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7S 500 HEEES ASIR AT AFREBNE CT
EERIG SRR
HNE B, 2R

1 s PUR2A N R B U R, 5 430060
2. JAAEAE BN T HR L R B O R, TATE BE M 441300

FE: H1Y: S EA AENSTHERTER (ASIR) FEMEIA 500 HEATURIEFER A (VHS)
SPIFE IR CT HEVE AR S B . J7ik: 28 BRI IR S 4T 3h A B Vil it ik CT #EvE
AR, PSR aAEE R IE I S #5% (FBP) wEit4rHd (E&)ZEE 2.5mm), JE _HE
B8k CT fEH. Wi AR 240, AIRRIMEZEN (PS). PR (MTT.
JFIf R R (BF). JH LR (BV), B Wilcoxon £S5 kK46 4 Hr Wy it 8 0 450 3ok BT I -2 1) 4% T
FEESHMEM ZE T . A BRI 2 4 EHGRR A T P . 455 40% ASiR 5 FBP
FIEBEVELE: EESNK CT 49k (58.33+9.19) F1 (58.78 +£9.30) HU, R L4125
=X (P=0.258); 40% ASiR ZHEM: (10.9 1. 49) HIRALT FBP 4H (13.20 %1.65), #
FEHIFEREX (P<0.01); WAERFEITINEN SR S5 (PS. MTT. BV M1 BF) {H%
S LG % E N (P>0.05). 40% ASiR ZH KI5 &4 (4.25+0.42) & T FBP 41
(3.79+0.48), ERASIUIFEX (P=0.001); P 4lEE M 2 MIT o 45 R — R4
(Kappa=0. 821), 4iit: 3T ASiR T & K130 500 HEFAFEH AT MR CT #EHE %+, 40%
ASiR BRI BRI A A, R T . BB & THEE 2405 FBP AL

R R
KER: XLIMHN RS AENSTHACER, BEEREs R, AR

doi:10. 15953/ j. 1004-4140. 2016. 25. 06. 13 FESZES: R812; R445 XaktRERD: A

JHF- 400 g L % SR b A 2 il A O WA Bl o et JFF U IR A T 22 2 2 A
B sRFRRIRAT I R S e S I e 22, A AN [R) DX o 240022 5ok
WEATISWT . SRS BT P . RBUBIE AR HAR (volume helical shuttle, VHS)
PESE R 8 s e S A ML T T TP I B 2L 77, CT AR RREL M E R
BN R AT E s R, e T RFEN M R, Rl i A Rt AR K=
M EEN G ER T (adaptive statistical iterative reconstruction, ASiR)
FOR A S/ M “ o e 7, AT BIVEHES B A g S g . Tk B4 1)
ASTR BT BE fl o A1 S5 PO SR R I AN S i R MR Dt 1 T A o A e 1 e

DAFERFFER B ASIR AE R — P s M kAR EE, A TG 83 R BE5%  (Filtered

s HER: 2016-08-15,
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back projection, FBP) HE VL=, H EEMALE T m A S H 7, RIEK
BGAFWRLL, BE— 5 BRI P2 R S AR, I S A PR e P 13 3 e Y PSR
KHZET ASIR P& BI3hA 500 FERAN T IRAT H v CT BT Bug a4, Wl Arxs
PO REE R AR ASTR AT FBP WA [R50 BBt 5 s g S 8 ) 2= 5w, DR
ASTR SR e CT #EE: S 52 .

1 #EREHAZE
1.1 HIR3&R

TEHY 2014 4F 6 HZ 2015 47 10 H BB BEWCA 1 28 11 5EALUE M B I LA RS A A g e 1k
(R o 7 s CHrp R4 e 20 191, 454598 5 191, IHAE 40 s 3 91D, Pk 28~75 %/,
SRS (53.3%11.8) %, ATE 52.2~75.5kg, IR (63.25+6.62) kg, Hf &tk
11610, 5 17 Bl HeBRbrk: O ™ EOIIEEAA. B IR Ep S @ CAmo
Bl )3 g sk DR FAth 52 i I LR 20 7 27 K50 s ) A7 W S WPIGZE Bl P 56« IR B 22
WK, DLR H AR 5 DR S i B S EU I & . AHIFIT T AT 32K 0 S 2 1 24 [R) e O F 2538 A
PR, EERACHZ RS FIHT,

