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Analysis of Deep Learning Image Reconstruction Application for
Pediatric Abdominal CT Dose Reduction

HyeonJu Kim

Department of Radiologic Science, Dongnam Health University

ASeE 7] 94 Al 7IMeR CT AAAM e fAsH
4 d At 5ol 853 ot ofo] & dFoMe 4ot HF CT dAt DLIR
A4 719 A8 7S Lottt AP 4okg WHE o]8otal CT A7 A] FBP, ASIR-VZ DLIR 7H<& A
o wsto] wheh WAl A-gsto] ARy} spde] wWeks —F&*—‘Iﬁ}‘ﬂq. AP 2T 5L HHLolA ASIR-V, DLIRZ Aol
HASIAARE W2 G AMe 2A U 3 4004 100 kVp, DLIR & Al 2t B5 Hisd, 38 5 5%
471914 SNR, CNRO] =5kl SSIM Al 19 71 %éﬁi Aoz FAHUT. WA sof BR CT HAF Al
DLIR 282 o2& FAstH FAL AgF ol oul7} gllon], 5 oot 4ot Aot A+ 55 st 7t
W AT & B Z2HE =Eot0] AAntd I A} AF gad] vie 782 JoE Amdn

Abstract DLIR is an image reconstruction technique based on artificial intelligence deep learning that
can achieve CT image quality at reduced doses, and thus, is used for adult abdominal CT examinations.
In this study, we investigated the possibility of applying DLIR reconstruction technique to pediatric
abdominal CT examinations. A pediatric phantom was used to analyze changes in dose and image
quality by cross-applying FBP, ASIR-V, and DLIR techniques and changing tube voltage during CT scans.
ASIR-V and DLIR doses decreased at the same kVp, but this was not significant at low kVp. Regarding
image quality analysis, SNR and CNR were excellent for abdominal organs, such as liver, abdominal
aorta, and kidneys, when 100 kVp and DLIR were applied, and the SSIM index was closest to 1.
Therefore, the application of DLIR for pediatric abdominal CT examinations maintained image quality
at lower examination doses. However, additional clinical studies are required in pediatric subjects of
different ages. Nonetheless, the results of this study indicate that DLIR effectively maintains image
quality at reduced CT doses.
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Fof Mzfo] Wol =ql B oA 29 dhigoltt
[11. 53] “4oF CT AR gt olsie}t F471H 9
FAgP ek =8 st Aok AJE oF 108 o]
A BrARA o] W1ztshe tiRE A Ze] A7) Yol Y A
AtZRZIOIA & T E Aol oF 3~5H) wrtal B E|Qlct
[2,3]. 3t 2006G9FH 201587 0Al~194] Ate]
CT #9 ¥} ofA] &2 &2 1097 4 2ARRE 23
Y 5 F0.1%7F & AT 2 Ao Yeigth
I AREYETE ZRE Am EA4F B Harska 9
oH4l. sHAEE &R 5, Aot CT AARY A3l of
gt oloff' = Aol TEH Ao} HAF A eF WA
Fe 9 25%5 ok oF W FEZ oF 43% AU
ol ARSFGCHS]. SHAIRE /ol CT AHAR Al
A 4= Sl S diFE ARl 71Ee
Skaz Qlo] AA| AoF HAF A A-83tet A4
o] @Alolc}. oo & Aol A
EHoz Jpdtd dE B 9
(FBP: Filtered Back Projection, °]s} FBP),
BAA ®EEH RAFPHASIR: Adaptive
Statistical Iterative Reconstruction, °|sl ASIR)¥}
& AF AFHartificial neural network) 22 Sh&
= B0 AAF S REHAR 7129 53 39
B o] 7rsotes JidE ASehE 7N 944 A
TR(DLIR: Deep Learning Image Reconstruction,
o} DLIR) 7|'H< BAY Wl wet wal 485t
2o} B8 CT AAF Al 3Hdo)] g7 glo] A Ae &
AAl7]=8 DLIR A& 7Fs/d< Yot iA} gitt
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2. |3
2o R CT AAN Al ZAPL == AAF A
2207 ZZ /idd DLIR 34 A7A 719
Yol orrt. AFo] H-83t FA= GE
Revolution (256 slice Multi Detector-row CT, GE
HEALTHCARE, Waukesha, WI, USA)o]H, A% 2-&
A7 DREZL QAT Aol BE CT A7H A gutdog
Aol 2A0E YAE A7 XS Smart mAQ0~
250 mA) BAF, 70 kVp, 80 kVp, 100 kVpE BHAY
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W3l 223519t E3E 3mme BHTA, 3mm 7HA,
x| ¥l 0.992:1, 0.6 29] 3JAHAZE, Standard Algorithm
2 5Y L5t A2 Acrylic phantom(2-part
PMMA CT-phantom Adult Head & Body / Pediatric
Body, VD1003110)¥} MagicMax Universal 10 XF-3CT
Ionization chamber) 47|15 o] &3, sHd £4
2 &of QA9 7P fARE 24 571 24E F4d"
Pediatric Whole Body Phantom PBU-70(Kyoto
Kagaku Co. Ltd, Kyoto, Japan)& AR2-3}3ich
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Fig. 1. Measurements of dose change according to
kVp

