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ABSTRACT

The aim of this study was to achieve optimal portal phase while reducing contrast medium by applying
weight-based dose protocol compared to standard fixed dose protocol to performing of pediatric abdominal CT
examination. Discovery 750HD (General Electric Medical Systems, Milwaukee, USA) was used, and a total of
167 children consisting of 85 men and 82 women under the age of 18 were studied. The group in which the 300
mgl/ml(Xenetix, Guerbet, France) contrast medium was fixedly injected at twice body weight and the group
injected with physiological saline while gradually decreasing the injection amount by 10% while applying the
weight-based protocol were distinguished. Also, the CT number and SNR of abdominal organs were compared
and evaluated while changing the scan delay time. Subjective image quality of enhancement and beam-hardening
artifacts of around the heart was assessed with five-point criterion. The group adapted weight-based protocol with
20% reduction in contrast medium was most similar in contrast enhancement in the group with fixed injection at
twice body weight. Furthermore, the group with a delay time of 20% had the highest contrast enhancement effect,
and the difference in CT attenuation coefficient from the group scanned immediately after injection of the contrast
media. Therefore, the appropriate delay time after injection of the contrast agent increased the contrast
enhancement of the parenchymal organ. In addition, the weight-based injection protocol with normal saline
reduced artifacts around the heart, and the effect of contrast enhancement could be maintained. In conclusion, it
is possible to reduce dosage of contrast media through the application of weight-based injection protocols and
appropriate latency, and to characterize optimal portal phase imaging on pediatric abdominal CT.

Keywords: Pediatric Abdominal CT, lodine Enhancement, Weight Adapted Injection Protocol, Scan Delay Time
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II. MATERIAL AND METHODS

1. A%

CT “41] = Discovery 750HD(General Electric medical
systems, Milwaukee, USA) 64 slice MDCT 3 X|&
o] g3t em, 2019 1€ 1¥¢5-H 2020 7€ 31
7HA] B CT HAME Aldgh vk 184 mnke] Ao}
A 85t ol 2} 821, & 1672 o R Hol
HE A0 1A 27102 U8 Table 13+ 2}

FAG2 gape] FEHAe wEkA] 20 kg I RER
80 kVp, 20 kg ©]4-2 100 kVpE A &350, Wl
ZElvo] AL 40 mmZ A3t YsPoz ~7

= ]

=

AT GAte] F52 5.0 mm ¥ 57, Standard
Y EE AgAGO, ALY WEATH Y
(Adapted statistical iterative reconstruction) 50%E %

g3t

Table 1. The Parameter of CT Examination according to
Patient Weight

Weight  Tube voltage Tube current
(kg) (kVp) Scan FOV (mAs) AEC
1 ~20 80 Small Body
30 ~ 250 On
20 ~ 65 100 Medium Body
AEC: Auto exposure control, FOV: Field of view
2. A7y

H
Hjo] 24 &3 Z A 300 mgl/ml(Xenetix, Guerbet,
France)& 37°% 7}35to] Zo] AFof Al F¢
st ol CT HARAS] G842 234 U=
ate], gkxpe] ZHAle] WstE Wkl Fofka
o
2

AN xe X
fr o rr o
4
il

Injection flow rate (ml/sec)
= Patient weight (kg) < 0.057 (ml/sec/kg)

T AZEe] 299 F FAFS S50
205 A&l om, A3 BI, B2, B3,LE52 X
YA FAFS 10%% F2A718A s
2 10 mloll A Hol 20 mlE F712 FAsATh

o] FEF F HEE FAN] Akl 4% F
Oé] [e]

lo

A7NE A oM, A} AYAAF FY
T A A glo] 27usk3ltt.
Z9A F TREIFJ wE 3o EH=

Table 29} 7T},

22 270 A A A 7re] W3}

ZA FY TEZEFTS AL3I a5 A7 A
ol A7te] Wl w2 Fuwyle sl 2o =7
WstE @7bety] $lske] Table 33 ol F 4 &
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Contrast medium load(ml)
= (Body weight (Kg) < 2.0) > 0.8

o AR FUF AWML B, 37 2k

Normal saline load(ml)

3
= (Body Weight(Kg) * 2.0) X 0.2 ®)

2JA e Ao F FAZF ATAZ Eq.

