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Iterative reconstruction algorithm in image quality and radiation dose in coronary

computed tomography angiography
Peng Shengkun, Zeng Yongming, Luo Tianyou, Yu Renqgiang, Wang Jie, Liu Xiao, Peng Gang, Tan Huan ( Department
of Radiology, First Affiliated Hospital, Chongqing Medical University, Chongqing, 400016, China)

[ Abstract ]|  Obijective To investigate the difference of image quality between sinogram affirmed
iterative reconstruction ( SAFIRE ) and filtered back projection ( FBP) in coronary computed tomography
angiography (CCTA), and to evaluate the radiation dose in dual-source computed tomography ( DSCT) using
different tube voltages. Materials A Chinese anthropomorphic chest phantom with simulated coronary arteries
and thermoluminescent dosimeters (TLD) was given CCTA using different tube voltages (100 and 120 kV).
The CCTA data sets of the two groups were reconstructed with SAFIRE and FBP. The CT value was measured,
and the carrier noise ratio (CNR) , signal noise ratio (SNR) and standard deviation (SD) of CT value were
calculated. The organic radiation doses were recorded and were converted into effective doses. The image quality
of each group was compared by Dunnett ¢-test. The paired i-test was conducted to analyze the image quality at
120 kV/340 mA and 100 kV/340 mA. Results (1) The image quality of SAFIRE reconstruction was better
than that of FBP reconstruction in different tube voltages. (2) The image quality tended to be improved along
with the increase of tube current from 200 to 360 mA, and became stable when the tube current came to
340 mA or more. (3) In SAFIRE reconstruction, the SNR, CNR, and SD of CT value were statistically signifi-
cant between the two groups (100 and 120 kV) (P <0.05). (4) Both the effective doses and organic radia-
tion doses increased along with the increase of scan parameters of CCTA from 80 to 120 kV. Conclusion  The
new reconstruction algorithm of SAFIRE can significantly improve the image quality under the same scan param-
eters. The effective doses and organic radiation doses increase along with the increase of CCTA tube voltage in
an appropriate range.
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At 3% X 52 2 (sinogram affirmed iterative reconstruction,
SAFIRE ) H AN 32 1 A 2, e 1k ) B30 4k B AR A
ARy B AV A S 70 B 4R 1 T BB, [ I iR RE AR Ak BT R
Fite o ABEFER] 7 B AR M AR B AN [ AR
Tk 47 56 Rk 3 ik CT ( coronary computed tomography
angiography, CCTA ) , 3¢t 73 A7 AN [) 487 H S AV el A 5k
5 RSN kG 5 5 i PR 2R B AH Sk IR VAN R
R TE Pl

1 RS

1.1 AR %

Py E AR (CDP-1C) 1 H (5 165.9 cm, K5
57,5 kg) , TG ALY (Il O R HFIE ) T BRI, Bl A2
AR B K 3E T CBEADL L A A T A 8 % L 70 T 20 Je e S
% ,370 mgl/mL) B ALCIEREHY 4 5 2 [AVE .

1.2 CT 28 AR BIG R BHA

KRV 1] 38 — A% B 3 CT ( SOMATOM  Definition
Flash) ke MMWP AR 39580 400 3 60 YK/ min, R
BB TE Ol T HE P A1 SR 5, 42700 ek BB I 8] 77 R~ R [R] 48]
H30% ~80% . AP T (1) EHEREE 100 kV, 4
HL IR B B2 ] B 20 mA : B 200 ~ 360 mA, (2) & L [H &
120 kV 45 fL i 8% 341181 20 mA : ) 200 ~360 mA, HiAthZ
BOOE AR AT FREEAR O 3 A SR, MEETERE 128 mm x
0.6 mm x2 mm, JZJ2 0.6 mm, PLZEFERE ST 0.28 s/, IF[a] 4>
A TS5 mso FMFEH AEFEIB D CR 1 em ROERTTE . #
G EESH: CCTA BGAE LA, Filat A S b AL+, 43
HIAT FBP [ SAFIRE WFH 7 i i S A, #5351 100 kV L1 PiFPEL
SRR 120 KV 2H AR E A, PR R Y A B O
4 B26f 5 126f (SAFIRE ¥ #% 3 Wik i), EHERE
0.75 mm, FHEIRE 0.5 mm, ERJGALHL . /£ MMWP T{Eu; |k
X EUR AT 2 V-1 | T e KO LB A BURE . (3) R
PIRVE U T 2% A S USRS H, JEA T AR S50 i A it
1.3 B RHAREN

