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Abstract
Eight- and sixteen-channel transceive stripline/TEM body arrays were compared at 7 tesla (297
MHz) both in simulation and experimentally. Despite previous demonstrations of similar arrays
for use in body applications, a quantitative comparison of the two configurations has not been
undertaken to date. Results were obtained on a male pelvis for assessing transmit, SNR and
parallel imaging performance and to evaluate local power deposition versus transmit B1 (B1

+). All
measurements and simulations were conducted after performing local B1

+ phase shimming in the
region of the prostate. Despite the additional challenges of decoupling immediately adjacent coils,
the sixteen-channel array demonstrated improved or nearly equivalent performance to the eight-
channel array based on the evaluation criteria. Experimentally, transmit performance and SNR
were 22% higher for the sixteen-channel array while significantly increased reduction factors were
achievable in the left-right direction for parallel imaging. Finite-difference time-domain
simulations demonstrated similar results with respect to transmit and parallel imaging
performance, however a higher transmit efficiency advantage of 33% was predicted. Simulations
at both 3T and 7T verified the expected parallel imaging improvements with increasing field
strength and showed that, for a specific B1

+ shimming strategy employed, the sixteen-channel
array exhibited lower local and global SAR for a given B1

+.
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INTRODUCTION
In the last decade, substantial improvements in MRI techniques have been achieved based
on the use of ultrahigh magnetic fields (7 tesla (7T) and above)(1–9). To date, most
ultrahigh field applications have focused on the brain where the increased field strength has
benefitted anatomic, physiologic and functional investigations. These benefits were shown
to arise from field dependent gains in signal to noise ratio (SNR) (10), parallel imaging
performance (11,12), and contrast mechanisms that provide unique and/or improved
information. Examples in the last category include, susceptibility contrast for high resolution
imaging of brain function (fMRI) (13–16), brain morphology (17,18), and vascular
architecture of the venous system (19–21). Similarly, T1 values have been shown to disperse
with increasing B0 in the brain to provide excellent T1 contrast for anatomic imaging (22)
while increases in T1 have lead to improved arterial angiography(23,24).
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Imaging the human body at ultrahigh fields, however, poses substantial challenges. One of
the main difficulties comes from the spatial inhomogeneities and reduced efficiency
resulting from the constructive and destructive interferences between complex B1 vectors
(7). At 297 MHz (proton's Larmor frequency at 7T) the RF wavelength in body tissues are
comparable to or shorter than the object of interest resulting in non-uniform excitation and
receive patterns due to complex RF field interferences. These interferences reduce both the
RF transmit efficiency and homogeneity, potentially increasing localized power deposition
as measured by the specific absorption rate (SAR) (7,25). The ability to transmit through
multiple independent channels provides the most general and flexible solution to these
problems using techniques like static B1 shimming (2,5,20) or spatially tailored RF pulses
(26–28). It has been recently demonstrated that these multi-channel transmit strategies can
address the complex destructive interferences and accomplish imaging even for the human
torso at 7T where they pose the greatest challenge (2,4,24,29,30).

Due to the large size and distance from the body or low “filling factor,” volume arrays at 7T
struggle to generate sufficient transmit B1 due to power limitations or SAR constraints. This
has, in part, lead to surface arrays being the most common method for imaging the body at
7T. With the use of surface transceiver arrays and B1

+ shimming strategies many different
body applications have been realized including those in the prostate (2), heart (4), liver (29),
and uterus (30). While most of these studies use a stripline/TEM architecture similar to that
originally presented in (5,31) other types of transceiver designs have also been demonstrated
in the literature (32–34).

