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Abstract

This study was conducted in reducing the involuntary motion artifacts because of lungs and heart movements as well
as the aliasing artifacts generated during the use of the reduced-FOV EPI technique while performing breast MRL
Performed on a total of 38 obesity female subjects who visited the clinic for pre-examination before surgery within the
period from August 1 to November 30, 2014. The 3.0T MRI scanner equipped with a breast scanning coil. Qualitative
and quantitative analyses were each used for the evaluation of the acquired images while an Paired T-test and Wilcoxon
rank test were performed to check the statistical significance. The variation ratio rose by 15.69% with the additional
application of a pre-saturation pulse in the lesion, by 13.72% near the lesion, and 20.63% in the fat and the
contrast-to-noise ratio rose by 10.58% in and near the lesion and by 12.03% in the lesion and fat, respectively. there
were increases of 22.05% and 21.42% at 0 and 1000 respectively in qulitative evaluation and growth of 16.10% i
apparent diffusion coefficient. it showed a statistically significant result(p<0.05) in signal to noise ratio, contrast to noise
ratio, diffusion slope coefficient and apparent diffusion coefficient. The involuntary movements artifacts that occur in the
phase encoding direction and the aliasing artifacts are considered to be reduced to obtain the best image in the
additional use of the pre-saturation pulse as DWI is acquired.
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I. MATERIAL AND METHOD
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Fig. 1. Diagram of spin-echo DWI sequence with
pre-saturation pulse band and fat saturation.
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Fig. 2. Reduced-FOV: Reducing phase encoding
steps. (a), (b): Reducing the number of phase
encoding direction, but keeping minimum and

maximum amplitude. keeps resolution, but reduces

the FOV in phase encoding direction.

(b) (c)

Fig. 3. Shows the T2-TSE-sag-SPAIR
(a), scout axial with 1 saturation (b)
and scout axial images with 2
saturation pulse band (c).
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Table 1. The pulse sequences and scan parameters in
the reduced-FOV and presaturation band.

Pulse sequences

Paraneters SE EPI 2D-3 scan trace
FovV (mm) 380+ 20
FOV phase (%) 52.6
TR (ms) 5200
TE (ms) 74
Echo spacing 0.78
Slice thickness (mm) 5
Band width (Hz/pixel) 1754
Saturation pulse thickness (mm) 150
Slice number 30
Fat suppression technique SPAIR
NEX 9
b-value type (sec/m2) 0, 1000
Diffusion type 3 scan trace
base resolution 192
phase resolution (%) 80
Oversampling 50
TS (min:sec) 3:23

TSE: turbo spin-echo, SPAIR: spectral attenuated inversion recovery.

3 49 A A g 4E
Hon izt AEsE s 9AE
A st7] 918kl T2 TSE-SagFS HAAME A8
A 2A7 & HA s Al A 7w
volume shimming)s &34 FHALE Z&3H

E3}E 0] ujs) WEE FA 150 mmol™ 270
A8t thfigure 4). 1 SPBE A3 #2 Al s}
AAe™ 2 SPB 4 A% 1 SPBY #AAL 583t
S back) 915 ¥ z%% 5 YEE AP ES}
sttt 2¥ela HW g spin-echo

single-shot echo planar imaging)7|'HS& ©]-&38lo] 2417

%

2

(center frequency)©]

I ol o

],

o
’\.ﬂ

>~
Y oob oo 32 M ox

]_

%

O

HAE
2=

AHAIS® b-valueZ} 0 sec/mm?3} 1000 sec/mm’ ©. & &}o]
4 9 307E Ak

o
F= fyel

Fig. 4. This figure shows a diagram of a pre-saturation pulse
band used in the test. (a) and (b) are slightly overlapping. (b)
is fully covered the back.

