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The value of monochromatic energy imaging derived from Revolution CT in detecting coronary
plaques with different concentration of contrast agent:a phantom experiment
LI Weiran ,Lii Peijie ,ZHAO Huiping ,LLI Ying ,/WANG Huixia ,GAO Jianbo
(Department of Radiology ,the First Affiliated Hospital of Zhengzhou University ,Zhengzhou 450052 ,China)

Abstract: Objective To explore the value of monochromatic energy imaging generated from Revolution CT in detecting coronary
plaques in different concentrations of contrast agent.Methods ~Six test tubes numbered 3, 4, 5, 6, 8 and 9 in the phantom were selected and
filled up with different concentrations of iodine solutions(20, 10, 5, 2.5, 0, 13 mg I/mL., respectively) ,fishbone simulating calcified
plaque and streaky pork simulating lipid/fibrous plaque. Each tube underwent spectral CT scan(study group,70 keV monochromatic
energy imaging) and 120 kVp CT scan (control group) respectively in Revolution CT. The ability of plaque detection was evaluated
subjectively, and further analysis was made on the images with a score greater than or equal to three points.One-way ANOVA and
Bon ferroni method were used to compare the CT values and CNR in different tubes in the intra-group comparison, while paired ¢ test
and Mann-Whitney U test were used for the inter-group comparison.Results  The overall image quality of No.4, 5 and 9 test tubes
in both groups met the clinical diagnostic level. In the intra-group comparison, No.5 test tube showed higher CNR of calcified plaque
and No.9 test tube showed higher CNR of lipid plaque and fibrous plaque than the others (1=4.105—29.214,all P<{0.001).While in
the inter-group comparison, the study group showed similar CNR of calcified plaque in No.9 test tube(z = —1.576,P =0.130) to the control
group, and higher CNR in the others than the control group(Z=—4.074——3.815, 1= —14.782— —3.520, all P<{0.05).Conclusion

Compared with 120 kVp CT images, monochromatic energy imaging at 70 keV from Revolution CT showed better overall image quality

and could display coronary plaques better with the contrast agent
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KB 5T R, ek 3h Ik BE B i) KN CBCE LA
TEYS K 2O UBE P8 45 95 s B 31 2 0 I R 38 L
BEE CT i {1 1% £ 43 4 £ R (19 & e, MSCT 5 Ik 3y
Jik 3 5% ) BLCR 12 Wi e R 3 Bk sk 22 i A s TR, %
4 CT WG AR G e B MU » SR A Ak PR 5% A 7Tk 4R
[vi] 15 22 213558 43 78 BN, 52 ), 2% 5 6 e IR 2 Jk 45 1k B
HeJE = AR O O st b i T SO s e A AR U
AUER . Revolution CT EAF 16 cm B TE KRR #%, 1
YR et BIVAT 5 B BRL 2 B F A AR T 4R o I R] B R
Ul 0 45 ik B v el RIS B AR T ER D R . T
L RE T B RE fat BUAR BE A R0 ) e SR RE Ak Pl 5 AR
FHREH AR B gL . CT 5k 3 ik o 52 46 5 o) 3 %
A 1 e BE R A T SR B bk BE Bk A 2
7T A A ARV B T 87 ek AR 2l ok B B B 43 o A, [ 9 40
W JCAH e HRGE . AWFSY B BT Revolution CT #83%
BUREHE 70 keV AR I EMS AR X T8 B 120 kVp &
QA AS R J3E X6 B 7] v 6 A () Joi 56 e 1 A o A 1
1 #RE5FE

1.1 & % GE HealthCare 2 &) 42 {1 (19 7 vE 2
M ARBAL Z AR AR 2 20 em, 4 11.5 em,
BRI A 8 AL, gy 1 AFL, B R FL A R B o 45°, 3
WA 5N 1~9 19 RE , 80 K2 10 em, 4
B2y 25 mm, N2 20 mm, iK% JE 3 70 B N B b
TR N2 20 mL, Hp A 28 KK & X FE
FI Y 15 W G 1 L 350 mg 1I/mL,GE, US) 48U 8 Fi
AN [ml e BE i v (8 1) 43 902 0,1.25.2.5.5.10,13,
20,40 mg I/mL (3 1), SEBREH il 7 &4 &k
FEXT LI 15 K 2 Sl a8, DL xF LRl i Ak Oh 52
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1.2 K&EFZE FH GE Revolution CT, i i #4745 &