1.2 CT#EFAEFEA

KH GE Optima 660 64 HF 128 L2 CT 4941, Ulrich Missouri (XD2001) &k
S VB TR S bR, DL T AT BRI, DL R A
Feeg e AL S, KT 2 em BIMIE 23 0 H T &t oT. KA VES (34 500 HF), R
PR e E BN, 2 B REVE A 14 em, JEUNAEREEZ 0, R8RS Z A+
CAERNREE R Z 0 . 0T IR P I o, NS — T, DA AT G
XTHEE Z P B o 28 IR Dk DR (133 25 B06 B R (g 350 mgT/mL), X L7
LI 0. Tml/kg AAHUHE, Wi 5. 0ml/s, ARG AR ARG A BEEEK 30 mL, %EiR 5~
8 s i, BRI 24 s FHESECR VIS iR, Pass RO 4 12, 100 kVp,
HE1Z=Z% (JEF 300~500mA), BErEdEs (N1) 17, BREHHE 0.6s/r, /& Sum, 1R
1.375: 1, 40% ASiR HE#.

1.3 BE&aH

PR A [ PR FBP BEAT B, ST 2. 5om, [AJFF 2. 5mm, {4 % GE AW 4. 5
TR, PO R R BRI s PRI A I 5E 2% Lubner %5 I3RS, Fhik
ST R AT OB =Bk CT AE, P LR il B X IO BB DO IR RN R B, Jio%
BNy 10mn’, SRR 3 YORIOPHIME, L CT (A2 R e e o A
WFFEIESRE 12 4> Pass, FRATIERR EZNKR CT (HIE(E e K] Pass VE MK .

KA B AL 2] PACS Rge LA uli, JEFEA Ry U A 2 i LA B R i
o RADWEEN BG B EAT T, d1 2 4 RA 10 L ETAERR B YR
FBHE IR HATHOL B F o BUSREYE /5% Kalra 2 () 5 0Pk VEArkrnE: A& R,
KGRI (8D PERR, ANREZHT (1 700 BEIBEEE, AW EMsM (80 g, %
WZWr (2730 BHR—L A7LEME AT (B0 Py, Azl (370); KGR, Bk
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Mg (4900 BURAERIF, WESEGIG. B (5 7). T >3 2 S W & 2
Ko KH Kappa T80 PEUT N 4 BRIMVE 10— 3500k, A PR —3k R4F, DAPIALMEEE P9
PSR T e v 2 0 AT o

76 AWA4. 5 TAES B CT Perfusion 4 () LR BEA T £ din Ab 3 . AR 4K 191
BN VIS AR BRI 88 A Y. R REVE SR R LR ] . B HRLL R LIS 4. I SR 1
WiEME (permeability surface, PS). HFIMLZAE (blood volume, BV). AFifiLiiidE (blood
flow, BF) A EXJEESA] (mean transit time, MTT).

1.4 FHFS

f§ ] SPSS 16. 0 ZEvk #7404, THETPRHARH x £5 Ko, KH Wilcoxon £F5Fk
FRS I8 73 A PR A E 7 VR A I Bk CT (8 S e F= 16 22 e, DA AR Mg PS. BV BE
MTT 250 RS G i 24 25 5%, L P <0. 05 M ZERA AT Lo H Kappa 56 B0 5 A
NGRS 10—, Kappa>0. 75 B —2E R L, 0.4 <Kappa<0. 75 I f 4 8t —
%, Kappa<O0.4 Ipi# 82,

2 %

40% ASiR 4 (4.250.42) 5 FBP 4 BG4 (3. 79 0. 48) Kfeili £ 12 M2k,
P BBV 3 >3 s P94 B il o0 BRG0P0 1 W0 52 & SR HL AT B I — B0k
(Kappa=0.821),

FBP f140% ASiR EIE I (& 1) BEES0K CT {E 435 4 (58. 78 £9. 30) F1 (58. 33 £9. 19)
HU, ZERTCG#m L (P=0.258); FBP 41E{§MER (13.20+1.65) WIE & T 40% ASiR
M (10.9%1.49), ERAHIFEX (P<0.01D.

