Introduction

In recent years there has been a trend
towards higher field strength in MR imag-
ing. Nowadays 3 Tesla is already routinely
used for clinical imaging, and there is a
tendency to move towards even higher
field strengths for human imaging, like
7T. But besides the many potential advan-
tages of ultra-high field MRI, there are
also some methodological challenges like
the destructive interference of transmit
RF fields within a typical volume coil

[1, 2]. These effects arise when the RF
wavelength reaches the dimension of the
human head or body and can lead to cen-
ter brightening in the head at 7T (Fig.1)
and shading in abdominal imaging at 3T.
The spatial variations of the B, field lead
to reduced tissue contrast and inhomoge-
neous image intensity. Several methods
have been explored to compensate for
these spatial variations of the transmit
field. These methods include the applica-
tion of shaped 2D and 3D RF pulses [3] or
“RF shimming”, where the channels of the
transmitting coil are driven with tunable
global RF-phase and amplitude in order
to optimize the homogeneity of the re-
sulting B, field [4, 5, 6].

So far 2D and 3D RF pulses were not prac-
tical in clinical MR imaging, since the du-
ration of the pulses is too long for normal
sequences. Parallel transmission (pTX)
techniques have demonstrated the feasi-
bility of accelerating time consuming 2D
and 3D excitation pulses, to accommo-
date clinical sequences [3, 4, 7]. Another
challenge linked to the design of tailored
2D and 3D RF pulses and RF shimming

is the need for a transmit coil with prefer-
ably highly decoupled elements. On cur-

Kl Center brightening in the head at 7T.

rent coil designs this requirement is often
reduced to a high degree of decoupling
between next neighboring elements.

This article describes the design and setup
of a parallel Transmission (pTX) prototype
Siemens MAGNETOM Trio, A Tim System
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equipped with an 8-channel transmit
array. This prototype MR system was used
in combination with two different TX
coils to acquire phantom and in vivo im-
ages with 1 to 8 fold accelerated 2D and
3D RF pulses.
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Experimental Setup
System setup

A prototype 8-channel transmit array in

a master-slave configuration was used,
with one measurement control unit act-
ing as the “master” controlling the other
7 "slaves” [8]. The transmit array was at-
tached to a 3T MAGNETOM Trio, A Tim
System, hence the primary console of the
scanner was determined as the master
(Fig. 2). Cloning the standard Siemens
measurement control unit (MPCU) for all
7 slaves enables to run 8 independent
sequences with individual RF shapes and
characteristics, individual B, eddy current
compensation and 3 additional gradient
channels per unit, which can be used for
gradient array [9] or dynamic shimming
applications. Each of the 8 independent
RF pulses is amplified by a separate 8 kW
Dressler RF amplifier. For safety reasons,
each channel includes its own indepen-
dent RF power monitor (SAR supervision)
which will switch off the RF in each chan-
nel if the SAR limit in any of the channels
is exceeded. Moreover, the SAR settings
can be configured for each channel indi-
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vidually limiting the peak power and the
average power within the 6 minutes and
10 seconds time interval according to
the IEC 60601-2-33 standard.

SAR calculation and safety concept

To ensure the safe operation and fulfill-
ment of the IEC limits for SAR of the sys-
tem in human imaging, the power limits
were calculated before starting with the
in vivo experiments. For this purpose a
commercial program was used, which
applies the Finite Integration Technique
(FIT). The simulations were performed for
the 8-channel head coil and the 8-chan-
nel body coil. The worst case SAR was cal-
culated by summation of the E-field mag-
nitude of all coil elements for all voxels

in the human model. These worst case
E-fields and the knowledge of the tissue
properties were used to calculate the 10 g
averaged local SAR and the whole-body
SAR (Fig. 3). The calculated whole-body
SAR was scaled down until the local SAR
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P1 Block diagram of the
BF Transmit Array system.

El SAR simulations in
the head.

El Transmit only 8-channel.
head coil.

limits were fulfilled. These new whole-
body SAR limits were divided by the num-
ber of transmit channels and were ap-
plied to the SAR supervision of each
channel. With this concept the RF safety
concerning whole-body and local SAR
limits is guaranteed, even if one or more
of the amplifiers will fail.

Transmit coils

Two different 8-channel coils were used
for parallel transmission:

The first coil is a pTX only head coil (Fig.
4), which was used for the RF excitation
in combination with the body coil receiv-
ing the RF signals [10]. This TX only coil
was designed as a degenerated birdcage
coil (DBC) [11], which basically can be
used in two mode configurations, using
either the eight “loop mode” basis set or
the orthogonal birdcage modes as driven
by an 8 x 8 Butler matrix [ 12]. The Butler
matrix has 8 coaxial inputs and 8 coaxial
outputs, which can therefore produce
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8 independent modes. The big advantage
of using the modes of a birdcage coil ex-
cited by a Butler matrix is that they form
naturally decoupled orthogonal modes
which do not require additional decou-
pling strategies. This decoupling is essen-
tial for a parallel transmission methodolo-
gy, since — similar to a parallel receive
array — the capability of a transmit array
to accelerate the spatially tailored excita-
tion pulses depends on the spatially dif-
fering B, profiles of the individual array
elements.

