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A Study of Influencing Factors in the Effectiveness of
Vascular and Hepatic Parenchyma Enhancement During
Intravenous Injection of Contrast Medium

Dept. of Radiology, Jeonju Presbyterian Hospital
Dong-Hyun Han, Kun-Jo Chang

In this study, when intravenous contrast medium was injected in spiral CT study, the
effects of injection volume, injection rate, injection mode, location and lumen of IV
catheter on enhancement of contrast medium in aorta, portal vein and liver parenchyma
were investigated at the arterial phase, portal phase and delay phase, respectively, The
study intended for 360 patients, who were taking radiologic examination of the liver, was

done and the results was summarized as below.

Increased injection volume of contrast medium induced the contrast enhancement of
aorta, portal vein and liver parenchyma(p{0.05), whereas it was not observed in arterial
phase, ‘
Increased injection rate of contrast medium induced the contrast enhancement of aorta
and portal vein at the arterial phase, portal phase and delay phase (p<0.05), whereas it
was not observed significant change in liver parenchyma, '
Comparision result between monophasic volume(130 mf) and biphasic{100(contrast medium) +
30 ml(physiological saline)} injection showed no significant difference between two
injection modes of contrast medium in contrast enhancement of aorta and portal vein at
the arterial phase(p=0.854, p=0.259). But, significant changes were observed at the
portal phase and delay phase, respectively(p(0.05).

When the location of IV catheter was choosed antecubital vein and radial vein, there
were significant differences of the contrast enhancement in aorta at the arterial phase,
portal phase, portal vein and liver parenchyma(p(0.05). And no differences were shown
in contrast enhancement at the portal phase and delay phase,

The degree of contrast enhancement between 18 G group and 20 G group using contrast
injection were evaluated, There were significant differences in the contrast enhancement
in aorta at the arterial phase and HU value of the portal vein, respectively. Also, the
HU value using 20G in aorta, portal vein and liver parenchyma at the portal phase

was not changed significantly,

131



FAA AR # A Vol. 30, No.1, 2004

the 18 G using group.

study,
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ANAE Tzt X-4A9] F4& 53w zpojoA H
o Aol Aold EUFWA Bl AT Qe
FrAelE: €2 & the H4sREEE Y (Computed
Tomography, ©|st CT) 7ide] =Q1¥ o], CTY #H
A7l H OS] ASA] dgR 7F 3wl HEewe
A FER e, o3t ThiiwHe =9 FAF 1A
Aite] WEAClR AAHRE 2927 T Ao
Hr} golshA RHETHFoley, 1994).

B8 7he YAHOR QFU HEHNA o FH
45 (dual blood supply)2 ®7| wlEo||(Walkey, 1991)
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6. In the arterial phase, enhancement difference between aorta and liver parenchyma
showed maximum in 3.5 ml/sec and 150 ml group. Also, antecubital vein was optimum

location of IV catheter for the enhancement, and the maximum HU value was 247.1 in

In the portal phase, the maximum enhancement in the liver was showed in 2.5 ml/sec and
150 ml group. Also, antecubital vein was optimum location of IV catheter for the enhance -
ment, and the maximum HU value was 79.0 in the 18 G using group,

The results provided influencing factors on the effectiveness of contrast enhancement as

reference data for the optimization for injection methods of contrast medium in hepatic CT

EFE 2ol AE YA FU7|E(power injection
technique)o] ZPEEle] A F&Fel 7F5aA
3 Aule] whdo] o|FolAN GHSA Y 7t
asfo] 18] 294 FYOE ol A9 G L
S o HRA 29 FYEel e BAET T
SIS AR 5, 1907). weba 2Rl FU,
FOU4E 2 2 Sof HE 29FY P WA

Ak 2)7o] A7lo] AAE Alsstozn Wwe

l_,

& P = g Eut ofyet E o] =
=S e 5 e Aoth(RIory, 1999).

