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1. Introduction

Fig. 1. The Simulation Geometry

Vessel Selective Arterial Spin Labelling (ASL) provides visualisation and quantification of the perfusion
territory of a feeding set of arteries.
●

Methods to selectively label blood include pseudo-Continuous ASL (pCASL) with additional transverse
gradients and phase cycling[1], angling and rotating the labelling plane[2] and spatially confining the B 1 field
using transmit surface coils[3].
●

The latter is an attractive option as the confined field does not produce any magnetisation transfer (MT) [4]
effects within the brain.
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●

Typically a small surface coil is placed on the neck over the vessels to be labelled – for example either the
right or left carotid and vertebral arteries, and the blood flowing through the arteries is inverted adiabatically in
a Continuous ASL (CASL) [5] sequence.
●

However the field extends across the neck, partially labelling the contralateral arteries. When assessing
perfusion territories from a given set of arteries it is important that there are no other sources of labelled blood.
●

Fig. 2. Arterial Velocity Waveform
over one ECG-cycle.

This work aims to reduce the amount of contralateral labelling by employing parallel transmission[6]
techniques. A framework for calculating optimal amplitudes and phases for spatially localising the B1 field is
presented, and the resulting fields are demonstrated in a simulation of a CASL labelling scheme in humans
and compared with a single surface coil.

Produced from a gated phase contrast MRI
angiogram of the volunteer. Particle

●

objects representing an ensemble of
spins in the blood were confined within
each artery and flowed to the brain
continuously throughout each simulation
under pulsatile, laminar flow. In each
artery the velocity was governed by the
corresponding velocity waveform.

2. Theory: Spatial Localisation of the B 1 Field

Consider a system of R coil elements, each producing a time harmonic magnetic field. The positively polarised
field is defined as:
1
+
B1 ( x)= ( B x ( x)+i B y ( x)) (1)
2
If the driving current in each element is modulated in amplitude and phase, the superposition of the fields from
R
all coil elements is:
+
+
B1, total  x =∑ c r B1, r  x   2
r =1

Where cr is a complex weight, related to the modulation of the amplitude a and phase ϕ of the driving current
i
by:
c r =a r e  3
r

By discretising space into M samples, converting B1,r into column vectors and concatenating in the rows
dimension into matrix S, equation 2 can be re-written as a system of linear equations in matrix form.
b 1= S⋅c  4

Where b1 is a M element column vector whose elements are spatial samples of the B1 field, c is a R element
row vector of the complex weights and S is a M by R matrix of complex B1 profiles from each coil. Specifying a
desired B1 transmit pattern T allows equation 4 to be solved for c.
−1

S ⋅T =c 5

The desired transmit pattern has two main criteria: a region where the B1 is sufficiently high for efficient
labelling, and a region where B1 is low enough so that there is no labelling. Thus, the problem becomes:
minimise∥S i⋅c∥1 , i ϵ Null Region (6)
subject to

Si⋅c=B 1, target , i=Label Target (6.1)
∣c∣≤1 (6.2)
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Computer model (Matlab, The Mathworks Inc., MA) of the carotid and vertebral arteries in the
neck was constructed using anatomical data obtained from time of flight and phase constrast
MRI angiograms of a healthy 24-year-old male volunteer (see figures 1 and 2), providing artery
locations, dimensions, temporal velocity waveform, and spatial velocity profiles of the blood
flow.
●

Complex 3D B1 maps of surface coils positioned around the neck were computed by
integrating the Biot-Savart equation[7].
●

Elliptical ROI's were drawn around the right carotid (RCA) and vertebral (RVA) arteries to
indicate a 'label' region, and around the left carotid (LCA) and left vertebral (LVA) to indicate a
'no label' region, as shown in figure 3.
●

●

Using these ROI's equation 6 was solved using CVX[9] and SeDuMi[10].

Complex coefficients and resultant B1 fields were calculated for two and four circular surface
coils (loop radius 22.5mm, field profiles normalised to B1=3.5uT at a depth of 5cm on axis to
each coil), positioned at angles of 30o, 150o, 240o, and 300o to the x-axis respectively. As a
comparison a single surface coil was used with a=1 and ϕ=0o.
●

Calculated fields were used in a numerical rotation matrix Block equation simulation[8] of
CASL. Experimental parameters typical for human CASL at 3T were used: G label=3mT/m, zlabel=19cm, B1,target=3.5μT, Tlabel=2s, T1=2000ms and T2=300ms.
●

Label Target is the element at the centre of the label region. Qualitatively this problem is “Minimise the B1 field
within the null region, whilst ensuring that the B1 at the centre of the label region is equal to a target value, and
that the absolute values of the complex weights cannot exceed unity”.
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3. Method

Four Coils

Fig. 5.a B1 in the centre of each artery

Fig. 5.b Inversion Efficiency*
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neck (orange) and arteries (red)
at the labelling plane: ROI's were
drawn around a labelling region
(green), and a null (pink).

5. Discussion and Conclusion
Presented in this work is a method for spatially localising the transmit B1 field used in Vessel Selective
Continuous Arterial Spin Labelling by modulating the amplitude and phase of each transmit element.
●

Using simulated B1 field data it is possible to create areas of low B1 magnitude with only two coils, reducing
contralateral labelling.
●

With four coils contralateral labelling is reduced to negligible levels, however this is at the expense of
increased power deposition.
●

Fig. 4
4.a-c: Field plots of the total transmitted B1 field, with colours scaled between 0 (dark blue) and 3.5μT ( dark red).
4.d-f: Time-course of the longitudinal magnetisation of a single spin isochromat travelling through the centre of each artery
(maximum velocity) from z=zstart to z=0.

4. Results
●

Labelling efficiency of the RCA is the same for all coil configurations – 96.58±0.1%

Despite the apparent high inversion efficiency in the RVA from figure 5.b, all three coil
configurations do not achieve a complete adiabatic inversion, as seen in figure 4.d-f. The
reduction in B1 at the RVA for two and four coils amounts to a decrease in the labelled blood
signal in the imaging volume by 2.6% and 4.3%.
●

Using two coils to create a null reduces the B1 magnitude at the centre of the LCA by a factor of
3.7, and the LVA by 1.6, resulting in a reduction of the labelling efficiency by factors of 14.3 and
2.4 respectively compared to using one coil (see figure 5a and b).

The inversion efficiency in the labelled right carotid artery was not affected, and in the deeper right vertebral
(where labelling was sub-optimal for a single coil) there is only a small degredation. Therefore this method
retains the high SNR and reduced MT effects of separate coil CASL whilst providing better spatial selectivity.
●

For this method to be performed successfully in-vivo accurate, complex B 1 maps must be obtained, including
in regions where the flip angle is low and consequently there is low SNR.
●

Non-standard hardware is required, however more parallel transmit capable systems are increasingly
becoming available.
●

●

Four coils further reduces the depth of the B1 null: compared to using one coil the B1 magnitude
was reduced by factors of 11.3 and 11.8, and inversion efficiency by factors of 114 and 89 in the
LCA and LVA respectively.

The mathematical framework needs to be extended to reduce power deposition – in the four coil case the total
applied power is over twice that of using one coil. When using two coils the total power is comparable to one
coil.
●

●

Future work will be to implement this in-vivo using a pair of independent coils and home-built two channel
parallel transmission system interfaced to a 3T Siemens Trio.
●
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