(a) Central measurement (b) Peripheral measurement
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Shd B4 2of A =g #El PBU-702 ©I
ato] TIPS 70 kVp, 80 kVp, 100 kVp= ¥7F A
st 53t Raw datag o5t J4 A4 =4
FBP, ASIR-V, DLIR(TF-M)Z 3} 2-85lo] L&s1ct.
T G2 AW 4.6 Volume Share 4(GE Healthcare.
Co. USA) T2l BR F9 7291 7Hliver), &
Hkidney), 55 d-5H(abdominal aorta)ol]l A7 10
w54 3719 #A JLROL: Region Of Interest,
olsf RODE I3 CT number®t IEFHAKSD:
Standard Deviation, ©]3} SD)& &£43lo] A% o &
< H|(SNR: Signal to Noise Ratio, ©]3} SNR)%} th=x
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2.2.1 SNR, CNR &4

SNR, CNR £42 34 H A4 S

o HE

e

7 Hgo= FES G4 dlo|HE o835t Fig. 2004
R viel Zo] 5Y &, 5Y Ao ROIE 303 18
B4 CT number?} EEHXE SAotAtt. SHH #
< o]&5to] SNRZ Eq. (2) & 28, CNR2 Eq. 3) &
Elri=g
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24
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Fig. 2. CT number and SD measurements
(a) Liver ROI (b) Abdominal aorta ROI (c) Kidney ROI

_ ROI(HU)

SNR = BRG(SD) 2
ROI(HU) CT Number
BKG(SD) : Background noise

ROL — RO “
CNE =~ BRa(SD)
ROL CT number of ROIL
ROL, CT number of ROI,
BKG(SD) : Background noise

2.2.2 SSIM &4

Fig. 3. SSIM analysis of original and reconstructed
images
(a) Liver region (b) Abdominal aorta region
(c) Kidney region
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AR AolAl iR 28 321 100 kVp, FBP B4
S 71208 AL 80 kVp, 70 kVpE W31 FBP,
ASIR-V, DLIR(TF-M)E ®¥7 Z-gsto] 53t g4 dl
oJEl& Fig. 3014 X v} Zo] ICY(icy-version
1.6.1.1) Z2IM9] SSIM 24 WS #83lo] Y=
Gl st A FAe 24 GAREE Aot

3. &y
3.1 A M ZAM
Aof BB CT 270 A4 IHHALS HshA|A AzF
S =35to] P vln EA%F A3 Table 1914 &
= 8k} Zo] 100 kVp, FBP A& A] 5.08 mGy°]H ©]
£ 7]&9 7 ASIR-V+= 3.27 mGyZ 2F 35.6 %, DLIR

<2 3.23 mGyE 36.4 %7t ZAsHieh E3L, 80 kVp,
FBP &-& A] 3.14 mGy= <F 38.1 %, ASIR-V+= 2.82
mGyE 9F 44.5 %, DLIRE 2.81 mGy® 9F 44.7 %7}
ZAastgnh. 183 70 kVp, FBP A A] 2.11 mGyE
oF 58.5 %, ASIR-VE= 1.97 mGyZ % 61.2 %=,
DLIRE 1.97 mGy=E °F 61.2 % A4}

Table 1. Comparison of dose according to changes

in kVp
(unit : mGy)
FBP ASIR-V DLIR
100 kVp 5.08 3.27 3.23
Decrease
. 35.6% 36.4%
ratio
80 kVp 3.14 2.82 2.81
Decrease 38.1% 44.5% 44.7%
ratio
70 kVp 211 1.97 1.97
Decrease 58.5% 61.2% 61.2%
ratio

*FBP : Filtered Back Projection
**ASIR-V : Adaptive Statistical Iterative Reconstruction
***DLIR : Deep Learning Image Reconstruction

3.2 SNR, CNR &M

TG A 71 wskg g0z S5 S
A0 2 SNRES £4%t 23} Table 204 BEE HlQ} Zo
ZF 798 BE IAYo)A DLIR 28 Aol 7P 95
33 ojm SNRE 100 kVpollAl 5.46+0.07, 80
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kVpelA 5.31+0.10, 70 kVpollAl 5.29+0.112 &4
Hoich ER gis® oM E 2E BHYGo|A DLIR
Ag Fdol 7M S5ttt o SNR2 100 kVp
11.95+0.10, 80 kVp 11.02+0.09, 70 kVp 10.91
10.142 A=t sARE F2 T4 100
kVp, 70 kVp o419t DLIR 94}o] SNRo] 7Fg $-43
293, 80 kVp o4& ASIR-V 4to] 5.18+0.1002
71 9= S1Qitt. ESF, CNR 24123} Table 304 &2
= vie} o] 7t 9L nE HAY|A DLIR FAJo]
71 e4519eH oln] CNR2 100 kVp 7.83+0.07,
80 kVp 7.5140.10, 70 kVp 7.29+0.1712 BEA =]
o} B 5w LooAE 2E TAoA] DLIR JA4to]
714 9519901 ojm] CNRS 100 kVp 17.15+0.04,
80 kVp 14.77+0.09, 70 kVp 14.91+0.102 EA =]
et 281 T 192 mE oA DLIR g0l
7P 9435190 ojm] CNRE 100 kVp 6.94+0.07,
80 kVp 6.48+0.08, 70 kVp 6.45+0.122 EAEc},

