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Abstract: The magnetic resonance spectroscopic imaging (MRSI) is the only technique that is currently
available in the clinical practice to provide the metabolic status of prostate tissue at the cellular level with
a great potential to improve the clinical patient care. Increasing the field strength from 1.5 to 3 T can
theoretically provide proportionately higher signal-to-noise ratio (SNR) and improve spectral separation
between prostatic metabolite peaks. The technique, however, has been limited to a few academic institutions
that are equipped with a team of experts primarily due to due to serious technical challenges in optimizing
the spectral quality. High quality shimming is key to the successful MRSI acquisition. Without optimization
of the increased field inhomogeneity and radiofrequency (RF) dielectric effect at 3 T, the spectral peak
broadening and residual signal from the periprostatic fat tissue may render the overall spectra non-diagnostic.
The purpose of this technical note is to present the practical steps of successful acquisition of 3 T MRSI and
to address several important technical challenges in minimizing the effect of the increased magnetic field and
RF field inhomogeneity in order to obtain highest possible spectral quality based on our initial experience in
using 3 T MRSI prototype software.
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Introduction well accepted and cautiously incorporated into the routine
clinical practice of prostate MRI in many imaging centers.
In contrast, MRSI of the prostate is still restricted to only a

few academic institutions, despite the fact that MRSI is the

Magnetic resonance imaging (MRI) has shown a significant
impact on clinical decision making in prostate cancer
management (1). In recent years, the multiparametric MRI,
which includes any combination of dynamic contrast- only imaging technique that can evaluate the status of tissue
enhanced (DCE) MRI, diffusion-weighted MRI (DWI),

and magnetic resonance spectroscopic imaging (MRSI), has

metabolism that is specific to prostate tissue (6-11). A major
hindrance to the clinical acceptance of prostate MRSI is the

been advocated to better localize and characterize prostate
cancer and to improve the specificity of conventional MRI
in detecting prostate cancer, although each technique has
its own limitations and all of them are continuously being
evolving (1-5). The DWI and DCE-MRI have been relatively
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technical challenge in acquiring high-quality MRSI data.
MRSTI at 1.5 T is commercially available through major

vendors, and its use has been relatively well established

in clinical practice at major academic institutions where a

team of experts are available. Increasing the field strength
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Figure 1 Magnetic resonance spectrum of benign prostate tissue at 1.5 and 3 T. The spectra obtained at 1.5 T (A) and 3 T (B) demonstrate a

spectral complex of choline, polyamine, and creatine peaks at 3.2, 3.1, and 3.0 ppm and a citrate peak at 2.6 ppm at 1.5 T (A). At 3 T (B), the

Cho-Po-Cr complex is slightly broadened but otherwise similar to that at 1.5 T. Note the separation of citrate peaks and the substantially

higher amplitude of all peaks at 3 T than at 1.5 T. Cho, choline; Po, polyamine; Cr, creatine; Ci, citrate.

from 1.5 to 3 T can theoretically provide proportionately
higher signal-to-noise ratio (SNR) and improve spectral
separation between prostatic metabolite peaks (Figure I)
and, thus, help radiologists more accurately interpret the
images. However, compared with 1.5 T MRSI, 3 T MRSI
requires some changes in acquisition technique and scan
parameters to achieve expected high spectral quality. First,
the echo time (TE) must be decreased from approximately
130 ms to approximately 85 ms in order to avoid a potential
spectral distortion from the strongly coupled citrate spin
system. Additionally, special attention needs to be paid to the
increased susceptibility-induced magnetic field inhomogeneity
and strong radiofrequency (RF) dielectric effects at 3 T.
Without optimization of the increased field inhomogeneity
and RF dielectric effect, the spectral peak broadening and
residual signal from the periprostatic fat tissue may render the
overall spectra non-diagnostic (Figures 1,2).

In this technical note, we describe our preliminary
experience of a prototype 3 T MRSI (GE Health Care:
GE, Milwaukee, WI) of the prostate in patients and how to
manage some of the technical challenges to achieve optimal
spectral quality.

Technical note

At our institution, the 3 T prostate MRSI is performed
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with an endorectal coil (e-coil) (MEDRAD, Pittsburg,
PA, USA) to maximize the SNR. Proper placement of
the e-coil is essential: care should be taken to keep the
e-coil as straight as possible toward the midline of the
body of patient (or prostate) to ensure that the sensitive
volume of the coil is congruent with the prostate within
approximately =12 degrees from the midline. To minimize
the magnetic field inhomogeneity introduced by the
prostate-air interface between the prostate and rectum
and endorectal coil balloon, the coil is filled with about
50-100 mL of perfluorocarbon complex (PFC) (3 M, St.
Paul, MN, USA) (12). The magnetic susceptibility of
PFC closely matches that of the prostatic tissues without
generating any detectable MR signal (13). The proper
positioning of the e-coil is visually confirmed by the three
plane localizers (Figure 3).