B odgre] 532 WAl croAd AW 294 5
UM FUF, FU&H=, FAEH 2 AP Ewe] 9
A, AR =g ol wH7], 9], A71elA
o disd, 9, HEEY 2957 A= A=
Qe B IEAF S 294 FAUpEe Agsts 99
71ZARE 838l Tt

1. A2

7+ AFEA]71(3 phase) AAE 93 A5 coHY

(Table 1),



AN 294 FYA ¢ A0 295700 F}E viAE o9 ARl @7 dF @FHER)
Table 1, ZAII=Y Zzex
. ol fsa) Selziw) . S
1 30 2.5 110 elbow 18G
2 30 2.5 130 elbow 18G
3 30 25 100+30" wrist 18G
4 30 2.5 100+30 elbow 206G
5 30 2.5 100+30 elbow 18G
6 30 2.5 130 elbow 18G
7 30 2.5 120+30 elbow 18G
8 30 3.5 110 elbow 18G
9 30 3.5 130 elbow 18G
10 30 3.5 100+30 elbow 18G
11 30 35 150 elbow 18G
12 30 3.5 120+30 elbow 18G
D294 100 FRAF BHHAF 30 m S FYe o]FFYY
Table 2 Zodn| F=lzkot =HEUS
- ama T i il
2.5-110-e-18" Aorta 174.0+11.2° 114.4+10.3 74.148.3
Portal vein 47.0£11.5 130.6£11.1 64,1£7.0
Liver 8.6%3.3 54.1+6.7 38,7+5.0
2.5-130-¢-18 Aorta 171,7+18.6 127.2410.9 81.6+10.8
Portal vein 49.6+14.0 152,2+15.0 83.140.8
Liver 5.645.9 60.548.1 48.746.5
2515018 Aorta 187.5+12.8 211.7£14.6 115.745.7
Portal vein 44.248.0 183.247.9 117.345.7
Liver 6.142.6 79.0+7.7 61,9461
3.5-110-e-18 Aorta 217.2412.1 117.6+10,9 69,948.8
Portal vein 456112 138.5+12.0 73.7+6.5
Liver 9.9+4 4 58.0+7.6 35.946.1
3.5-130-e-18 Aorta 25174154 129.8+8.2 85.4+11.1°
Portal vein 46,046.9 155.648.8 88.3+11.3
Liver 7.042.9 69.0+6.0 49.047.9
3.5-150-e-18 Aorta 259,2+17.4 147.9+14.5 91.8+11.6
Poral vein 6034111 169.6+13.8 96.0+12.7
Liver 11.744.5 73.6+10.3 65.0£9.2

1) FUEE G sec) - FU) - AYAEAAACIFE e, FRAR ) - FRA=LUAG)
2) bR LR EHA}
* : Significantly different by t-test at p(0,05
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2. HHY

D) A7A=

CT AH)= Somatom sensation 4(Siemens medical
system, Erlangen, Germany)®} 3247} dual power
injector(Nemoto, Japan)& ARG ARSH &3
A= £E4, vloj&A RYAQl Ultravist 300
(Schering AG, Cermany)3} AWM= 18G, 20 G,
Hounsfield unit(CT number, ©]3} HUZE <Fgh 2
T Somatom sensation 40f WAMEle] 9l 4
= (Region of Interest, ©)5} ROIZ °Fgh) A%
Noi(Software) & o] 23Kt

ﬁm oRo

2) O LHA or &9 A 2

AT 7 LE0] W
s, Uy, AgUsn 9
7 ol wskl A= U,

3) =9H FUATH

Zol&r 9 5ni/sec, 3.5 ml/sec, YL 100 md,
130 m, 150 m¢ FPIHS TARIA A, 23A
F & AEds Foor AHAW JH A=
AR FoEE Fgwogo] YHL 18G, 20GE

