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Background: To evaluate whether parallel radiofrequency transmission (mTX) can improve the symmetry of the left and
right femoral arteries in dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) of prostate and bladder
cancer.
Methods: Eighteen prostate and 24 bladder cancer patients underwent 3.0 Tesla DCE-MRI scan with a single transmis-
sion channel coil. Subsequently, 21 prostate and 21 bladder cancer patients were scanned using the dual channel mTX
upgrade. The precontrast signal (Sp) and the maximum enhancement ratio (MER) were measured in both the left and
the right femoral arteries. Within the patient cohort, the ratio of Sy and MER in the left artery to that in the right artery
(So-LR, MER_LR) was calculated with and without the use of mTX. Left to right asymmetry indices for Sp ( So-LRasym)
and MER (MER_LR,s,m) were defined as the absolute values of the difference between Sy_LR and 1, and the difference
between MER_LR and 1, respectively.
Results: Sy_LR.sym, and MER_LR,sym were 0.21 and 0.19 for prostate cancer patients with mTX, and 0.43 and 0.45 for
the ones imaged without it (P < 0.001). Also, for the bladder cancer patients, So-LRasym, and MER_LR,sym were 0.11 and
0.9 with mTX, while imaging without it yielded 0.52 and 0.39 (P < 0.001).
Conclusion: mTX can significantly improve left-to-right symmetry of femoral artery precontrast signal and contrast
enhancement.
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he use of high magnetic field strength for MRI (> 3.0

Tesla [T]) suffers from radiofrequency (RF) excitation
field inhomogeneity." Left-to-right signal symmetry on axial/
coronal pelvic MR images is negatively affected by B1 field
inhomogeneity.” The dielectric artifact is a nonuniform RF
distribution caused by variations of the RF wave, variations
that result from the formation of standing waves in tissue.”
Scanners with single channel RF transmission may produce
images with spatially-varying image contrast and signal inten-
sity due to this dielectric artifact.” Parallel RF transmission
(mTX), by contrast, minimizes the dielectric artifact through

uniform signal and contrast. In addition, image quality, such
as signal-to-noise ratio (SNR), has been shown to be
improved with mTX in diffusion weighted imaging (DWI).*
mTX can also increase image contrast in cardiac MRI and
reduce the off-resonance artifact.’

Prostate cancer will account for 26% (220,800) of inci-
dent cases in United States of America men in 2015.° Multi-
parametric MRI, which refers to T2-weighted anatomical
images and other functional imaging methods (such as
dynamic contrast-enhanced MRI (DCE-MRI), DWI, and MR
spectroscopic imaging) is regarded as the best available tool for

the use of multiple channels.? This results in an image with  the dlinical imaging of prostate cancer.” Multi-parametric
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MRI significantly increases the area under the receiver operat-
ing characteristic curve for cancer detection in the peripheral
zone (PZ) in comparison to T2-weighted images alone.®

DCE-MRI measures the variation in T1-weighted signal
intensity over time before and after the injection of a contrast
agent. The Gd-based contrast agent exchanges between the
intravascular space and the extravascular extracellular space
(EES) at a rate dependent on tissue environment and micro-
circulation.” The T1 values of blood and interstitial water
are altered by the contrast agent concentratdon. The time
concentration curve of the contrast agent can be calculated by
normalizing the signal intensity to what it would be without
the presence of the contrast agent.'® In addition, compart-
mental analysis can be used to obtain tissue parameters, such
as the volume transfer constant between blood plasma and
EES (K"**), the rate constant between EES and blood
plasma (), and the volume of EES per unit volume of tis-
sue (z,).1! kg, K™, and v, were found to be significantly
higher in tumor than in normal PZ Tissue. >4

Bladder cancer will account for 4.4% of all United
States cancer cases in 2015.° DCE-MRI of the bladder has
shown good interobserver agreement and high accuracy in
the differentiation of superficial versus invasive disease and
organ-confined versus non—organ-confined tumors.”” Com-
pared with T2 weighted MRI, The supplementation of
DCE-MRI improved interobserver agreement as well as the
localization of small malignant tumors and those within
bladder wall thickening,'®