For these surface transceiver arrays, increasing the number of coils from eight to sixteen
with the same overall spatial coverage was expected to provide advantages on both transmit
and receive. On transmit, increasing numbers of channels should decrease the total power
required to generate a given B1

+ while simultaneously reducing SAR. On receive, gains in
SNR would be expected along with increased parallel imaging performance. To investigate
these potential gains with respect to increasing numbers of coils we compared the
performance of similarly constructed eight-channel and sixteen-channel stripline/TEM
transceive arrays for body imaging at 7T. These arrays were designed to be close fitting to
the body to increase the filling factor, while the multiple transmit channels allowed for B1

+

shimming and investigating parallel imaging performance. The two arrays were compared
experimentally with respect to transmit efficiency, SNR, and parallel imaging performance
in the male pelvis under conditions of a local B1

+ phase shim. Additionally, simulations
were performed to compare power deposition versus transmit performance at 7T and to
assess the field dependent parallel imaging performance between 3T and 7T with the same
arrays.

METHODS
RF coil and hardware

The eight-channel array consisted of a pair of four-channel stripline/TEM arrays, one
located anterior and the other posterior to the torso (Fig. 1a). Four coils each were attached
in parallel configuration to a flexible Polytetraflouroethylene (PTFE) plate measuring 227 ×
356 × 3 mm thick. The individual coil structures were 153 mm long with a 12.7 mm wide
inner conductor and a 50 mm wide outer conductor, separated by a 19 mm thick PTFE
dielectric bar with a low loss tangent and a relative permittivity (εr) of 2.08. A 50 mm air
gap separated each coil element. While similar in overall dimensions, the sixteen-channel
array contained eight channels on both the anterior and posterior plates. Each individual coil
had the same physical geometry as the eight-channel array, with the exception that there was
no air gap between coils (Fig. 1b).
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For both arrays, all coils were individually tuned to 297 MHz, and matched to a 50Ω coaxial
line. Nearest neighbor coils, for both arrays, were capacitively decoupled. Fig. 2 shows the
slight difference between decoupling techniques for the eight- and sixteen-channel array. In
the eight-channel array, a single decoupling capacitor connecting the conductor strips was
used; however in the sixteen-channel array, two decoupling capacitors were used in concert,
one connecting the conductors and a second connecting the ground plates. The additional
capacitive decoupling used for the sixteen-channel array was required to reach at least target
isolation of 18 dB between nearest neighbor coils when loaded. All bench measurements
required for coil tuning, matching and isolation were performed using a calibrated Hewlet-
Packard (Palo Alto, CA) HP 4396A network analyzer together with an 85046A “S”
parameter test set.

Great care needs to be taken when decoupling stripline/TEM arrays. While the coils in these
arrays can be tightly packed, and since it is not possible to geometrically decouple these
coils, like a loop array, coupling between neighboring coils can be significant. Currently
there are limited methods for decoupling stripline/TEM arrays (35,36) with capacitive
decoupling being the most prominent. During transmit, due to the B1

+ shim, significant
current and voltage drops across the decoupling capacitors are possible, the magnitude and
distribution of which can vary with B1

+ shimming. Depending on the phase set, following
B1

+ shimming, it is possible the voltage drop across the decoupling capacitor can be nearly
twice the output voltage of the amplifiers with the current through the capacitor being
proportional to reactive impedance of the capacitor. This needs to be considered when
determining the appropriate power rating of the decoupling capacitors. For both arrays, the
decoupling capacitors had a DC working voltage of 3000 V and a DC breakdown voltage of
6000 V. For consistency, the same type of capacitors used for decoupling were used for both
the tuning and matching.

Imaging experiments were performed on a 7T (ωo=297.14 MHz) magnet (Magnex
Scientific, UK) interfaced to a Siemens console and whole body gradients. Parallel transmit
was accomplished by a configuration where the low power output of the console was split
into eight or sixteen channels through a computer controlled phase shifter and subsequently
amplified by 1 kW amplifiers, one for each channel (Communications Power Corporation,
Hauppauge, NY). On receive, signal amplification was accomplished with 50Ω preamps (G
= 25 dB, NF = 0.9 dB at 300MHz).

Local B1 shimming
The theory and experimental results of local B1

+ phase shimming were previously described
(2,7). In general, the objective of B1

+ shimming can include the optimization of transmit
efficiency, the creation of a homogeneous transmit B1, reduction of local SAR or some
combination of these. In this work, we used a previously characterized B1

+ shimming
method for optimizing transmit efficiency in the region of the prostate by minimizing local
B1

+ destructive interferences (2). To account for changes in exact coil positioning and
geometry, B1

+ shimming was unique for each coil, subject, and session.