2.3 dlolg 44

Gl HH FL(esion), WH T H-2(near
lesion), AW ZA(fat tissue)S A P H(region of
AT Fe], tlEs

interest, ROIL) 0.2 cm’E 3} =
o FEHlE Tretar Hatsleloith ¥l g A4 Al
S Al S (diffusion coefficient, DC. b-value), &
2H A9 (apparent  diffusion  coefficient, ADC), e
(Kinetic curve)o Zaste] W & Akt

AR o= U] Rl
A, A 220 A e AT =
L A= S =) H 2k (standard
background noise)®] A EFE gho2 o] AL
on BAL A1)} go] Holg)

SIRO]

SD, back ground_ noise

Fof ¥4
(51gnal intensity, SD)#k

3L 2

i deviation  of

SNRpor =

dgor stof FHsANe

< #lske] 3] A

\S7, — ST
CNR = 4 75

(eq- 2
SDbackyround, noise

ROI=0.2 cnt

Fig. 5. Show the setting up the ROl area at b-value = 0 in
DWI. black arrow-head indicated lesion, white—arrow indicated
near lesion, and curved white-arrow indicated fat area.
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Table 2. Result of quantitative evaluation of normals and

lesion area at b-value = 0 in DWI. (n = 3B
M SNR (1 saturation pulse band)

Lesion Near lesion Fat tissue
b=0 226.39+124.29 160.75+103.71 19.34+13.02

M: measurement, b = 0: b-value = 0

Table 3. Result of quantitative evaluation of normals and

lesion area at b-value = 0 in DWI. (n =38
M SNR (2 saturation pulse band)

Lesion Near lesion Fat tissue
b=0 261.93+127.59 182.82+114.80 23.33£14.52

Table 4. Result of quantitative evaluation of normals and

lesion area in DWI. (h =39
CNR (1 saturation pulse band)
M standard of lesion
Lesion-Near lesion Lesion-fat
b=0 71.55+81.30 212.96+113.91

Table 5. Result of quantitative evaluation of normals and

lesion area in DWI. (n =39
CNR (2 saturation pulse band)
M standard of lesion
Lesion-Near lesion Lesion-Fat
b=0 79.12+87.03 238.59+121.84
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.75+103.71, Aol A 19.34+13.022 el oH, o)
T o Fere] A9 WHE VEoR S9e o
Wyl w2 B9 715548130, WMWY Ak

+11391% LFeEbtTh 2 SPBAA A5 of ZeH
= otﬂ BoJoll 4] 261.934127.59, W ] F9joll A
182.821114.80, Aol A 23.32+14.52, hZ= o] 2]
= HHE JjFeR wHy W 33 RE
79.12+87.03, WA} AW 23859+121.84% L}EFSITE
AAZEE 0] F71H Q) AR o2 HHolA 15.69%,

Hl 2 —*Moﬂzﬂ 13.72%, Aol A 20.63%2] =7}
5 RYoH Uz Fene] A= Wiy g
IR ﬁT 10.58%, ¥ A F-9le] A

12.03%°] F7t2 YERSTh

32 A4 242

Fig. 6. Comparison between 2 saturation (a) and 1 saturation
pulse band of diffusion-weighted image (b) of the breast MR
(at b-value = Q). aliasing artifact (white arrowhead) resulted
from reduced-FOV.

(@) (b)

Fig. 7. Comparison between 2 saturation (a) and 1 saturation
pulse band of diffusion-weighted image (b) of the breast MR
(at b-value = 1000). to avoid aliasing, spins are saturated
before the acquisition of segment by the use of a spatially
selective RF pulse.
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Fig. 8. Comparison between 2 saturation (a) and 1 saturation
pulse band of diffusion-weighted image (b) of the breast MRI
(at ADC mapping image).

Fig. 9. Comparison between 2 saturation (a), (c) and 1
saturation pulse band of diffusion-weighted image (b), (d) of
the breast MRI (at b-value = 0 and ADC mapping).
respiration artifact (white-arrowhead) resulted from
reduced-FOV and patient's movement.

