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In this study, the correlation between GeneRalized Autocalibrating Partial Parallel Acquisition acceleration factor and Readout
segement interval Of Readout Segmentation Of Long Variable Echo trains Diffusion Weighted Image based on T1 tirm dark-fluid after
contrast enhancement was analyzed. The changes of signal intensity according to contrast concentration were studied. In order to
characterize signal intensity in Readout Segmentation Of Long Variable Echo trains Diffusion Weighted Image using Gadolinium
contrast agents, Primovist and physiological saline solution were diluted with a 1.4 cm diameter cylindrical syringe at a total
concentration of 3 mL of 0.05 cm/mL to 250 mmol/mL, and 32 ghost samples were prepared and analyzed for image data. Statistical
analysis was performed using correlation analysis (Pearson correlation coefficient, SPSS version 22.0 (IBM Co., Armonk, NY, USA).
The results were as follows. Increasing the readout segment increases the SNR and decreases the intensity of the contrast but increases
the scan time. Therefore, we can minimize the effect of the GeneRalized Autocalibrating Partial Parallel Acquisition acceleration
factor of the readout segment on the acquisition time and contrast by the increased SNR.
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Fig. 1. (Color online) Contrast agent phantom.
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Table 1. Degree of concentration phantom.

RESOLVE DWIA Segment?} GRAPPAS] ulglHElo] w}2 Z29A] &
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Contrast phantom

mmol oA ST Z%(mL) mmol A KRN Z%(mL)
250 3 0 3 6 0.072 2.928 3
200 24 0.6 3 5 0.06 2.94 3
150 1.8 1.2 3 4 0.048 2.952 3
100 1.2 1.8 3 3 0.036 2.964 3

90 1.08 1.92 3 2 0.024 2.976 3
80 0.96 2.04 3 1 0.012 2.988 3
70 0.84 2.16 3 0.9 0.0108 2.9892 3
60 0.72 2.28 3 0.8 0.0096 2.9904 3
50 0.6 2.4 3 0.7 0.0084 2.9916 3
40 0.48 2.52 3 0.6 0.0072 2.9928 3
30 0.36 2.64 3 0.5 0.006 2.994 3
20 0.24 2.76 3 0.4 0.0048 2.9952 3
10 0.12 2.88 3 0.3 0.0036 2.9964 3

9 0.108 2.892 3 0.2 0.0024 2.9976 3

8 0.096 2.904 3 0.1 0.0012 2.9988 3

7 0.084 2916 3 0.05 0.0006 2.9994 3

o} Ay Ad4E 3431 0.05 mmol/mLEE] 250 mmol/
mLZ7FA] % 3mL Z94] %= ¥ 3271 Phantome A&}
sled 44t dlolElS B33t Table 1.

2. Research method

B Ao AL8-® AH]= 3T Magnetom Skyra(Siemens
Medical Syatem, Germany)E ARE3IHA, 2543 20
Channel Head and Neck coils AFE3}3T}E. 715 sequence
2 el dubdor 29 F ARSSkAL = TI tirm
dark-fluid® A3} 3L I Parameter= TR: 2000 ms, TE:
9ms, average 1, FOV 220 x 192.5 mm, matrix 320 x 210,
slice thickness 3 mm, gap 0.3 mm®|t}. RESOLVE DWI2]
Parameter—= TR: 9000 ms, TE: 123 ms, echo spacing 1,
average 1, b-value 1000, FOV 220 mm, matrix 182 x 182,
slice thickness 3 mm, gap 0.3 mm®]al 23 wWHe A7
eAsd Wt seg s 3, 5, 72 G 1, 2, 3, 42 WA}
o] 58] wxl AT 17]3l Reference scan mode=
EPl/separate®]L filter= Prescan Nomalize 7|H<S A8}t

3. Comparative analysis

RESOLVE DWISIA G2} seg.2] ¥l wE 3ol 4l
AT A 2 JIF=E Hrsr] A8 Iey program
(ver.1.9.9.0, http://icy.bioimageanalysis.orgye AR89t} A}
st ZdAtelol] mE sf=og 1gk 718KeFAR] Regions Of
Interest(®]5} RONE A#H oz 7] 93l oS =& &
$J= ROI Contours TR2EFS o83l AsHE=E =43}
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Fig. 2. (Color online) Signal intensity measurement using ROI contour.
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Table I1. Average signal intensity analysis results and homogeneity.