ASWFGE AN X EL MRS EE (contrast to noise ratio, CNR) {5 1
H, (signal to noise ratio, SNR) | M2 7 ( CT {H ¥ #E 22, standard
deviation,SD)3 4~ CTA {525 & W E G B 4845 & CT {H. A
()8 . (100,120 kV) B2 ek 3 ik CTA E{543 34T FBP J
SAFIER Wi 5 1 25 dt 75 51 4 20 ¥ (100 kV/FBP, 120 kV/
FBP,100 kV/SAFIRE,120 kV/SAFIRE) BEf73EA . R B E
bR ) DR A [ TR T A I )22 T 1) L S AR
Sk ET B B B bEE CTE(HU) S, XU e
RBBKIE AP T B R R0, 03 £0.01) em® 0% i 0 i 1A
FL(5.00 +£0.05) em® 5.0 5 i CT fB SD 14y B4 1 4 75 45
K, SNR N5 AR Sk 14 CT {E 5 A0 RSk CT {8 SD 2
L, CNR A R B Ik S BN CTHZ 2 5.0 = 1 CT{H
ShZ., WE L,

1 #EER S E G R CT ENET &

1.4 F4ti 4
LAl 5B MR W) A6 K JHE B Bl il 79 BR
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BN I A 20 A N Y G0 e s 7 o R A A W
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4RI O/ 5006 6 D rlUT R X @R B 550 1
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2.1 MREREEZFEEGREHATER

100 kV 215 120 kV 21+, £ SAFIRE g () B5 s 34 1
FFBP Fg, (1) LU HLR 360 mA JyxfIEZH , 545 H% 320 mA L
AL LA A IR B Rk (FBP 8l SAFIRE) Y 5 5 2 248
(CNR.SNR J CT f SD) )22 R A HIT ¥ H L (P <0.05) ;
340 mA DL FAHSCEG BT AR AR AE X A2 . (2) FBP il SAFIRE
PP EE A B T R4 AR (CNR (SNR K CT {H SD) Lh#,
ZRHERITHFEL(P<0.05), LFE1.2,
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=1 100 kV AWMHEEE % CCTA B EEIERIEE (n=3, x+5)
CNR SNR CT {4 SD
B (mA)
FBP SAFIRE FBP SAFIRE FBP SAFIRE
200 20.23 +1.292 24.48 £1.67% 24.14 £0.132 30.42 +0.852 24.81 £1.21* 20.71 £0.21*
220 20.31 +1.21% 24.19 £0.982 24.60 £0.11* 31.51 +0.28% 23.66 £1.01* 19.82 £1.01*
240 21.93 £0.972 27.66 £1.37% 26.00 £1.05% 33.08 £0.552 21.73 £1.24% 17.33 £0. 142
260 25.15 £1.472 31.68 £0.392 27.27 £0.81%* 35.29 +0.492 19.24 +0. 462 15.97 £0.262
280 25.60 £0.422 31.81 +1.01% 29.35 £0.99% 36.18 +£1.032 17.92 £1.42%2 14.82 +1.242
300 28.60 £0.692 35.34 £2.042 33.73 £1.07% 41.87 £1.13* 16.88 +0.89% 13.72 £0.48%
320 29.76 +1.09% 38.05 +1.042 33.86 +0.76 42.37 £0.51* 16.10 £0.48* 13.13 £0.67*
340 33.11 £1.12 40.82 £0.68 35.82 +£0.02 44.68 £0.12 15.41 £0.08 11.51 £0.57
360 33.28 +0.57 42.83 +£0.83 36.12 £0.04 44.97 £0.81 14.93 +1.07 11.22 +0.28
F1{i/P 18 61.09/0.00 141.97/0.00 96.17/0.00 159.48/0.00 59.99/0. 00 29.74/0.00
t i/ P {5 11.14/0.00 13.24/0.00 19.56/0. 00
a: P<0.05, 5288408 (360 mA 48) }bix
F2 120 kV AFMEBEEEZ CCTA BBREBIEIRILER (n =3, xx5)
CNR SNR CT {B SD
EHLE (mA)
FBP SAFIRE FBP SAFIRE FBP SAFIRE
200 20.21 +0.78% 23.69 £1.022 25.33 £0.68% 35.66 +1.04% 18.23 £0.052 14.61 £1.61%
220 20.94 £0.67* 26.65 £0.93% 27.47 £0.972 36.40 £1.112 17.31 £0.01% 13.54 £0.81%*
240 22.12 £1.03% 28.91 £1.042 30.59 £1.072 39.07 £0.79* 16.81 £0.012 11.97 £0.53%
260 23.67 £0.49* 31.76 £0.81% 31.37 £0.19* 39.50 +1.03% 16.21 £0.002 11.53 £0.37%
280 23.77 £0.512 33.58 £1.72% 31.30 £0.56% 39.51 £0.88* 15.47 £1.042 10.77 £0. 122
300 26.49 +0.82% 36.89 +0. 882 31.79 £0.72% 41.50 £1.29* 14.37 £1.632 9.85+1.63?
320 30.16 £0.47* 41.49 +1.05% 33.30 £0.67* 43.03 £1.97* 13.30 £0.00* 8.73 £0.06%
340 33.54 +0.54 45.80 £1.04 35.91 £0.64 43.91 £0.87 12.51 £0.01 7.54 £0.11
360 35.38 +0.68 46.23 +£1.21 36.73 +0.78 45.43 £1.03 10.77 £0.57 6.73 £0.57
FAH/P 14 216.37/0.00 154.77/0.00 73.95/0.00 19.88/0.00 38.85/0.00 33.25/0.00
t {i/P {8 7.22/0.00 32.52/0.00 35.88/0.00
a: P<0.05,5 220 (360 mA 28) rbig
2.2 RRE% ¥ /E SAFIRE & 2 5 % B RS4RI 2.3 RRVE W EMAEELETY CT LR