Determining pharmacokinetic parameters demands the
knowledge of contrast agent concentration in the feeding
artery as a function of time; this is commonly referred to as
the arterial input function (AIF)."” In pelvic DCE-MRI, it
is convenient to measure the AIF in the femoral arteries. An
underlying issue that often arises in this situation, however, is
which of the two femoral arteries to measure. The inhomoge-
neity produced by single RF transmission scanners could
result in left-to-right asymmetry of the femoral arteries. This
would affect AIF selection, and an over estimation of the AIF
would result in an underestimation of K”* and v,."!

The aim of this study is to evaluate whether parallel
RF transmission can improve the symmetry of the left and
right femoral artery signal intensity in DCE-MRI of pros-
tate and bladder cancer.

Materials and Methods

Phantom

A phantom was built using twelve 8-mL tubes with a diameter (1.3
cm) comparable to that of the femoral arteries. Gd-based contrast
agent (Magnevist; Bayer Health Care) was dissolved in distilled
water. Two groups of six tubes were placed contralateral to each
other on top of a 3 Tesla (T) compatible cylindrical phantom filled
with mineral oil (Fig. 1). In each group, the Gd-based contrast agent
concentrations selected were 0, 0.05, 0.1, 0.15, 0.25, and 0.4 mM.

FIGURE 1: Two groups of tubes of varying concentrations were
placed on top of a 3T compatible phantom filled with mineral
oil. Concentrations of Gd-based contrast agent were arranged
in each group as 1 (0.00 mM), 2 (0.05 mM), 3 (0.10 mM), 4
(0.15 mM), 5 (0.25 m), and 6 (0.40 mM).

Subjects

The retrospective patient study was approved by the local institu-
tional review board. From April 2008 to August 2013, a total of
39 prostate (age range, 43-79 years; median, 62 years) and 45
bladder cancer (age range, 38—83 years; median, 67 years) patients
were enrolled in this study. All cases were confirmed by biopsy and
referred for MRI by urologists.

Imaging
From April 2008 to June 2010, 18 prostate and 24 bladder cancer
patients were scanned on a 3.0T MRI system (Achieva; Philips
Healthcare, Netherland, Best) using a single channel RF transmit
Q-body and 32-channel phased-array surface coils. From August
2010 to June 2013, 21 prostate and 21 bladder cancer patients
were scanned on the same 3.0T MRI system using a two-channel
RF transmit upgrade and 32-channel phased-array surface coils.
DCE-MRI sequence parameters for phantom, prostate, and
bladder protocols are shown in Table 1. Both Protocols had a sin-
gle dose (0.2 mmol per kilogram body weight) of Gd-based con-
trast agent (Magnevist; Bayer Health Care, or Multihance; Bracco)
intravenously injected at a constant flow rate of 0.5 mL/s after the
fifth phase, followed by a flush of 25 mL of saline at a flow rate of
2 mL/s. The phantom was imaged using the DCE-MRI prostate
protocol (number of slices, 30; number of dynamic scans, 6) with
mTX, and once again with the mTX turned off.

Phantom Image Analysis

For a single spatial slice, an ROI was drawn on each tube and the
average signal intensity over all 6 temporal phases was measured.
The ratio of average signal intensity (S) to the average signal inten-
sity for distilled water (Sp) was subtracted by one. This quantity
was plotted as a function of the concentration, and fitted linearly
for the right and left group of tubes for the phantom imaged
with and without mTX. A linear fit was chosen because for a

two-compartment pharmacokinetic model, the theoretical signal
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TABLE 1. Parameters for Prostate and Bladder DCE-MRI Protocol
Phantom protocol Bladder protocol
Prostate protocol