Once the position of the e-coil is confirmed, we acquire
high-resolution (3 mm slice thickness without gap) T2-
weighted images (T2WI) in three orthogonal planes before
acquiring MRSI data. The MRSI acquisition parameters
we typically use are repetition time (TR) =1,300 ms;
TE =85 ms; number of excitations (NEX) =1; acquisition
matrix =12x8x8; field of view =110x55x55 mm?’; and a scan
time of approximately 17 min.

The first step in prescribing an MRSI is to place a
rectangular box of spectral volume of interest (VOI) on

Quant Imaging Med Surg 2014;4(4):251-258



Quantitative Imaging in Medicine and Surgery, Vol 4, No 4 August 2014 253

B [a:0.381 [a:0.655 [a:0.768 [a:0.973 [a:2.28  |a:0.982 [a:1.88
B:1,71  |B:2,13  |B:2.51  |B:5.54  |B:1.74  |B:5.12  |B:1.p8
R:1,02
B:1.45
R:1,50  |R:0,558 |R:0.797 |R:0,78% |R:0.873 |R:1.02  |R:0.508
B:0,965 |B:3.23 |B:5.28 |B:3.51 |B:2,70 (B:3.16  |B:0.367

& -> Ch/lr

Figure 2 Non-diagnostic prostate magnetic resonance spectrum
due to contamination from periprostatic fat. The spectra from the
mid-gland (A) demonstrates the strong fat signal dominating the
citrate peaks in all voxels laterally (red box), affecting even the
inner voxels (green box) to a lesser degree (B). The water spectral

linewidth per prescan was 19 Hz, and transmit gain was 200.

an axial T2WI on the largest cross-sectional area of the
prostate. The size of the box is adjusted to maximize the
coverage of the prostate with minimal inclusion of the
periprostatic fat. A sagittal T2WT is used to further adjust
the dimension of the VOI box along the superior-inferior
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Figure 3 Optimal endorectal coil placement for 3 T magnetic
resonance spectroscopic imaging of the prostate. The
perfluorocarbon complex-filled endorectal coil is placed at the
midline of the pelvis, immediately posterior to the prostate (A,B).
The two “ears” (arrows) indicate the location of the coil element
within the coil. Symmetric position of the “ears” on an axial
localizer (A) can be used as a reference to confirm optimal coil

placement. C, coil; P, prostate.

direction to cover the prostate from the base to the apex,
excluding the seminal vesicles in order to avoid spectral
contamination from the seminal fluids (Figure 4). To further
maximize the exclusion of the periprostatic fat, six very
selective saturation (VSS) bands are placed (four over the
axial image and two over the sagittal image) at the corners
of the VOI to best conform the spectroscopic volume to the
actual shape of the prostate (Figure 4).

Once an appropriate VOI and the six VSS bands are
placed, we perform an automatic prescan procedure

Quant Imaging Med Surg 2014;4(4):251-258
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Figure 4 Optimal placement of spectral VOI box and VSS bands on axial and sagittal T2 images. The spectral VOI (while box) is placed to

conform to the largest segment of the prostate on a T2 axial image (A), excluding periprostatic fat as much as possible. The periprostatic fat

is further excluded from four corners of the spectral VOI box by using the four VSS bands (yellow box). Note the position of the spectral

VOI box including most of peripheral zone, from the apex to the base of the prostate, on a midline sagittal T2 image (B). One additional

VSS band (green box) is placed inferiorly along the posterior surface of the prostate to further exclude the periprostatic fat, and one VSS

band (red box) is placed superiorly to exclude the seminal vesicle. VOI, volume of interest; VSS, very selective saturation.

that includes calibrating the transmit gains (T'G) and
receive gains, optimizing the magnetic field shimming,
and calibrating the center transmit frequency. Optimum
shimming of the magnetic field is key to the successful
MRSI data acquisition. The quality of shimming can be
checked by observing either the decay rate of the water
free-induction decay signal or the shape of the water
spectral peak in pure absorption mode after Fourier
transformation. Alternatively, we can also display the water
spectral peak in the magnitude mode and observe the full
width at half maximum of the peak (in Hz). When the
linewidth is suboptimal (e.g., >15 Hz), the settings for the
three shimming gradients (along x, y, and z directions) can
be adjusted manually to allow the free-induction decay
signal to oscillate as far out as possible or to match the
spectral shape in the pure absorption mode with that of the
magnitude mode as closely as possible (Figure 5).

Another setting that we find requires careful tuning at
3 T is the TG, which is used to control the RF power
output. An incorrect T'G setting will result in an inaccurate
flip angle of the RF pulses, which can lead to incomplete fat
suppression and compromised spectral quality. Increased
dielectric effects and B1 field shading at 3 T can make this
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effect particularly pronounced, especially in large patients.