2.2.1 CNR{H  BEHSHFAYBLIN CNR 840,120 kV 45
F-100 kV 4H(P <0.05),

2.2.2 SNR{H 200 ~360 mA it SNR iZ#iHi o, H 120 kV
ZH7E T 100 KV 41 (P <0.05) ;%5 H1 3 340 mA L4 L4l SNR
G e, HEAHE
2.2.3 a7 (CT {& SD)
0.05), W#E3,

100 kV H & F 120 kV 4 (P <

%3 A EEHIESAFIRE EgHEi%

TRl T 9 e R o ik & 1 CT {f, 100 kV 3% K F
120 kV 41 ; T8 100 kV 4155 120 kV 41, SAFIRE 2 3 561k 30 ik

P47+ CT % FBP Bk RG24 L (P >0.05), UL
#4,
2.4 3@ b )R CCTA A% BB B H 2 Fo H 2 A

T
SRR R B A 1 O A GRS

CCTA BB RERIRMLER (v £5)

CNR SNR CT {f SD
I (mA)
100 kV 120 kV 100 kV 120 kV 100 kV 120 kV

200 24.48 £1.67 24.69 £1.02 30.42 £0.85 35.66 £1.04 24.81 +1.21 14.61 +1.61
220 24.19 £0.98 26.65 +0.93 31.51+0.28 36.40 £1.11 23.66 +1.01 13.54 +0. 81
240 27.66 £1.37 28.91 £1.04 33.08 £0.55 39.07 £0.79 21.73 £1.24 11.97 £0.53
260 31.68 £0.39 31.76 £0.81 35.29 £0.49 39.50 £1.03 19.24 £0.46 11.53 £0.37
280 31.81 £1.01 33.58+1.72 36.18 £1.03 39.51 £0.88 17.92 +1.42 10.77 £0.12
300 35.34 £2.04 36.89 +0.88 41.87 =1.13 41.50 £1.29 16.88 £0.89 9.85+1.63
320 38.05 £1.04 41.49 £1.05 44.37 +0.51 43.03 £1.97 16.10 £0.48 8.73 +0.06
340 40.82 +0.68 45.80 £1.04 44.68 +0.12 43.91 £0.87 15.41 +0.08 7.54 £0.11
360 42.83 +0.83 46.23 £1.21 45.97 +0. 81 45.43 +£1.03 14.93 £1.07 6.73 £0.57