Z17F W3k 7) WA 2QUEFATHTable 1),

4) ohF 1414 CT 29

HAT 165mA, BHL 125 Kvpste] o U
CTe EXRA X-A @7E AEZRE7|(collimator)=
10 mm, X-4 #HE&7]= 2.5mm 74%7] 42 ALgB)
of 13]A0] 4ZFA(slice)2] Raw datad F53 T 5+
BA Ad TAE AR Smm FEFAaxial
image)S Airh. WA teokg PHER 2IA 4
Z8lg FE3 F 74o] AR (iver dome)E FE3|
ZFAA 718} zHinferior angle of liver)7HA ZgA|
=0l A 9AHpre—enhancement scan image)S VAL
297 FAAZ T 30z T FFE S, 70
of Eall7] 180%0) X|¢17] %*Pﬁ AAcHFig, 1).
A FY F AES 2 o)FAETYY
ol&3sto] 2FAE FYsa 2FA FULKES FY
FALER ARArE FYste WS ARRSIC
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¢
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ohe WA CToll Wsolgls ROI ZEHolE 9.5 ml/seco| A RAA| FelaFo| Z71%tol w7t
1ot tigd, e, (Mol BE e ¥ ol AR A S8t 2fo]E HATHp(0,05), 3
ol ROIE S48 ole 294 A 94, 547 Tmlso)Ale] thEw, ZHEW 7R mE FAS =
=H07], AG7) Y EE S AASIHFie. s 2412 depich @ S07]od giEwe] HUY
1), Zr I§EE HUZEE 343 & 29 A 349 gq;_ﬁsi 110 meoll Al 130 & o] Frtsglont,
HUZHS wjA AR 2GA9] £ & 2957 A 1o 17411 2004 171418,62.5 Ao Wl ¢,

Ah=E3EIT
EAA ) SPSS(ver 10,1kor) 9] HIZERAT t—test
o] gste] =YFA FUAl HoEH 2FSHATE &

150 maimﬂ/ﬂ“& 187.5412.8% F71stgch E3F W7
o 7hEw W 7RAROl ZPFFET= FUe 7t

= SSAREAE = o A} Ak
A3t 3.5 ml/secollAlE 2FA F=Fo] STl ot
ZHEaal AR A §olgk ZfolE UERHTH(p0.05)
(Table 2).
Table 3. M| FIEE0} TASURT

2.5-110-e-18" Aorta 174.0+11.2° 114,4£10.3 74,1483

Portal vein 47.0+11.5 130.6+11.1 64.1+7.0

Liver 8.613.3 54,1+6.7 38.7+5.0

3.5-110-¢-18 Aorta 217.2+12.1 117.6+10.9 69.918.8

Portal vein 45.6+11.2 138.5+12.0° 73.746.5

Liver 9.9+4.4 $8.0+7.6 35.926.1

2.5-130-¢-18 Aorta 171.7+18.6 127.2+10.9 81.6+10.8

Portal vein 49.6£14.0 152.2+15.0 83.149.8

Liver 5.6%5.9 60.5+8.1 487465

3.5-130-e-18 Aorta 251.7%15.4 129.848.2 85.4+11.1

Portal vein 46.046,9 155.618.8 88.3+11.3

Liver 7.042.9 69.0+6.0° 49.047.9

2.5-150-e-18 Aorta 187.5+12.8 211,7+14.6 115.745.7

Portal vein 44 2+8.0 183.2£7.9 117.3£5.7

Liver 6.1£2.6 79.0+£7.7 61.9+6.1

3.5-150-¢-18 Aorta 259.2417.4 147.9+14.5 91.8+11.6

Portal vein 60,3111 169.6+13.8 96.012.7

Liver 11.744.5 73.6410.3 65.049.2

1) FUEE(ml/sec) - FUHml) - AEN=BYAFATF e, FRHEE 1 w) - AHI=RNRBG)

2) BT+ REA

A

* 1 Significantly different by t-test at p{0.05
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2. =

02

H =g

B

S s

2GA FUF 5o B ¥4E FUsH sk 9
£EE 2.5 ml/secoll A 3.5 md/secE Z7IAZ1 A} 2.5
ml/sec, 150 méEF} 3.5 ml/sec, 1500l 7], 2
wyl, Adrlolxe) dhuls hale) 2R Ee
o3t 2718 RAtHp0.05), 13 2.5 md/sec 110

Table 4. Z=9IN| FQldkHDl Toi=zI5n}

m¢7 3,5 md/sec, 110 miztoll A= EW7|e} A A7
el folgt WIS %lal, 2.5 ml/sec, 130 md
T2} 3.5 ml/sec, 130 mixtoA= HEWI 1AL 2
FE7yadte Fogh Wshh ¢leleh 3 FWr)eR A
A7lell 7HAAe] 2YFAaT= FUEET ST
it 395t HItE HolX] gFitHTable 3).

