagram of Velocity-selective (VS-) ASL. 

 

Figure 4: Schematic diagram of PCASL labeling pulse train.  
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Part 2: Reporting Recommendations 
 

Section 1: Parameters in “Required” category 

In this section, a list of parameters in “Required category” is provided, which are essential for 

meaningful interpretation of the ASL data and for quantitative analysis. These must be 

included in an ASL publication in order for its data set to be ‘OSIPI compliant’.  

Name Abbreviation Style Condition 

General 

Arterial Spin Labeling 
Type 

 PASL, (P)CASL, 
Velocity-selective, etc. 

 

Background 
Suppression 

BS/BGS Yes/No  

Method for M0b 
estimation 

 The description of how M0b is 
estimated, e.g. how the M0 
image is acquired, or any 
special method to estimate 
M0b directly 

When CBF estimation is 
performed  

Total acquired pairs   The number of paired labeled 
and control images, before 
online averaging is performed 
(if applicable) 

 

Acquisition Voxel Size  Value in mm  

(P)CASL 

Labeling duration LD / τ Value in ms or s  

Post-labeling delay PLD Value in ms or s  

PASL 

Inversion time / Inflow 

time 

TI Value in ms  
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Bolus cut-off 
techniques 

 Name of technique, or None  

 TI1 Value in ms When QUIPSS-II or 
Q2TIPS are used. 

 TI2 Value in ms When QUIPSS-II or 
Q2TIPS are used. 

 TI1s Value in ms When Q2TIPS is used. 

 

 

Section 2: Parameters in “Recommended” category 
In this section, a list of parameters in “Recommended category” is provided, which are useful 

for interpretation of the ASL data and could explain specific characteristics or systematic 

differences between data sets. We encourage authors to include as many of these as 

possible in ASL publications. 

Name Abbreviation Style Condition 

General 

Number of 
background 
suppression pulse 

 Value If BS is used and 
details are available 
to user. 

Background 

suppression (pulse) 

timing 

BS1 to BSn 

or 

BS Time/TI 

Value in ms If BS is used and 
details are available 
to the user 

Background 

suppression timing 

definition 

 The description of how timing is 
defined. See “Background 
suppression (pulse) timing” in 
Section 3, or Figure 1. 

If BS is used and 
details are available 
to the user 

Labeling Location 

Description 

 Description of the labeling 
plane/slab location (other factor 
than offset/gap), such as the 
planning of the labeling 
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plane/slab with respect to the 
imaging slices 

Shim volume  Description of shim volume 
used: imaging volume only, both 
imaging volume and labeling 
region, labeling region during 
labeling pulse and imaging 
volume during acquisition, or 
other (please specify) 

 

Vascular crushing Venc Value in cm/s When Vascular 
crushing is 
performed. Ideally, 
both Venc and b should 
be specified. 

b value in s/mm2 

(P)CASL 

PCASL control type  Balanced or Unbalanced  

CASL type  If a separate coil is used for 
labeling 

 

Labeling plane offset / 

distance 

 Value in mm  

Labeling Pulse Average 

Gradient 

Gav Value in mT/m When details are 
available to the user 

Labeling Pulse 

Maximum Gradient 

Gmax Value in mT/m When details are 
available to the user 

Labeling Pulse Average 

B1 

B1av Value in μT When details are 
available to the user 

Labeling Pulse Flip 

Angle 

 Value in degree (°) When details are 
available to the user 

Labeling Pulse Interval TRPCASL Value in ms When details are 
available to the user 
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Labeling Pulse 

Duration 

pw Value in ms When details are 
available to the user 

PASL 

PASL type  EPISTAR, FAIR, PICORE, etc  

Labeling slab thickness  Value in mm  

Labeling slab gap  Value in mm  
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