Without mTX Without mTX With mTX Without mTX
and with mTX and with mTX

Sequence type 3D SPGE 3D SPGE 3D SPGE 3D SPGE

Coil Q-Body, Q-Body, Q-Body, Q-body,
32-channel 32-channel 32-channel 32-channel

TR (ms) 5 7.6 5 5

TE (ms) 1.51 1.6-3.9 1.51 2

Slice thickness (mm) 6 6 6 5

Flip angle (°) 20 20 20 20

Matrix 192 X 192 192 X 192 192 X 192 214 X 214

Field of view (mm) 220 150-172 150-172 95

NEX 1 1 1 1

Temporal resolution (s) 8.8 5.4-14.1 8.8 8.3

Number of dynamic scans 6 30-59 40 60

3D SPGE, 3 dimensional spoiled gradient echo; TE, echo time; TR, repetition time; NEX, number of signal averages.

enhancement from Gd-DTPA enhanced dynamic 3D gradient-
recalled images has a linear relationship with tissue concentration.'®

The signal enhancement is related to concentration as:

S p— —
5 =1 =HGd) (1)

where £ is T1o 71 and [Gd] is the concentration of the contrast agent.
T is the T before the injection of the Gd-DTPA, and 7y is its relax-
ivity. &£ was determined from the linear fit, and the ratio of % for the
left group of tubes to # for the right group of tubes (k_LR) was calcu-
lated for the phantom imaged with and without mTX.

Subject Image Analysis
DCE-MRI data was processed in an IDL (Exelis Visual Informa-
tion Solutions, Boulder, CO) based software environment by man-
ually drawing a region of interest (ROI) in the right and left
femoral arteries of each patient for a single spatial slice. The slice
was selected on the basis that it would be sufficiently distal within
the axial 3D slab to avoid saturation from in-flow blood, and slice-
selection gradient imperfection on border slices."”

The time signal intensity curve of the femoral artery is seen
in Figure 2; the precontrast signal Sy was defined as the average of
baseline signals in the femoral artery. Maximum enhancement ratio

(MER) was defined by:

MER= Sms—% ®)
So

where S, is the maximum signal intensity with contrast enhance-
ment in the femoral artery. For each single slice, time signal inten-
sity curves were measured in both femoral ROIs. All time signal
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intensity curves were acquired by a single observer. Asymmetry for

So (So-LRuym) was defined by:
SO_LRMJ,M =[So_LR —1| 3)

where the Sy_LR is the ratio of Sy in the left artery ROI to S in
the right artery ROI Asymmetry for MER (MER_LR,,,) was
defined by:

MER _LR,,,=|MER_LR —1| (4)

where the MER_LR is the ratio of MER in the left artery ROI to
the MER in the right artery ROI. A left-to-right symmetry of 1
and a left-to-right asymmetry of 0 would indicate an ideal symmet-
rical case.

Statistical Analysis

So-LR, MER_LR, Sy_LR,y,, and MER LR, were compared
between the patients imaged with and without mTX by using a
student t-test. A P-value of <0.05 was considered to indicate a sig-
nificant difference. The statistical analysis was performed using
Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA).

Results

The mean ratio of Sy_LR was 1.41 = 0.42 for the prostate
cancer patients imaged on the 3T scanner without mTX, and
1.17 %= 0.20 for the prostate cancer patients imaged on the
3T scanner with mTX (P=0.037). The mean So_LR,,, was
0.43 = 0.39 for prostate cancer patients imaged on the 3T
scanner without mTX and 0.21 * 0.16 for prostate cancer
patients imaged on the 3T scanner with mTX (2 < 0.001).

3



Journal of Magnetic Resonance Imaging

5
« Left Artery
4 Right Artery
o3 .
@ * s LA
w

2
1.8
1.6
@

1.4

A l
[11.2
L

0.8
0.6
0.4

0.2

_&M 0

Case without mTX

a

5
H « Left Artery
4 i Right Artery
ol g ..-"."'. ME XY
3 .
w

Case with mTX

- s "
e
e

i-‘: T A

b

FIGURE 2: The signal enhancement as a function of time and MER map in the femoral arteries overlaid on a T1 weighted image
obtained with a single RF transmission channel (A). The signal enhancement as a function of time and MER map overlaid on a T1

weighted image obtained with a dual RF transmission channel (B).