(a) (b)

B 1 (a). (b) 435k 40% ASiR 205 FBP APl e, M8 T30k CT {840 ML 45. 32 HU
F143.59HU, IR ZER. 40% ASiR A HG M (6.18) HIEMLT FBP 41 (8.28)

Fig.1 (a). (b) was respectively 40% ASiR group and FBP group, comparing two group
charts, abdominal aorta CT value was respectively about 45.32HU and 43. 59HU, no
obvious difference. 40% ASiR group image noise (6.18) was significantly lower
than FBP (8. 28)

P ol B 2 N () - TRUE Y E 228 PS. BV BF I MTT &5 5 )2 bUA W36 1, P4 R & T3
RSB LW EER (F2),
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1 FBP 5 ASIR % LS A R 45
Table 1 Perfusion parameter measurements on the FBP and ASiR images

EizLun FBP 41 40% ASiR 41 Pl
PS/ (mL/ (100g. min) ) 41.59 9. 40 41. 03 %8. 99 0. 181
BV/ (mL/ (100g) ) 46. 17 +13. 87 46. 48 +13. 32 0. 505
BF/ (mL/ (100g. min) ) 359. 20 +103. 60 359. 10 +103. 20 0. 883
MTT/s 4.85 +1. 06 4.79 +1.18 0. 461

(a)

(e) () (g) (h)

Bl 2 IR, CT WEFE BB ORI A it B e 52 JR 30 e, P AR, (a) FBP-PS
Kl: (b) FBP-BV El: (c) FBP-BF [l: (d) FBP-MIT [El; (e) 40%ASiR-PS Kl: (£) 40%
ASiR-BV [&]; (g) 40%ASiR-BF & (h) 40%ASiR-MIT /&

Fig.2 Patients with cancer of the liver, CT perfusion imaging pseudo color map in the
right hepatic lobe tumor showing surrounding high perfusion, the central low
perfusion (arrow), (a) FBP-PS; (b) FBP-BV; Place (c) FBP-BF; (d) FBP- MTT; (e)
40% ASiR-PS; (f) 40% ASiR-BV; (g) 40% ASiR-BF; (h) 40% ASiR- MTT imaging

SRS ARSI T 20 CT FEH5%0 (CTDvol) {H 4 90. 20~131. 54 mGy, 7 &
K JE I (DLP) fH 992~1 565 mGy « cm, f5: 252 ko 55 5 775k 14, 88~22. 69 mGy .

3 itig

Miles 25"'7F 1991 4F 15 UEEH CT #EVE % (CT perfusion imaging, CTPI) (A<,
X G T R REAE — IR FE R 3R A 2 ) CT W MG R E A I, BE T2, I fg
JeHEVE S RO o CT WEVE S MRS 48 B (AR FRRAS,  H PR S O M 28 By, T
I Mg 2 T Skt L, R ORI A AR e BT CURFBIIK . 1T Dk bl 26 T4 e ik
TR I LR S ORI o H U CT e R R HR I RO, DA ST R B BRI
L T I S BRI R AR R, (R R IBRAC, FRIC T X i, BYuR 7R
Z X SAE DG HAN, 45 X Zefrilid S2 A0 g el = ok, $em B CT {5, 14
Iy A SRR B, MRS 22 0l A e S e BRI i s b R I B . T HATR 2
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K CT B4 1 T AR AL SU AR AT 535, BV FBP 593, 4 g i 7t — 25 FRK
PG 75 T g A G I B R BT B R, TS i AT DOk B2 W RS i . 1k
EEF ARG T A JGRFIE CT B AL, TG AR 30T 5032 (9 5 F A 5
36 FH AR A 1) Pl 45 T AN A 30l AR AR, CT 04 e v 3R A5 i i AR, oD i
BRI, S H TR R T %

FBP S & — PG S AT 500, 2SR B R B s Bt BRIA B i o2 =01 HLAIG 52 4%,
i EG R S BB HE S A R, W ARBE R = A, TG E S A
FREE TR, FHARERIE T FBP MR e —E R PR, 28 7O RGh I B SE )L
IR ZE RIS o A T ORUFR AP MG TR, BT DO SEEN CT i ) R A =y ASIR
HEARNE N —FEBAGHA, 0 R EE AT R S EARE S, R I R AR
FR A B B OA5 5 0 T80, T RLEE bR s, R G e,