FL i 7 A () 6 2 50 i R AT 4 . X IREE 120 kVp
T PR A5 98 BE 40 mm, B HLIE 190 mALFE# 1 s/r, 12
P 0.984 © 1,3 ¥ 39.38 mm/s, BE A B I % 52
(filtered back projection, FBP) 5 Z ; i 46 4H =K% FH fig i
P AR E7 58 BE 80 mm, 4 HLIE 80 kVp il 140 kVp B}
DI A HUE 485 mAL KL 0.5 s/r, BREE 0.992 ¢ 1,
B E158.75mm /s, kA 2 A R ACE @R
(adaptive statistical iterative reconstruction V, ASIR-V)
Fd, X RARIKBAARN)ZEHN 5 mm, FOV h K
MEF (50 em X 50 cm) , 78 BF 35 em, B 42 & 2 [A]
B350 1.25 mm M 1.25 mm., 356 241 8 1k 45 5 e 1
AR YT B8 72 A 70 keV BABER A
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TJHATVRA . HY 2 24 TS A B D AE AN R0 43 48 A5 1 1 1
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R a5 21 ] 3) 25 B HR 17 43 B s Yk 12
ARG O . o B e B Ao v o AR 2T A B
B P43 35 AR, o L 39 e B 5 v 5 A 3 e 1) B
MM B AA~D AFEERETEREL. Al
B 43517 70 keV Jz 120 kVp EHLAE 10 mg 1/mL
WU B 45 T R BEBLAE B, 70 keV EMR RIR
BEPELIE W, A~C A R dE B 8 Bpese &

®

F AL B B 5 35 ALK B (20 mg 1/mL) 2540 T A4 B He B AN (O (57 s DAR LI I (2.5 mg 1/mL) 58 F £F 48 BE B B A EFD

FiBEHe CT M CNR f74E 2 7 (F =13.930~952.059 ,
P<C0.001), #EHFWMIFH A2 W ORI 4.5.9 5
PEAT P L8 X IRl b 4 5 K 9 SR =22 1a] 45 1L B
Be CNR 2R KBS 2# 8 L (1 =1.427,P =0.476) . &%
AR A 9 [ B BB CNR 22 3 B 7 S8 i 2 5 X
(1=7.921~29.777,¥1 P<C0.001) ; il 1 2H rf A [] i 45
IR PEBTBE R CNR 22 5 ¥ geit 2% 5 L (1 =4.105~
29.214,3¥ P<C0.001),

2.2.3 AWM HE BEER 4.5.9 SR BEAT 4 ) LA,
GERWE 4,5, 4 5.5 SR E P RAMRER CT
s Tt 4 (Z = —3.490~ —2.873, 1 P<<0.05),

REBH CT HESFW RSB X (Z=—1.542~
—0.731,0=—0.530~1.693,1 P>>0.05);9 S X%
AL CNR 225 L4t t22 8 L (¢ = —1.576, P =0.130),
RASBEH CNR 24056 241 & T X 41 (Z = — 4,074~
—3.815,t=—14.782~—3.520,1] P<C0.05),

3 iFig

3.1 CT IR 3h kit 5212 Wb IR 3l bk 22 82 48 09 fi B
PR A, T AH DB 5 U 52 5% el e R 20 ok A% 7% 12 W o
B PE Ry 322 R e B O T . AR R R AT
DA SRR AR AL Pl i 1 I8 W A L B

