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[Abstract]

The purpose of this study was to determine effective scan parameter settings for decreasing image distortion and acous-
tic noise by scanning phantoms with various parameters using the Quiet Suite combined readout segmented multi-shot
echo planar imaging (QRESOLVE) with a 3T MRI scanner.The distortion rate of the slit area in the phantom was calculated
in the phantom experiment. Furthermore, peak sound pressure levels were calculated. The results showed that with a
decrease in echo spacing (ES) and field of view (FOV), for a thin slice thickness, an increase in the parallel imaging factor
(PIF) and matrix size (MS) were effective for decreasing image distortion (p<0.017).To decrease acoustic noise, an increase
in ES, number of segments (SEG), repetition time (TR), and FOV, and a decrease in PIF and MS, were effective (p<0.017).
With respect to routine clinical examinations, a decrease in ES and an increase in PIF were effective for decreasing image
distortion, and with an increase in ES, a decrease in PIF and SEG were effective for decreasing acoustic noise.
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discomfort and anxiety in patients. Moreover, a

Introduction

decrease in acoustic noise is important to avoid

Diffusion-weighted imaging (DWI) using
single-shot echo planar imaging (EPD) is
useful for the diagnosis of acute cerebral
infarction and brain tumors. However, it has
the disadvantages of causing significant image
distortion and very loud acoustic noise".
Image distortion may degrade the diagnostic

accuracy, and loud acoustic noise causes
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hearing impairment. Siemens Healthineers
has developed readout segmented multi-shot
EPI DWI (RESOLVE : readout segmentation
of long variable echo-trains) as an imaging
method to improve image distortion. RESOLVE
is a new multi-shot EPT DWI that segments
the readout direction in k-space. RESOLVE
decreases the readout time in k-space, which
allows short echo spacing, and can be used
in conjunction with parallel imaging methods.
In addition, parallel imaging methods can
be used to decrease dephasing and image
distortion”. However, RESOLVE has the
disadvantages of loud acoustic noise resulting
from the fast switching of the gradient field



and short echo spacing. Recently, RESOLVE
with the Quiet Suite method (qRESOLVE)
was developed to decrease discomfort and
avoid hearing impairment during routine
clinical examination. qRESOLVE is an
effective sequence that achieves silence by
automatically optimizing the shape of the
gradient field (the angle of the gradient field
is decreased)®”. In this study, a phantom was
scanned with various qRESOLVE parameters,
and effective parameter settings for decreasing
image distortion and acoustic noise were

investigated.

Materials and Methods

1. Equipment

An MR scanner (MAGNETOM Skyra syngo
VE11 3.0T (Siemens Healthineers)) was used.
The coil was a 20 channels head/neck coil
(Siemens Healthineers). A spherical phantom
(Siemens Healthineers : D165{1.25gNaS04 x
6H20}) and Japanese Industrial Standards (JIS)
phantom (Nikko Finds Industries : 95-1108Z

type) were used.

2. Scan parameters

In qRESOLVE, the echo spacing (ES),
parallel imaging factor (PIF), number of
segments (SEG), phase partial fourier (PpF),
repetition time (TR), matrix size (MS), slice
thickness (ST), and field of view (FOV) were
varied. The scan parameters are listed in Tables
1-1 through 1-8. The center of the phantom
was set to the isocenter, and the scan plane
was a transverse section. The phase encoding
direction was set to the left-right direction,
motion probing gradient (MPG) pulses were
applied in three axes, and a monopolar three-
scan trace was used in diffusion mode. The
parallel imaging method used was generalized
auto-calibrating partially parallel acquisitions
(GRAPPA)”.

3. Examination of distortion rate

The distortion rate is generally calculated
using the area method®. However, in this
study, ST, MS, and FOV also varied, and the
image could not be subtracted. Therefore, the
distortion rate was defined as in Eq. (1), based
on a report by Kajisako et al.” qRESOLVE with
various scan parameters (Tables 1-1 through
1-8) were evaluated in comparison with To-
weighted images (T.WI) (Table 2). The slit
area in the JIS phantom was imaged for both
sequences. Scans were performed 10 times
to decrease sampling error, and the average

value was calculated.
Distortion rate = (Wq/Wt) X 100 -«--+--- D

where Wq is the slit width measured by
qRESOLVE and Wt is the slit width measured
by T.WI. As shown in Fig.1, Wt and Wq
were measured by drawing a straight line
perpendicular to the slits at both ends. The
closer the distortion rate is to 100, the less

image distortion is present.