Transmit B1 and SNR Mapping
To compare transmit and receive characteristics, both B1

+ efficiency and SNR maps were
calculated. The spatially varying flip angle was calculated using the actual flip angle
imaging (AFI) method (37) (TR1 = 20 ms, TR2 = 120 ms, TE = 3 ms, 50° nominal
excitation, 128 × 128 × 16 acquisition matrix, and a 2.7 × 2.7 × 5 mm image resolution).
The transmit efficiency was calculated by converting the flip angle to micro tesla and
dividing that by the square root of the net input power as measured at the coil.
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The receive performance was characterized by two separate gradient echo (GRE)
acquisitions. The first GRE scan was used to compare SNR throughout an axial cross-
section of the pelvis. To minimize the influence of varying tissue longitudinal relaxation
rates on the SNR calculations, a low resolution, fully relaxed GRE acquisition was
performed (TR = 6000 ms, TE = 4.08 ms, 128 × 64 acquisition matrix, 45 degree flip angle,
3 × 6 × 8 mm image resolution, 33 kHz bandwidth and a scan time of 6 min 19 s). While in
general, the same fully relaxed acquisition would be desired to compare receive performance
in the region of the prostate, it produced inconsistent results due to motion and variable
susceptibility effects near the prostate-rectum interface. To address these issues, a higher-
resolution GRE acquisition with a shorter TR and higher bandwidth was used to compare
receive performance in the prostate region at the expense of being slightly T1-weighted
(TR= 76 ms, TE = 3.79 ms, 384 × 384 acquisition matrix, 1.3 × 1.3 × 5 mm image
resolution, 10 degree flip angle, 4 averages, 100 kHz bandwidth and a scan time of 1 min 57
s). The T1-weighting had minimal impact on the relative SNR due to accurate power
calibration yielding similar flip angles with both coils in the prostate. To assist in evaluating
coil coupling and for use in SNR calculations, data was also acquired without pulsing the RF
amplifier to determine the noise-correlation matrix (38).

Maps of SNR are formed from the pseudo multiple replica method (39). Using the noise-
correlation matrix, a series of 100 images of correlated noise are generated by forming an
un-accelerated SENSE reconstruction. The image noise map is generated by calculating the
standard deviation of the real value of a pixel through the series of noise images. The SNR is
the magnitude of the image in the original reconstructed image, divided by the value of the
noise standard deviation for that pixel. For both acquisitions, the GRE images were
corrected for flip angle, referred to as normalized SNR (nSNR), to permit a comparison of
SNR independent of B1

+ variations.

Finite-Difference Time-Domain (FDTD) Simulations
Numerical Maxwell solutions of the eight- and sixteen-channel stripline transceiver arrays
were calculated in an anatomically correct human body model (Duke from Virtual Family
(40)) using XFDTD (Remcom Inc., State College, PA) to estimate power deposition (SAR),
assess theoretical transmit, and parallel imaging performance. The body and both arrays
were modeled at an isotropic resolution of 5 mm. Each coil was driven by one voltage
source and tuned to proton's Larmor frequency at 7T. For a given array, all coils were
simulated individually, normalized for net input power, and then optimally combined using
the same B1

+ shimming methods employed in vivo. Peak 10 gram averaged SAR in the
body was determined after B1

+ shimming. The ratio of peak local SAR (normalized to 1 W
input power) divided by the square of the average μT/W0.5 generated in the prostate was
used as a further combined metric of coil and B1

+ shimming performance. Theoretical
parallel imaging performance was also calculated from the simulated data for comparison
with 7T experimental results while the same models were run at 128 MHz to estimate
geometry factors for the same array designs at 3T.

