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[ Abstract] Objective To analyze the value of combining the virtual monochromatic spectral
(VMS) image and adaptive statistical iterative reconstruction V (ASiR-V) in low tube current dual-energy

spectral imaging in head CTA, and to explore the optimal VMS and ASiR-V level while reducing the
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radiation dose. Method (1) Phantom study: an Anthropomorphic PBU-60 angiographic head phantom was
examined on a Revolution CT with spectral imaging mode at two different tube current. Images of different
energy levels (at 40, 45, 50, 55, 60, 65 and 70 keV) in A group [the low tube current group (with 280 mA)]
were reconstructed with the combination of filtered back projection (FBP), 20%, 40%, 60% and 80%
ASiR-V. VMS images at 70 keV in B group [the routine tube current group (with 445 mA)] were
reconstructed with FBP only. The standard deviation (SD), signal to noise ratio (SNR) and contrast to noise
ratio (CNR) of phantom study were measured and examined by ANOVA variance analysis.(2) Clinical study:
to prospectively select 40 patients(randomly divided into A and B groups with 20 patients in each group), the
subjective scores of patients were assessed with a 5-point scale system and compared by the Mann-Whitney
U test. The radiation dose was recorded and analyzed by ¢ test. Results (1) Phantom study: there were
significant differences in the image noise, CNR of the simulated cerebral vessels at different energy levels of
VMS image (P<0.05). VMS images at 40 to 55 keV yielded a higher CNR compared with 70 keV (P<0.05). The
SNR and CNR in the low tube current group with ASiR-V 60% and ASiR-V 80% were higher than that of the
FBP, ASiR-V 20% and ASiR-V 40% images in the same group (P<0.05). (2) Clinical study: the subjective
scores at 55 keV and 60 keV were higher than others (P<0.05). The subject scores of 40,50 and 55 keV were
increased as the proportion of ASiR-V increased. (3) The SNR and CNR of the simulated cerebral vessels and
subjective scores in of the 55 keV VMS images with ASiR-V 60% and ASiR-V 80% in the low tube current
patient group was higher than that of the 70 keV FBP images in the routine tube current group (P<0.05). The
radiation dose of A group was lower than B group (=23.974, P<0.05). Conclusions VMS images in low tube
current spectral imaging combined with ASiR-V can significantly reduce radiation dose and ensure image
quality in head CTA. The 55 keV VMS images with ASiR-V60% and 80% provide higher image quality.
[ Key words ]  Tomography, X-ray computed; Radiation dosage; Virtual monochromatic spectral

image; lterative reconstruction
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Gt S, (3) e E AE MK — T, ASIR-V
60% . ASiR-V 80% K14 1) SNR [ CNR /5 T FBP,
ASIiR-V 20% K ASiR-V 40% #H ; ASiR-V 60% ‘5
ASIiR-V 80% 4H [#11% 1) SNR .CNR 2% S LG8 112 &
X3 & H K A% T, ASIR-V 80% 4H [&] 1% W 75 ik
flR(FE 1),

2. G IRBFTE : Ay (AT OR R B RE 25 A ASIR-V
BRI I PEor 25 R R 2 2 24 BVl 32000 7 — 34
PE&L 2 (Kappa=0.874, P<0.01) . £ 4 K143 1>
3%, 6 L2 WIE SR . ASIR-V T ) — 2 i, B

A TE A [R) B R i R B T 2 R
Giiteta X, 55 keV K 60 keV ZH3F43 1 T HA 4
BABERE KT 40~50 ke V I, AS [R5 A 0 5 20 Fb 3] 1R
BRI Mo 22 A Gt t2E i S0, HREE AL
B, R E W PE 315 5 5 Y B R i KT R 50~
70 keV s, AN [ i AX 5 20 A1 L5 ) B UL EF 0 25 57
TogiitsE (52, K 2~13),

SEA BRI R 78 1) kgl 5, PRaE K
PEE N 55 keV H. ASIR-V 3£ ££ 60% K 80% It (1) &
G PN 5 3 AR A AL, PRtk

1 A AURRIRREREE A ASIR-V BRI T 808 LA A5 R (% + 5,n=3)

AR : : R :
FBP ASiR-V 20% ASiR-V 40% ASiR-V 60% ASiR-V 80% FA PIH

40 keV 40.80+0.53 37.34+0.33 31.99+0.99 26.04+0.53 23.83+0.21* 1386.615  <0.01
45 keV 34.54+0.44 31.63+0.24 27.08+0.84 22.00+0.45 20.16+0.19* 1405.904  <0.01
50 keV 29.55+0.40 27.09+0.17 23.20+0.71 18.80+0.41 17.28+0.19° 1388258  <0.01
55 keV 25.67+0.37 23.5520.11 20.210.60 16.32+0.41 15.07+0.20° 1289.018  <0.01
60 keV 22.5620.31 20.7220.06 17.75+0.53 14.32+0.40 13.22+0.17° 1264304  <0.01
65 keV 20.270.32 18.65+0.05 16.04+0.44 12.91+0.44 12.02+0.17° 1106717  <0.01
70 keV 18.29+0.29 16.83+0.07 14.46+0.41 11.59+0.39 10.78+0.16° 1082539  <0.01
FA 3955.982 16 298.26 782.21 1294.11 5857.65
PAE <0.01 <0.01 <0.01 <0.01 <0.01
AT R A : | =3 . ‘ A