4. Examination of acoustic noise
4.1. Peak sound pressure level

A spherical phantom was scanned
using qRESOLVE (Tables 1-1 through 1-8)
with various scan parameters to measure
acoustic noise. The measurement position
of acoustic noise (@) is shown in Fig.2. The
measurement time was set to 1 min (because
the scan time for DWI using single-shot
echo planar imaging used in routine clinical
examination is approximately 1 min). The
maximum value during the measurement
period was used as the peak sound pressure
level (Lpea) (dB). Scans were performed 10
times to decrease sampling error, and the
average value was calculated. An acoustic
sound measurement system (Kenneth Inc. :
YC-30) was used. The settings of the acoustic
noise measurement system are as follows :

the frequency-weighting characteristic was

% 4 € 35 (771

06



$ ﬂﬁ' Arts and Sciences

Table 1-1 Imaging parameters of gqRESOLVE with Table 1-4 Imaging parameters of qRESOLVE with
various ES values various PpF values
ES(ms) 0.5 0.6 0.7 0.78 0.94 1 PpF Off 7/8 6/8
TR(ms) 4500 TR(ms) 4500
TE(ms) 83 92 100 107 122 127 TE(ms) 122 101 81
Band width(Hz/pixel) 620 465 372 318 250 228 Band width (Hz/pixel) 250
FOV (mm) 220x220 FOV (mm) 220%220
Slice thickness (mm) 5 Slice thickness (mm) 5
Slice gap (%) 20 Slice gap (%) 20
MS 192x192 MS 192x192
number of excitations 1 number of excitations 1
SEG 7 PIF GRAPPA 2
PIF GRAPPA 2 SEG 7
PpF Off ES(ms) 0.94
Fat suppression CHESS Fat suppression CHESS
b-factor (s/mm?) 0, 1000 b-factor (s/mm?) 0, 1000
Reacquistion mode on Reacquistion mode on

Filter ~ Raw filter, Distortion Correction(2D), Prescin Normalize

Filter ~ Raw filter, Distortion Correction(2D), Prescin Normalize

Table 1-2 Imaging parameters of qRESOLVE with
various PIF values

Table 1-5 Imaging parameters of gRESOLVE with
various MS values

PIF 2 8 4 MS 128x128 160x160 192X192 226X%226
TR(ms) 4500 TR(ms) 4500
TE(ms) 122 94 81 TE(ms) 94 108 122 137
Band width (Hz/pixel) 250 260 277 Band width (Hz/pixel) 275 256 250 240
FOV (mm) 220%220 FOV(mm) 220%220
Slice thickness (mm) 5 Slice thickness (mm) 5
Slice gap (%) 20 Slice gap (%) 20
MS 192x192 number of excitations 1
number of excitations 1 SEG 7
SEG 7 PIF GRAPPA 2
ES(ms) 0.94 ES(ms) 0.94
PpF off PpF off
Fat suppression CHESS Fat suppression CHESS
b-factor (s/mm?) 0, 1000 b-factor (s/mm?) 0, 1000
Reacquistion mode on Reacquistion mode on

Filter  Raw filter, Distortion Correction(2D), Prescin Normalize

Filter  Raw filter, Distortion Correction(2D), Prescin Normalize

Table 1-3 Imaging parameters of gRESOLVE with
various SEG values

Table 1-6 Imaging parameters of gRESOLVE with
various TR values

SEG 3 5 7 9 11 TR(ms) 4030 4500 5000 5500 6000
TR(ms) 4500 TE(ms) 122
TE(ms) 122 122 122 122 122 Band width (Hz/pixel) 250
Band width(Hz/pixel) 521 326 250 207 176 FOV(mm) 220%220
FOV (mm) 220%220 Slice thickness (mm) 5
Slice thickness (mm) 5 Slice gap (%) 20
Slice gap (%) 20 MS 192x192
MS 192x192 number of excitations 1
number of excitations 1 SEG 7
PIF GRAPPA 2 PIF GRAPPA 2
ES(ms) 0.94 ES(ms) 0.94
PpF Off PpF off
Fat suppression CHESS Fat suppression CHESS
b-factor (s/mm?) 0, 1000 b-factor (s/mm?) 0, 1000
Reacquistion mode on Reacquistion mode on