Parallel Imaging Performance
Experimental determination of parallel imaging performance for encoding spatial
information was compared against simulated results for both arrays at 7T by calculating
geometry factors (g-factors) under various parallel imaging conditions. Experimental
calculations were performed on data acquired in vivo with a 3D-FLASH sequence (TR =
3.11 ms, TE = 1.25 ms, 20 slices, 400 × 400 × 160 mm field of view, 0.78 × 0.78 × 5.0 mm
resolution and 32 s acquisition time), and simulated calculations were based on calculated
B1

− fields from the previously described FDTD simulations. Parallel imaging performance,
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in the form of mean and maximum g-factors, were calculated on a central slice following
methods presented by Pruessmann et al. (38).

Additionally, using this 3D FLASH sequence, 1-D reduction factors of 2, 4, and 8 were
acquired in the left-right direction reducing the acquisition time to 16 s, 8 s and 4 s
respectively. In this case, a full resolution image (R=1) acquired separately was used to
calculate a 5×4 GRAPPA kernel, which in turn, was used to reconstruct the accelerated
images (R>1). This meant that effectively 512 auto-calibration scan (ACS) lines were used,
although far fewer would be necessary to estimate the reconstruction kernel. By performing
the reconstruction in this manner, the reconstructed images are not biased by the specific
GRAPPA kernel employed, thereby reflecting only the g-factor noise amplification.

RESULTS
RF coil

Table 1 shows the unloaded and loaded Q values for both arrays and the isolation between
nearest-neighbor next-nearest neighbor coils for both the unloaded and loaded case. For
comparison, loaded and unloaded Q values for a single element TEM coil, which is the
building block for both arrays, is also reported in table 1. Both arrays show lower unloaded
Q values then the single element, this attributed to the coupling to both the nearest neighbor
and next-nearest neighbor coupling. The large standard deviation in the unloaded Q's is due
to the physical placement of the coils in the array; medial coils had noticeably lower Q's
then the lateral coils.

In contrast to the bench measurements, fig. 1e and 1f show the covariance of the noise for
the receiver chain. In the eight-channel array, the maximum amount of coupling between
any two channels was between coils 4 and 5 (15dB isolation). Similarly in the sixteen-
channel array maximum coupling between any two channels occurs between coils 10 and 12
(17dB isolation).

B1+ Shimming
The results of local B1

+ shimming for the sixteen-channel array are shown in Fig. 3. Prior to
B1

+ shimming, all coils were set to have an equal transmit phase (Fig. 3a); the image
inhomogeneity and signal voids are due primarily to the complex destructive interference
patterns of the transmit B1 (Fig. 3c). By calculating the correct phases (Fig. 3d), the RF
efficiency can be greatly increased over a specified target, in this case, the prostate (Fig. 3b).
For such a small target near the center of the coil, even though not explicitly optimized, this
B1

+ shimming method greatly increases homogeneity over the same region. A theoretical
discussion of local B1

+ shimming at 7T and examples of the B1
+ shimming in the prostate

using the eight-channel array can be found in Metzger et al. (2). Figures 1c and 1d show the
axial gradient echo images acquired following B1

+ shimming in the prostate on the eight-
and sixteen-channel arrays, respectively.

Experimental Transmit and Receive Performance
After B1

+ shimming in the prostate, transmit B1 magnitude maps of the lower pelvis were
calculated using the AFI method to assess transmit performance of both arrays, Fig. 4a and
4b (37). In the case shown, the transmit performance in the prostate for the eight-channel
and sixteen-channel arrays were 0.169 ± 0.017 and 0.206 ± 0.025 μT/W0.5, respectively
(Table 2).

The nSNR images calculated from the high resolution GRE images are shown for both
arrays, Fig. 4c and 4d. The nSNR in the region of the prostate was 22% higher for the
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sixteen-channel array compared to the eight-channel. To assess the receive performance of
the two arrays across the pelvis, the fully relaxed SNR acquisition was used to generate
nSNR images independent of T1 effects. A histogram of all the voxels within the two nSNR
images for the eight- and sixteen-channel arrays are shown in Fig. 5. These nSNR maps
demonstrate the improved receive performance and uniformity of the sixteen-channel array
especially near the periphery.