Table 2. SNR analysis according to changes in kVp
and reconstruction technique

SNR

Region | kVp FBP ASIR-V DLIR
100 | 5224005 | 5.1940.11 | 5.46%0.07
Liver 80 | 5.15%0.14 | 5.08+0.14 | 5.31+0.10
70 | 5.14%0.23 | 5.11+0.21 | 5.29+0.11
100 | 10.42£0.09 | 11.32+0.05 | 11.95£0.10
Abjg:;“al 80 | 9.9240.18 | 10.7240.09 | 11.02+0.09
70 | 9.18+0.14 | 10.15+0.13 | 10.91+0.14
100 | 430+0.05 | 6.1740.07 | 6.32+0.05
Kidney | 80 | 4.34+0.11 | 5.18+0.10 | 5.02+0.11
70 | 4.13%0.15 | 5.10£0.19 | 5.15+0.14

Table 3. CNR analysis according to changes in kVp
and reconstruction technique

CNR

Region kVp FBP ASIR-V DLIR
100 7.17£0.10 7.46+0.13 7.83+0.07
Liver | 80 | 7.0840.15 | 7.2940.14 | 7.51%0.10
70 6.9940.21 7.07+£0.21 7.29+40.17
100 15.08+0.11 15.824+0.08 | 17.15+0.04
Ab‘i‘;:;“al 80 | 13.92+0.14 | 14.02+0.08 | 14.77+0.09
70 13.88+0.20 | 12.95+0.11 14.91+0.10
100 | 6.67£0.06 | 6.53£0.04 | 6.94+0.07
Kidney | 80 | 6.07+0.12 | 6.20£0.06 | 6.48+0.08
70 6.27+0.17 6.44+0.18 6.45+0.12
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3.3 SSIM 24

100 kVp, FBP #& SSIM Al 1& 7|02 734
BAIEE B35 23 Table 4914 K= viel go] 71
T4 100 kVp DLIR &€& 94 0.974, B 74 100
kVp DLIR #-& 94 0.927, 32 79 100 kVp DLIR
ZE 44 0.9709] SSIM AR BAElo] BE FTAo|
4 100 kVp, DLIR ¥4e] 7]& 100 kVp, FBP #-&
Al L2 QALY o #og H{riE Qi

Table 4. Comparison of dose according to changes

in kVp
SSIM
Region KVp FBP ASIR-V DLIR
100 1.000 0.912 0.974
Liver 80 0.881 0.875 0.891
70 0.679 0.721 0.779
100 1.000 0.909 0.927
Abig‘::;“al 80 0.872 0.899 0.908
70 0.841 0.844 0.869
100 1.000 0.966 0.970
Kidney 80 0.914 0.931 0.952
70 0.804 0.895 0.904
4, FE

=1
=

o] EgjakR UdE ZEg} FEAL 18954 AT
TGl A S-As] X-AS LRI} o]F Qg Eofe} 41
o BoflA] X-41& 0|83t 71&o] WHsto] dRjof o]2
I QJek X-Al Qo] At Zo] B8 Folet Frof uf
2t 344 B 544 g3} Yebdth 59] ogfof
e X-A A2 9 QA9 PdEs 93 Relsoz
T8 7155 CT A7 thEZelm 20009 o5 F4:3]
BHH3} H917, 20069 oF 6H9F Ao vid <k 10% o]
& S7Foto] @Al o]21L SItH6]. SkAIRE 4oF CT A
Al Z3R1ETE A FhpAdo] ot BY A =E Al A
Uyt oF WY ghgo] Wi Erhal it} 1 olf= g
g AlzEGo] AN 9 EE oy Eeshy mjZd]
T 4ok= AESHH g3t o Aok sieH7). weka o
2 A7) Hoh YA Ut 2 A0 Wo| Rast
I Qe EE CT ZAH Al 4% #Ej7t dasich A4
oAl Ao} CT AAL Mg W57] 98 A THY 28,
dnEE WA AL, AA &8 55 o] & ot
HrHo] &8 1 SITHg]. & AFolie olHgt 71E W
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FBPHET} A%k FolH fARRE 3H9] CT A +
7Vttt L:SHATHI. T3 Park 5ol o5t
DLIR 8L 7|& A7l TRESQ] FBP Kt} 9k 14.49
mGy 271 &3t ok @#stgcH10). DLIR
712 Aol sulint 7|9 v A8 o8 THE #
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