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Arterial Spin 
Labelling
“Labelled” spins in arterial blood 
water act as an endogenous tracer



Arterial Spin Labelling

Production of tracer 
(labelling)

Wait for tracer to reach target organ
(post labelling delay)

Aquire images

Tracer Kinetic Modelling



Arterial Spin Labelling
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T1 Inversion Recovery

T1 of blood @ 3T is 1650 ms



T1 Inversion Recovery

T1 of blood @ 3T is 1650 ms
1.15 sec



Delay

• Allow the labelled spins to travel to the regions of 
interest

• Also known as
• Post-labelling delay
• Inversion delay
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Imaging

• Needs to be fast due to shortlived bolus
• 2D EPI

• 3D methods also exist
• Segmented – multiple chunks

• New label required
• Spiral read out
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CASL – no-labelling image
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Imaging 2D EPI
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ΔM is typically ~1% of the control signal



Labelling Imaging
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Perfusion 
weighted 

image
Signal proportional to 

perfusion but NOT 
quantitative



Quantification

ΔM Post-labelling delay
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Tracer Kinetic Modelling
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Cerebral blood flow
• Water is (almost) a freely diffusible tracer

• All labeled spins will cross the BBB when 
flowing through the microvasculature.

• Cerebral blood flow is therefore directly 
related to the amount of spins that 
arrived in the brain tissue

• When we label more spins, more signal 
will be detected
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Analogy with 
O15-H2O PET

• With O15-H2O PET we inject
radioactively labeled water to 
act as an exogenous tracer.

• With ASL we magnetically label
the water in the blood to act as 
an endogenous tracer.



Analogy with O15-H2O PET

O15-H2O PET ASL MRI



Analogy with O15-H2O PET

Audrey P Fan et al., J Cereb Blood Flow Metab. 2016 May; 36(5): 842–861



Delayed arrival
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Delayed arrival
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T1 of blood @ 3T is 1650 ms
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Delayed 
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Multi delay ASL
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Multi delay 
ASL

• Captures the inflow of 
spins

• Model the bolus arrival 
time
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Multi delay ASL

Bolus arrival time Cerebral Blood Flow
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ASL MRI vs O15-H2O PET

https://doi.org/10.1177/0271678X19874643



ASL CBF = 1.08 PET CBF -1.3

Valid

https://doi.org/10.1177/0271678X19874643



Dementia – ASL MRI vs F18-FDG PET



Dementia – ASL MRI vs F18-FDG PET



Vessel selective ASL



Vessel selective 
ASL



doi: https://doi.org/10.1371/journal.pone.0215145.g002



Functional ASL

Enhed for Funktionel Billeddiagnostik

Klinik for Klinisk Fysiologi, Nuklearmedicin og PET

Rigshospitalet

(a) Activation map (z-stat) - Echo 1 (b) Activation map - only largest cluster

Arterial Spin Labelling

Statistics from largest cluster (echo 1)

# voxels Relative mean change Relative max change

1016 65.002501 % 99.508547 %

(a) Perfusion weighted image
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BOLD

(a) Activation map (z-stat) - Echo 2 (b) Activation map - only largest cluster

Statistics from largest cluster (echo 2)

(a) Full plots - Partial model of echo 2

(b) Peristimulus - Single voxel (Max z-stat) (c) Peristimulus - Cluster average

# voxels Relative mean change Relative max change

966 3.818868 % 13.881144 %

20201028x1 3 af 4 18. november 2020

50+ % increase in CBF



Renal perfusion

Cutajar M et al., 2015,DOI: 10.1007/s00330-015-3594-6



Summary

• ASL provides a TRULY non-invasive method for the absolute quantification 
of CBF (ml/100g/min)
• Labelling
• Delay
• Imaging

• Non-invasive perfusion
• Endogenous water tracer
• Analog to O15-H20 PET
• Very shortlived bolus 1-2 sec

• Advanced use beyond other tracer methods
• Functional blood flow
• Vessel selective blood flow