Table 6. Result of qualitative analysis of normal and

lesion area in DWI and ADC. (n =39
1 SPB 2 SPB
(Avg4S.D) (Avg£S.D)
b-value = 0 2.63£0.59 3.2140.60
b-value = 1000 2.52+0.64 3.06+0.66
ADC 2.67+0.55 3.10+0.53
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Fig. 10. Results of the qualitative evaluation. Comparison
between 1 and 2 saturation band images at b value 0, 1000,
and ADC mapping of diffusion—weighted image of the breast

MRI. we can see that 2 saturation pulse band received a

better score than 1 saturation pulse band.
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Table 7. Results of quantitative statistical analysis of

signal to noise ratio. (n =38
SNR
Group Average S.D ;
ROL, 1 SPB 226.39 12429 -5.155*
2 SPB 261.92 127.59 0.000
ROL, 1 SPB 160.75 103.71 -6.580*
2 SPB 182.82 114.80 0.000
1 SPB 19.34 13.02 -5.854
RO, N
2 SPB 23.33 14.52 0.000

"Statiscally significant difference between the lesion (ROIL;), near
lesion (ROLy), and fat area (ROI3).

Table 8. Results of qualitative statistical analysis of

contrast to noise ratio by using Paired T-test. (n = 38)
CNR
Group Average S.D ;

1 SPB 71.55 81.30 -2.728
L-NL "

2 SPB 79.12 87.03 0.000

1 SPB 212.96 113.91 -6.058
LFat 2 SPB 238.59 121.84 0.000"
"Statiscally significant difference between CNRyesionnear fesion and
CNRlesionfat
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Table 9. Results of qualitative statistical analysis by
using Wilcoxon signed rank test. (n =38
Qualitative evaluation
Z
Group Average SD
P
b=0 1 SPB 2.63 0.59 4.712
2 SPB 321 0.60 0.000"
1 SPB 2.52 0.64 4.725
b=100 5 spp 3.06 0.66 0.000°
1 SPB 2.67 0.55 4.761
ADC 2 SPB 3.10 0.53 0.000"

“Statiscally significant difference between b = 0, b = 1000, and
ADC mapping.

Ee A B4 A FAA 2447
A AT b-value = 0, 1000)9} A BALA =0
SPB ¢} 2 SPB 4% EF ot Ax= JEhytt

(p<0.05).

f
Job
>

Iv. DISCUSSION
Had gAY dzPEIPIEE B TR
= Y Qe F9E HAA A ALaE
e A8L SFH o= Aste] WAt 2 1%
3L S =
=2 O

AEES ARESE 29 HrhaE (oversampling)
A AAAZE Ak EeE A 57)8Kcardiac
gating S Q2 3HA] gkom dAA| uadele] gkl
] 3 3 (diffusion tensor imaging, DTT) AAbel & A 3}z
ojgli ATAzolth AREIEE G ol9le]
FE diske Eﬁiﬁx deEe WA 9l

it
e
ko
ot
l 0.9.4
b oF
)
z T =
5
r_L_4
r% ﬁ ©
- ol r_>|:
(o]
lo, —E ‘%
-
N
= s
E o
o b
=R

=2
> M
ol
< 2w
o2
o
N

ox
[o
ol
ol
2
2o
D
o
o
g
(T
Hl
1o

.
>~
=
=2
>~

ot
S
L 4
ro
ofl o
“i“ o o
—_ o m
T &
od
10_
:[o
o
2
N
of
ol
re OFO of 2 do P~

f
1
9
M, = fo
_O|L

.
_E‘
i)
ox
w o [
ro, i
ofl :j
uo ﬂ-"lﬂ m

E, T2-TSE, T2-TSE-FS Olt’%
48.6%(101%8) 7} B<=2) %
33.6%(7078) 2 Ao Ew‘w‘%‘*é

ke

o 1 foox U o

=

oo
X

Al o]
1A

o
oK

W A AvE A% AFE, 1.4%3H)E EYEA
JATE, 0.5%(1.04%8)= 45 2 F-F(zebra  stripe
artifact) & LFEFSECH, 9] A-ro] Ahel gho] i
°ﬂHE *W?Jr ﬁ%l°ﬂ ok B

o]