Figure 3A contains a boxplot depicting the full range varia-
tion of Sy_LR,,, with and without mTX.

The average ratio of MER_LR was 0.55 = 0.15 for
patients imaged on the 3T scanner without mTX, and 0.91
*+ 0.21 for prostate cancer patients imaged on the 3T scan-
ner with mTX (P = 0.031). The mean MER_LR,,, was
0.45 * 0.15 for prostate cancer patients imaged without
the mTX upgrade, and 0.19 *
patients imaged with the mTX upgrade (» < 0.001)
(Fig. 3B).

The mean ratio of Sy_LR was 1.42 *= 0.48 for the
bladder cancer patients imaged on the 3T scanner without
mTX, and 1.03 * 0.17 for the bladder cancer patients
imaged on the 3T scanner with mTX (P < 0.001). The
So-LRuym was 0.52 * 0.37 for bladder cancer
patients imaged on the 3T scanner without mTX and 0.11

0.14 for prostate cancer

mean

*+ 0.13 for bladder cancer patients imaged on the 3T scan-
ner with mTX (P < 0.001) (Fig. 3A).

The average ratio of MER_LR was 0.80 = 0.38 for bladder
cancer patients imaged on the 3T scanner without mTX, and
1.01 *= 0.11 for bladder cancer patients imaged on the 3T scan-
ner with mTX (P = 0.014). The mean MER_LR,,, was 0.37 +
0.20 for bladder cancer patients imaged without the mTX
upgrade, and 0.09 = 0.07 for bladder cancer patients imaged
with the mTX upgrade (P < 0.001) (Fig. 3B).

4

Figure 4 shows a plot of the S—So—l as a function of
concentration for the right and left groups of tubes for the
phantom imaged with and without mTX. #_LR was 0.88 =
0.04 for the phantom imaged without mTX, and 0.93 =*

0.05 when imaged with mTX.

Discussion

The goal of this work was to assess whether parallel RF
transmission can improve the symmetry of the left and right
femoral artery signal intensity in pelvic DCE-MRI. Parallel
RF transmission has shown a reduction in asymmetry of
baseline and signal enhancement. Phantom data also indi-
cated improvement in symmetry between vials of the same
concentration placed contralaterally. This makes a strong
case for the variation of the parameters used for the prostate
cancer patient having no effects on the asymmetry. Previous
work has been done to assess the effect of parallel RF trans-
mission on pelvic imaging.2 However, this assessment is of
its impact on T1 and T2-weighted image quality. Our work
focuses on the effect of parallel RF transmission on quanti-
tative imaging, specifically its effect on AIF selection in
DCE-MRI. We also evaluated this effect by imaging pros-
tate and bladder cancer patients as oppose to volunteers.”
So and MER measured in the femoral artery are commonly
used parameters in quantitative pelvic DCE-MRI analysis. A
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FIGURE 3: Boxplots displaying the full range of variation (from
minimum to maximum) of So_LR.sym (A) and MER_LR.sym (B) for
prostate and bladder patients imaged with and without mTX .
**P < 0.001.

symmetrical Sy and MER in both femoral arteries could
improve the reproducibility of manual AIF measurements.
Also, the process required to compare both ROIs in the left
and right femoral arteries, would be eliminated if AIF meas-
urements were more likely to be symmetrical.

Increasing the number of transmit channels has been
shown to increase the RF homogeneity, and decrease specific
absorption in the pelvis.”> Using a five point scale adapted
from Willinek et al.*® a blind grading system was used to
assess variation in imaging performance. Axial T1-weighted
images were found to increase in perceived image perform-
ance with channel numbers for pelvic imaging. Our results
showed that the symmetry between the precontrast signal,
and enhanced signal in the femoral arteries, improved signif-
icantly in T1-weighted images acquired with mTX. Symme-
try is an indirect measure of homogeneity.

