https:/doi.org/10.7742/jksr.2021.15.3.281

"J. Korean Soc. Radiol., Vol. 15, No. 3, June

2021"

Effects of Flow Rates and CS Factors on TOF MRA using Compressed Sensing

Seong-Ho Kim', Hyun-Keun Jeong®, Se-Jong Yoo’

1Department of Radiological Technology, Daejeon Health Institute of Technology
’HK Research Center Inc.

Received: May 21, 2021.  Revised: June 23, 2021.  Accepted: June 30, 2021.

ABSTRACT

This study aimed to measure the quantitative changes in images according to the use of compressed sensing in
expressing the slow flow rate in TOF MRA test using magnetic resonance imaging. This study set different blood
flow rate sections by using auto-injector and flow phantom and compared changes in the SNR, CNR, SSIM, and
RMSE measurements by different CS factors between TOF with CS and TOF without CS. One-way ANOVA was
performed to test the effect on the image induced by the increase of the CS factor. The results revealed that TOF
MRA with CS significantly decreased scan time without significantly affecting SNR and CNR compared to TOF
MRA with CS. On the other hand, the differences in SSIM and RMSE between TOF with CS and TOF without
CS increased as the CS factor increased. Therefore, it is necessary to efficiently reduce scan time by adapting the
CS technique while considering the appropriate range of the CS factor. Additionally, more studies are needed to
evaluate CS factors and the similarity precision of images further.
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1. Compressed sensing ©] 2
IS A5 image domain QFol Al A A=
el 3452 A4 gter nd A
A ska ok el AEE FA s
oxel 5°] =& sparsity= 7FA Al dvl Z1g
15 Al &7 3% noise sparsity”} §17]
719 sparse data®ll noise”} X 3HE FAFS
scan time®] . Zg A D). welA
] S A3 sparsity’F A Sl
} noiseE A ASHH FHFHO=Z sparse
A H AAF 28 A 7S AAEA A
oh A7l FE el e ANEGE

1

Mr o o
mlo
Bl 1o o >

<

ox ¢ I B o2 -Jr Hz fol
folt it M o
Lo o 2

12 = ot

g J“i

a
=4

o

(2 ol
ot

I~

>
iy
4

¥,

7F =4 Yepdr}r, wEbA image domainoll A E 3
o] A& <= sparsity7} =A YERATE SFA|TE 31414
l(conventional) W o2 3 53F JALS sparsity 7}
‘;}7] UH—v—Oﬂ wavelet domalnii ‘jﬂ?}% Al A

[e] = 71w s

datas ﬁc% Agolv= dA IHA SR datas F
SotAl "k A A8 AIFE dASH B W
Hdd 7 EE3E datas undersampling & ¥ s
St HA 02 datas 855k Hrh SpA|RE o] wE
dl CS 7I¥< dataE randomsampling ShA| ¥ 3L
wavelet transform= 3= A -$ sparsitys =Y T+ A
s,
2. Flow phantom

Auto injector
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Fig. 1. MR Flow Phantom.
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Fig. 2. MR Equlpment and RF Coil.

Table 1. MR imaging parameter

3D TOF sequence

TOF withot CS  TOF with CS
TR/TE (ms) 24 x 2.7 24 x 2.7
FOV (mm) 240 < 180 240 x 180
Slicethickness/gap(mm) 1.2 /0.0 1.2 /0.0
Acquisition matrix 384 x 224 384 x 224
Echo train length 8 8
Bandwidth (Hz/pixel) 31.25 31.25
CS factor - 1.2, 14, 1.6, 1.8
Scan time (sec) 44 30, 27, 25, 23
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Fig. 3. MR auto-injector saline phshing.
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[I. RESULT