Filter ~ Raw filter, Distortion Correction(2D), Prescin Normalize

Filter ~ Raw filter, Distortion Correction(2D), Prescin Normalize
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Table 1-7 Imaging parameters of gqRESOLVE with
various FOV values

Table 1-8 Imaging parameters of qRESOLVE with

various ST values

FOV (mm) 100x100 150x150  200%200  250%250 300300 ST(mm) 1 3 5 7 10
TR(ms) 4500 TR(ms) 4500
TE(ms) 122 TE(ms) 122
Band width(Hz/pixel) 277 260 250 241 237 Band width (Hz/pixel) 250
Slice thickness (mm) 5 FOV(mm) 220x220
Slice gap (%) 20 Slice gap (%) 20
MS 192x192 MS 192 %192
number of excitations 1 number of excitations 1
SEG 7 SEG 7
PIF GRAPPA 2 PIF GRAPPA 2
ES(ms) 0.94 ES(ms) 0.94
PpF Off PpF Off
Fat suppression CHESS Fat suppression CHESS
b-factor (s/mm?) 0, 1000 b-factor (s/mm?) 0, 1000
Reacquistion mode on Reacquistion mode on

Filter

Raw filter, Distortion Correction(2D), Prescin Normalize

Filter  Raw filter, Distortion Correction(2D), Prescin Normalize

Table 2 Imaging parameters of T2WI

TWI
TR(ms) 4500
TE(ms) 88
Band width (Hz/pixel) 193
FOV (mm) 220%x220
Slice gap (%) 20
MS 192x192
Slice thickness (mm) 5
number of excitations 1
PIF no used
ES(ms) 9.8

Filter Distortion Correction (2D), Prescin Normalize

set to C, and the time-weighting characteristic
was set to Fast. Furthermore, we calculated
the sound pressure level (dB) between the
maximum and minimum of Lyex using various

parameters and Eq. (2)¥ :

Sound pressure level (dB) =20logis(A/A0)

where A is the observed value and Ao is the
reference value (20 x 107 [Pa)).

4.2. Time waveform analysis

The spherical phantom was scanned by
qRESOLVE with various scan parameters
(Tables 1-1 through 1-8) to analyze the time

waveform of acoustic noise. The recording

qRESOLVE

Fig.1 Slit width measuring method

Straight lines were drawn at the slits on both ends ; Wt
was measured on T2WI, and Wqg was measured using
qRESOLVE.

position of acoustic noise (@) is shown in
Fig.2. The recorded data was transferred to a
personal computer (Microsoft Surface Pro3),
and the time waveform was analyzed. A
recording device for acoustic noise (TASCAM
Inc. : DR-05X) was used. Frequency analysis
software (NCH software Inc. : WavePad audio

editing software) was used.

5. Statistical analysis

The distortion rate and acoustic noise (Lpeax)
obtained from the phantom experiment were
evaluated to determine significant differences
using the Friedman test. The significance level
was corrected using the Bonferroni method
for multiple comparisons. EZR” was used for

statistical analysis.
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Fig.2 Acoustic noise and time waveform
measurement position

The black dot (@) shows the measurement position for
acoustic noise and time waveform analysis. The distance
from the center of the gantry was approximately 4.5 m and
was located outside the five Gaussian lines (gray lines).
The height of the measurement point was 1.3 m above the
ground.

Results

1. Examination of distortion rate
1-1. Distortion rate with various ES values

The distortion rates with various ES values
are listed in Table 3-1. The distortion rate
increased with an increase in ES. There was
a significant difference between ES values
(p<0.003).

