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FEL (P <0.05), H80kV &4 T IMR & E R4 120 kV 54 T 49 iDose’. FBP A (P <0.05), C4L
AR TAUA A L8 33.68%, 1B EREKRHIR CT RIET, IMR 42 iDose’ #2 FBP R 5 5 B R &, A
80 kV Ikl R A IMR TR F ERBKTHHANET, IRSTHERE,

KR . BRI REBRFAR, X LM ; iDose’ 5 IMR ; 185 &
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Assessment of IMR, iDose’ and FBP in coronary CT angiography
performed at different tube energies: an animal study
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Abstract: Objective To investigate the performance of a knowledge-based iterative reconstruction (iterative
model reconstruction - IMR) compared to filtered back projection (FBP) and a hybrid iterative reconstruction
technique (iDose®) in coronary CT angiography under different tube voltages. Methods Five miniature pigs
underwent prospective axial ECG-gated coronary 256-slice spiral CT angiography at different tube voltages
including 120, 100 and 80 kV (group A, B and C). All original data were reconstructed using the FBP, iDose’ and

IMR algorithms. The objective indices of the reconstructed images, including image noise, signal-to-noise ratio
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(SNR), contrast-to-noise ratio (CNR), and mean CT value of the aortic root were compared among the three groups

reconstructed by the different algorithms. A 5-point scale was used to assess subjective image quality of coronary

segments and images with a score of > 4 as a good criterion. Results At all three tube voltages, the IMR algorithm

consistently yielded a lower noise and a higher CNR than iDose’ and FBP (P < 0.05). The differences of subjective

scores among different reconstruction methods in the same group were all statistically significant (P < 0.05). In

addition, at 80 kv, the image noise in IMR reconstruction was lower than in iDose' and FBP reconstructions at 120 kV

(P < 0.05); the radiation dose in group C was only 33.68% of that in group A. Conclusions Compared to iDose' and

FBP algorithms, iterative model reconstruction (IMR) algorithm significantly improves the image quality of 256-slice

coronary CT angiography. A combination of low tube voltage (80 kV) and IMR algorithm can help reduce radiation
ry glography. g g p

dose and improve image quality.
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%5 (filtered back projection, FBP ) [&] {4 i 4 4 &
P, FasE, (HXME A HUR, PR = RAR Y. &
FURAEACHEE (iDose’) 255 4 UH AL, Wk
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1.1 —fEM

Ve NS 5 L, ForpobEdk 4 1, e 1
FEE 300 ~ 400 d 5 {AKHE 37 ~ 42 ke, P (395+
2.00) kg ; F ¥ Mg [ (50.20+0.57) em, BRE CT
A A5 T 5 it RR T JUL P 132 23 SR B 10 mg/keg+ b 74
0.4 mg/kg, HERFRRBETH-Z R KE A TNIAM 10 mg/kg.
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Sl DU B G R B, SR AR TP I
WSOl ERE, R e A S R T R A
BAbh, BARSAT R R SR A RIA SRR, T
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1.2 Fik
121 &gk SR Philips 2AH [ Brilliance
256 2 CT AU TRTIE RO BT TR . L5
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— BRI (DL ] — B O A K, B
P IRAS, BRUCOT-FA IR A RIS W 2 R 2 5 R o-H
DU R IS P CT (EAHIE, Bk RITEH ) HE
SR E L

122 fa#mide EHRESHIN 120 kv, 100 kV K
SOKV, ZIEN AL BHIC 4. Hid A 4 0
i, BB 120 mAs, #EH 128 2 x 0.625 mm,
SRR 0.18 mm, 45 BRE e BF W] 0.27 s/v, i 41 6] B&
0.625 mm, CT f#x & ZRY N STME R, HEE
HRAE A7 S B0 4 O R A DL 48 T30 R S e ke e, 1
TSR, HFRGO 70 K /min, SEBRES
AL 58 ~ 86 YK /min, kBRI A AR
R KA SR . 2Bk i B AT U
JEAESF R AR FXF R (BRTIIR7E, 350 mg/ml,
X E GE 25k A v, TE SR E 50 ml) + AF R K
20 ml, {FSHAHE 3.5 ml/s,