. BOI 5o ; = . Ao
- a9l o -

2.5-130-c-18" Aorta 171.7+18.67 127.2+10.9 81,6+10.8
Portal vein 49 6+14.0 152.2+15.0 83,149.8
Liver 5.6%5.9 60.5%8.1 48.746.5
2,5-100+30-¢-18 Aorta 172.5£12.8 117.8+12.5 71.4+10,0
Portal vein 48.8+11.2 128.7+17.1° 62.747.9
Liver 10.6+6.3 54,2475 36.545.5
2.5-150-e-18 Aoria 187.5+12.8 211,7+14.6 115.745.7
Portal vein 44 2+8.0 183.2+7.9 117,357
Liver 6.1£2.6 79.0£7.7 61,9£6.1
2.5-120+30-¢-18 Aorta 175.9410.9 147.2+15.7* 76.747.9
Portal vein 44.5+8 4 175.4£13.5" 75.449.6
Liver 7.7+4.1 64,2469 457477
3.5-130-¢-18 Aoria 251.7+15.4 129.848.2 85.4+11.1
Portal vein 46,0169 155.648.8 88.3+11.3
Liver 7.042.9 69.0£6.0 49.0+7.9
3.5-100+30--18 Aorta 219.5417.9 125.9+10.9 72.6+12.1
Portal vein 46.2£9.5 148,5+11.8 70.3+11.0
Liver 93132 57.0+7.6 36.246.3
3.5-150-e-18 Aorta 259.2417.4 147.9+14.5 91.8+11.6
Portal vein 60.3+11.1 169.6+13.8 96,0+12.7
Liver 11.744.5 73.6£10.3 65.0£9.2
3.5-120+30-¢-18 Aorta 254,3+12.1 129.3+14.5 85.549,0
Portal vein 54.749.9 151.449.4 79.9+10.4
Liver 7.143.4 63.5£9.7 45.748.2

1) FYEE(ml/se0) - FUHn) - BANTHAAFHE e, FHER 1 w) - AFATHUNAEG)

2) : A+ RFHAL
*: Significantly different by t-test at p¢0.05
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ZTEM =gy 525 4. ZHUZZO| X ZHSLS
ZadA e 7\01%\_5 Z 0"}k g_g =z olake o17<4*571
124 294 Ulravist 3002 2ol ol Lﬂj‘ﬂ . ’ji"jf : Ti"jg’ﬂ: ;}
=] o 7 = b
QZAZT Ultravist 3008 e 2] 5 gz o SEMEEE SIFE Aebver Fara T W
AFE o, FW719] disd, 7HE, 7HAAEsT 27
0,905 FUsh= olFRITOE o] AA ’ R, ’
o] thgullol A Foigt ¥skE UERItHp0.05). =7t
Axt, W7ol diFwat 7FEWo] 2 5 ml/sec?] _
z71e} 7o A= 47k Akel7t glgith(Table 5)
130 mg, 100+30 m¢?} 3.5 ml/sec®] 150 mf, 120+30 ml
Fogt AolE Holx] ¢rFThp=0.854, p=0.259
2t 279l AA7[oME st Aolg HERT CEETTET
(p<0.05). 3.5 mf/secoll A= Fu7|2t K A7|oflA] HHH 2dA|e] Zelgw, Zojuhy 9 2] IS o
Q1 foJgt zlolg Kok shH 7HAEe] Ao 25w AsHA) shHA] ARl WAL 18G9 20GE WE
3.5 ml/secoll Al F-23k ApolE HEHITHp0.05) ANEE o FH71e] o ZHEM L] HUgkO A 59
(Table 4). gk 22 HERHLL(p<0.05), EFF BH7Ier X719 o
T, W, 7P AR §o7t AolE Kol

A eF9FtHpy0,05)(Table 6).