Simulated B1+ and SAR
The simulated transmit performance for both arrays along with the normalized 10 gram peak
local SAR and whole body SAR after B1

+ shimming are given in table 2. Figures 6a and 6b
show the position of the ROI used for B1

+ shimming and the region over which the mean
and standard deviations of B1

+ were determined. The simulated transmit performance in the
prostate for the eight-channel and sixteen-channel arrays were 0.202 ± 0.018 and 0.267 ±
0.022 μT/W0.5, respectively (Table 2).

Figures 6c and 6d show the 10-gram averaged SAR for the eight-channel and sixteen-
channel array, respectively. The yellow arrow in figure 6c and 6d indicate the location of
maximum SAR in each case. To characterize the performance of each array, with the current
B1

+ shim solution, the ratio of the maximum local SAR per unit input power (SAR/W) to
the squared average B1

+ per watt (μT2/W) in the target region was calculated and shown in
Table 2. This ratio was 0.36/(0.20)2 = 8.7 and 0.34/(0.27)2 = 4.8 W/kg/μT2 for the eight-
channel and sixteen-channel arrays, respectively. Similar results for the whole body SAR are
also reported in Table 2.

Parallel Imaging Performance
For a range of reduction factors, Table 3 shows the g-factors for the eight-channel array
from the in vivo data, as well as modeled data for both 7T and 3T. Similarly, table 4 shows
the same for the sixteen-channel array. In the tables, left-right refers to reduction factors
along the x-axis and anterior-posterior refers to reduction factors along the y-axis. The
“mean” represents the average g-factors from the given slices while the “max” values
represent the worst case within the slice for this spatially varying parameter. Based on
imaging results, a mean g-factor ≤ 1.6 produced high quality images with only nominal
aliasing. Therefore, using 1.6 as the upper limit for the allowable mean g-factor, “x” by “y”
reduction factors in vivo of 4 × 1 and 4 × 2 were achievable with the eight-channel array
while the sixteen-channel array reached reduction factors of 8 × 1 and 6 × 2.

Tables 3 and 4 show the extremely close correspondence at 7T between simulated and
measured g-factors for the eight- and sixteen-channel arrays, thus indicating that simulations
can accurately model the complex B1

− patterns present at ultrahigh field strengths. This
conclusion permits us to compare 3T versus 7T performance using simulations for a coil of
the same dimensions and geometry. In these simulations, higher reduction factors with
acceptable performance (mean g-factors < ~1.6 and max < ~3) were observed for the
sixteen-channel array at 7T compared to 3T.

Maps of 1/g-factors from in vivo data for accelerations in the left-right direction are shown
for the eight- and sixteen-channel arrays in Fig. 7 while Fig. 8 shows the GRAPPA
reconstructed images from the same acquisitions. As expected, the eight-channel cannot
support 1-D reduction factors greater than four, whereas the sixteen-channel array provides
images with virtually undetectable image degradation for reduction factors as high as eight
(Fig. 8). Even with somewhat larger image degradation, such images can still be acceptable
for many applications where time resolution is critical, such as dynamic contrast enhanced
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studies where accurately measuring the contrast bolus can improve pharmacokinetic
modeling (41).

DISCUSSION
Although preliminary studies have shown the feasibility of imaging the torso at 7T, further
RF coil and array design developments can improve performance. At lower field strengths, a
large single-channel body coil is often used for excitation and combined with local receive-
only surface coils. Vaughan et al (3) have previously shown that the single channel volume
coil is impractical at 7T because the reduced wavelengths in the human body at 300 MHz
create substantial destructive interferences resulting in RF shading (7). While this
phenomenon can be seen at lower field strengths, adjusting the phase and current on the
individual current carrying rungs of the body coil once can create a “universal” RF shim
adequate for most patients (42). This is not the case at 7T where body imaging requires the
use of multiple transmit arrays that allow subject-dependent and region-specific
optimization of B1

+.

RF Array
In this paper, an eight- and a sixteen-channel TEM/Stripline array were compared with
respect to transmit and receive performance through in vivo imaging and simulation. A
TEM array design was chosen because of the compact physical size and the known
efficiency of TEM arrays at high fields (5,42). The two arrays were compared on transmit,
receive, SAR and parallel imaging performance.

