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ABSTRACT

This study has a purpose to look into the effect of the relationship between the Tube current (mA) and
SOD(Source to Object Distance), which is a parameter of lower limb angiography examination, and the dilution
rate of the contrast medium concentration (300, 320, 350) on the image. To that end, using 3 mm vessel model
water phantom, a vessel model custom made in the size of peripheral vessel diameter, this study measured
relationships between change of parameters, such as tube current (mA), SOD and varying concentrations (300,
320, 350) of contrast medium dilution into SNR and CNR values while analyzing the coefficients of variance(cv<
10). The software used to measure SNR and CNR values was Image J 1.50i from NIH (National Institutes of
Health, USA). MPV (mean pixel value) and SD (standard deviation) were used after verifying numerically the
image signal for region of interest (ROI) and background on phantom from the DICOM (digital imaging and
communications in medicine) 3.0 file transmitted to PACS. As to contrast medium dilution by the change of tube
current, when 146 mA and 102 mA were compared, For both SNR and CNR, the coefficient of variation value
was less than 10 until the section of CM: N/S dilution (100% ~ 30% : 70%) but CM: N/S dilution rate (20%:
80% ~ 10% : 90%) the coefficient of variation was 10 or more. As to contrast medium dilution by concentration
for SOD change, when SOD’s (32.5 cm and 22.5 cm) were compared,For both SNR and CNR, the coefficient
of variation value was less than 10 until the section of CM: N/S dilution (100% ~ 30% : 70%) but CM: N/S
dilution rate (20%: 80% —~ 10% : 90%) the coefficient of variation was 10 or more. As to contrast medium
dilution by concentration for SOD change, when SOD’s (32.5 cm and 12.5 c¢cm) were compared,For both SNR
and CNR, the coefficient of variation value was less than 10 until the section of CM: N/S dilution (100% -~
30% : 70%) but CM: N/S dilution rate (20%: 80% ~ 10% : 90%) the coefficient of variation was 10 or more.
As a result, set a low tube current value in other tests or procedures including peripheral angiography of the
lower extremities in the intervention, and make the table as close as possible to the image receiver, and adjust
the contrast agent concentration (300) to CM: N/S dilution (30%: 70%). ) Is suggested as the most efficient way
to obtain images with an appropriate concentration while simultaneously reducing the burden on the kidney and
the burden on exposure.

Keywords: Tube current (mA), SOD(Source to Object Distance), Coefficient of Variation value
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Analysis of Contrast Medium Dilution Rate for changes in Tube Current and SOD, which are Parameters

of Lower Limb Angiography Examination
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Lol 103, ZGACM)S YA AN/,
normal saline)E (70% : 30%)C. 2 3|24 5}o] AL-&3}
= o] 1H, (60% : 40%)o. = 3]A5le] ALE-sl=
3ol 13, (50% : 50%)OF ARSI o] 23,
(40% : 60%) S 2 AFE3IE 3ol 1o AEHIA
2w wizigel #AAGle] #PH R FHALE
A&kl QAT

o dAFdAE R B FmA)S
SOD(Source to Object Distance) W3t ZdA| s
(300, 320, 350) 8|AE W3le] FWAE SNR #
CNR #to = FAsta, MsATE 4350, 34
F(mA)e} SoDel that A 3 A Fe #AAV} 3}

Aol WA e doluiiA sheivh

I, MATERIAL AND METHODS

1L 43 3 2 99

2 A5 d3ixdyd F97A], Autoinjector, =Y
A, (N/S, normal saline), A3 #|2F3lk #g] o]-8-3}9
o d3x F9Ae Ay Aue d TEHY

o] H{g  FHE  RF-1000-150/INNOVA-3100
(General Electric Company, France), Autoinjector
Mark V Provis (MEDRAD, USA), 2% A+ Xenetix
300 mg I/ml (France), Visipaque 320 mg I/ml (GE
Healthcare), Omnihexol 350 mg I/ml (Korea United
Pharm. Inc)e] A|ES AFE3AIL, (N/S :
saline)< 0.9% NS 1000 mL (CJ HealthCare Corp.),
ME L Fig. 13 2] 3 mm FEZ o) o4 A
& 100 mm, A°] 200 mm= =] Al 25t Water H

9& ol gt

normal

Fig. 1. Water phantom of 3 mm vessel model.