@t 2t

Total volume(ml) = Contrast medium load(ml)

AR ARSE 294 Fol 4% Fgsgon @
5 - - - + Normal saline load(ml
2 10 mloll Al ) 20 mlE ZAFHEA Fosh3l "
Table 2. Classification of Pediatric Patients according to Contrast Medium Volume
Age Weight Contrast ~ medium Normal saline
Study group Number (min / max) (Kg) (ml) (ml)
A 30 5.00 + 3.22 (1/13) 17.73 + 6.11 (Weight x 2.0) x 1.0 -
B1 23 3.61 £ 2.81 (1/13) 14.57 + 5.65 (Weight x 2.0) x 0.9 10 ~ 20
B2 23 3.57 £ 3.06 (1/10) 14.30 = 7.16 (Weight x 2.0) x 0.8 10 ~ 20
B3 23 470 £ 2.60 (1/10) 17.10 + 5.93 (Weight x 2.0) x 0.7 10 ~ 20

Table 3. Classification of Pediatric Patients according to Delay Time of CT Scanning

Study group Number Age (min / max) Weight (Kg) Delay time (sec)
Cl 23 3.57 + 3.06 (1/10) 14.30 + 7.16 (TV / IT) x 1.0
C2 22 4.64 £ 297 (1/13) 18.16 + 6.40 (TV / IT) x 1.1
C3 23 4.83 + 3.60 (1/13) 16.82 + 5.65 (TV /IT) x 1.2
C4 22 477 + 2.84 (1/10) 1638 + 4.92 (TV /IT) x 1.3
TV : Total Volume, IT : Injection Time

3t , o7 =
o AA, A%, ad, Age or BAAS
o] Az &)

(Hounsfield unit)¢} &5 5743t
A

(Signal noise ratio)E Al4HsFS]

o

SNR = Target CT number (HU)

. )
/ Target Noise (HU)
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A FAC st FHA BAE st

(C) Pancreas, Kidney

Fig. 1. Regions of interest in Abdominal Axial
Images for Measurement of Image Quality.

4. BAEH

EAEMS ste] PASW Statistics 18. Release
18.0.0 2= 1S ARRSIQITE ZGA Y TERES
o] &3 FYUF 24 D AAAIZFY] wigle] mE
A7 CT A5 SNRY W32 Fetstr] 938t
©] One-way anova 215 A|33}31. 2™, Bonferroni=
AR A ST

a3 2 27 A W eFo) thik AA A

%
At s Hme] HFE o

e e gated,
Mann-Whitney W o 2 v 25 AL 2313},
B AGH e £EE 0.05 olstE sl

III. RESULT

1. 294 FoBHd FAFY Aolo] WE 337
27}

ZGA Fo Uy Fd=] 2ol wE A
oF d3e] CT #IAT<F SNRE S43r A=

Table 49} 7t}

ZGAE 10% FAasta AEAAT-E F71 5
3 Bllgd dlz2a ATZESY F7|E CT 24 A
o] Zpol= Zh7t shdl tjsW 73.27+17.17 HU, 1t
7 84.58+12.10 HU, 3tth7d™ 31.40+9.81 HU, %t
A4 16.15+423 HU, 74 13.58+£5.79 HU, H]*%
30.51£7.01 HU, 217 39.64+9.87 HUZ 9] 3k =}9]
= YEFATE(p<0.05) 28] SNR 313 of &= 3}
rEao M Zbzb 3.85+1.25, 3.36£1.238 % x}o] =
(p<0.05) Lelvt =FAE 77 20%, 30%
71 B2, B31&7 A1E9 CT A5+
Fol& HolA &UTtH(p>0.05). L&]aL F
& FUsHAl FABHHA Z2GA F4

Bl, B2, B315< Hlal R7ts A3,

AE °F 10% =Jo=MN CT # Als7F 242 8t
9 21.88~30.68%, 7HE 25.08~34.69%, S}
AT 23.51~26.98%, F AE 9.41~13.36%, 7
5.24~11.94%, ¥ 8.53~18.60%, A7 9.47~17.33%
7t AaEon ARZA Fr|HTE FitelA
2 zol= veblitt. 28]a SNRS 7242t s
W 26.98~32.11%, HET 27.65~28.15%, SHA™
18.05~18.57%, 1¥]aL 7+ Hd 13.21~21.97%, 7
12.54~15.60%, H]°d 15.28~15.58%, A17816.90~20.69%
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Table 4. CT Number and SNR of Target Organs with between Injection Protocol

Target Study group F-value P-value
Organ A BI B2 B3
Ds-A 22348 + 6457 29675 + 8720 231.83 + 41.99  205.69 + 41.69 9.589 0.001
PV 22733 + 5614 31191 + 46.03  233.68 + 29.32 20372 + 33.25 26.919 0.001
IVC  177.24 = 4159 208.64 + 42.55  159.50 + 2649 15234 + 24.79 11.563 0.001
CT(ELJ?"“ Lp 120.07 = 1678 13622 + 1293 12341 + 1293  118.03 + 15.83 6.770 0.001
Pa 12111 = 1890  134.69 + 29.68  127.63 + 1568  118.61 + 17.03 2.827 0.043
Sp 139.86 + 21.18 17037 + 33.82  155.83 + 16.10  138.67 + 27.78 8.506 0.001
Ki 172.90 = 3554  212.54 + 35.04 19241 + 29.76  175.71 + 41.23 6.452 0.001
Ds-A 14.05 + 497 17.89 + 628 1215 + 217 13.06 = 3.33 7.216 0.001
PV 1564 + 566 19.00 + 460 1374 = 2.86  13.65 = 3.69 7.288 0.001
Ve 1143 + 447 1146 + 2.90 9.33 + 2.69 9.39 + 2.73 3.101 0.030
SNR LP 7.50 + 2.53 7.67 £ 2.00 599 + 1.51 6.66 + 2.09 3.326 0.023
Pa 7.04 + 2.09 7.18 = 3.01 6.06 + 131 628 + 1.65 1.666 0.180
Sp 8.14 = 2.48 8.69 + 3.04 733 + 1.85 7.36 + 2.50 1.604 0.194
Ki 9.92 + 2.97 1124 + 2,65 8.91 = 2.60 934 + 271 3.110 0.030