1. SNR, CNR
TOF without CS 7|HS 7|2 % TOF with CS
e MRS W HAR ARl gastqck

Table 12} Zo] TOF with CS 7]l 4] CS factorE

1.2, 1.4, 16, 1.82 Z7}3 A3 TOF without CS
ZIWell vlall HAF &8 Algbe] ZV7F 14, 17, 19, 21

sec®E 7430t} Table 2¢F 7] TOF without CS
£ 7]% 22 TOF with CS¢] CS factor”} 2+z} 1.2,
14, 1.6, 1.8%2 Z7}3tel we} SNR 3 CNR flow
rate ZE T-7Fol A lE~7ﬂ7<4 o7 $9]3F o] "L 1}
BRI A 29 h(p>0.05). FE3F Fig. 59F o] TOF
without CS2] SNR-Z flow rate 0.2, 0.4, 0.6, 0.8,
1.0, 1.2 mloll A 22} 68.56+2.87, 69.09+2.25, 67.97
+5.93, 75.37+5.19, 74.33+3.89, 74.63+2.495 L}E}
o] flow rate 0.8 ml oAl A =718 e
tl ¥ TOF with CS& ZHZF 71.36+2.59, 72.43+
3.51, 73.96+6.02, 74.29+7.02, 75.87+5.30, 77.28+
4375 YEFN Y flow rate®] =7}el] whe} SNRo| =
7}31Ath. TOF without CS CNR2 flow rate 0.2,
0.4, 0.6, 08, 1.0, 1.2 miolA Z}Z} 49.29+6.61,
50.11+6.41, 48.40+11.34, 56.69+6.90, 58.10+10.51,
58.56+7.41% LERL} 0.6 ml 77HS A9 3 v A
Tl A flow rate”’} F7FgHE WERWQITE §HH
TOF with CS®] CNR+ Z}7} 43.75+8.42, 4538+
11.09, 47.71+11.82, 52.074+9.99, 55.21+6.15, 53.90
+9.03% YERNO] flow rate”} 71kl ulgl CNR
o] F71sks eI AT flow rate 1.2 ml
T-ZFell Al CNRo] oF7F 7HAehs YERU I
Table 33} #Z©] TOF without CSolA flow rate
0.2~0.6 ml®] SNR ol gk xfo]& YERA] 9k
THp>0.998). ¥+ flow rate 0.6 ml ©]3}<} 0.8 ml ©]
Aol A= gk 2olE YEbllow, 0.8~1.2 ml
T E FYE Zols  dERA 4%k
(p>0.992). CNR<& 0.6 ml, 0.8mlol A F2]3F 2}o] =
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L ERH A THp>0.053, p>0.063). TOF with CSollA] o] = UER A 23k tH(p>0.574, p>0.098). HFH CNR
flow rate 0.2~0.8 ml2] SNR> 2|3k x}o] & L}E} £ 0.2~0.6 ml T7FAAE 23 2ol S YERA
WA 29k o™ (p>0.113), 1.0 ml o] ol A 25k =} & %O (p>0.435), 0.8 ml o]/Fell A Folgh Aol &
o]& YERATH YUERTE 3 0.6~0.8 ml, 0.8~1.0 mlol A 9
& 0.6-10 ml, 0.8-1.2 ml Pl A frolg 1 T AOIE HEIA SEEH(p>0322, p>0.693).

Table 2. SNR and CNR p Values of The Flow Rate According to the CS Factor Increase.