123 BEfgss XA s B 4 5l FBP.
iDose’ (Level 4 4% ) }% IMR ( Routine 2 2% ) #H & J7
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MLy ( signal to noise ratio, SNR ) X AT TH AL
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1.4 gitEFE

HH 43R F SPSS 21.0 Geit . TH AR
PP+ B2 (xxs) 0K, RN 25007, #t—
AP HEEH LSD—1 A58 5 SERBTRIASYERR, [T
AR, P<0.05 HZERAGIEE L.
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A. B. C 41 FBP. iDose' &% IMR & # i [€11% CT
HEEE, Gl 2mhr, ZRIGEIHFEL (P>0.05);
FEETEARE QRSN CTHIE, %052

ST, ZERAGITFE L (P<0.05), H—LHFE
B, 120 kV AKF 100 kV (P <0.05 ), 100 kV fitF 80 kV
(P <0.05), FEITEX EZMK CT EAMBGZ W, 3
Bk CT AR KNG A ¢, HFEA R TR,
Fak CT . W& 1. 2 FIEl 1A,
22 BHAAEZFHTERELLER

A .B.C #H FBP.iDose' .IMR £ A R4 0Me 5 4
ZI)7 200, ERAGI R (P<0.05), ##—W
WiLb®E, FBP KT iDose' (P <0.05), iDose' BT IMR
(P <0.05), 458 @I R R oL T S0 T MR s LA,
LI 22000, ERAGITFE N (P<0.05), #F—2W
WIS, 120 kV KT 100 kV (P <0.05), 100 kV T
80kV (P<0.05) (W& 1, 2 FIE 1B ), 80 kV &4 T
() IMR B E% (C3) 5120 kV &4 F FBP (A1),
iDose’ FAEMS (A2) BUMEFS i, & 2000, 2
S G E X (P<0.05), IMR/NT FBP. iDose'
(P<0.05)( W32 3), My 545 A G, Bl He i fIK:
Wby, L FBP S AT H R IR R,
TR ARRPR R, IMR Rl AR (R A BRI A, B
FEEATEAR, F—EHEET, IMR SN R
/I, FBP MK,
2.3 HBHAFREHT SNR LI

A. B. C#4 FBP, iDose', IMR & [& {4 SNR
FoaE, Z R G X (P <0.05), #E— W Hds,
FBP fik T iDose’ (P <0.05 ), iDose’ fili T IMR (P <0.05 )
(W3R 1 K 1), IMR HE 1) 80 kv K% (C3) 5
120 kV /4 F FBP (A1), iDose’ HHE% (A2) ¥
SNR W, & 05 2000, 2R A geit # i L (P <0.05),
IMR & T FBP. iDose' (P <0.05) ( W,.%3). SNR 5
LA ¢, FBP (iDose’ S T Fifi FL R 11 4 SNR %,
£ 80 kV B fefI; IMR F A T HLH 100 kV B SNR 5AIK.
FEOERY, BT, B BT, Eshk CT EIR B
Tk, B LAWY FL(E SNR AR RIREE A/
2.4 FBHAAREZHET CNR LR

A. B. C 4 FBP. iDose'. IMR # # & & CNR
P, &I 22000, ERAgitE L (P<0.05), i
— WP LA, FBP KT iDose’ (P <0.05), iDose' fik
T IMR (P <0.05), #&8E I EANFEHEESF T
FUL CNR g, 2R3 TG (P >0.05) (WL
1. 2 F1E 1D) IMR HH#R 80 kV E&5 120 kV 44+
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x1

