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Introduction Conventional Arterial spin labeling (ASL) labels arterial blood that flow through a designated label plane and 
subsequently derives the perfusion map that reflects the arrival of the labeled blood within a certain post label delay (PLD) time in the 
imaging volume. However the perfusion map obtained lacks both spatial specificity and temporal specificity. Arterial transit time 
(ATT) [1] estimates the arrival time of blood in the feeding arteries for a specific cerebral region, and is useful not only for choosing 
an optimal PLD time and also provides useful hemodynamic information. It however intrinsically assumes that perfusion at a specific 
cerebral region is attributed to a single artery or blood from all the feeding arteries arrives at the same time, which does not hold in all 
the cases.  In this work, we introduce spatial specificity in ATT map by using a vessel selective [2] labeling approach, which allows 
the hemodynamic of a specific feeding artery to be studied. 

 

Method Fig.1 illustrates the pulse sequences of ASL and veASL 
used. The sequence begins with pre-saturation module of 
repeated selective saturation. The following ASL tagging uses a 
pseudo-continuous approach that consists of repeating labeling 
modules, as are illustrated for ASL and veASL. In the latter case, 
a vessel encoding scheme as that in [2] was implemented. During 
the PLD time interval, background saturation and vessel 
suppression are performed prior to the acquisition module which 
utilizes a 3D FSE spiral readout. The PLD time may be adjusted 
for derivation of the ATT map for both veASL and ASL. 

Figure 1 ASL and veASL pulse sequences used. X and Y gradients with 
RF phase cycling was used to selectively label vessels in veASL 

Experiment The ASL and veASL scheme were implemented on a GE 3.0T whole body. A healthy volunteer was recruited for the 
study and consent form was obtained prior to the scan. A 3D multi-slab TOF acquisition was first performed to choose the location of 
the labeling plane (solid line in Fig.2a), where the vertebral arteries (VA) have not converged into the basilar artery. Then the left and 
right VAs were labeled using veASL (circled region in Fig.2b) whereas conventional ASL labels the entire plane also including left 
and right internal carotid arteries (ICA). The edge of imaging volume (22*22*12cm, shaded region in Fig.2a) was about 2cm above 
the labeling plane and gave complete coverage of the basilar artery perfusion region. The obtained spatial resolution was about 
1.75x1.75x4mm. PLD times of 1.0/1.5/2.0/2.5/3.0s were used in veASL and ASL for measuring signal difference (∆M). The ∆M 
weighted sum of PLDs was then used to estimate ATT based on a theoretical relationship between weighted delays and ATT [1]. 

  

Results  The ATT maps, overlaid on the perfusion image with a  PLD 
1.5s, of an axial plane that covers the upper part of the cerebellum and 
was about 8cm above the labeling plane for veASL and ASL are shown 
in Fig.2d and Fig.2e respectively. From the perfusion images, it can be 
seen that in veASL only blood supplied by VAs were labeled, as the 
cerebral regions that are supplied by the ICAs showed no perfusion 
signal (Fig.2d). For the cerebral regions that were perfused in both 
veASL and conventional ASL, the ATT maps obtained were qualitatively 
consistent but quantitatively differing. For instance, in the rectangle 
region, the ATT obtained using veASL was 1.65s whereas that for ASL 
was 1.5s. This observation was further evidenced by plotting the 
perfusion signal within this region obtained using increasing PLD times 
shown in Fig.2c: the perfusion signal shows monotonic decease with 
increasing PLDs if VAs and ICAs were both labeled as in ASL, whereas 
it peaked with a longer PLD (1.5s) if only the VAs were labeled in 
veASL. In another word, this region is likely being fed by both ICAs and 
VAs and the blood from ICAs featured a shorter transit time compared 
from that of the VAs.  

Fig.2 VAs in the (a) labeling plane (solid) were labeled (b) in veASL; (c) perfusion signals at different PLDs; (d,e) the ATT maps of ASL and veASL  
Discussion and conclusion In this work, arterial blood supply specificity has been introduced in derivations of ATT, which forms a 
spatial-temporal map that shows the transit time for blood from a specific artery to arrive at a specific cerebral region. This 
information is not only useful for choosing the optimal PLD time in vessel selective ASL, it would be a useful tool for studying the 
general arterial blood hemodynamic or identifying hemodynamics disturbance for neuro diseases.  
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