1-2. Distortion rate with various PIF values

The distortion rates with various PIF values
are listed in Table 3-2. The distortion rate
decreased with an increase in PIF. There was
a significant difference between PIF values
(p<0.017).

1-3. Distortion rate with various SEG values

The distortion rates with various SEG values
are listed in Table 3-3. There was no change
in the distortion rate with an increase in

SEG. No significant difference was observed
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Table 3-1 Distortion rate with various ES values

ES(ms) 0.5 0.6 0.7 0.78 0.94 1
distortion rate(%) 115.8 118.3 121.3 1234 1282 130.6

Table 3-2 Distortion rate with various PIF values

PIF 2 3 4
distortion rate (%) 121 114.1 111.2

Table 3-3 Distortion rate with various SEG values

SEG 3 5 7 9 1
distortion rate(%)  119.2 119.2 119.2 119.3 119.3

Table 3-4 Distortion rate with various PpF values

PpF Off 7/8 6/8
distortion rate (%) 120.9 121.5 123.6

Table 3-5 Distortion rate with various TR values

TR(ms) 4030 4500 5000 5500 6000
distortion rate(%)  120.9 120.9 120.9 120.8 120.9

Table 3-6 Distortion rate with various MS values

MS 128x128 160x160 192Xx192 226x226
distortion rate (%) 119.4 118.3 117.6 17.2

Table 3-7 Distortion rate with various ST values

ST(mm) 1 3 5 7 10
distortion rate (%) 113 114.4 118.4 120.2 123

Table 3-8 Distortion rate with various FOV values

FOV(mm) 100100 150%150 200%200 250%250 300x300
distortion rate(%) notmeasued 113.6 ~ 118.4 1285 1287

between any of the SEG values (p>0.005).

1-4. Distortion rate with various PpF values

The distortion rates with various PpF values
are shown in Table 3-4. The distortion rate
decreased with a decrease in PpF. There was
a significant difference between any PpF
values (p<0.017).

1-5. Distortion rate with various TR values

The distortion rates with various TR values
are shown in Table 3-5. No significant
difference was observed between the TR
values (p>0.005). TR did not affect the
distortion rate.
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1-6. Distortion rate with various MS values

The distortion rates with various MS values
are shown in Table 3-6. The distortion rate
decreased with an increase in MS. There was
a significant difference between MS values
(p<0.013).

1-7. Distortion rate with various ST values

The distortion rates with various ST values
are listed in Table 3-7. The distortion rate
increased with increasing ST. There was a
significant difference between ST values
(p<0.005).

1-8. Distortion rate with various FOV values

The distortion rates with various FOV values
are listed in Table 3-8. The distortion rate
increased with an increase in the FOV. There
was a significant difference between FOV
values (p<0.013).

2. Examination of acoustic noise
2-1. Examination of Lpeax
2-1-1. Lpeax With various ES values

The results for Lpeax with various ES values
are shown in Table 4-1.With an increase in
ES, Lpeak decreased to 0.94 ms. There was a
significant difference between all ES values
except between 0.7 and 0.78 ms (p<0.003).
Using this result, the phantom experiment was
set to 0.94 ms (minimum value of Lpea). There
was a level difference of 14.1 dB between
the maximum (with an ES of 0.5 ms) and
minimum (with an ES of 0.94 ms). According
to Eq.(2), the sound pressure level with an ES
of 0.5 ms was 5.1 times higher than that with
an ES of 0.94 ms.

2-1-2. Lpeak With various PIF values

The results for Lpeak with various PIF
values are listed in Table 4-2. Lyek increased
with increasing PIF. There was a significant
difference between PIF values (p<0.017).
There was a level difference of 1.6 dB
between the maximum (with a PIF of 4) and