=S T
2.5-100+30-e-18" Aorta 172.5212.8” 117.8+12.5 71.4+10.0
Portal vein 48.8+11.2 128.7+17.1 62.7£7.9
Liver 10,6463 54,2475 36.5£5.5
2.5-100+30-w-18 Aotta 161.8412.0 106.9+16.7 74.69.8
Portal vein 33.3+10.2 129.0419.4 65.6£10.8
Liver 6,134 0,345.9 36.926.1
D FUEE(nl/se0) - FUYHm) - AEABAXCFebR re, FRHEAE 1 w) - AFAZBYAG)
2) AEuTLEENA
* 1 Significantly different by t-test at p{0.05
Table 6. ZXML-FO| LA} TATZUGY
AAIE ég@‘w %(Hﬁl —E(—j;l X(LLE;I
= T
2.5-100+30-e-18" Aorta 172,5+12.8” 117.8412.5 71.4£10.0
Portal vein 48.8+11.2 128.7+17.1 62.7£7.9
Liver 10.6%6.3 342475 36,5+5.5
2.5-100+30-e-20 Aorta 157.049.5 104.648.8 68.78.1
Portal vein 31.245.0 127.0415.5 64,4189
Liver 8.1£3.3 49.9+10.3 36,149 4
1 FYEE(l/sec) - FYFm) - FFV=AAACIRT e, FREY W) - FFV=HNEG)

2) T+ R FHA
* 1 Significantly different by t-test at p{0.05
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Table 7. S2U7|ol CHERT 2MiEZIo] ZeiEZET)
At 9 2aploj ZaEol ZeEYET

2.5-100+30-e-20" 155.6” 50.3”

2,5-100+30-w-18 161.9 54.2

2.5-100+30-e-18 148.9 49.9

2.5-110-e-18 165.4 54.1

2.5-130-e-18 166.1 60.5

2.5-120+30-e-18 168.2 64.2

2.5-150--18 181.4 79.0

3,5-110-e-18 ' 210.2 57.0

3.5-130--18 207.3 58.0

3,5-120+30-e-18 2447 69.0

3.5-150--18 2471 63.5

1) FUE%(nl/sec) - FUAFm) - BHAZAYANIRAE e, FHF
2w - AREEENAQ) ‘

2): Bz vignn ade) Hugte Aol dedT

3): Bz oA 7 E ] HUSY A

6. SHIINHM (HSWt ZHAIE M| ZHS IO

A X S2UHI0M 2EEC X =SS

2.5 ml/sec, 3.5 ml/sec LEOA ZIJA| FUFo] =
Aol et diguln adse] xodEne] Aol
o R £USE) Rees B 10
oh FEE, AAYETY Aol 295 SV,
AR YA7F FERE, 29A DGdFEURAA
) 2R3

2.5 md/sec, 3.5 ml/sec ITFNA FYEFo] F718

4% gupzs)e A9 HUglel F7ke A%
Vel 2ees, ARue) Y] 248 27}

N, AREEEe] QAL kR, 2gA] HAFY

o Eals)e zHldo) =BT $A ZAEY
tHTable 7).

138

ANNHez A GAE A AR Agdh. #4947
(injection period)® FHUHE ZFAE FU3k= A7
2 @3 U 2949 =7t G491 st Al7lel
o A7) (redistribution period)x ZFA|] F=Y
o] Tt & HE| AREo] 2GATL EHolM B 9
I7Hextravascular space) Q2 FTRAFE|HA] FAlo] 4l
s o] o3 3 W 2GAY v=7F S48 A
A7loltk, HE7)(equilibrium period)= €3 Ul F3t
(intravascular space)@ I 9 FAjoloA 2FA|
9] B xlof o AT BibEHA T Al o
8 AMAQ s Hol: Al7]|o|cHHeiken 5, 1993).
B oF 19 ola}e] 9Fe 2YAVL W Ul vt
Agtele] 7tNZo| 28 F G5 o wiAEH(HY
, 1984), 7+ 7ZHewimt HEWO] £ @] ofs) &
THE W) gige] oiekela ExT BEe| 295
FalS veEplA "loke]d<, 2000 (Small 5, 1994).
W Burgener 5(1981)2 &4 29 ¥ @ 14
ol 2YA=E 3tA|R At 452971 (bolus
phase)= T 7HlH xgo] &
S i gWate] 30 HU oo zYAlE 2
dlojn] W UjoA 7R 2GAY AEEZ
A 29 STt B 2P| FH3] HAH
of WUt s gEAtel 10~30 HUS| 2Rl B
old] B|%H & 7|(nonequilibrium phase), L2
of AR s AAAL Bk )
BaE] thges) sjoEe] 2gAjolt 10H
o A9 ) W2 s

ok 12 A
[e]

rk

)
o
ofN
N
i)
2
)