Group Avg. S1 Avg. S.D Homogeneity
Seg.3 Gfl 256.26 165.91 0.142
Seg.3 Gf2 283.05 149.63 0.07
Seg.3 Gf3 284.28 144.19 0.075
Seg.3 Gf4 289.76 145.32 0.068
Seg.5 Gfl 176.29 104.88 0.107
Seg.5 Gf2 192.38 98.18 0.057
Seg.5 Gf3 193.81 96.96 0.057
Seg.5 Gf4 192.72 97.25 0.052
Seg.7 Gfl 136.69 81.6 0.073
Seg.7 Gf2 142.14 73.45 0.075
Seg.7 Gf3 154.74 76.77 0.082
Seg.7 Gf4 150.97 78.38 0.069
Tl 1371.17 502.17 0.24

Al =23t AeAE Helol] gt AA Fxe] el b
oJE}E HlaL A3 THTable 11].

Z94 s%= 8 3% ZHA TI tirm dark-fluid=
50 mmol/mLA-E] A3 =7} 28.1 +9.708 =4o] A|Z=A
ks] 718} 0.5 mmol/mLoll A 1981.52 + 740.052 &
AT FEE Ho|u FA3] A3t Fig. 3]

RESOLVE DWI2] seg.9} Gfo] W4 ¥ H]wofA] seg3

G191 9 mmol/mLFE] AS7F=7} 186.43 +117.82%
Aol AZFHA 3] =718t 0.9 mmol/mLol A
339.76 £ 238.002 HWAEZHEE Holal FA3] A}
0.8 mmol/mL7FA] Z2A3H AT}t GRE 10 mmol/mLFE 413
=7} 12092 + 576602 F7g0] A=A ews] F7bsich
7} 0.9 mmol/mLolA 356.13 + 177.872 HASHEE Hol

AN rlo

(Signal Intensity)
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3 FA3) A3 0.8 mmol/mLZHA] ZBHATE G
20 mmol/mLA5E] AZHE7}F 90.27 + 32.482 =Fo] A2
A k] Z7181K71 4 mmol/mLolA] 380.90 + 181.48%
AT A=S Hola F23] 7Ha3lt} 0.8 mmol/mL7HA] 3
AE At GfA= 20 mmol/mLFE ASHETT 95.45 +37.87
2 ZHo] AFEA ksl F71sHt7E 4 mmol/mLol| A
395.98 + 182.00°.2 HUATHAEE Ho|al F43] 743t
0.8 mmol/mL7}<] == A} Table 111].

seg.5= Gf1914 9 mmol/mLFE A7 %=7} 127.60+91.33
2 =Ho] AFEA ks E71HE 0.9 mmol/mLolA]
225.62+ 130482 FHUASFAEE RHolxr F43] 743
0.8 mmol/mL7F] ZA3H A}, GRE 10 mmol/mLEE 41%
BE7F 90.61 £43.5602 o] AN ] St
7} 4 mmol/mLolA] 239.93 + 112.22%2 HRISFEE Holal
F243] 723 0.8 mmol/mL7HA SAHEAT. GRS 20
mmol/mLFE ASHE7} 63.31+£24.992 =74o] AJREA
5] 7180 4 mmol/mLollA 246.21 + 125.8608
QAT AEE Hola F43] 7HA31) 0.8 mmol/mL7HA] =
AEAT} GHE 20 mmol/mLTE 2S5} 72.88 +34.15
2 ZHo] AFEA ks F71stt7E 4 mmol/mLol| A
25856+ 125.100.2 HPAZHPES Rolx 743t} 0.8
mmol/mL7HA] S| ATHTable 1V].

seg. 7 G194 9mmol/mLFE] A7 =7} 103.32 +74.67
2 ZHo] AFEA ks F71stt7E 2 mmol/mLol| A
163.57+111.992 HAZHTE Ho|m F2A3] 7+43t
0.8 mmol/mL7FA] SA=E A}t GRE 20 mmol/mLEE 41
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Fig. 3. (Color online) T1 signal intensity.
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Table I11. Signal intensity analysis results of segment 3.