AH
FBP
iDose’
IMR
Fa
PH

B4
FBP
iDose’
IMR
Fia
PAH

CA
FBP
iDose’
IMR
Fia
PH

487.60 + 34.93

492.00 + 34.05

485.40 £ 26.12
0.055

0.946

646.40 + 80.07

651.60 + 81.65

646.40 + 80.07
0.033
0.968

827.00 + 59.74

820.00 + 78.69

855.60 + 67.10
0.374

0.696

48.60 £ 8.91

30.80 +5.63

11.80 £2.17
43912

0.000

59.40 £7.92

37.40 +7.77

13.60 = 1.51
89.749

0.000

88.00 +6.78

63.70 £9.82

21.50 +3.87
179.724

0.000

TRIEHBRESEMHET FBP, iDose’ & IMR EZ 7%/ CT &, /=, SNR, CNR Lt

9.93 +1.54

15.26 +2.44

37.49 £5.37
86.324

0.000

8.81+1.98

14.77 + 1.94

31.83+1.99
184.242

0.000

5.62 +1.09

9.55+2.41

35.69 £ 8.26
33.268

0.000

(n=5, x+s)

9.09 + 1.70

14.55 +2.89

37.52+£6.95
57.291

0.000

10.09 +2.47

16.61 +5.26

42.54 +6.99
53.493

0.000

885+ 1.19

12.23 +2.84

38.10 + 8.45
28.413

0.001

FBP
120 kV
100 kV
80 kV
Fia
PH

iDose’
120 kV
100 kV
80 kV
Fia
PH

IMR
120 kV
100 kV
80 kV
Fia
PfH

487.60 + 34.93

646.40 + 80.07

827.00 + 59.74
38.618

0.000

492.00 + 34.05

651.60 + 81.65

820.00 + 78.69
28.783

0.000

485.40 £26.12

646.40 + 80.07

855.60 + 67.10
40.151

0.000

48.60 + 8.91

59.40 £7.92

88.00 +6.78
33.054

0.000

30.80 +5.63

37.40 +7.77

63.70 £9.82
24.113

0.000

11.80 £2.17

13.60 = 1.51

21.50 +3.87
18.152

0.000

£ 2 FBP, iDose' % IMR &4 T AEEREER CT . &5, SNR. CNR L&

9.93 +1.54

8.81+1.98

5.62+1.09
10.065

0.003

15.26 +2.44

14.77 + 1.94

9.55+2.41
9.664
0.003

37.49 +5.37

31.83+1.99

35.69 +8.26
1.244

0.323

(n=5, x+s)

9.09 + 1.70

10.09 +2.47

8.85+1.19
0.625

0.552

14.55 +2.89

16.61 +5.26

12.23 +2.84
1.635

0.236

37.52+6.95

42.54 +6.99

38.10 + 8.45
0.672

0.529
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1000 EFBP 100 mFBP
BiDose’ BiDose’
800 oIMR 30 - oIMR
j)
T 600 E 60
ig S
5 400 40
200 = 50
0 0
A2 B4 C 4l A B4 CH
A B
50 BFBP 60 EFBP
BiDose' ®iDose'
40 = oIMR 50 - oIMR
40
e 30 =
7 5 307
20
20
10 10
0 — 0
A B4 C 4l A B4 CH
C D

B1 FEARFEEHETCTE. A, SNR E CNR bb&R

™ FBP (A1), iDose’ £ K11 (A2) [ CNR %,
ST 2T, ZRAGIFE XL (P<0.05), IMR & T
FBP .iDose'( P <0.05 X L3 3 ). CNR H5HEXREAK,
TE[F—FPHE R 450, IMR EEAY CNR F i, iDose’
HIK, FBP %,
25 FHABRBGRELER