ASiR 7€ FBP Sy i3k mli Bt i B MERIZ 5T, 18 i H00s SO AL A MER IR B
TR, EREEHL R EEE RS,  [RIN RIS R I BT, I O B
B

AR ASIR 4 HIEhA 500 HEHOR (VHS) #4794, 458 Wos, FBP 41 i &%
M 75 B A2 T 40% ASIR 41, T ASIR F 7 AN T FBP Svkim w5 WL R PR T BHE e 75
AHIF I ER 3 T2 (R S R RSP 20k 20 mSv, 558 [ IS ORI 5. 3 mSv A EL, 23 4 %,
FH 22 S 10 1 P S B s (K S o Sagara 28" BFSL R, X FRE/NT 90 kg
(15535, 50% ASIR BUENGH B @ H A E R ITRA LB, ASIR ACEEL R 75 12
FIHAIE, ASIR BCEAR I & EAR nT LABRRGR S A, (A Il b, b= E ST
FEOhsg, EPEAIER) ASIR BUERERRIABIFHRMS 1 H i, I8 nT AR A 252 R e i i,
T aRAT I TR EEAE A DO R AR RS A 2 W o A 50K F 4096 ASIR AU R FE
WA A i i R PG i f, P50 P B S G Desad 45 ASIR FEERSEIAAEEHE CT Ky
N R, W AT AR 10% ~24%, FHG UG E I ALK . Marin 206 ASIR HR
N TS CT A2y, [RIN H AZhE i AR R 7 Vg T4, R AR S W) B G K]
BRI . A2 TS R W R A ASIR Sk Hm K G G, L CT SR EAZ 0,
M P A, [T SRT ARG 32% ~65% Fabi il .

AT 40% ASIR HVEH TG B, B S  RFE, RN L H
VRN I IR E Y S HUR 520 . 45 K], 40% ASiR 55 FBP WAL R4 A3 5
RIS TR ZHOC 8 2 2 e, ST RN IR SCE MR SR S5 M T
WA 7 ZR B RARAG, AMEER IR 450, EREEE CT UGS 3Rk 21
BRGNS HE . (DSA) S5 [R] (AL R . IXIRWF 9745 1 s P r g 45 R — 50, KF)& CT
W Y I 30 I s e B i v T A%, 30% ASIR SV TS50 FBP A SVEAH
bl JE B 2 2 5, (HL PR 5 7 I S BRI o B L S R RT R 2 R Ry ASR B0y i AT 5 4% 48 FBP
FHAEL, SRHH ASIR HE VL BN RS BRI G 7, R e S LR LI A Y CT B 22 5 9t
TGt X, R S A A 1 T AR R e S B B

AWEFAFAE L R RIBRYE: O AWFITR M) ASiR FE LY 40%, IR HABAE
By ASiR BLEHEATHIFT, AN ELEI) ASIR BUE 2 7] 2 5 75 Bk — 9. @ A7
W ZRAIET ASIR V5 3hE 500 HEEOR, WS Ta0keh 17, e fridt—
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I @ AL L9995 BE 25 350 4 3t g, ASTR FE AR A T8tk e 1R v 24k
LR B AR BAPAE R, At — 2o, @ LIERIBFFLR B, ASiR Hanl GE it
A, AW T AR BT HFST, CTPT AR AEYEAE T S A I S RE A5 R,
AR E A 2 IEUE, S 7 E R R IR TC L X IR s ki, v R R g e A1t
BANIIZWHE S, —E R Rk T IX AN A

BZ, 40% ASIR FiL5 M40 FBP S, $em TG IR, BRT CT BEVEHAE I
FAFI T U IR RS, T EE S 00 JE W S5

&% ik

[1] Petralia G, Summers P, Viotti S, et al. Quantification of variability in breath-hold
perfusion CT of hepatocellular carcinoma: A step toward clinical uselJ]. Radiology, 2012,
265: 448-456.

[2] Pandharipande PV, Krinsky GA, Rusinek H, et al. Perfusion imaging of the liver: Current
challenges and future goals[J]. Radiology, 2005, 234(3): 661-673.

[3] Deck Z, Grimm JM, Treitl M, et al. Filtered back projection, adaptive statistical iterative
reconstruction, and a model-based iterative reconstruction in abdominal CT, an experimental
clinical study[J]. Radiology, 2013, 266(1): 197-206.

[4] Cornfeld D, Israel G, Detroy E, et al. Impact of adaptive statistical iterative
reconstruction (ASiR) on radiation dose and image quality in aortic dissection studies: A
qualitative and qualitative analysis[J]. American Journal of Roentgenology, 2011, 196(3):
336-340.

[5] Masahiro 0, Tonsok K, Takamichi M, et al. Hepatocellular nodules in liver cirrhosis: State
of the art CT evaluation (perfusion CT/volume helical shuttle scan/dual—energy CT, etc.) [J].
Abdom Imaging, 2011, 36:273-281.

[6] Lubner MG, Pickhardt PJ, Tang J, et al. Reduced image noise at low-dose multidetector CT
of the abdomen with prior image constrained compressed sensing algorithm[J]. Radiology, 2011,
260 (1) : 248-256.