Sequence Seg.3 Gfl Seg.3 Gf2 Seg.3 Gf3 Seg.3 Gf4
Concentration (mmol) S.I S.D S.I S.D S.I S.D S.I S.D
0.8 260.99 138.18 278.51 139.29 284.89 131.09 250.32 122.77
0.9 339.76 238.00 356.13 177.87 324.92 161.35 311.78 153.62
1 302.38 198.42 32122 170.11 334.33 173.13 340.35 170.04
2 310.06 236.58 340.84 206.24 366.36 197.04 365.07 190.59
3 276.28 225.72 316.19 174.98 345.75 186.86 360.84 181.71
4 279.43 174.74 332.25 172.85 380.90 181.48 395.98 182.00
5 236.76 128.74 308.82 150.96 337.98 175.59 379.42 183.36
6 239.58 123.05 310.85 154.53 345.76 175.20 369.61 184.68
7 189.38 104.40 236.72 119.47 239.95 117.94 253.70 128.78
8 197.83 139.35 254.51 137.77 248.15 138.44 256.38 135.45
9 186.43 117.82 219.61 133.77 248.72 129.44 263.21 146.62
10 120.92 57.66 147.64 74.39 124.81 71.73
20 90.27 32.48 95.45 37.87
Average 256.26 165.91 283.05 149.63 284.28 144.19 289.76 145.32
Table IV. Signal intensity analysis results of segment 5.
Sequence Seg.5 Gfl Seg.5 Gf2 Seg.5 Gf3 Seg.5 Gf4
Concentration (mmol) S.I S.D S.I S.D S.I S.D S.I S.D
0.8 170.32 88.24 187.99 93.52 184.17 88.47 169.97 83.35
0.9 225.62 130.48 212.78 107.63 219.38 107.00 203.79 106.63
1 197.62 120.25 219.10 112.33 226.19 109.58 220.18 106.29
2 211.63 143.57 23537 132.01 24441 131.25 243.76 125.49
3 190.21 127.64 222.82 115.98 239.67 119.16 245.88 119.56
4 197.67 107.95 239.93 112.22 246.21 125.86 258.56 125.10
5 178.96 86.43 211.48 107.38 227.76 119.74 235.47 125.51
6 174.80 92.08 214.29 106.96 241.14 114.73 252.20 116.00
7 132.71 79.76 156.79 74.45 169.09 78.46 166.72 85.64
8 132.07 85.97 155.56 81.93 173.74 94.47 187.71 94.93
9 127.60 91.33 161.84 90.16 181.62 93.13 167.16 88.13
10 90.61 43.56 102.80 53.57 81.14 53.41
20 63.31 24.99 72.88 34.15
Average 176.29 104.88 192.38 98.18 193.81 96.96 192.72 97.25
Table V. Signal intensity analysis results of segment 7.
Sequence Seg.7 Gfl Seg.7 Gf2 Seg.7 Gf3 Seg.7 Gf4
Concentration (mmol) S.I S.D S.I S.D S.I S.D S.I S.D
0.8 136.89 63.65 145.21 72.19 146.78 69.92 131.86 64.52
0.9 161.43 99.53 167.33 87.10 174.31 85.72 160.71 84.16
1 158.05 95.11 175.49 88.78 184.27 93.88 170.01 89.69
2 163.57 111.99 187.06 89.48 193.97 98.03 188.80 99.88
3 155.13 106.30 170.11 94.55 182.31 94.45 180.27 96.70
4 156.28 87.60 190.47 103.96 195.35 102.93 198.70 102.62
5 141.93 70.81 160.30 84.61 183.79 90.65 188.55 101.18
6 135.95 70.41 165.28 87.71 188.48 90.45 185.38 94.61
7 93.62 53.69 123.54 61.07 135.90 64.33 134.09 65.83
8 97.45 63.85 119.01 63.58 143.07 74.42 143.02 75.44
9 103.32 74.67 126.92 70.41 14571 71.81 139.53 74.89
10 72.15 38.39 86.54 42.63 83.49 43.40
20 45.02 13.01 51.18 18.77 58.18 26.10
Average 136.69 81.60 142.14 73.45 154.74 76.77 150.97 78.38




LATE=1> Journal of the Korean Magnetics Society Vol. 28, No. 5, October 2018

Table VI. Correlation analysis result.