Table 4-1  Lpeak With various ES values

ES(ms) 0.5 0.6 0.7 0.78 0.94 1
Loeax (dB) 948 877 866 868 807 817

Table 4-2  Lpeak With various PIF values

PIF 2 3 4
Loeax (dB) 82.2 83.2 83.8

Table 4-3 Lpeak With various SEG values

SEG 3 5 7 9 11
Loeax (dB) 86.3 83.4 82.6 81.9 81.6

Table 4-4  Lpeak With various PpF values

PpF Off 7/8 6/8
Loeax (dB) 82.4 82.3 82.5

Table 4-5 Lpeax With various TR values

TR(ms) 4030 4500 5000 5500 6000
Loeax (dB) 82.9 82.7 82.4 82.3 82.2

Table 4-6 Lpeax With various MS values

MS 128x128 160x160 192x192 226x%226
Lpeak (dB) 82.1 82.1 82.8 82.5

Table 4-7 Lpeak With various ST values

ST(mm) 1 3 5 7 10
Lpeak (dB) 83 82.9 82.8 82.8 82.8

Table 4-8 Lpeak With various FOV values

FOV(mm) 100x100 150x150 200%200 250%250 300x300
Loeax (dB) 82.9 82.7 82.4 82.3 82.2

minimum (with a PIF of 2). According to
Eq.(2), the sound pressure level with a PIF of
4 was 1.2 times higher than that with a PIF of
2.

2-1-3. Lpeak With various SEG values

The results for Lyeac with various SEG values
are listed in Table 4-3. Lpe decreased with
increasing SEG, and there was a significant
difference between SEGs values (p<0.017).
There was a level difference of 4.7 dB
between the maximum (with a SEG of 3) and
minimum (with a SEG of 11). According to
Eq.(2), the sound pressure level with a SEG of
3 was 1.7 times higher than that with a SEG of
11.
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2-1-4. Lpeax With various PpF values

The results for Lyea with various PpF values
are listed in Table 4-4. Lpeax showed almost no
change with decrease in PpF. There was no
significant difference between any PpF values
(p>0.017). There was a level difference of 0.2
dB between the maximum (with a PpF of 6/8)
and minimum (a PpF of 7/8) with various
PpF. According to Eq.(2), the sound pressure
level with a PpF of 6/8 was 1.0 times higher
than that with a PpF of 7/8.

2-1-5. Lpeax With various TR values

The results for Lpea with various TR values
are shown in Table 4-5. Ly decreased slightly
with an increase in TR. There was a significant
difference, except for between TR 5000 ms
and TR 5500 ms and between TR 5500 ms
and TR 6000 ms (p<0.005). There was a level
difference of 0.7 dB between the maximum
(with a TR of 4030 ms) and minimum (with a
TR of 6000 ms) with various TR. According to
Eq.(2), the sound pressure level with a TR of
4030 ms was 1.1 times higher than that with a
TR of 6000 ms.

2-1-6. Lpeax With various MS values

The results for Lyeac with various MS values
are shown in Table 4-6. Lye increased slightly
with increasing MS. There was a significant
difference, except for between MS 128 x 128
and MS 160 X 160 (p<0.013). There was a level
difference of 0.4 dB between the maximum
(with a MS of 192 x192) and minimum
(with MS values of 128 x 128 or 160 X 160).
According to Eq.(2), the sound pressure level
with a MS of 192 x 192 was1.1 times higher
than that with MS values of 128 x 128 or 160
X 160.

2-1-7. Lpeax With various ST values

The results for Lpeax with various ST values
are shown in Table 4-7. Lpcax was not affected
by ST. There was no significant difference
between any ST values (p>0.013). There
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was a level difference of 0.2 dB between the
maximum (with a ST of 1 mm) and minimum
(with ST values of 5, 7, or 10 mm). According
to Eq.(2), the sound pressure level with a ST
of 1 mm was 1.0 times higher than that with

ST values of 5, 7, or 10 mm.

2-1-8. Lpeak With various FOV values

The results for Lpeax With various FOV values
are shown in Table 4-8. Lyca decreased with
increasing FOV. There was a significant
difference, except for between FOV 200 x 200
mm and FOV 250 x 250 mm, and between
FOV 250 x 250 mm and FOV 300 x 300 mm
(p<0.005). There was a level difference of 0.7
dB between the maximum (with a FOV of 100
x 100 mm) and minimum (with a FOV of 300
x 300 mm) with various FOV. According to
Eq.(2), the sound pressure level with a FOV
of 100 X 100 mm was 1.1 times higher than
that with a FOV of 300 X 300 mm.