(7] D, AR, dem, % AEMNEAEZEELSS B8 L s ARIENE R CT (1L & 5
FILI]. B AR 2 &, 2014, 22(2): 145-148.

Ma Y, Zhou ZP, Qiu WJ, et al. adaptive statistical iterative reconstruction algorithm
combined with automatic tube current modulation in abdomen low—dose CT[J]. Chinese Journal
of Medical Imaging, 2014, 22(2): 145-148. (in Chinese).

[8] Kalra MK, Prasad S, Saini S, et al. Clinical comparison of standard-dose and 50% dose
reduced—dose abdominal CT: Effect on image quality[J]. American Journal of Roentgenology,
2002, 175(5): 1101-1106.

[9] Miles KA, Hayball M, Dixon AK. Colour perfusion imaging: A new application of computed
tomography[J]. The Lancet, 1991, 337(3): 43-645.

[10] Sagara Y, Hara AK, Pavlicek W, et al. Abdominal CT: Comparison of low-dose CT with adaptive
statistical iterative reconstruction and routine—dose CT with filtered back projection in
53 patients[J]. American Journal of Roentgenology, 2010, 195(3): 713-719.

[11] Desai GS, Thabet A, Elias AY, et al. Comparative assessment of three image reconstruction
techniques for image quality and radiation dose in patients undergoing abdominopelvic
multidetector CT examination[J]. British Journal of Radiology, 2013, 86(1021): 20120161.

[12] #f@, @), THOE 5 EAEENGIPARHIE CT #EFE G S [J]. T3 5588k, 2013,
28(6) : 280-283.

Dong J, Gao L, Wang XY, et al. Functional parameters of pulmonary tumors in low—dose perfusion
CT with different reconstruction techniques: Comparison of ASiR and FBP[J]. Radiologic



6 ] Wy RS B3 500 HEICAT ASTR SA TFER CT #EE R 2 v 723

Practice, 2013, 28(6): 280-283. (in Chinese).

[13] Xie Q, Wu J, Tang Y, et al. Whole—organ CT perfusion of the pancreas: Impact of iterative
reconstruction on image quality, perfusion parameters and radiation dose in 256-Slice
CT-preliminary findings[J]. PLoS One, 2013, 8(11): e80468.

[14] Pickhardt PJ, Lubner MG, Kim DH, et al. Abdominal CT with model-based iterative
reconstruction (MBIR): Initial results of a prospective trial comparing ultralow—dose with
standard-dose imaging[J]. American Journal of Roentgenology, 2012, 199(6): 1266-1274.

Effect of Volume Helical Shuttle Mode with ASIR
Technique on the Quality of CT Perfusion
Imaging in Liver Tumor

YANG Xiao-feng"?, ZHA Yun-fei*™, LI Liang®

1.Department of Radiology, Renmin Hospital of Wuhan University, Wuhan 430060, China
2.Department of Radiology, Suizhou Central Hospital of Hubei Province, Suizhou 441300, China

Abstract: Objective: To investigate the effect of VHS mode with ASIR on the quality of CT perfusion images of
liver tumors. Methods: Twenty-eight patients with liver tumor underwent first-pass perfusion CT with volume
helical shuttle technique. The raw date had been reconstructed by using FBP, the slice thickness being 2.5 mm.
The CT values of aorta and the image noise were recorded for both groups. The parametric maps for the
permeability surface (PS), blood volume (BV), blood flow (BF), transit time mean (MTT) were calculated. Paired
samples t test or Wilcoxon signed sum test was used to analyze the difference .Image quality was assessed by
two radiologists. Results: Compared with FBP reconstruction technique, 40% ASIR demonstrates low image noise
((13.20 £1.65) vs (10.9 £1.49), P <0.01), with no statistical difference in CT values of aorta ((58.33 +£9.19) vs
(58.77 +£9.30), P =0.258). All the functional parameters of CT perfusion between two groups, including PS, BV,
BF and MTT, showed no statistical difference. 40% ASIR group as quality score (4.14 £0.36) higher than that of
group FBP (3.79 +0.48), the difference was statistically significant (P = 0.001); Conclusion: Application of ASIiR
demonstrates no influence parameters acquired from CT perfusion with VHS mode in liver tumor, though the
noise is lower than FBP.

Keywords: X-ray computed; tomography; adaptive statistical iterative reconstruction; perfusion imaging; liver
tumor; volume helical shuttle
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