Asymmetric use of 8-legged Conventional Birdcage
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Abstract—In high-frequency magnetic resonance imaging
(MRI) system, shaping of the magnetic field inside the body
becomes an important challenge. The choice of the Radio-
frequency (RF) coils and their design is essential if a quality
image is expected. This paper presents the asymmetric use
of a conventional Birdcage RF coil and answers the problem
of homogeneity as well as localizing an off-centered region of
interest (ROI).

Index Terms—magnetic resonance imaging, radio-frequency
coil, birdcage coil, asymmetric birdcage coil.

I. INTRODUCTION

Radio-frequency (RF) coils are essential for each magnetic
resonance imaging (MRI) system, since they are responsible
for transmitting and receiving the RF pulses. Due to the
highly varying field penetration in the different parts of the
body, surface or volume coils need to be used [1]. The
birdcage coil is the most famous volume coil since it can
produce a homogeneous field distribution inside its volume [2].
However, the homogeneity of the fields inside the birdcage coil
degenerates at high and ultra-high field (UHF) MRI because
of the shortened wavelength inside the body, resulting in
bright and dark spots in the field distributions [3]. Several
methods like parallel transmission [4], dielectric pads [5],
and the HMA method [6], have been used to improve the
homogeneity in UHF MRI in the region of interest (ROI).
In this paper, an in-house method-of-moments (MoM) code
has been used to design and optimize both symmetric and
asymmetric birdcage coils to improve the homogeneity of the
By field (the component of the magnetic field which is used in
the transmission mode) in the presence of a dielectric sphere.

II. METHODOLOGY

First of all, a high-pass (HP) 8-legged 7T birdcage was used,
as represented in Fig. 1. This birdcage has a height of 28 cm,
and its radius is 13 cm. As there are 8 legs, this birdcage
design contains 16 capacitors. The positions correspond to the
HP configurations i.e. on both the top and bottom end-ring
sectors. Two excitation ports in the middle of two legs have
been used to excite the birdcage coil in quadrature mode. All
simulations are realized in the presence of a spherical phantom
with a radius of 8 cm, the relative permittivity and conductivity
are 45.3 and 0.87 S/m, respectively.

The morphology of the birdcage is designed and adapted
using the open-source GMSH meshing software [7].
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Fig. 1. Capacitor positions for a high pass symmetric Birdcage.

An in-house MoM code is used to compute once the open
circuit embedded element pattern [8] and the particle swarm
optimization method [9], is used to obtain the optimized
capacitor values corresponding to the different cost functions
that can be defined to improve the homogeneity on the entire
domain or locally.

In order to compare the different results and to analyze the
performance of the different designs, a standard metric defined

SD“;))) of the | B} |
field, provided in equation (1), is used to compare the results

for the transverse plane in the middle of the coils.

as normalized standard deviation (NSD=

[y SHBH
NSD(BY) = Mean(B+) (D
where
Std(B}") = \/ff |BY (1) — ]\;ean(Bi*‘)Pds o
(
Mean(Bf‘) ff |BS r)|ds )

Where S is the area of the ROI.

III. SYMMETRIC CASE

The symmetric case is named so as both the birdcage, its
capacitor values and the used weight matrices are symmetric.
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TABLE I
BASIC SYMMETRIC CASE

NSD
0.2298

C1 [F]
8.32e-13
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Fig. 2. (a) SAR efficiency and (b) electric field distribution of the symmetric
birdcage.

Cs [F]
8.32e-13

Therefore, the Birdcage shown in Fig. 1 has only 2 capacitor
values, C and C5, repeated in each leg. The symmetry allows
faster and lighter computation and is a useful milestone before
switching to the non-symmetrical birdcage.

A. Basic symmetric case

In this case, all capacitors have the same value, but one
sits below and one above the horizontal symmetric plane. The
metric is used to optimize the magnetic field homogeneity in
the transverse cut of the spherical phantom while keeping the
birdcage symmetrical.

1) Results and analysis: The resulting specific absorption

rate (SAR) efficiency (\/5%) and electric field distribu-
tions on the transverse cut of the sphere are represented in
Fig. 2 while its capacitor values and NSD are presented in
Table 1.

As shown in Fig. 2a the SAR efficiency is centered and not
homogeneous on the sides. Indeed, two small regions have

]

sides has values around 2 - 1078

values of around 3 - 10~8 while the rest of the

T
W/Kg
of this inhomogeneity on the sides are the (active) excitation
ports. While they are used to excite the desired mode in the
birdcage, they create non-negligible hotspots (in yellow) in the
FE-field on the right and at the top in Fig. 2b. Those translate
into decreased SAR efficiency and high NSD.

This basic case is used as a reference when analyzing results
obtained in this paper. Both the visual and numerical aspects
help understand the improvements brought by the approach.

2) S-parameters analysis: The scattering parameters are
shown in Fig. 3, which confirms the proper behaviour of the
coil at 7T, by a local minimum both for S1; and S75. However,
the coil can be tuned an matched to the desired 7T Larmor
frequency.