FBP ASiR-V 20% ASiR-V 40% ASiR-V 60% ASiR-V 80% FAH P
40 keV 14.73+2.57 16.23+3.04 18.92+3.34 23.05+4.23 24.64+5.77 10485  <0.01
45 keV 14.42+2.42 15.89+2.88 18.52+3.16 22.61+4.02" 24.15+5.49 11251  <0.01
50 keV 14.06+2.26 15.48+2.70 18.02+2.94 22.06+3.77" 23.51+5.14 12.178  <0.01
55 keV 13.70+2.09 15.08+2.51 17.50+2.73 21.51£3.53 22.83+4.79 13214 <0.01
60 keV 13.36+1.93 14.70+2.33 17.06+2.53 21.01£3.29" 22.3124.46" 14676 <0.01
65 keV 12.92+1.77 14.19+2.13 16.39+2.30 20.24+3.06" 21.3224.05 15711 <0.01
70 keV 12.61+1.63 13.86+1.96 16.00+2.12 19.85+2.85" 20.94+3.76 17.984  <0.01
FAG 1.202 1.065 1.383 1.003 0.746
PE 0.319 0.319 0.319 0.319 0.319
AR AR R : L :

FBP ASiR-V 20% ASiR-V 40% ASiR-V 60% ASiR-V 80% FIg PE
40 keV 14.3522.56° 15.82+3.04¢ 18.45+3.34¢ 22.39+4.21¢ 24.13+5.76¢ 10.105  <0.01
45 keV 13.7622.41° 15.1622.88¢ 17.68+3.16° 21.49+3.99¢ 23.14+5.48¢ 10373 <0.01
50 keV 13.07+2.25¢ 14.40+2.69¢ 16.77+2.94¢ 20.44:+3.74¢ 21.95+5.14¢ 10.662  <0.01
55 keV 12.38+2.08¢ 13.64+2.50¢ 15.83+2.73¢ 19.36+3.49¢ 20.71+4.78¢ 10.898  <0.01
60 keV 11.69+1.92 12.87+2.32 14.94+2.53 18.30+3.24¢ 19.57+4.46¢ 11326 <0.01
65 keV 10.91£1.75 12.00+2.12 13.85+2.30 17.01+2.98¢ 18.04+4.05¢ 11.280  <0.01
70 keV 10.26+1.61 11.30+1.95 13.03+2.12 16.06+2.76¢ 17.07£3.76¢ 11.984  <0.01
F1H 4.505 3.841 4.661 3.915 2.636
P 0.001 0.003 0.001 0.002 0.025

FBP: IET 4%

=
5

ASIR-V: A [ 35 Ge R E A . P HA S HAR A AR R H ) ASIR-V IR ELAE, Wi IS, 2 S 4t
27 X (P<0.05) ;2: ASiR-V 60% J ASiR-V 80% L1151 e F FBP ASiR-V 20% J2 ASiR-V 40% & , 22 554 Bei12# 7 3L (P<0.05) ;¢: 5 70 keV
AR LL , % LM RS A i , 25 A S35 L (P<0.05) 342 ASIR-V 60% M ASiR-V 80% (K% (%] H IR H CNR FH FBPASIR-V 20% J ASiR-V 40%
L 2R G X (P<0.05)
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K2 A LAURFIAREELE A ASIR-V BRI TN FE 5 LU AE R (40, % £ 5,n=20)

ENEL iz FBP ASIR-V 20% ASIR-V 40% ASiR-V 60% ASiR-V 80% VA P1E
40 keV 3.05+0.60 3.25+0.55 3.4020.60 3.750.44 3.90+0.64 23332 0.000
45 keV 3.350.67 3.7520.55 3.85+0.59 4.00+0.56 4.20+0.41 20.166  0.000
50 keV 3.90+0.31 4.05+0.22 4.20+0.41 4.25+0.44 4.400.50 16413 0.003
55 keV 4.15+0.37° 4.25+0.44 4.45+0.51° 4.55+0.51° 4.40+0.50" 8.766  0.067
60 keV 4.05+0.39¢ 4.3020.47° 4.4020.50° 4.4020.50° 4.5020.51 9240  0.055
65 keV 3.80+0.41 3.95+0.51 4.0020.46 4.05+0.39 4.05+0.39 4514 0341
70 keV 3.50+0.61 3.60+0.60 3.65+0.59 3.65+0.59 3.70+0.57 1.821 0.769
Z1H 53.395 49.290 46.417 39.970 30.903

