
Fig. 2. The simulated longitudinal signal for static tissue 
after applying vessel suppression for 1cm/s velocity 
encoding plotted as a function of off-resonance and 
relative B1 amplitude for (a) composite positive, (b) 
composite negative, (c) adiabatic positive and (d) 
adiabatic negative. 

 
Fig 4. The phantom longitudinal signal after applying different vessel suppression  
pulses as a function of (a) off-resonance only and (b) relative B1 amplitude only. 
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Fig. 1. The vessel suppression pulse sequences. 

 
Fig. 3. The simulated signal from 
adiabatic negative vessel suppression 
for a laminar flow with maximum 
velocity at 40.3 cm/s plotted as a 
function of off-resonance and 
relative B1 amplitude. 

 

 
Fig. 5. The ASL subtraction 
image with 3.7 s labeling duration 
and 1.3 s postlabeling delay with 
(a) no vessel suppression and (b) 
adiabatic negative vessel 
suppression. 
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Introduction: The presence of intravascular signal can have undesirable effects on image quality and perfusion values with arterial 
spin labeling (ASL) techniques. Bipolar gradients have been employed to attenuate the flowing labeled spins within spin or gradient 
echo echoplanar images (1, 2). However, the insertion of bipolar gradients can be difficult or impossible in multiple RF refocused 
imaging sequences such as FSE and balanced SSFP. As an alternative, we optimized and implemented a preparation sequence before 
the image acquisition to eliminate the fast flowing spins. This preparation can be flexibly combined with any image acquisition. 
Methods: Vessel suppression can be achieved with 90°_180°_-90° sequence with gradient pulses on both side of the 180° pulse. 
However, imperfect flip angles due to B1 miscalibration or inhomogeneity can cause 
substantial signal loss from static spins. We considered two variants of this preparation 
approach: an MLEV sequence with composite pulses previously used without gradients 
for T2 preparation (3), and a double adiabatic inversion sequence previously considered 
for velocity selective ASL. In both sequences, a total of 4 gradient pulses are applied as in 
Fig. 1 to achieve time-efficient vessel suppression. The preparation sequence combines 
the T2 Prep with gradient pulses. 400 μs was inserted between the gradients and RF pulses 
(shown after the dashed lines) to reduce artifacts from eddy currents that were observed 
with shorter gaps. 

Numerical simulation of the Bloch equations was used to explore the 
sensitivity of signal to B0 and B1 inhomogeneity of both the composite inversion 
pulses and adiabatic pulse preparations. We considered the composite inversion 
pulses with the second 180 pulse as positive amplitude (composite positive), with 
second 180 pulse as negative amplitude (MLEV pattern, composite negative), and 
adiabatic inversion pulses with second 180 pulse as positive (adiabatic positive) 
and negative amplitude (adiabatic negative). Composite inversion pulses and 
adiabatic pulses used in the simulation are 90x90y90y90x with 1.6 ms duration and 
hyperbolic tangent pulses with 3.2 ms duration (4) respectively. The encoded 
velocity (calculated as in ref. 5) used in the vessel suppression comparison was 1 
cm/s.  

For in-vivo evaluation, the vessel suppression sequences were inserted 
between ASL and the image acquisition. Phantom experiments were performed to 
verify the signal dependence of the static tissue as a function of B0 and B1. In vivo 
experiments were performed to evaluate the quality of the vessel suppression. 
Results & Discussions: The simulations showed that composite negative pulses 
were less sensitive than composite positive to the B0 and B1 offsets, but the 
adiabatic pulses with higher B1 (1.4~ 1.5 higher than regular B1) were more robust to the B0 and B1 inhomogeneities than the 
composite pulses (Fig. 2). The flowing spins were shown to achieve vessel suppression with higher B1 amplitude (Fig. 3), though B1 
variation of the vessels suppression remained due to the nonadiabatic 90’s . The phantom results show the robustness of adiabatic 
vessel suppression with B0 and B1 offsets, which is consistent with the simulation results (Fig. 4). An ASL subtraction image with 
adiabatic vessel suppression showed good vessel suppression quality (Fig. 5). The extracranial and intracranial vessel signals were 
well suppressed.  

References: 1. Ye et al, Magn Reson Med 1997;37:226-35. 2. Wang et al, Magn Reson Med 2003;50:599-607. 3. Brittain et al, Magn Reson Med 1995;33:689-96. 4. 
Garcia et al, Magn Reson Med 2005;54:366-72. 5. Duhamel et al, Magn Reson Med 2003;50:145-53. 

Proc. Intl. Soc. Mag. Reson. Med. 17 (2009) 1512