2. A8 Uy

A wA, ZIEAe A e 2 A
Setting¥]©] 2l+& (146 mA), SOD (32.5 cm), FOV
(30 cm), ==27 (0.3 mm/Cu), (67 kV), (40 ms)>.
2 A, 294 5% (300, 320, 350)0= N/S
o7 (100% ~ 10% : 90%)2 Z+7z} 3A&4l L,
Autoinjector™= Flow rate 3 m/s, Volume 15, Image
recordv= Frame rate 1 fps, Duration 5 sec DSA 7|}
o= olmAE 533t

T HA, A FmAya s e 294
320, 350) 3|AE W37} st mA = FIFs &
ol® 7|93 ZlEAA e AF oA HHFE
(102 mA)=E Wststo] st

A HA, SOD W3} sk A F=(300, 320,

1
o
S
=
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350) 3418 Walzh s vAE JFL Sobn

71 918 1ZE=hALe] A8 WA soDyF (22.5
cm), (12.5 cm) W3}ste] A3t
3. 4% =4

A WA, 1A AF 2L 2 g

Setting¥©] 21+ (146 mA), SOD (32.5 cm), FOV
(30 ecm), =EZA (0.3 mm/Cu), (67 kV), (40 ms) S
= frAd e

F A, mA 7] W3] gk A 21 T+
Ae 243 FAsHA A8k, mAT (146 mA)©l
A (102 mA)E W3EE FA)

Al HA, SOD 7] ®stol ek A3 =1L 7]
A A 213 wdsA FAskL, Figo 29
7+o] SODRF SOD (32.5 cm)E SOD (22.5 c¢m), SOD
(125 em)o. & 72 W3tE FAh

OID(@43em)
Q Water Phantom

sOD(32 5cm}|

Fig. 2. The relationship between OID and SOD
distance changes.

4. B4 I

PACSel AEH 5P HEF(DICOM, Digital
Imaging and Communications in Medicine) 3.0 3}<!
= ol &sto] A8 A 4 B zRragY &

3 E g]of(Image J 1.50i, (NIH) National Institutes of
Health, USA)E A}-&3}R 3, w3 Aol 54
57 olv Al T AL v SHA o|n| A S EA )
St el gk ¥4 S(ROI region of interest)
T} HH71‘(Background)-°/] g7 Signals FHAHoZ
< H AlEZHMPV, Mean Pixel Value)®}
HZKSD, Standard Deviation)S ©]-83}o] ¥4

5. 573 % 971 3y

Aol M elm A e B H7= SNR gkt
CNR #o & =ZAsla, AEASFZ BA5e] o] &
ATk 94 WS AP ARE Lol 99

Image ] Z=ZT1HS o] &3l Signalg TA A=
53t 3 mm WY Water WEH 2] Gl A
ZGA ek =A wre] wiAl gk 4S Hrtskal
th 2GA A g vES CM : NS A E
(100% ~ 10% : 90%)O.5 Fig, 33} o] o= =
g5kt

(h) (i)
Flg. 3. DSA 1mage for dilution rate; CM : N/S
(a) 100% (b) 90% : 10% (c) 80% : 20%
(d) 70% : 30% (e) 60% : 40% (f) 50% : 50%
(g) 40% : 60% (h) 30% : 70% (i) 20% : 80%
(G) 10% : 90%
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(300, 320, 350)% ©] &3 CM : N/S (100% ~