The second coil used for the experiments
is an 8-channel TX/RX body coil, which
also allowed the insertion of a Butler ma-
trix into the TX and the RX path to gener-
ate orthogonal modes [13].

With both coils in a first step the magni-
tude and phase profiles of the transmit-
ted B, field have been measured. To avoid
an interference with the receive coil pro-
file this measurement was performed for
both 8-channel coils using the uniform
standard CP mode of the scanner body

-0,05
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coil for RF reception. The amplitude and
phase of these B, fields were then used
for the calculation of the RF pulse shapes
as described in the next section.

RF pulse design

Different RF waveforms in the low flip
angle domain were calculated based on
the formalism used by Grissom et al. [14].
For excitation we used two types of gra-
dient trajectories [3]:

The first trajectory consisted of a 2D exci-
tation with a spiral trajectory in (k,, k,)
and no encoding in z-direction. This 2D
trajectory can be used to excite a high
resolution target profile in the 2D plane.
With this pulse design accelerations of
integer factors of 2 through 8 can be
utilized by successively increasing sepa-
ration between the turns in the k-space
trajectory. At a gradient amplitude of

35 mT/m and a slew rate of 150 T/m/s
the duration of these 2D pulses could be
reduced from 9.47 ms in the unaccelerat-
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ed case (R=1) t0 2.42 ms forR=4,

1.64 ms for R =6 and only 1.26 ms for

R = 8 respectively. Therefore the R = 8
accelerated pulse was 7.5 times shorter
than the unaccelerated pulse, which

will make their application in clinical
pulse sequences possible.

The second trajectory consisted of a 3D
k-space excitation using a set of line
segments or “spokes” in the k, direction
placed at regular intervals in the (k,, k)
plane [3, 15, 16, 17]. Using a sinc-like RF
waveform during the transversal of each
spoke achieves a sharp slice selection in
z but with low resolution control of the
in-plane magnetization profile. Two ver-
sions of these trajectories were designed
and tested: one with 4 spokes with a
pulse length of 3.42 ms and one with

1 spoke with a pulse length of 1.2 ms.
With such a trajectory it is possible to
achieve a uniform excitation across the
phantom despite the nonuniform nature
of the 8 individual excitation profiles.

MAGNETOM Flash - 1/2007 - www.siemens.com/magnetom-world 77



Technology

Image examples

Phantom measurements

The 2D trajectory in combination with
the 8-channel pTX head coil was used to
excite a high-resolution spatial pattern of
letters in the (x, y) plane. The resolution
for this experiment was set to 5 mm with
a FoV of 180 mm. Fig. 5 shows the image
using an acceleration factor of R=4. The

high resolution “Tim TX" logo (Fig. 6) was
also acquired using the 2D trajectory with
an acceleration of R=4. For this image
parallel transmit and parallel receive have
been used simultaneously by employing
the 8-channel TX/RX body coil for excita-
tion and the standard Siemens 12-chan-
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nel Head Matrix coil for reception of the
data. Fig. 7 shows as an example the im-
age of a phantom using the 3D homoge-
nous excitation with 4 spokes and an
acceleration factor of R=4. For this mea-
surement the RF pulse duration was
3.42 ms.

MIT logo excitation using a 2D
trajectory and the TX head coil, R = 4.

“Tim TX logo”, 2D excitation with body
coil, acquisition with 12-channel Head
Matrix coil, R = 4.

3D homogenous excitation using
the 4 spokes trajectory.

“Tim TX" logo in the human head
acquired with the TX head coil using
an acceleration of 4.

“Half brain” excitation with the
TX head coil, R=4.

3D excitation of a homogenous slice in
the brain using the TX/RX body coil for
excitation.

3D excitation of a homogeneous slice
in the human torso using the TX/RX
body coil for excitation.



In vivo measurements

an acceleration factor of R=4. Excitation
of homogeneous brightness profiles in
the head (Fig. 10) and the torso (Fig. 11)
were obtained with the TX 8-channel
body coil using the 3D pulses with a

4 spokes design as described above.

Using the TX only head coil for excitation
and the 2D trajectory with an accelera-
tion factor R=4 the “Tim TX" logo could
also be excited in the human brain (Fig. 8).
Moreover with this coil/pulse configura-
tion we were also able to excite only one
half of the subject’s brain (Fig. 9) using

Conclusion

We have developed a new setup of a
parallel Transmission (pTX) prototype
Siemens MAGNETOM Trio, A Tim System
equipped with an 8-channel transmit
array. This new scanner was successfully
tested in combination with two different
8-channel coils and two different RF pulse
designs. With this combination of modi-
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