Both arrays were designed and constructed to be nearly identical, where the physical
dimensions of the individual coils as well as the overall size of the arrays were nearly
identical. Both arrays were constructed out of identical materials and built, tuned and
matched in the same manner. The main difference between the two arrays is the method of
decoupling. When loaded, the eight-channel array was able to achieve greater then 18dB
isolation between nearest neighbor coils by using capacitive decoupling on the conductors
alone. A similar level of isolation was not achievable on the sixteen-channel array without
the addition of decoupling capacitors on the ground plates. While ground plate decoupling
capacitors could have been added to the eight-channel array, it was considered unnecessary.
Decoupling capacitors are lossy, can create parasitic current loops, field perturbing loops,
and potentially destroy the desired field profile of the coil, therefore the least amount of
decoupling possible to achieve greater than 18dB of isolation between nearest neighboring
channels was used.

Individual coil geometries were optimized, based on previous 7T transcieve coils and arrays,
to maximize penetration while minimizing crosstalk. Kumar and Bottomley found the center
conductor's width to only weakly determine the intrinsic single to noise ratio of a stripline/
TEM or planer strip coil, with the optimal conductor strip width equal to dielectric width
(43). We chose a slightly smaller width to dielectric height ratio to reduce the coupling
between neighboring coils.

Transmit B1 Performance
The experimentally measured B1

+ performance and transmit efficiency advantage of the
sixteen-channel array were lower than those predicted by simulation despite performing in
vivo studies on a subject with similar body characteristics and dimensions as the body
model. While achieving exact correspondence between simulation and in vivo
measurements would be desirable, there are several factors which can account for the
majority of the observed differences in our study. First, while we do include component
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losses for the capacitors and conductors in the simulation, the coil efficiency is still
overestimated when compared to the physical coil. Because of the high density of coils and
additional decoupling required, the overestimation is greater for the sixteen-channel array
thus reducing the transmit efficiency gains predicted by simulation. Second, the power used
to normalize the B1

+ when characterizing transmit efficiency is obtained in simulation from
the net input power, all of which reaches the coil. Experimentally however, we use the
incident power to normalize the measured B1

+ where in reality some is reflected. Reflected
power can vary depending on the coil specific matching and on the specific B1

+ shim
applied. Underestimating the coil losses and overestimating the power that enters the coil
experimentally results in a lower transmit efficiency however, it also yields a conservative
estimate of local and global SAR.

Impact of Coil Number on SAR and B1+ Optimization
In the work by Lattanzi et al., the principle of ultimate intrinsic SAR (the lowest possible
SAR independent of coil design) was used to compare optimization strategies using various
SAR and transmit B1

+ constraints (44). With the combined goal of obtaining a uniform B1
+

with global SAR reduction, Lattanzi demonstrated that global SAR approaches the ultimate
intrinsic SAR as the number of transmit channels increase. Even though in the current study
we optimized our transmit B1

+ to minimize destructive interferences with a much simpler
phase based approach, a reduction in global (36%) as well as local (45%) SAR was observed
with the sixteen-channel array after normalizing by B1

+ (Table 2).

Many factors affect SAR and B1
+ performance beyond the specific configuration of an array

including the size, location, and optimization goal of the B1
+ shimming strategy as well as

the size, shape, and composition of a given subject. Beyond the simple B1
+ shimming

strategy employed in this study, the phases and amplitudes could be optimized to generate a
nearly equivalent B1

+ and similar homogeneity with substantial decreases in maximum local
SAR. For example, Van den Bergen et al. demonstrated through simulation that B1
shimming can be performed while explicitly optimizing for SAR reduction to great effect at
7T when using a twelve-channel TEM volume array (45). Future studies are warranted to
investigate the impact of arrays with varying numbers of coils on such optimization
strategies.