10% : 90%)°1 4] SNRS EFHAF9} HF o2 Ysr

#holl 1000 ¥ste] W2 ghs HsAlTR o3l

CNR2 R TH2Me} HA o2 Usr kol 100 53}
&

o] U %S WEAFRE sl 28 105 7]
TEE 10 o8k WEgate] #ol sl WM}
S s YUEhiaL, 10 o3 ddiEew W
Fiol 714 stde] Wyt & AHE dARES
gkt

) N ;

I ’

Fig. 4. ROI of 3 mm vessel model water phantom;
background measurement value and foreground
measurement value

II, RESULT

1. £29A = 4 E W] g HA 2H(0)
244
1E=HAE A™

Setting =©] /& (146 mA), SOD (32.5 ¢cm), FOV

7 (0.3 mm/Cu), (67 kV), (40 ms)<
Z9A4 5=

AR HAxALS B FH|

(30 cm), =EF X%
2 BE 2L dAsA FAE,
(300, 320, 350)= ©]-&3to CM : N/S 3|41 & (100%
~ 10% : 90%)= W 3}E F°] SNR %7} CNR @<
2kt AR e k2 Table 13} 2o 7]|&E
A E2olA SNR¥} CNR EF CM : N/S A&
(30% : 70%) T &= WEAST Fhol 10 o]st=
ZHA YEREO U (20% : 80%) T-FHEElE W E A
I ol 10 ooz AA YEREtHev < 10).

Table 1. Measurement of SNR, CNR for the dilution rate
of (300, 320 and 350) Contrast Medium concentrations

M(mg 1/ml) SNR CV
(CM:NS) 300 320 350 Value
100% 1.027149 | 1.021799 | 1.029432 3.12
90% : 10% 1.026543 | 1.020470 | 1.029035 3.51
80% : 20% 1.023685 | 1.016285 | 1.027385 4.51
70% : 30% 1.018870 | 1.013465 | 1.023669 4.09

60% : 40% 1.015307 | 1.012985 | 1.018364 | 2.17
50% : 50% 1.006969 | 1.003216 | 1.005701 | 1.55
40% : 60% 0.992747 | 1.002142 | 1.002744 | 4.58
30% : 70% 0.991706 | 0.990371 | 0.988616 | 1.28
20% : 80% 0.960870 | 0.932518 | 0.968457 | 16.2
10% : 90% 0.818046 | 0.824855 | 0.898087 | 42.8
M(mg 1/ml) CNR CV
(CM:NS) 300 320 350 Value
100% 0.000864 | 0.000897 | 0.000800 | 4.72
90% : 10% 0.000891 | 0.000948 | 0.000805 | 6.67
80% : 20% 0.000957 | 0.000967 | 0.000855 | 5.46
70% : 30% 0.001042 | 0.000992 | 0.000934 | 4.46
60% : 40% 0.001188 | 0.001110 | 0.001009 | 6.65
50% : 50% 0.001348 | 0.001296 | 0.001225 | 3.91
40% : 60% 0.001637 | 0.001440 | 0.001389 | 7.18
30% : 70% 0.001901 | 0.001577 | 0.001837 | 7.91
20% : 80% 0.002749 | 0.002949 | 0.002158 | 12.8
10% : 90% 0.005498 | 0.004487 | 0.003792 | 15.3

2. (102 mA)NA Z2FA F= 34E ®skd oig

AA A3

71Z=AA Az &=
o Setting ¥© A= SOD (32.5 c¢cm), FOV (30 cm),
=27 (03 mm/Cu), (67 kV), (40 ms) O 2 -] 3
$ RE xoE dASA AL mA T (146
mA) A (102 mA)= W3S FAT 294 5%
(300, 320, 350)5 ©]-8-3Fo] CM : N/S 3|A41E (100%
~ 10% : 90%)= ¥ 3E F°] SNR %7} CNR @<
2T AP E Fh2 Table 29} o) 71E %
Al A olA SNR¥ CNR EF CM : N/S 3|4 E
(30% : 70%) TI7HA = WEAS ghol 10 olst =
ZA YEREO U (20% : 80%) TXHE-ElE WE A
G kol 10 ol o2 A Ve thev < 10).