X5 RUgEREsE AL 45 Bob RSk AT 904, BT A
SR SR B8 R854k, I ATTENTE R TS 2
TN —SE B (« =0.805, P =0.000 ), 2 KIFH4H
] — 2k B A ((k =0.826, P =0.000), 4% )5 kKl
Bt EMIEIr AL, ZRAGE XL (P <0.05)
(WFE4), A, B, CHARFEREITIET =441
s, ZR A% (P<0.05), IMR E%&

*3 A1, A2, C3 B CT1E. "&/&. SNR. CNR k&

(n=5, x+s)

St K I AE B Bl R, FBP MR e 2 (L
#5). ANFEFTEETTE T bR BKOEE 80 kV 1= 4
YIS L A, ZERAGIEE L (P <0.05); &N
) 5 vk R iR s Bk B 80, 100 kV Hr = 4 431l
B, ZRA%IEE L (P <0.05), IMR X}
TEB A Y R A 2 RO AR (L3R 6
2. 3)
2.6 HHEHFELE

M TR E R RO S R s s, ARMEZS T
WD AMBGR B , AR SCAR K SRR LA, AL B,
C 4l CT R ABHEE. FERKERR L, &5
ZaHr, ZRAGITFE L (P <0.05), C A
U A 4119 33.68%. WK 7.

(n=5, x£s)

Al 487.60 + 34.93 48.60 + 8.91 9.93 +1.54 9.09 +1.70
A2 492.00 + 34.05 30.80 +5.63 15.26 +2.44 14.55 +£2.89
C3 855.60 = 67.10 21.50 +3.87 35.69 £ 8.26 38.10 = 8.45
F18 97.219 22.574 26.897 29.584
PiE 0.000 0.001 0.000




B2 %, 45 MR, iDose’ & FBP £54 N [H) A B R eBAR Bk CT WG i LA 5T

x4 ARERFAFETEABGREENTS LR

A4 B4 C4
EHAL
54y 44y 34 24y 14 5S4y A4y 34 24 L4y 54y 44y 34 24y 4%

FBP 9 17 18 1 0 0 8 27 10 0 0 4 33 8 0
iDose’ 11 18 14 2 0 5 14 20 6 0 1 13 29 2 0
IMR 21 15 9 0 0 22 13 6 4 0 13 20 10 1 1
H1{H 9.524 35.509 41.606

P{H 0.009 0.000 0.000

e RPRE R

®5 BEARERAZET=45MELGILLE [n=45, #] (%) ]

2151 FBP iDose’ IMR x M8 P1E
A4 26 (58) 29 (64) 36 (80) 5.327 0.070
B4 8 (18) 19 (42) 35 (78) 32.989 0.000
C#H 4(9) 14 (31) 33 (73) 41.029 0.000

*6 AREERFAETERIKER, ZE= 4 5MEMLLFILLE =20, #] (%) ]

iz pmzs

WEEH A

120 kV 100 kV 80 kV 120 kV 100 kV 80 kV
FBP 15 (75) 8 (40) 4(20) 4(27) 0(0) 0(0)
iDose’ 15 (75) 13 (65) 13 (65) 5(33) 3(20) 0(0)
IMR 18 (90) 15 (75) 16 (80) 10 (67) 8 (53) 8 (53)
X MH 1.875 5.417 15.758 5.648 11.791 19.459
Py 0.392 0.067 0.000 0.059 0.003 0.000

A, B, C4r3I FBP, iDose’ & IMR &5 I57E 120 kV & HUE T ARSI BIE Fr, 22 E TR, RS54 DL E.F
SR BIRIR— UG T Y FBP . iDose’, IMR FAEIE -, ZlARSNRKATRE SO Be . 85— 30 i Ak i B E R w22 5k
IMR A5 5 93, Does” Heyk, FBP SRSt ings, MR, IR0 .
B2 AREZEFZETERIPEER. ZRERER
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AL B, C351% FBP, iDose’ J¢ IMR H £ EEAE 80 kV 45t K T (MRS Pk P Balm &, A (MR, A48, C i3l
Wy 555 Dy E. F2r500 FBP, iDose’ & IMR AT 6 FAVENK T T2 B AE, D RSk, BhAms, F0T0 3 7