(o]
S ool

O

2 uoh 4

G| Y FAswst 29FPRAE o))
g B(996)e A )5 BANN FULES 2,
3

o]
o
ar
a1, bR (1999) AlFol 15 kg A4 A 101}
=
_g_

e oz 3l J%3 CTE AATE 23 o
+E YA AL FUFE 1nl/ke, 2ml/kg, 3

m/kg® SRS W 5, e, M =



AR zodA FA] dA3 D B 2dFe] IS vlAE I7A QA B3 A7 (#FFE)

BedEIL FTMFEeH, E3 FURE 2ml/kg® W oor EREgs ERgiEY CT E3EYs 59 4
7748t FYUEEE 0.5 mb/secol A 2.0 ml/secE F Abol] A o] 7HsE AoR AzrEch ey gAY
ZMNFE o) oiE@at IR L] HUE 179,83 136, 3] S ZaAA AAE Ao RA gAY FHEd
A 36477 197 5% JHT Ve AL, (HAHEHS ael 2GA AR FEE PaAIFCEHN 1o ot
110,2914] 128.00.82 <Rt Z7}slgict 2 Hzren A 4 9l AeRE 7|giEn: 34

BoATA FYsFol 1500 W 2.5 ml/sec 1F  AYAELY o] B2 AEHl CTE T T
of H|al 3.5 ml/secofA] e, 7HZH, THAZo] {o z294o] Biol WIS Washs A AYAHT
1A o tk(p<0.05), BIH FTFo] 130 meY W = ofol Zztof whE zHAlZel xojmuke] WHIel A4
UEEY 71} 2PFHEL Aoloj= FolF A& A Fo) W wEAEY] ALE I T AT
Holz] ofgtet ghH Y&k whE MEY 295 ojof g Riolr},
ZEI= 130 me, 150 e W BT §-20gh 2po] ARMEe]  Qx|9} 2YPFHEHNE= HeH T
7t ADATH(p<0.05), AA7]ofA= Felgt AtojE Hol (2002)0f W= Abeteol FIRgFof 77k AW et
A 42k, 100 meY w(p=0.038) FJgt Afolg B YA S QA7) st e ER ol HUgL 1203}
o 1 gk mleksigit Heb e Az e A 2000] w=eel= HAFAIZHE S A FHER)
FATRel AAEtHI, FUSEE TR died Arobilol sl oF 3z Ao AHAZre] IS
I EFHgzr)e]l 7HAAe] 2gFAdel Fagh Hert E3F 120 HUZHA mastoje] EQlehe A7) 42 mf,
=, 2719 M-l 1L ool ulekstglrt, FHER7} 53R B & dAoiE BEUE

Z2GA AP 2YSHEIE AN 5(1996) o] QA7F A7 Fu7lolA el Bl of
of 2 FYLHL LA H CTIA F2 AREEH Zufo] §oJ5A & HUgCE Z7%(p=0,001)% <] ¢
ARFAYYHL 2GS7H =7} vl oFel W AE o] dArAuel UR|EHI, A A7 = o7 Aol
o] Wil Foley 519892 ZGA| AHs5A7E ol% = Holz] oot} ubehx FAF] FAMEE 9
gt} z7)of YAFFS 2GAE FY F A TUEE A W= FHgrr] Aol =Al olFolAA HAF
& H5o] 2JAE FYste oA FYier AZFAIZFS A QXA HAalshe Aol felehaL, 7he] of
4719}k v E ST RS RN J ZA171(2 phase) Al A4 4= & Aolrt,
ARREE A4 T ohEubAa] A Sl A8 AR =we] Z7)ef xPSAaete] BAE s
olge EAIFo] ok o] Aol JIAYEY H= & 5020018 A5FU71E o83t YA AR CTH
b Fr1doR ZaEel UAY CTe 75 1942 & ARX] AR =) A7|k AT X} 2GA F
S3t=dl 1sec o]3}, thEUbdd CT= Aol et o ojfe] AAE EASH Axp v AA ULS
2 Aozt YATH 1secd 4~32 GARE A 5 o] Huslgl=d, B ol foAm FHMIioA 18 GF 20G
FE2YPHE o] &3t hAFIHHE S dEEe AREA] Zb2E diEme] HUZkol 172,5£12.8, 157.049.5
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