t{E/P 1A 5.36/0.00 2.49/0.04 21.82/0.00
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*4 AEAEBERMEEE L CCTA B% CT ERILE (HU,x £5)
100 kV 25 120 kV 44
B (mA)
FBP SAFIRE FBP SAFIRE
200 520.67 £15.92 569.67 £13.15 407.83 £7.15 412.13 £6.78
220 531.97 £13.66 535.87 £13.55 427.63 £10.65 425.13 £9.78
240 538.50 £20.20 541.63 £19.74 391.72 £9.74 409.97 £7.24
260 556.00 £12.99 558.33 +11.43 414.17 £11.31 421.73 £9.78
280 545.20 +£3.84 538.51 +£17.88 418.97 +12. 18 424.23 +11.47
300 544.90 £5.89 548.53 £6.43 414.97 £9.47 420.87 £8.79
320 553.57 £15.57 572.33 £16.42 417.81 £10.72 420.87 £13.71
340 554.17 £8.73 569.67 £15.74 418.62 £10.24 428.62 £12.45
360 528.90 +£12.30 533.57 £11.31 433.63 +11.71 439.93 +11.74
t{H/P {4 0.77/0.89 1.04/0.76
*5 JHAERECCTAKREMNEEREFNENSHBE R (mCy,x +5)
AU/ H i FHOR AL HFE " Y i Bk Lok
80 kV/340 mA 0.07 £0.12 0.84 +0.13 0.05 +£0.00 0.55+0.26 0.34 +0.02 0.21 +0.02 0.05+0.12 0.06 +0.01 0.05 +0.01
100 kV/340 mA 0.15+0.29 1.91 £0.20 0.11 £0.00 2.06 £0.09 0.63 +0.23 0.62 +0.05 0.18 £0.22 0.14 £0.10 0.14 +0.02
120 kV/340 mA 0.23 +0.52 3.15+0.72 0.16 +0.01 2.72 £0.89 1.51 £0.09 0.92 +0.10 0.24 £0.01 0.22 +0.10 0.22 +0.03

80 kV/340 mA 28 ¥ A 2 & =2.23 mSv;100 kV/340 mA 20 ¥4 &5 & =5.95;120 kV/340 mA 488 A 2 H] & =9.38 mSv

3 Wig
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) 2 g 2 e 140 5 e I A R A 8 R R v
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SRR SR EE N, ARSI UL, TEARY RIE ST
340 mA W] G MOFR AL BMI i ( BMI =20. 87) SRy
UYL e

ARSEG RO AH R S O R 3 @0 CCTA
MG a2 A G4 L (P <0.05) ,SAFIRE 4]
(100 kV/SAFIRE, 120 kV/SAFIRE) T & 3 i 45 &
1% 5 & 45 #% Y9 45 F FBP 41 (100 kV/FBP, 120 kV/
FBP) . It UL, SAFIRE #7520 FBP & # J5 =
FHEL , BUG AT B A3t B Tk A e fe ]
LTE AN 52 W 52 22 W i 2 10 T, o035 R I o=
SAFIRE #4530 ,100 kV 415 120 kV 2 &4 5 &
PEMHEFR (SNRLCNR [ CT ff SD) 2 R A G it 2% 8 X
(P<0.05) 1581 120 kV 4 {4 i 4 100 kV 41,
Bl 4 P A T 8, SR 2 3 i (S 5 M L (X
b 1) 15 3 o3, 100 kV 41 CT {5 &5 F 120 kV
41, PAWIIRAS FL IR CTA KA sp A 7E CT {E3S5R AL .

A PB4 5 S 1Y) F 248 A5 2 SNR {H & CNR
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