. The main cause

IV. ASYMMETRIC CASE

The birdcage coil presented in the previous section is
symmetrical since each sector is identical; however, as shown
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Fig. 3. S-Parameters for the symmetric birdcage.

10

Cu < 1 Capacitors
C14 C L Ports
i 10 O Excitation ports

Fig. 4. Capacitors of the asymmetric birdcage.

in Fig. 4, the birdcage can be asymmetric by choosing different
values for each capacitor (C1-C1g). The asymmetric case will
dive deeper into the possibilities it offers, one of them being
the ability to counteract the effect of the excitation ports
mentioned in the symmetric case, resulting in an improved
homogeneity in the ROL

A. Basic asymmetric case

The resulting SAR efficiency and electric field distributions
are represented in Fig. 5, while its C-values are presented in
Table II. The main problem mentioned in the symmetric case
was the presence of excitation ports with the birdcage not
being able to counteract their impact. With the asymmetric
configuration of the birdcage however, different C-values are
feasible and can be considered as an option to counter this
effect. A joint analysis of the numerical values of Table II and
Fig. 5b shows a correlation between the capacitors values and
the value of the E-field. First, let us clarify that C7, C5, Cs
and C are the capacitors on the end ring that are close to the
excitation ports and have lower values.
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TABLE II
CAPACITOR VALUES FOR THE ASYMMETRIC CASE

[ C1 [F]
l 8.69¢-14 | 9.54e-14 | 6.30e-12 | 5.92e-13 | 1.43e-13 | 8.34e-14 ]
[ C7[FI [ Cs [FI [ Co [F] [ Cio [FI] Cu1 [FI [ Ciz [F] ]

| Ob [F] ] l l l
GO T e ]
[1.70e-12 | 1.17e-12 | 1.05e-11 | 2.08¢-12 | 8.35¢-13 | 1.56e-11 |
l l l l l
l l l l l

C3 [FI [ Ca [FI [ Cs [FI [ Ce [FI |

[Ci3 [F1] Ci4 [F1] Cis [FI [ Ci6 [FI ]
l524e 12 17.05e-13 | 1.52e-12 | 1.84e-12 ]
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Fig. 5. (a) SAR efficiency and (b) electric field distribution of the asymmetric

birdcage.
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Fig. 6. Electric field distribution for (a) symmetric birdcage (b) asymmetric
birdcage.
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All the other capacitors are located on end rings have higher
values. It can be said that those higher values compensate
the already existing hotspots in the E-field, while the lower
values increase the least possible the existing hot spots while
respecting the resonance conditions of the Birdcage.

While C3, Cy, C7, Cg, C15 and Cig improve the homo-
geneity near the excitation ports, the other capacitors take
care of the rest of the torus-shaped region defined by the
weight matrix. The difference between the resulting E-field
for the symmetric and asymmetric cases is shown in Fig. 6.
The average capacitors value for the asymmetric case is 4.01e-
12 [F] (without C'y, Cs, C5 and Cg) while the symmetric case
has 8.32e-13 [F] capacitors. This is a factor 4.83 of difference,
explaining the difference in E-values and visibility of the spots
on the graph.

1) Improved homogeneity: As Table III shows, the NSD on
the ROI is decreased in the asymmetric configuration by 24%,
resulting in the improved homogeneity of the B field for the
asymmetric coil.

TABLE III
NSD FOR THE SYMMETRIC AND THE ASYMMETRIC BIRDCAGE ON THE
TRANSVERSE PLANE INSIDE THE SPHERE
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Fig. 7. (a) Desired weighting matrix (b) obtained field distribution with the
asymmetric birdcage.

V. ASYMMETRIC BIRDCAGE FOR SHAPING THE FIELD
DISTRIBUTIONS

Instead of analysing the field’s homogeneity, a desired shape
of the fields is targeted with the asymmetric birdcage in this
section.

A. Weight matrix

This shape is defined using a weighting matrix, in this case
ellipse-shaped, shown in Fig. 7a. Inside the ellipse, the weights
are set to 1. Outside the ROI, the weights are defined by a
Gaussian based on the distance between the edge of the ROI
and the edge of the circle. The ellipse-shaped weight matrix
actually combines homogeneity and shape of the field as the
ellipse region is homogeneous compared to the rest of the
desired field.

B. Results

The optimized values of the capacitors are obtained using
the MoM code with this weighting matrix. The SAR efficiency
corresponding to the weighting matrix described above is
shown in Fig. 7b. Indeed, the ellipse-shaped region is clearly
located in the top part of the phantom. There is a non-
negligible influence of the excitation ports, but it doesn’t cause
too much damage as the ROI is located close by. Besides the
shape of the field distribution, its value are sufficient.

VI. CONCLUSION

This paper proposes an asymmetric design for an eight-
legged conventional birdcage coil to improve the homogeneity
of the B field on the transverse cut inside the spherical
phantom. Different values for the capacitors used in each
birdcage segment are obtained through the MoM computation,
providing the possibility of shaping the field distribution. A
significantly improved control over the field distribution is
achieved. Real-time control might be obtained using variable
capacitors.
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