2.2 Time waveform analysis

The time waveforms of acoustic noise
measured with changes in various parameters
are shown in Fig.3-10. In the time waveform,
the horizontal axis represents time (ms), and
the vertical axis represents sound pressure
(dB). Wada et al."” reported that the amplitude
of the vertical axis of the time waveform
increases as the acoustic noise increases. The
results of this study showed that the amplitude
of the time waveform decreased with increase
in ES, FOV, and SEG, and slightly decreased
with decreases in PIF and MS. The amplitude
of the time waveform showed little change

with any of the other parameters.

Discussion

Acoustic noise in MRI, especially in DWI
using single-shot echo planar imaging, is very
loud, and decreasing this noise is important
for decreasing discomfort and anxiety during

routine clinical examinations and preventing
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Fig.3 Waveforms of gRESOLVE with various ES
values (from left to right : 0.5, 0.6, 0.7, 0.78,
0.94, and 1.0 ms)

Fig.7 Waveforms of gRESOLVE with various TR
values (from left to right : 4030, 4500,
5000, 5500, and 6000 ms)

Fig.4 Waveforms of qRESOLVE with various PIF
values (from left to right : 2, 3, and 4)

Fig.8 Waveforms of gqRESOLVE with various MS
values (from left to right : 128%128, 160X
160, 192%192, and 226%226)

Fig.5 Waveforms of qRESOLVE with various SEG
values (from left toright : 3, 5, 7, 9, and

Fig.9 Waveforms of gRESOLVE with various ST
values (from left toright : 1, 3, 5, 7, and
10 mm)

Fig.6 Waveforms of gRESOLVE with various PpF
values (from left to right : Off, 7/8, and 6/8)

hearing impairment. In this study, we
investigated the parameters of qRESOLVE that
were effective for decreasing image distortion
and acoustic noise.

First, we consider image distortion. With
respect to ES, the distortion rate increased
with an increase in ES. With an increase in
ES, the bandwidth (BW) was automatically
set to narrow, resulting in an increased phase
dispersion and thus an increased distortion
rate. Regarding the PIF, the distortion rate
decreased with an increase in the PIF. When
the reading time was shortened in the phase
direction, the BW was automatically set to a
wide range, resulting in suppressed dephasing
and thus a decreased distortion rate.

Concerning the SEG, with an increase in the

Fig.10 Waveforms of gRESOLVE with various FOV
values (from left to right : 100100, 150%
150, 200%200, 250%250, and 300x300
mm)

SEG, the segment width decreased to divide
k-space, thus decreasing the readout time.
As a result, it is expected to be effective in
suppressing dephasing and decreasing image
distortion. However, there was no significant
difference in the distortion rate between
SEGs. With an increase in SEG, the reading
time of each SEG decreased, but the BW was
automatically set to a narrow range; thus, the
distortion rate was not change. With respect to
the PpF, the distortion rate decreased with an
increase in PpF. Blurring was suppressed and
the distortion rate decreased with an increase
in the data filling of k-space, although the
BW and echo time (TE) did not change with
an increase in PpF. Regarding the TR, the
distortion rate did not change with an increase

% i e 41 (777)

06



$ ﬂﬁ' Arts and Sciences

in TR. The BW and TE did not change with
increasing TR. Concerning MS, the distortion
rate decreased with an increase in MS. The
BW automatically narrowed with an increase
in MS, but the magnetic field deflection in
the voxel decreased, resulting in a decreased
distortion rate'”. With respect to ST, the
distortion rate increased with increasing ST.
The BW did not change with the ST thickness,
but the magnetic field deflection in the voxel
increased, resulting in an increased distortion
rate'”. Regarding the FOV, the distortion
rate increased with increasing FOV. The BW
automatically narrowed with an increase in
FOV, and the spatial resolution also increased.
Therefore, the ES, PIF, MS, ST and FOV
are effective parameters for decreasing the
distortion rate. However, in routine clinical
examinations, MS, ST and FOV change the
spatial resolution. Thus, the MS, ST and FOV
are not appropriate parameters. Furthermore,
it is appropriate to set PpF to “off” to avoid
image distortion resulting from blurring.
Therefore, a decrease in ES and an increase
in PIF are effective for decreasing image
distortion.