Signal intensity

i ig.(2-tai _ *k
Segment Pearson Correlation Sig.(2-tailed) ,9%5
GRAPPA Pearson Correlation Sig.(2-tailed) gééz

**Correlation is significant at 0.01 (two-tailed) level.

A7t 45.02 £ 13.0102 =Fo] AlZHA 23] Zr)sich
7} 4 mmol/mLolA 190.47 +103.962 HYAZHEE Hol
a1 F243] 738 0.8 mmol/mLZHA] S EJTE G3S
20 mmol/mLFE] ASHE7} 51.18 + 18.77= =4 o] A|ZH
A &3] Z7181E 4 mmol/mLollA 19535+ 102.932 &
SRS Ho|il 7FA3It} 0.8 mmol/mL7EA] ZR=|SIch.
Gf4= 20 mmol/mLAE] AE7F =7} 58.18+26.1002 =7o]
A Daks] Z7F7E 4 mmol/mLolA 198.70 + 102.62
2 APAsHEE Holx 7+431F 0.8 mmol/mL7EA] &4
=|ICHTable V].

7} ale]
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A g5 phase-encoding 5 TAAIA I ESARES
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AZ B s AL AYRES ANSHA] Kt
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Fig. 4. (Color online) Signal intensity by segment according to
GRAPPA.

G414 289.76 + 145.32, seg.5& G.f3o4 193.8.1 £96.96,
seg. 7S G4 154.74 + 76,772 212t AT AEE B
CHFig. 4].

Z94 T= ¥ HPAZAE 4L GfIY W seg3,
seg.5, seg.7 Al W4 =5 0.9 mmolol|A 242} 339.76 + 238,
225.62+130.48, 161.43+99.533 HJ{Y GRY ] seg.3
0.9 mmolol| A 356.13 + 177.87, seg.5% seg.72 4 mmolol|A]
77y 23923 +112.22, 190.47 +103.962 EJth. Gf3Y o)
seg.3, seg.5, seg.7 Al W4 EF 4mmololA ZHZ}; 380.90 +
181.48, 246.21 +125.86, 195.35+102.932 H Y3, Gf4Y
o seg.3, seg.5, seg7 Al WG EF 4mmololA Z+z}
395.98 £ 182, 258.56 + 125.10, 198.70 + 102.625 HJTh &
= 24 ¥ Al 4mmolollA seg3, Gf3 24 Al 7FE 2
HAYAZAEE BYIL TI tirm dark-fluid(0.5 mmol/mL -
1981.52 + 740.05)2} HIaL A] °F 1/6~1/12 AEe] & 2jo]Z
HAATE 2GAo] S v ZoR RIS

257t 2" o] FUA IS seg.3, seg 504
Gfl2 GR-GfRT 20 ool ddAs BT ANt
seg.7PIME GfR] FEFS A WA = F0F FRISIT

A7 A Phantom F/dollA] S G4 il
ek ATE 2 SEA] FEHal 3.0T SdAdH]o] x3ghe] o]
Aglo] o]FoA Gradient slew rate®] x}olo] W A=
AA] HE3IATE. Gradient slew rate= Tesla per meter(T/m/s)
9492 A= HA TR 2 TE 9GS vXH Turbo
SE % EPI9A] echo spacingoll &S F7]

ATE AT BaAdo] ot =3 AFEA H contours
o83+ ROI 278 Al 97 AsA% olslllA= <

%% ¥ RESOLVE DWIOIA parameter A8 A] A&7



ol HhEr GJeFS kx| o AeS ok 3} seg7t =
71 2 F A5 EE 24 EPIY] ETLS &4
3}l echo spacings Al o=z A8} 7hpAdT T2+
decayZ U3t artifact®] F7HQ1 HAS gaH oz wIx|s}
Ak AAARES S7FH ok &3 G S71E 4lE
Aee STV Sst Wk K-spaces A=t
AQEE ARE Fo AR 7HAEHA P

A% A9= 53] 29 T RESOLVE DWI AL A seg.
& S7P7IM SNRe] S718lal 29 # ASES s

o] =R 2015d% Fr|EGREARS Yo s
ATAE il - FIIENEAIYS] A A ol eiE
171 (NRF-2015M3A9E2066856).
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