Flow rate CS Factor Original (Without CS) Mean=+ SD CS factor (95% CI) p
0.2 ml
Original 68.56+2.87
1.2 70.96 +2.59 -5.53-.72 >221
SNR 1.4 71.32+3.57 -5.89-.37 >113
1.6 71.52+1.72 -6.09-.16 >.073
1.8 71.63+2.48 -6.20-.05 >.057
Original 49.2946.61
1.2 49.30+6.46 -9.50-9.48 >.999
CNR 1.4 42.65+8.63 -2.85-16.1 >.309
1.6 4130+ 11.05 -1.49-17.49 >.145
1.8 41.741+7.55 -1.94-17.0 >.189
0.4 ml
Original 69.09+2.25
1.2 71.40%2.75 -6.14-1.52 >.465
SNR 1.4 72.86+3.92 -7.59-.63 >.056
1.6 72.88+3.70 -7.62-.04 >.054
1.8 72.56 +3.67 -7.29-.36 >.097
Original 50.11+6.41
1.2 49.98+8.28 -11.94-12.19 >.999
CNR 1.4 45.014+11.99 -6.96-17.17 >.775
1.6 43.38+13.58 -5.34-18.80 >.545
1.8 43.154+10.49 -5.11-19.03 >.512
0.6 ml
Original 67.97+5.93
1.2 72.944+5.95 -11.90-1.96 >.286
SNR 1.4 74.7716.06 -13.73-.13 >0.58
1.6 73.3246.62 -12.28-1.59 >217
1.8 74.79+5.46 -13.75-.11 >.056
Original 48.40+11.34
1.2 52.334+10.52 -17.4-9.61 >.932
CNR 1.4 47.924+11.73 -13.07-14.01 >.999
1.6 44.041+12.37 -9.18-17.90 >.904
1.8 46.56 +12.64 -11.7-15.37 >.996
0.8 ml
Original 75.37£5.19
1.2 71.774+74.29 -4.15-11.30 >.708
SNR 1.4 72.13%6.26 -4.52-11.00 >.783
1.6 70.55+8.24 -2.94-12.57 >.435
1.8 82.70+7.12 -15.09-.42 >.074
Original 59.69+6.90
1.2 50.5449.17 -1.85-20.16 >.153
CNR 14 50.08 +8.55 -1.40-20.62 >.119
1.6 49.034+9.71 -.35-21.67 >.063
1.8 58.64+12.51 -9.96-12.06 >.999
1.0 ml
Original 74.3343.89
1.2 77.16+4.51 -8.66-3.01 >.675
SNR 1.4 76.414+5.59 -7.92-3.76 >.866
1.6 76.48+5.51 -7.99-3.68 >.851
1.8 73.4445.59 -4.95-6.72 >.994
Original 58.10+10.51
1.2 57.211+6.84 -7.48-9.26) >.998
CNR 14 54.414+6.92 -4.67-12.06 >.746
1.6 56.174+5.33 -6.44-10.30 >.970
1.8 53.06+5.49 -3.33-13.41 > 466
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1.2 ml
Original 74.63 +2.49
12 76.68+4.75 -6.77-2.67 >.757
SNR 1.4 77.4443.90 -7.53-1.91 >478
1.6 77.58+3.74 -7.67-1.77 >.427
1.8 77.43+5.09 -7.53-1.91 >479
Original 58.56+7.41
1.2 56.56+6.84 -7.87-11.87 > 981
CNR 1.4 51.99%£11.11 -3.31-16.44 >.363
1.6 53.03+8.73 -4.35-15.40 >.542
1.8 53.32438.10 -4.64-15.11 >.595
Table 3. SNR and CNR group p values of the flow rate according to the TOF without and with CS.
TOF without CS
SNR CNR
(ﬂgvrvoggte) N 1 2 (ﬂ(?vfioggte) N 1 2
0.2 ml 16 68.55 0.6 ml 16 48.39
0.4 ml 16 69.09 0.2 ml 16 49.29 49.29
0.6 ml 16 67.97 0.4 ml 16 50.10 50.10
0.8 ml 16 75.36 1.0 ml 16 58.10 58.10
1.0 ml 16 74.32 1.2 ml 16 58.55 58.55
1.2 ml 16 74.62 0.8 ml 16 59.69
p-value >.998 >.992 p-value >.063 >.053
TOF with CS
SNR CNR
(ﬂgvrvogte) N 1 2 3 (ﬂgvfzo‘;gte) N 1 2 3
0.2 ml 64 71.35 0.2 ml 64 43.74
0.4 ml 64 72.42 0.4 ml 64 4537
0.6 ml 64 73.95 73.95 0.6 ml 64 47.71 47.71
0.8 ml 64 74.28 74.28 74.28 0.8 ml 64 52.07 52.07
1.0 ml 64 75.87 75.87 1.2 ml 64 53.89
1.2 ml 64 77.28 1.0 ml 64 55.21
p-value >113 >574 >.098 p-value >435 >322 >.693
SNR CNR
1o | —— ere -
1.0m i | 1.0m| | —
£ o0gm £ osm
é 0.6mi é 0. |
Oam [ — Dam | —
Oom 0.2 | —
O 10 20 30 40 50 6 70 8 9 0 10 20 30 40 50 60 70
mOriginal ®CS_12 mCS_14 mCS_16 mCS 18 mOriginal ®CS_12 ®CS_14 =CS_16 mCS_18