FRAOR B A

Table 2. Measurement of SNR, CNR for the dilution rate

M(mg 1/ml) SNR Cv
(CM:NS) 300 320 350 Value
100% 1.03292 1.03200 | 1.033679 | 0.66
90% : 10% 1.02836 1.03074 | 1.031658 | 1.35
80% : 20% 1.02443 1.02504 | 1.032445 | 3.55
70% : 30% 1.02405 1.02364 | 1.025978 | 0.99
60% : 40% 1.01625 1.01893 1.023399 | 2.89
50% : 50% 1.01247 1.01138 | 1.015230 1.60
40% : 60% 0.98526 0.99666 | 1.000228 | 6.42
30% : 70% 0.97238 0.98591 | 0.991247 | 8.08
20% : 80% 0.92624 0.96287 | 0.980778 | 23.7
10% : 90% 0.83538 0.78969 | 0.974623 | 90.8

of (300, 320 and 350) Contrast Medium concentrations at
(102 mA)
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3. SOD (22.5ecm)olA 2GA F= X E W34

g FA A3

7N ARz EPYxAoE & G
o Setting ¥o] A+ (146 mA), FOV (30 cm), =%
Z7 (0.3 mm/Cu), (67 kV), (40 ms) 2 F#]3 &
SOD (32.5 cm)Z SOD (22.5 cm)© 2 10 em&] A
W3S T 294 5% (300, 320, 350) o] &
stol CM : N/S 3|4 E (100% ~ 10% : 90%)= W
3}S Fo] SNR #¥ CNR 32 2H4skadc) 4+
l Fh> Table 37} o} 7] F A A4 SNR¥}
CNR B CM : N/S 3|4& (30% : 70%) T-X171A]
= WEAST #el 10 olst= FAA YElgoy
(20% : 80%) T-7HE-El:= WE A gho] 10 o] o
2 A YEFRTHev < 10).

P}

80% : 20% 0.000935 | 0.000913 | 0.000880 | 2.49
M(mg Vml) CNR cv 70% : 30% 0.001027 | 0.000998 | 0.000953 | 3.07
(CMNS) 300 320 350 | Value 60% : 40% 0.001070 | 0.001106 | 0.001021 | 3.27
100% 0000872 1 0:000858 1 0.000830 | 2 05 50% : 50% 0.001386 | 0.001321 | 0.001259 | 3.92
00% 0% 0000898 1 0.000885 | 0.000858 | 1 89 40% - 60% 0.001485 | 0.001533 | 0.001399 | 3.77
0% - 20% 0000946 10000933 1 0.000882 | 3 00 30% : 70% 0.002008 | 0.002104 | 0.002043 | 1.93
0%+ 30% 0001047 1 0001036 1 0.000961 | 3 77 20% : 80% 0.002166 | 0.002869 | 0.002657 | 11.5
0% - 40% 0001167 T 0.001172 | 0.00109 1 3. 28 10% : 90% 0.004818 | 0.005798 | 0.004613 | 102
50% : 50% 0.001256 | 0.001236 | 0.001134 | 4 42
40% : 60% 0.001776 | 0.001643 | 0.001613 | 4 22
30% : 70% 0.002111 | 0.001859 | 0.001892 | 5.72 a1
20% : 80% | 0.003417 | 0.002868 | 0.002569 | 11.9 4. SOD (12.5em)9) A =QA F= SHE W3l
10% : 90% 0.005017 | 0.006794 | 0.005471 | 13.1 03 AAF A3

NNEAA ARz A Y] FxoR 2 A
o Setting =©] U= (146 mA), FOV (30 cm), =&
Z7 (0.3 mm/Cu), (67 kV), (40 ms)O & %3 &
SOD (32.5 cm)E SOD (12.5 cm)©2. 2 20 cm2] A
Hsts FAn 294 5= (300, 320, 350)= ©]&
3lol CM @ N/S 34 & (100% ~ 10% : 90%)= ™
52 o] SNR #3 CNR g3 A3t AH4
¥l 3k Table 49F 2o} 7]=E A A4 SNR¥}
CNR 5 CM : N/S 3|4 E (30% : 70%) T-X7}A]
= WEAS el 10 olskE FA YEgon
(20% : 80%) TIHEEE WEAS ghol 10 oA
2 AA YERTHev < 10).