EXFLE D JEA e ;s F ARG, ST, . ImBEEREMY 5 )

B3 AREZEFETERIPKENER

R7 BEABHFELE

(n=5, x+s)

251 FIE AR R ) B A
A4l 23.14+0.23 335.98 +20.75
B4 14.44£0.22 238.14 +£29.25
c4d 7.84+0.11 114.66 + 7.07
FAE 7866.232 138.091
P 0.000 0.000

3 itie

TERBIK CT 1SR B2 Wr AP e IR 3l bk
PRI — P E A T-Be, BRI AT R 2
B R o CT Jeli Bt i 20 500k £ 20 FBP K
AV PRI SR FBP [ IR 59 5] 2 i B2 AT
PR, PR BOE B Bl R oM 1Y, 2 X ERGR] i
IR, B AR BRI 7 AR
RN, SE R EZEZ 2GR E ™
iDose' {045 4 fUR S, W fERU 2 IR
23 (1) AT T M P A AR ARt B A R e gk ARB 5
BEAR I RIS ™ 5 IMR 2 CFIH T — AR AU R
LETUT 4G - EUTESEEEEE . U
X PP RGeS AR A B [
ARERALTIRE, LR LLRAL BRI AL AR i
IREARIF-£, 5 iDose’ MHLHIIM T /5 2 - FH Y

ARHF 5T 45 5 R iDose’ H A FL A48 FBP KA
G ROR T, X SRR RGE— " AR
R IMR FEMESCR B 38 T iDose”, 7E 80 kV Z51F T
IMR o # 4 R 5 47588 120 kV 244 FBP E Y
FUGEIES/IN, JRES iDose’ HEEAY MG /N, IMR 5
AR KL SNR. CNR 7658 H R4 N IR 5L FBP &
iDose’ =7,

REAEBF TR RGE , 7EREIRBIBKARHLE 80 kV 49445
4 iDose’ I ARAF 58 HLFHAH O 1 QT i " T
ABFSE R, IMR 5 5 58 iDose’ AL F5 . fiH
80 kV B HIEFIH, HRGHI=IFEINZ) 66%, H IMR H
e HEMR T AT U0 T M 120 kV 4544 T /9 FBP
K iDose’ EEKEIER, 80 kV 44FF IMR 2 1) 30K
B R 5T 120 kV &4 T FBP J iDose’s 4B
WA, IMR TE 7 5 AR 30 bk Be il 8 i 48 FBP I
iDose’ (AT N W, XAEBEAMF I h e 3 K
16 80 kV 45144, FBP Hl iDose’ 2 (1 4R 5 ko B
FWEG B KRR 0%, 1 1 IMR 828 BLR
iK% 53%.

IMR 5 #5 RA AT A b [ s S At AR 7
HECNTTRE, MTERE TR, X SRR
ST LU BBl AT, AR W ot e O
Kl E " AT B, 80 kV HHHIT CNR %% 120 kV
ETCRH 8RR, U4 U T B S B0 A o R

- 12 -
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CT A, NAKAURA 45" #RIETE 80 kV & F T 1]
DLREXT R B 2 50% .

ARWFRA LR« OHFREARERLE A, I
Wiz sh O s se i ST i, X = ER 4 IMR HE I 45
ANRETHE RS W Y R, A SRR ABIESE Hha] i
W14 St — A PR A fL . 5 QASBIFSE ST A IE
W TREAR BT |, AALHE AR SN ks A2 A A

gi bprik, fesbkEh ik CTA Kb, A IMR
AR AT R R P2 SNR M CNR. #£5
EUE R, 76 80 kV F5 LA N BRI AT+
AR (120 kV & HUE ) T FBP X iDose’s

& £ X #k:
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