Along with local SAR, the available power also greatly limits which B1
+ shimming

strategies can be practically employed. If a SAR reduction or homogeneity solution were
used, power efficiency can drop dramatically (45). For body applications, even when using
the power efficient phase-only approach employed in this work on a small region of interest,
it is difficult to generate the peak B1

+ desired for certain applications. Therefore, employing
less efficient strategies become increasingly challenging. This problem is exacerbated by the
limited total power available on most multi-transmit channel 7 tesla systems. On most multi-
transmit channel 7 tesla systems, each channel is driven by a 1 kW amplifier. Even modest
increases in transmit efficiency, as observed experimentally in this study with the sixteen-
channel array, can benefit applications which require high peak B1

+ such as spectroscopy
and inversion prepared imaging sequences.

Parallel Imaging Performance
Parallel imaging performance is expected to improve as the relative object size (object
dimensions versus the wavelength) increases (11). The results presented in this paper were
first shown by Snyder et al (31) and closely follow Wiesinger's (11) theoretical results that
large reduction factors can be obtained in the human pelvis at higher field strengths with a
moderate number of receiver coils. There is clearly a large gain achieved with sixteen-
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channels compared to eight-channels at 7T. With the sixteen-channel array an 8×1 reduction
can be attained with excellent average and maximum g-factors.

Tables 3 and 4 show substantial agreement between our experimental data at 7T and the g-
factors predicted by simulation. This provides confidence that modeling can be used to
predict the g-factors for these arrays at other field strengths. Tables 3 and 4 also show the
predicted g-factors for identical eight- and sixteen-channel arrays at 3T. There is little
difference in parallel imaging performance between 3T and 7T for the eight-channel array.
This is likely because the coils are placed sufficiently far apart in the eight-channel design to
yield spatially distinct sensitivity profiles at both field strengths. However, with the sixteen-
channel array, further significant gains in parallel imaging performance are achieved at 7T
which are not realized at 3T. This would be expected based on the relative object size
(11,12).

The improved parallel imaging performance for the sixteen-channel array is primarily in the
left-right direction which is optimal for many imaging studies of the torso. For an axial
orientation, some applications in the torso take advantage of a reduced field of view in the
anterior-posterior (AP) direction when phase encoding in that same direction. Performing
the phase encoding in this manner allows the spatial resolution to be maintained while
reducing the scan time as fewer phase encode lines are required. However, phase encoding
in the AP direction is susceptible to motion artifacts from respiration, bowel and other
sources. This is especially true for the arrays described in this work because of the high
intensity and inhomogeneity of the transmit and receive B1 fields immediately adjacent to
the coil. In the case of prostate imaging, most axial data sets are acquired with a left-right
phase encode to minimize artifacts in the region of interest resulting from the abdominal
wall (or the endorectal coil if present). Dynamic contrast enhanced MRI is a typical
example, which typically uses parallel imaging acceleration in the left-right direction to
increase the temporal resolution for resolving the arterial input function and the tissue time
courses. For non-contrast enhanced renal angiography at 7T, the phase encode direction is
also in the left-right direction to avoid artifacts from bowel motion (46).

Finally, while not experimentally demonstrated in this work, these RF coil arrays can be
used to generate spatially targeted and accelerated RF pulses using parallel transmit
methods. For the same reasons the sixteen-channel array outperforms the eight-channel
array in parallel imaging on the receive side, it would be expected to lead to higher
“accelerations” in transmission as well.

CONCLUSION
Eight- and sixteen -channel stripline/TEM surface arrays were compared for body imaging
at 7T both through simulation and experimentation. For this comparison local phase based
B1

+ shimming was employed to minimize the destructive interferences in a region
surrounding the prostate as a basis for comparing transmit, receive and parallel imaging
performance as well as local and global SAR. Experimentally, the sixteen-channel array
demonstrated a 22% increase in transmit and receive performance in the target anatomy of
the prostate. Advantages in receive performance increased for the sixteen-channel array
when moving from the center of the body towards the periphery (closer to the coil
elements). While the gain in transmit and receive performance are significant for the
sixteen-channel array, the most substantial advantages are arguably the greatly improved
parallel imaging performance and the potential for reducing local and global SAR.