To mitigate the sensitivity of the RF inhomogeneity at
3 T, the prototype software we use has “voxelated TG”
as a default option. Voxelated T'G only uses the signals
from a small region of interest in the prostate, which is
sensitive to the e-coil, for the purpose of calibrating the
TG. Compared with using the signal from the built-
in body coil at 1.5 T, voxelated TG is less sensitive to
Bl-inhomogeneity. However, we found that, in certain
patients, the automatic prescan using the voxelated TG
failed to complete the procedure. The root cause of this
failure that we identified was the insufficient signal from the
small region of interest defined for the voxelated TG. One
way to circumvent this difficulty is to increase the size of the
spectral VOI box to increase the signal. Greater signal can
be obtained by temporarily removing the VSS bands and
increasing the actual size of the VOI box or even by turning
off the voxelated TG so that the automatic prescan may be
completed to obtain an initial T'G setting (Figure 6). Using
this T'G setting as a starting value, we can manually prescan
to find a final optimal T'G value (typically 190) by gradually
restoring the desired scan prescriptions (e.g., the VOI size
and the placement of the VSS bands).

Quant Imaging Med Surg 2014;4(4):251-258
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Figure 5 Prescan displays before and after manual shimming adjustment in 3 T magnetic resonance spectroscopic imaging of prostate.

(A,B) The MR spectrum is displayed in magnitude (top) and pure absorption (bottom) modes before (A) and after (B) shimming adjustment.

Current settings to the shimming gradients are adjusted to obtain the narrowest resonance peaks (B). (C,D) Alternatively, the water

resonance peak (top right) and the water FID signal (bottom) can be displayed before (C) and after (D) offsetting the transmit center

frequency by a fixed amount (e.g., 100 Hz). The current settings to the shimming gradients are adjusted so that the FID signal oscillates and

extends to the longest duration (D). FID, free-induction decay.

Once the prescan settings are optimized, we can acquire
high-quality spectra successfully.

Discussion

In endorectal MRSI at a higher field strength, the magnetic
susceptibility-related field inhomogeneity from the
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prostate-air/rectum interface increases proportionally.
Without a good magnetic field shimming, the increased
spectral separation may not directly benefit the spectral
quantitation. Filling the e-coil with PFC instead of air is
the first step to improve the magnetic field inhomogeneity.
PFC has similar physical properties to soft tissue and has
been demonstrated to improve the field inhomogeneity

Quant Imaging Med Surg 2014;4(4):251-258
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Figure 6 Resolution of incomplete shimming caused by suboptimal transmit gain in 3 T magnetic resonance spectroscopic imaging of
the prostate. When the shimming fails to complete with standard placement (A) of spectral VOI box and VSS bands [note that the pure
absorption graphic is inverted (bottom) mismatching with the magnitude mode (top)] (B), first, remove all VSS bands and open the VOI box
(green box) to collect sufficient signal (C). Next, open the user CV page, type in “voxtg_on” under CV name, and change the current value
(default value) to 0 (D). Then, place the VOI volume box and all VSS bands back onto the T2-weighted axial image by copying and pasting
the original graphics to repeat the shimming procedure. Note the pure absorption mode (bottom) now matches the magnitude mode (top) (E),

indicating that the shimming is successful.
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substantially at 1.5 T (12) as well as at 3 'T.

Another complexity in 3 T MRSI is the increased RF
inhomogeneity owing to the shortened RF wavelength
and increased dielectric effects at the higher magnetic
field strength. At 1.5 T, the RF wavelength is typically
much longer than the body size. As a result, the dielectric
shading is minimal and using the built-in body RF coil for
the TG setting is rarely a problem. At 3 T, however, the
RF wavelength becomes comparable or even shorter than a
typical body size. As a result careful tuning of TG becomes
critical in obtaining an acceptable spectral quality. Poorly
tuned T'G will result in incorrect flip angle of the RF
pulses, which can lead to incomplete fat suppression. While
the voxelated TG option does help reduce the sensitivity
of the RF to Bl-inhomogeneity, in our experience, it is
not always feasible to achieve the correct TG for every
patient. Therefore, careful manual tuning by observing the
residual fat signal is often necessary. In the manual prescan,
the tuning steps we describe above allowed us to obtain
an optimal TG setting that avoids the potential pitfalls of
relying on signals from the built-in body RF coil.

Our experience is based on the software of a specific
vendor. However, most of the technical challenges and
technical solutions we have described in optimizing 3 T
prostate MRSI data acquisition should be applicable to all
3 T scanners.

In summary, the 3 T can potentially improve the
spectral quality of prostate MRSI. We presented our initial
experience in using 3 T" MRSI prototype software and some
practical steps to address several important challenges in
minimizing the effect of the increased magnetic field and
RF field inhomogeneity in order to obtain optimal spectral

quality.
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