Fig. 5. Graph of SNR and CNR changes according to various flow rate and CS factor.
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2. SSIM, RMSE

SSIM< Table 4%} Fig. 67} #©] flow rate 0.2 ml
ol 4] without CS original 7S 7]+ 22 with CS
ol A CS factor 1.2, 1.4, 1.6, 1.8% Z7}3ke) ulz} z}+
7} 0.932, 0.925, 0.917, 0.909% =7 YEFSLTE flow
rate 0.4, 0.6 mlo| A/ = CS factor 1.67}4]+= 0.9 ©]%+
o2 FA YebAI R CS factor 1.8 0ol A= 7}
ZF 0.898, 0.889% o3k uAl A OH, flow
rate 0.8 mlo A= CS factor 1.6 ©]AFell Al 0.9 w]wk
o2 eSS flow rate 1.0 mlol| A= 1.4 o]/l

A 283l 1.2 mlo A& CS factor 1.2 ©]7de] 2
kel A 0.9 | REO 2 LERL flow rate®] S 7bel w
2} CS factor’} S7FEFS fFAME7E WA YERS
t}. ¥ RMSEx flow rate A “F37Foll A4 CS factor
SE&TE WA YEETh CS factor 1.2 FEAA]
RMSE # &-FH U&= 4.687-5.7745 HSlow, 14
ol A= 5.264~6.899, 1.6 7oA 6.645~8.542,
1.8 FZroll Al 9.027~11.345% Z}7+9] flow &9
uet Z xpolE yeER Al Fokth SHAINE 7 flow
rate 73kl A] CS factor’} 1.8¢ W RMSE”7} & =}
ol® F7Fghs YERATH

Table 4. SSIM and RMSE values of the flow rate according to the CS factor increase.

TOF sequence

Flow rate

SSIM RMSE

Without CS With CS (CS Factor)

12 0.932 4.687

. 14 0.925 5328

02 ml Original 1.6 0.917 6.890

18 0.909 9.964

12 0.927 4857

. 14 0.919 5.264

04 ml Original 1.6 0.903 6.645

18 0.898 10.758

12 0.921 4.965

. 14 0913 5512

0.6ml Original 16 0.900 6.687

18 0.889 9.961

12 0.923 5.021

. 14 0.917 6.134

08 ml Original 1.6 0.893 7.115

18 0.884 9.027

12 0.925 5.642

. 14 0.897 6.661

1.0 ml Original 1.6 0.895 7.548

18 0.891 11.354

12 0.899 5.774

. 14 0.891 6.899

1.2 ml Original 16 0.888 8.542

18 0.883 10.638

SSIM RMSE
094 12
0.92 10
k=] e
086 ;
0.84 0
0.2ml 0.4ml o.6ml 0.8ml 1.0ml 1.2ml 0.2ml 0.4ml o.6ml 0.aml 1.0ml 1.2ml
flow rate flow rate
c512 c514 C5186 cs18 cs1z2 cs14 C5 186 cs18

Fig. 6. Graph of SSIM and RMSE changes according to various flow rate and CS factor.
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IV. DISCUSSION
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g¥EY. &4, SSIMS ZH7F9] flow rateol A CS
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Aasrs o4 7 Ak 9 RMSEE Z17F9] flow
rate G HollA CS factor’} 71455 Eold S &
T AR 53] ZE flow rate T7F Al CS factor
1891 4= RMSE7} #5243 S7Hshs e
welA 1.8 o]l CS factor A8 Aol RMSEE
Zas] argsfor gtrt o]y gk AT} vERLE o]
fre FE5e E8d g dAlste A3El]
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2 AT Xﬂaﬂ SR ke Anle] cs 71
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V. CONCLUSION
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HAE 28 adsor gl Wk CS factor]
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