SNR: Signal Noise Ratio, Ds-A : Descending Aorta, PV : Portal Vein, IVC : Intra Vena Cava, LP : Liver Parenchyma, Pa :

Table 5. CT Number of Target Organs according to Injection Protocol

Pancreas, Sp :

Spleen, Ki : Kidney

Study group

Pg;rggg o o o o F-value P-value

Ds-A  231.83 + 41.99 216,05 = 41.99 21520 + 33.73  199.05 + 39.72 2374 0.076

PV 233.68 + 2932 236.08 = 51.07 268.72 + 5028  238.08 + 53.20 2.833 0.043

IVC  159.59 + 2649  164.43 + 33.61 19825 + 30.39  149.71 + 33.17 10.519 0.001

cr (E‘g‘;b“ LP 117.67 + 1271 11612 + 1229 14042 = 11.70  121.99 + 20.70 13.118 0.001
Pa 127.63 + 1568 12596 = 1425 14724 + 2142 124.88 + 20.10 7.796 0.001

Sp 155.83 + 1610 144.19 = 20.05  167.98 + 24.96 14146 + 21.16 7.669 0.001

Ki 192.41 + 2977  187.87 = 36.68 22439 + 3823  183.70 + 34.17 6.436 0.001

Ds-A 1214 + 218 1421 £ 563 11.86 = 3.00 1173 + 4.39 1.848 0.144

PV 13.74 = 286 1683 + 690 1621 + 477 1541 + 6.43 2.551 0.061

Ve 9.33 + 2.69 1070 + 2.54 1171 + 345 9.24 + 428 2.902 0.039

SNR LP 599 + 1.51 6.54 + 229 754 + 1.91 6.69 + 2.08 2.440 0.700
Pa 6.06 + 131 6.87 + 221 7.96 + 2.56 625 + 1.49 4379 0.006

Sp 733 + 1.85 774 = 3.11 845 + 2.50 699 = 1.23 1712 1.171

Ki 891 + 2.60 9.86 + 3.50 11.30 = 3.18 9.84 + 3.11 2757 0.047

SNR: Signal Noise Ratio, Ds-A : Descending Aorta, PV : Portal Vein, IVC : Intra Vena Cava, LP : Liver Parenchyma, Pa :

Pancreas, Sp : Spleen, Ki :

Kidney
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23 YR 7= 20%2] AAAE A 3
aFA M Eo CT 244 ASFE 5o, A
AT glo] =gk ATLF O] Apol= 247 1F A A
17.01+4.37 HU, 74 19.61+5.34 HU, H]7& 12.14+6.20
HU, A% 31.97+10.27 HUZ YERSTh 8o 7HE-
WL 3504+13.81 HU, 3l AW 38.6549.14 HUS] %
2 2ol & HT
SNRO| Zfol & wlu gk A, c2z1FolA s
Az 7hEwoe] b e 3he Helow, C1 1
F3ke] Apol= 247t 2.07+1.20, 3.09+1.620] AT} L
2lan YA g7)e] SNRS C31FolA 71 =
Vel s, C1287 €3 189 Aol bz sy
A 2.38+0.98, 7+ A 1.55+0.58, #7F 1.91+0.58,
H 7 1.12+0.67, A7 2.38+0.090] At} wfefr] =4
AE Fol AF ek AR, dAh A
A Fol F, 20% AAAHS AA [ 20 o

ol A 379 29 E3E 4 E

3 ASNES Y A Rsh 2 AAA e
wao] He 44 A%t

AP ARG T mrEZe 4g olnsl 2
A AR Wstel] whebA SRS 2 T
3 ggFeel W As A3l getel 5 7 A
2 e 444 FA AAE ARG Av:e
Table 63} T},

Table 6. Subjective Image Quality according to Study

Group

Image quality Study group P-value
A B2 C3
Degree of enhancement  3.240.5 3.6+0.5 3.7£0.4  0.002

Beam-hardening artifacts  3.4+0.8 2.5+0.4 2.0£0.3  0.001
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