F2 EB4A 120 kVp BEEXR CT AR CNR

415 4k B P i I B Bk 2T 2 BE e
Wi i =
CT 14 CNR CT 14 CNR CT 1A CNR

3 678.0127.6 17.743.1 —43.91+8.6 57.0£6.2 86.0E5.9 43.5+4.6

4 519.3+£23.8 27.4£3.3 —50.24+5.8 3l.2+2.4 70.8+9.2 18.8+1.6

5 540.0456.3 42.848.7 —57.61+6.2 20.542.0 69.5+6.3 7.14+0.8

6 326.2+28.4 23.3£3.9 —61.44+7.1 16.04+1.9 69.1+6.2 2.7+0.6

8 420.54-40.7 39.0%6.0 —60.7+7.4 7.9+1.1 67.0410.1 4.5+1.2

9 579.9451.3 24.6+6.2 —54.6+11.0 38.74+4.8 73.246.4 26.043.2
F 1A 208.870 66.995 15.978 541.445 18.422 897.635
P& <20.001 <20.001 <20.001 <£0.001 <£0.001 <£0.001
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F3 WA 70 keV EEEWBR CT ERE CNR
5 Ak B B Jigt Jo B B 21 Y B e
ENCE TR
CT 1l CNR CT 14 CNR CT CNR
3 695.9430.0 26.0+5.6 —41.5+5.9 78.148.2 80.04+7.6 60.946.5
4 503.7424.2 34.544.9 —53.34+8.2 46.944.0 63.9410.2 30.343.3
5 488.6418.1 52.546.3 —56.84£7.7 30.243.5 68.248.9 11.2+1.8
6 313.7417.3 34.344.9 —62.7+4.2 20.84+2.6 73.143.9 0.940.6
8 379.2446.8 52.04+9.6 —57.9+5.8 10.2£1.5 62.9+7.7 7.0+1.4
9 553.7433.0 27.7+5.3 —50.6+£6.1 54.145.6 73.34+9.2 37.34+3.5
F 440.432 75.641 27.995 594.766 13.930 952.059
P 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
x4 2HBGEEZERENTEBLR CT EXFLE
5 4k B e fg Joit BiE B 2T 4 i e
21 431
5 4 9 5 4 9 5 4 9
R4 120 kVp 540.0(56.3) 519.3(23.8) 579.9(51.3) —57.6(6.2) —50.2(5.8)  —54.6(11.0) 69.5(6.3) 70.8(9.2) 73.2(6.4)
IV 70 keV  488.6(18.1)  503.7(24.2)  553.7(33.0)  —56.8(7.7)  —53.3(8.2)  —50.6(6.1) 68.2(8.9) 63.9(10.2) 73.3(9.2)
¢ HEK Z —2.873" —3.490" —1.412* —0.530 1.693 —1.542* 0.584 —0.731" —0.017
P 0.004 <20.001 0.158 0.602 0.105 0.123 0.566 0.465 0.987
H RSN CT HFRMEZ5.4.9 I EHT; « . ZH
x5 2ABGEXENTEBH CNR 31t
| A5 4k B B g J5 5 B 2T 4 B B
il
5 4 9 5 4 9 5 4 9
XHRZE 120 kVp  42.8(8.7) 27.4(3.3) 24.6(6.2) 20.5(2.0) 31.2(2.4) 38.7(4.8) 7.1€0.8) 18.8(1.6) 26.0(3.2)
I 70 keV 52.5(6.3) 34.5(4.9) 27.7(5.3) 30.2(3.5) 46.9(4.0) 54.1(5.6) 11.2(1.8) 30.3(3.3) 37.3(3.5)
¢ HEK Z 5 —3.520 —3.815* —1.576 —10.330 —14.782 —9.220 —9.670 —12.748 —4.074*
P ﬁ 0.002 <20.001 0.130 <20.001 <20.001 <20.001 <20.001 <20.001 <20.001
55 P08 CNR R 2 55.4.9 NIk EH T « . Z(H
AT . FEARERNES HA 16 cm 1Y 2 7 5 1 AL 7Nt S AL BE e, 5 vk B X LR ) R B

1 Uitk BRIy 52 J B8 B 440 4 v I [ 0 B3R A 13
TR R R E B A R B R N5 . ASIR-V HiR 2
TEHE TR 5 5 @ (model-based iterative reconstruction,
MBIR) il b I 9 — Fh w7 i 2% AR 8 Al R, B W 3%
Hu R AR T 5 M 7 | 32 g P R o o L 9 i % T o Bk 0 D %
Mt . AP R AT E LS B ASIR-V A FH
T 53 He 1A A 2 G B A A0 2R AP 6 5 590 [ ORI
R,

3.2 AW BARXHFIHE SN 5 mg I/ml.,10 mg I/mL
S 13 mg I/mL B} 2 20 448 7 22 4045 19 R 34 ] {2 Il
PRAZ W 5 X6 L3 v BE 3 A1 (2.5 mg 1/ mL) B, £F 4 5 B
R P AR W 3 0 85 (20 mg 1/mL) B, 456 4k BiE B
for A E AR . 2 HIEMRTE 10 mg I/mL X b1 5% 14
TR 3 BE S A Y WV SR X O . A [ R
(5.10.13mgl/mL) X} | H . 45 4k BE P CNR 72
5 mg I/mL 454 F f & . I8 5 B B % 21 4 BT Hk CNR
78 13 mg 1/mL /K- i i » BB BE X LE 5 2

1) R o B e S 41 A S . A5 R AE A [ v B % L
FIEAEF R —PE R BEH CT {4 &% CNR BJ7EA4E 2 5, %t
Fb v B2 B CT fE ¢ CNR (52 0 5 %
3.3 AHEZEH 3 AP MR EE (5.10.13 mg I/mL) K
LRI 70 keV EMRA5 BEHL CNR %38 155 F X 1]
2H 120 kVp EUR 50 2H RGO e Y 7R B0k BREH 4,

ABIFE B AN JE + (1) A 58 8 86 b 551 vl B A %
A SRR T AR I PR I2 W 0 X b 7 v R S L B vk
FERRRE R E . (O ARBER NIRRT 45 R 2
BE TR AR 7 S [) 1 O 58 3 I DR F 9 a2F — 2B iF
5%, (3)Revolution CT BEi% m 1% & & A [F K keV
I XF L BE B e 7 1 25 5 R[] ke V. IBHE 1912 BB
a2k — T .
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