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ABSTRACT
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The purpose of this study was to analyze changes in thrombus signal within a stent in relation to contrast
media dilution ratios during the use of an automatic exposure control (AEC) system. A custom-built flow model
phantom was used, with contrast media concentrations increased by 5% increments from 5% to 100%, resulting
in a total of 20 variations. The signal intensity(SI) and contrast-to-noise ratio (CNR) of the model vessel, stent,
and thrombus were analyzed. The results demonstrated that under no-flow conditions, signal intensity and CNR
increased linearly with higher contrast media concentrations. However, under flow conditions, the CNR peaked at
concentrations between 60% and 70%. Particularly, in models with thrombi within the stent, the use of undiluted
contrast media resulted in the highest CNR, indicating that using undiluted contrast media is effective for
detecting thrombi within stents in clinical settings.
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II. MATERIALS AND METHODS
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Fig. 1. Phantom with artificial blood vessel model and
contrast media setup.
(A) The top view of the phantom demonstrates the positioning
of the artificial blood vessel model and (B) The side view of
the phantom
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Fig. 2. The study model was designed to measure
signal intensity under static conditions by varying the
contrast media concentration from 5 to 100%.
(A) shows the top view and (B) shows the side view

[\e}
[N}
B
o2
>
ol
b
=2
=
i
>,
fol
o

p
o

o,
rr
o
ol
=2
2
[>
£
(m
i
)
ry
-

i)
1>
2
—Ix
e oy
e

o 120 mmHg2] ¢
™ Fig. 127 2] 5 Fr 4125 &3 Fsto] A&
g3 2d Yi{EE AL 5, 9 Fr A&

Asto] Z=GA
o)

430



"J. Korean Soc. Radiol., Vol. 18, No. 5, October 2024"

o] }A& T3 % 203]2] DSA (Digital Subtraction
Angiography) ZIAHE &8kt

2.3. @43 ¥k CT number &2 A3

B A Qs A CT number?} FAFSH
e 37 98, 7HA FREAAEYE "oz,
g2 ~EA, 1S, AYE, 25, AHE)S
1

em 2712 22t g Zeolddl &7l ¥l
&

2Hol o 2t 35 F2 9] CT numbers 3 7}3}

ATt

(A)

© rubber pipe

i J

) water bucket 18em 3cm

(B)

©) rubber pipe

Fig. 3. Study model designed to identify a material with
CT numbers similar to thrombus under static conditions.
(A) shows the top view and (B) shows the side view
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Fig. 4. Material with a CT number similar to that of a
thrombus was attached to a thread(A) and positioned in
the center of the stent within the vascular model(B).
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Fig. 5. To measure the thrombus model within the
stent, ROIs were designated for the background(®),
vascular model((®), stent struts ((©), and
thrombus((@).
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Table 1. Variation in SI and CNR with changes in
contrast media concentration under static conditions

DR N SI CNR
BKG 10 -56.7 + 24.8 -

C5 10 318.1 + 113.8 22 £ 0.7
C10 10 530.8 +£ 191.3 34 £ 1.1
C15 10 5232 £ 169.8 32+ 0.7
C20 10 746.5 £ 223.2 4.6 = 0.8
C25 10 849.2 + 282.6 4.8 £ 09
C30 10 9252 + 374.8 48 £ 1.2
C35 10 1106.8 + 282.2 51 + 0.6
C40 10 1158.6 + 209.7 58 + 1.8
C45 10 1104.4 + 179.7 49 + 09
C50 10 1147.5 + 1479 4.6 £ 0.8
C55 10 1201.5 + 97.7 50+ 1.2
C60 10 1283.9 + 210.6 62 + 1.7
C65 10 12742 + 376.5 52+ 14
C70 10 1372.2 + 3553 4.8 = 1.1
C75 10 1585.5 + 354.2 6.0 £ 1.1
C80 10 1977.1 + 303.5 6.5+ 1.1
C85 10 2435.0 + 459.4 86 + 1.8
C90 10 2817.6 + 582.2 9.7 £ 1.9
C95 10 2966.3 + 547.4° 11.0 £ 2.3°
C100 10 3359.2 + 150.3° 115 +2.3°