Next, we consider acoustic noise. Concerning
ES, Lpeax decreased with an increase in ES.
The BW was automatically set to narrow with
an increase in ES, resulting in a decrease in
the angle of the gradient field. With respect
to the PIF, Lpeax increased with an increase in
the PIF. The intensity of the blip applied in
the phase direction increased because of the
wide interval of the collected data, resulting
in an increase in the angle of gradient field.
Regarding the SEG, Ljyeax decreased with
an increase in SEG. The BW automatically
narrowed with an increase in SEG, resulting in
a decrease in the angle of the gradient field.
However, the scan time increased threefold
with an increase in SEG (from a SEG of 3
to a SEG of 11); thus, parameter settings
with an increase in SEG should be avoided.
Concerning the PpF, Lpeax did not change
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with increasing PpF. The BW and TE did not
change with increasing PpF. With respect
to the TR, Lpea decreased slightly with an
increase in TR. It was assumed that the BW
and TE did not change, but acoustic sound
was slightly lower in the longer TR than in
shorter TR because the interval between
acoustic sounds was wide and less affected
by reverberation. Regarding the MS, Lpeax
increased slightly with an increase in MS. The
BW automatically narrowed and TE increased.
Generally, with a narrow in BW, resulting in
a decrease in the angle of the gradient field
and the acoustic noise is small. However,
because the amplitude of the gradient
increased simultaneously, Lyeax was assumed
to be increase. Concerning the ST, Lpeax did
not change with the thickness of ST. The BW
and TE did not change with the thickness of
ST. With respect to the FOV, Ly decreased
slightly with an increase in the FOV. With an
increase in FOV, the BW was automatically
set to narrow, resulting in a decrease in the
angle of the gradient field. We calculated
the sound pressure level difference between
the maximum and minimum values of Lpeak
with various parameters using Eq.(2). The
maximum value of Lpea Was 5.1 times higher
than the minimum value in ES, 1.1 times
higher for FOV, 1.7 times higher for SEG, and
1.2 times higher for PIF. This suggests that
an increase in ES is the most effective way to
decrease acoustic noise. Individual differences
in hearing are common. A decrease in
acoustic noise is considered important to
prevent hearing impairment. Furthermore,
time waveform analysis of acoustic noise
showed that an increase in ES, FOV and SEG,
and a decrease in PIF and MS, are effective for
decreasing the acoustic noise. Therefore, the
effective parameters for decreasing acoustic
noise are ES, PIF, SEG, TR, MS, and FOV.
However, in routine clinical examinations,
an increase in SEG prolongs scan time and
increased the possibility of artifacts caused by
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body motion. Therefore, a parameter setting
with an SEG of 9 or higher is not appropriate.
With an increase in TR, the scan time
increases and the image contrast changes,
while with an increase in MS, ST, and FOV,
the spatial resolution changes, so they are not
appropriate parameters. Therefore, an increase
in ES and SEG and a decrease in PIF are
effective for decreasing acoustic noise. ES, PIF,
and MS are common parameters employed
for decreasing image distortion and acoustic
noise. However, an increase in ES decreases
acoustic noise and increases image distortion,
whereas a decrease in PIF and MS decreases
acoustic noise and increases image distortion.
Therefore, there is a trade-off relationship
in the parameter setting, and further study
is required. In the future, to determine the
optimal scan parameter setting for decreasing
image distortion and acoustic noise, we plan
to evaluate the head MRI images of healthy

volunteers.

Conclusion

In gRESOLVE, a decrease in image distortion
was achieved with a decrease in ES and FOV,
a thin slice thickness, and an increase in PIF
and MS (p<0.017). Furthermore, a decrease in
acoustic noise was achieved with an increase
in ES, SEG, TR, and FOV and a decrease in
PIF and MS (p<0.017). However, in routine
clinical examinations, a decrease in ES and
an increase in PIF are effective for decreasing
image distortion, and with an increase in ES,
and an increase in SEG and a decrease in PIF

are effective for decreasing acoustic noise.
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