-m
AL

absorption rate, SAR)=- =
A AR HIFHJUEY, B Ao A3tgo =
4

FAD N B AR R

N

%‘é
tlo
)
OFO
ol
XN o
&8
S
il
oot
o
ol
ol
RS
&2
30
I +
it
X
>
>
2

3@ o X o pE

jns}
=)
o
>
1o,
oY, il

no, o
o
~
>

oz H oo ¥ fosx [

;d—gu]g] 74
W 13.72%, A

ZheH]
7% 10.58%, ‘%t&ﬂr A

S %_ 14 15.69%, +H 52
Hhol A 20.63% Z7HE I%E}kkgt% oz
L gy yw 23 Bojo

H 591e] 8- 12.03%2] T2 vEldth A B
A AP M T EREHAAT 0014 22.05%, 100091 A]

21.42%, FAAZAAFAMNE 16.10%2] F7FE LVER
o} whEkA 7hAE 9dd e dmH I HT AR
F37IHe F7HEQ HEoR AFES] AAES ¢

=
PN
T A Th

mlo

Reference

[1]  http://globocan.iarc.fi/Default.aspx, Gswlobocan. 2012.

[2] Korean Breast Cancer Society, Breast Cancer white paper, p. 3,
2014.

[3] G.W. Talbers, "Diffusion-weighted MRI for evaluation of acute

313



"Artifacts Improvement by using the Echo Planar Imaging and Pre-Saturation Pulse Band techniques of Reduced Field-Of-View in Breast Magnetic Resonance Imaging Examination”

stroke", Neurology, Vol. 51, No. 3, 1998.

[4] JH Cho, HJ. Kim, LS. Hong, HK. Lee, "The quantitative
analysis of Diffusion Weighted Imaging in Breast MRI", The
Korean Society of Radiology, Vol. 5, No. 3, 2011.

[51 ME. About-El-Ghar, A. El-Assmy, H.F. Refaie, T. Ei-Diasty,
"Bladder cancer: diagnosis with diffusion-weightd MR imaging
in patients with gross hematuria”, Radiology, Vol. 251, No. 2,
pp. 415-21, 2009.

[6] JR. Teruel, A. Ostlie, D. Holland, et al., "Inhomogeneous static
magnetic field-induced distortion correction applied to diffusion
weighted MRI of the breast at 3T", Magnetic Resonance in
Medicine, 2014.

[71 LS. Arlinghaus, E.B. Welch, A.B. Chakravarthy, et al., "Motion
correction in diffusion-weighted MRI of the breast at 3T",
Journal of Magnetic Resonance Imaging, Vol. 33, No.5, pp.
1063-70, 2011.

[8] E. Ozhinsky, D.B. Vigneron, S.J. Nelson, “Improved spatial
coverage for brain 3D PRESS MRSI by automatic placement of
outer-volume suppression saturation bands”, Journal of Magnetic
Resonance Imaging™, Vol. 33, No. 4, pp. 792-802, 2011.

[9] JJ. Wang, R. Deichmann, et al., “3D DTI-MRI using a
reduced-FOV approach and saturation pulse”, Magnetic
Resonance Medicine, Vol. 51, No. 4, pp. 853-7, 2004.

[10] D. Kim, O. Gonen, N. Oesingmann, et al., “Comparison of the
effectiveness of saturation pulses in the heart at 3T”, Magnetic
Resonance Medicine, Vol. 59, No. 1, pp. 209-15, 2008.

[11] M. Korun., M.P. Maver, B. Vodenik, “Interpretation of the peak
areas in gamma-ray spectra that have a large relative
uncertainty”, Applied Radiation Isotopes, Vol. 70, No. 6, pp.
999-1004, 2012.

[12] V. Fiaschetti, C.V. Pistolese, V. Funel, et al., “Breast MRI
artifacts: evaluation and solutions in 630 consecutive patients”,
Clinical Radiology, Vol. 68, No. 11, pp. 601-8, 2013.

[13] J.P. Felmlee, R.L. Ehman, “Spatial presaturation: a method for
suppressing flow artifacts and improving depiction of vascular
anatomy in MR imaging”, Radiology, Vol. 164, No. 2, pp.
559-64, 1987.

314