The issues that arise from positioning the stripline/TEM coils immediately adjacent to each
other in the sixteen-channel array have to be considered along with the realized and potential
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advantages. In contrast, the increased coil spacing in the eight-channel array reduces
coupling between channels and decreases complexity in construction and optimization.
Determining which coil to use at a given site and for a particular application will depend on
several factors including the RF amplifier configuration, requirements on peak B1

+ and
homogeneity and the availability of B1

+ optimization methods and parallel transmit
capabilities.
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Fig. 1.
Anterior plate of the eight-channel (a) and sixteen-channel (b) arrays and gradient recalled
echo images (c) and (d) show the spatial coverage, in the axial plane, of the eight- and
sixteen-channel arrays, respectively. The corresponding covariance of the noise (38) of the
receiver chain, (e) and (f) respectively. The blue box in (e) shows the greatest coupling
occurs between channels four and five in the eight-channel array while the green box in (f)
shows the greatest coupling occurring between channels ten and twelve in the sixteen-
channel array.
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Fig. 2.
An example of a four-channel stripline/TEM transcieve array showing the placement of the
tuning, matching, and decoupling capacitors. In the actual eight-channel array there would
be a 5cm air gaps between the coils and only require the conductor strip decoupling. All
tuning, matching and decoupling capacitors are 1–10 pF variable capacitors.
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Fig. 3.
Representative B1

+ shimming results in the sixteen-channel array. (a) and (b) are axial
gradient recalled echo scout images before and after local B1

+ shimming, respectively. The
areas of signal dropout, or RF shading, in (a) are primarily due to complex destructive
interference of the B1

+ between transmit channels. (c) and (d) show the percent of available
B1

+ (magnitude of the sum over the sum of the magnitude of all B1
+ fields), before and after

B1 shimming, respectively; the white polygon is the region of interest, the prostate, where
the transmit efficiency was optimized. Prior to B1

+ shimming, most of the B1
+ from

individual coils was adding destructively resulting in an available B1
+ of 20% (c). After B1

+

shimming, transmit efficiency is greatly increased (d).
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Fig. 4.
B1

+ maps normalized by input power for the eight- (a) and sixteen-channel (b) arrays. SNR
normalized by B1

+ (nSNR) for the eight (c) and sixteen-channel (d) arrays generated from
the high resolution GRE acquisition. The transmit performance of the sixteen-channel array
is 22% higher; the nSNR in the prostate is also 22% higher with the sixteen-channel array.
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Fig. 5.
Histogram of all nSNR values derived from the long repetition time GRE acquisition for
both the eight- and sixteen-channel arrays. Both of the nSNR images used to generate the
histrogram are shown as insets. Both the images and histogram demonstrate the increased
receive performance of the sixteen-channel array in the periphery. This data was acquired to
better demonstrate the receive performance across the torso as it is independent of T1
weighting.
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Fig. 6.
Simulation results for the (a) eight- and (b) sixteen-channel arrays in terms of transmit B1
normalized by input power. 10 gram averaged SAR normalized by input power for the (c)
eight-and (d) sixteen-channel arrays. The location of maximum SAR in each of the images
(c–d) is indicated with a yellow arrow and the value's maximum local SAR normalized to 1
W input power are given in table 2.
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Fig. 7.
Experimental 1/g-factor maps in an axial slice at the level of the prostate in the human torso
for the eight- and sixteen-channel arrays. One-dimensional reduction factors from 2 to 8 in
the left-right direction are shown. The sixteen-channel array displays substantial
improvements in g-factors over the eight-channel. For example, at a reduction factor of 4,
the eight-channel array has a mean reduction factor of 1.48 with a maximum g-factor of 2.43
while the sixteen-channel has a mean g-factor of 1.11 and a maximum g-factor of 1.36.
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Fig. 8.
From left to right, GRAPPA reconstructed 3D FLASH images of the full dataset (R=1) and
at reduction factors of two (R=2), four (R=4) and eight (R=8) are shown for both coils. All
reductions are 1-D in the left-right direction. The acquisition time for the full field of view
image was 32 s and only 4 s for the eight-fold reduction.
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