P <0.01 <0.01 <0.01 <0.01 <0.01

1 FBP: G I A 5 ASIR-V : 2 GRS E A . P ELAR .2 55 KeV 2 60 KeV EUZ i 5 W45 AL LA e s, 22 5%
BEiEE L (P<0.05)

. \ @
E2~8 F,19% ., 2051 A i (280 mA) BERE I A [A] £ 40,45 .50 .55 .60 .65 .70 keV B Y [ 15 1 G H 144 C HE 4 (ASIR-V)
40% 355 M4 CTA %, 55 keV (1] 5) 2 60 keV (1] 6) EUS Tl W4 THALA 4L E9~13 55,198 . (R H (280 mA)fE
T 55 ke V AYR R TE 2 Ho 0] SO uE B 305 5 ASIR-V20% .40% .60% F180% ) S f 45 CTA [BI4% , b5 264 CF2H He g hn , (8145 5
T4

¥ A ZH 155 keV ASIR-V 60% E%E X A1, A2y H FMZ RS SNR K CNR 375 T By 4, {H

55 keV \ASiR-V 80% FIZE XM A2 4.,
IR R A L R I A R
LARFERIESE s AL ] A2 L5 By 2 E S M
7 SNR M CNR 22 5 ¥ G124 5 Al e K

Al 15 A2 o A1 B 1H] SNR .CNR 22 53 TC 40112
A2 MR IRT AL e ZH(GR3)

2 RIS AL o ZH A2 o B B, H A N
PE5343 9914 (4.05+0.51) | (4.55+0.51) | (4.40+0.50)
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K3 AR EREZ W P HE AR
PERE R (% + 5,n=3)

415 I (HU) (G X HEME R L
B 14.09+1.50 15.80+2.54 12.82+2.36
Al il 16.32+0.41¢ 2151£3.53  22.39+4.21
A2 il 150720200 22.83+4.79°  24.1345.76"
FiY 13.730 9.006 11.835
P{H 0.000 0.001 0.000

TE: ALy : 55 keV BN FE N GE %A E2H (ASIR-V)
60%; A2 41 : 55 keV  ASIR-V 80%;°: 5 B 41 HLEZ , 22 A7 500t
HRE(P<0.05) 50 5 ALyl UBE, 22 5047 Be 228 3L (P<0.05)

oy ESRA G L (7=9.385,P=0.025) .

= A A R H A R S R

A i 20 9 CTDIvol 5 DLP 43 51 4 7.09 mGy .
134.57 mGy + cm, & T B e 4119 11.54 mGy . 219.02
mGy + emo A . 419 CTDIvol 5 DLP 43 5] 4 7.09
mGy . (131.42+8.68) mGy - cm, X T B 5 ZH () 11.54
mGy . (212.18+11.56)mGy+cmo A 4 ZHFI B . 2H ]
1Y DLP 22 A 4124 5 X (1=23.974, P<0.05) .

o

— BB EURXT S HRERE CTA EHG T S R

S FCTA S22 il I A5 B A AT 1 TR Bk, )12
B FIGIR. CT RERE MR AR 12 80,140 kV BF
D14, JLF- [ [R] f 245 31 2 Fh i i X 2R A SR AR
B, I HEIRTE 40~140 keV U FRRE R RIR . KTk
KO X 2R 2838 1 BI%, nT G R & i) CTE 5 41
ZURNT L, A R T4 3 1048 s B9 CNR, IRk S
AR 25 I R 40~70 keV LA 5 keV Ry HE 40 ]
B R - S Sk F I A5 P i FL R KT R B, K
YL O B, AU 1 4 7 AN [R) PR e RS
IR K CNRAFAEZE 5, H.40~55 keV EIR CNR 5T
70 keV , T ERF2H 11 55 keV & 60 keV K114 i 00
TR T HAB A RE R . SABFIT S5 R,
B A S A PR I B bk CTA PR AT i i
BUAG B A AT 4 g KGR i, Horb 50 keV BLRE (K]
Bttt ARAR /KT AT DA = A Y s L (3
FE—E R LI T BUR s, L, B E
B RE RN E S AR E AR AR, — R
EIGIERS  3 s R i

T R T LB F S S A AR
EEEdpisRil}A |

ASIR-V & —Fopr kR A B A 5 T B

16z [ 5 e, MG 75 B I AR, A 1 R
— o L T AR fY) 3 AR 4H (model-based iterative
reconstruction, MBIR) 14 1 57 & CT & 1% ¥ K .
ASIR-V 4L T H ASIR B SE ik (0 W 7 R S by
R, IF T A ASIR-V kAU E A kR
B8 4> R GG A S Ak, T AR 3RS 5
MBIR AH L 4 & 45 5 5 1) 8] B AR 3IE T 5 FBP JZ
ASIR AT A F A . ASIR-V HA R B UG B
P, EE R TG 8 ASIR-V, A & ASiR-V J&
FEFFA AT, AT 30 2 R R 1 4 Pl A R S
FHE 15 B ASIR-V A] 78 AR S 505 ok
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