Table 4. Measurement of SNR, CNR for the dilution rate
of (300, 320 and 350) Contrast Medium concentrations at
(SOD 12.5c¢m)

M(mg 1/ml) SNR CcVv
o (CM:NS) 300 320 350 Value
Table 3. Measurement of SNR, CNR for the dilution rate 100% 1026281 | 1.0204272 | 1.025966 | 0.86
of (300, 320 and 350) Contrast Medium concentrations at 90% - 10% 1021622 | 1.027388 | 1.024553 | 2.30
(SOD 22.5¢m) 80% : 20% 1.019928 | 1.021307 | 1.024463 | 1.86
M(mg V) SNR cv 70% : 30% 1.015618 | 1.019796 | 1.020730 | 2.18
(CMNS) 300 320 350 | Value 60% : 40% 1.009906 | 1.019572 | 1.017811 | 4.14
100% T026956 | Lozesia | 1028518 | 0.75 50% : 50% 1.009895 | 1.011727 | 1.013124 | 1.31
90% : 10% | 1.024665 | 1.024576 | 1.026623 | 0.92 40% : 60% | 0.995478 | 0.998987 | 1.002862 | 3.02
80% : 20% | 1.022210 | 1.023660 | 1.022921 | 0.58 30% : 70% | 0990477 | 0977286 | 0971763 | 8.01
70% : 30% 1.018178 | 1.021428 | 1.021632 | 1.55 20% : 80% 0.960684 | 0.984796 | 0.954387 | 13.6
60% : 40% 1.016254 | 1.019123 | 1.020316 | 1.67 10% : 90% 0.839423 | 0.814002 | 0.891935 | 38.2
50% : 50% 1.003356 | 1.003678 | 1.014006 | 4.91
40% : 60% 0.999332 | 0.996664 | 1.003267 | 2.71
30% : 70% 0.979252 | 0.977475 | 0.966458 | 5.81
20% : 80% 0.944653 | 0.924837 | 0.945144 | 10.1 IV, DISCUSSION
10% : 90% 0.831738 | 0.780878 | 0.839711 | 31.9
T CNR o 2 AFE H3 A gt A ATl
(CM:NS) 300 320 350 | Value AutE = P Ade] A HxEAZG =
100% 0.000857 | 0.000842 | 0.000817 | 1.97 A ol 9= galek AEHS Ald sl <A
90% : 10% 0.000890 | 0.000872 | 0.000829 | 2.96 o
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M(mg 1/ml) CNR CV
(CM:NS) 300 320 350 Value
100% 0.000853 | 0.000835 | 0.000814 1.91
90% : 10% 0.000883 | 0.000848 | 0.000823 2.89
80% : 20% 0.000927 | 0.000891 | 0.000859 3.11
70% : 30% 0.000995 | 0.000971 | 0.000881 5.17
60% : 40% 0.001122 | 0.001062 | 0.000992 | 5.02
50% : 50% 0.001238 | 0.001197 | 0.001066 | 6.29
40% : 60% 0.001492 | 0.001457 | 0.001307 5.66
30% : 70% 0.001835 | 0.002025 | 0.001801 5.22
20% : 80% 0.002929 | 0.002628 | 0.002279 10.2
10% : 90% 0.005042 | 0.004753 | 0.003467 15.5
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Fejoll A= o] & ZheshH, S kvpel A, Ad=
CT 3¢ 503,% 9 CT W &9 3 2=
AHEEE A, LEE 20 2YAY oA F
A} %%‘o}ﬂur H & F49 oA E =&
ATk Al kel el
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Setting3l3L Z A= H % 3002% CM : N/S 3]4]
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