The effect of parallel RF transmission 3.0T cardiac
MR imaging has been studied.” Subjects were scanned with
single and dual source transmission. It was shown that RF
transmission with patient-adaptive RF shimming can signifi-
cantly improve RF field inhomogeneity and increase con-
trast of cardiac balanced-turbo field echo cine images. A
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reduction in off-resonance image artifacts was also observed.
The prostate is smaller than the heart; however, it is also
adjacent to an air-filled organ. Cardiac wall imaging is simi-
lar to imaging the bladder wall. Off-resonance artifacts
could result in geometric distortion in the bladder wall
which could lower the accuracy of bladder cancer diagnosis.
Parallel RF transmission was shown to achieve consistent
good diagnostic image quality on T2-weighted images.'® A
comparison in diagnostic performance between 1.5T endor-
ectal coil MRI and 3.0T nonendorectal coil MRI was con-
Nonendorectal coil 3.0T MRI
enables prostate image acquisition of comparable image
quality to those obtained with 1.5T endorectal coil MRI. A
similar study design should be implemented in future stud-

: 21
ducted in prostate cancer.

ies to investigate whether parallel RF transmission can
improve prostate cancer detection.

DWI was performed with single source and dual source
transmission. In the abdomen, measured apparent diffusion
coefficient of lateral left hepatic lobe and spleen at b-value
combinations of 0/100 and 0/800 s/mm” were significantly
different between dual-source and single-source images. DWI
is used in conjunction with DCE MRI in Multi-parametric
prostate cancer MRL** It is also used to image lymph nodes
metastases from prostate cancer.”> Future work should be
conducted to evaluate the effect of DWI combined with par-
allel RF transmission on region-based lymph node analysis in
high-risk prostate cancer patients.

This study had the following limitations. Patients were
not scanned using both dual source RF transmission and

single source RF transmission. There could have been inter-

Without mTX

01_ 02 03 .
a Concentration [mM]

With mTX

0.1 02 .
b Concentration [mM]

FIGURE 4: Plot of the 5—50 —1 as a function of contrast agent concen-
tration for the phantom imaged without mTX. The right and left
groups of vials were fitted linearly (A). Plot of the s% —1 as function
of contrast agent concentration for the phantom imaged with
mTX. The right and left groups of vials were fitted linearly (B).

0.3
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subject variations that might have affected the results. Our
work did not evaluate the effect of parallel RF transmission
on DCE-MRI related motion artifacts due to under sampling
which is needed to achieve high temporal resolution, or
motion related artifacts resulting from respiration. We
attempted to simulate femoral arteries by constructing a phan-
tom. The phantom had two groups of vials with varying con-
trast agent concentrations placed contralaterally. However, for
simplicity and practicality, Gd-based contrast agent was dis-
solved in distilled water instead of blood. Blood is multi-
compartmental in comparison to aqueous solution, and con-
sists of red blood cells and plasma.?* It also contains hemoglo-
bin which affects the susceptibility mismatch between the two
compartments. For the prostate patients, several parameters
varied due to efforts at enhancing and standardizing the insti-
tutional DCE-MRI protocol. It is possible that having differ-
ent acquisition parameters used for the prostate patients could
have impacted symmetry. However, this is unlikely due to all
of the bladder cancer patients being imaged using the same
acquisition parameters with and without mTX, which yielded
a comparable outcome. Sometimes multiple channel transmis-
sion may not give satisfactory radiofrequency B1 field homo-
geneity. Several B1 mapping techniques have been introduced.
The standard double method is a long TR acquisition.”’
whereby an image is acquired at a prescribed flip angle, o, and
then at twice that 20, from which the true flip angle can be
determined by using the trigonometric double angle formula.
Contrast enhanced femoral artery signal intensity in DCE-
MRI can be corrected based on this B1 mapping technique.

In conclusion, Sy and MER symmetry in the femoral
arteries were improved with mTX in comparison to single
source transmission. The phantom results showed improved
left to right symmetry of the linear relationship between sig-
nal enhancement and concentration. High field (3.0T) MRI
scanner equipped with multiple-channel parallel RF trans-
mission ameliorated the symmetry of AIF in femoral
arteries. This technology could result in more consistent and
homogeneous quantitative pharmacokinetic modeling in
prostate and bladder cancer DCE-MRI.
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