p value 0.00 0.00

DR : Dilution Rate, BKG : Background, C(number): Concentration(number),
Mean+SDp indicates that the p-value is greater than 0.05 in post-hoc analysis
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Table 2. Variation in SI and CNR with changes in T %);J A =% ]OM » AR
contrast media concentration under flow conditions Ao M= 2FA 5= CNR 3k Table 4 - (B)ﬂ'
br N St ChR o] 0.109 £ 0.005%2 Fo] FAA(EEE 39%)°]
Vascular Stent Vascular Stent 9;1 % % :@1]_?_] Q’ 2= ] A];],(p <0. 05)
Cs 30 2342.7+164.5  4005.8t157.3  3.1+0.3 3.1+0.3
Cl0 30  2676.84344.1 3072241922  0.840.9° 0.8+0.9° Table 3. Variation in CNR with changes in contrast
media concentration after positioning thrombus within
C15 30 3145.5£196.9  4212.1+177.0  2.5+0.8 2.5+0.8
the stent

C20 30  3193.1£176.8  4398.3+303.7 2.5+1.3 2.5£1.3 DR N CNR
C25 30 3737.9+£84.3 3844.0+167.8  0.3+0.2°  0.3+0.2° (05} 40 08 £ 0.5
€30 30 30343+191.8  36323+1063 14405  1.4+0.5 C1o 40 14+ 06

Cl15 40 1.6 £ 0.9
C35 30 5451.24214.5  6261.8+128.3 1.6+0.4 1.6+0.4

C20 40 1.7 £ 09
C40 30 4223.2495.0 4833.9+85.9 2.24+0.2 2.2+0.2 25 40 17 + 08
Cc45 30 5604.9£223.4  5971.4+1239 0.7£0.4° 0.7+0.4° C30 40 20 £ 1.2
C50 30 533174637  5555.0£969  0.7+0.2°  0.7+0.2° C35 40 1.6 + 0.8
€55 30 571644454 6664451007  1.6:1.0  1.6+1.0 40 40 20+ 10

C45 40 19 £ 1.2
Cc60 30 3680.0+104.2  5384.7+200.6  4.1+1.0 4.1£1.0

C50 40 1.8 £ 1.0
Cc65 30 4293.2+117.7  5595.1+£380.1 3.0+0.8 3.0+0.8 55 40 21 + 1.1
C70 30 4811.2495.7 5586.2+375.7  2.7+0.3 2.7+0.3 C60 40 19 £ 1.1
C75 30 430344953 520633124  22+04  22+04 C65 40 2.1 £ 14
Cc80 30 6733.5+503.3  7398.4+190.1 1.5+0.3 1.5+0.3 c70 40 20+ 10

C75 40 14 £ 1.0
C85 30 8326.1+86.1 8805.0+163.8 1.2+0.4 1.2+0.4

C80 40 27 £ 14
€90 30 8303.6+38.1  81643+1053 0.4+0.37  0.4+0.3° P m 21t 14
C95 30 7331.5#£55.5 7152441889 0.4+0.4°  0.4+0.4° C90 40 25+ 13
cio 30 8067.0482.3  7872.6+128.7  0.6£0.4"  0.6+0.4° €95 40 26 £ 13

C100 40 23+ 13
p value 0.00 0.00 0.00 0.00

p value 0.00

DR : Dilution Rate, C(number): Concentration(number),
Mean+SDp indicates that the p-value is greater than 0.05 in post-hoc analysis
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DR : Dilution Rate, C(number): Concentration(number), post-hoc test with dunnett

Table 4. Linear Regression Analysis of contrast media
concentration increase in conditions with and without
flow

Classification p = SE partial R2 p value
(A) without flow  26.782 + 3.326 .824 .000
(B) with flow .109 + 0.005 395 .000

IV. DISCUSSION
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