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YR CT Flash UK AR Fshfih & 33
FEF IR BBk CTA BYAT TR

MR, RE, HEL, xR
(PSR BE RS R B B, WP RITEHE 010050)

FEE: HW: XL e O f il 34 B LR RO R, BRI EXUE CT Flash $14
AR, R KV, ARXT LG & FahfloR R 7 RARMAE ., R0 EFAT RN CTA AL A (1]
ATk ik ABWIIRH /7y AL A4 24 4, {AH<65kg, 45 K/min <. <65 K/min, X}
Bl )3 ORI R 43 0K 5. 0mL/s F1 20 mL (350 mgI/mL) , 47 Flash A%, &K 70kV; B
41: 24, HFE <65kg, 48 /min< .0 <65 K/min, X LLFIHEFFIES 50 5. 0mL/s F
50mL (350 mgl/mL) , ATAGHENEC MR IR, BHEEKM 100kV. StRIGEHRIT SAFIRE 1%
RER, EWARZ SN, FE. 0. AT, BMI. CTDIw. DLP F1 ED, W= JFLEm4l
BUGFBNIKARTS S 2o E+ kS ASOE B NI CT (E. M, fE e bb A E B IIARF 1 6] b
WEFE LG, PAUR KBS TR 4 GOkt T IR S50 WALBFH AR 8. 0%,
A BMI KA ESIBIR . AT bk = KGR B CT {H. WS, fERelh. E3hlik
FREBRT LE e S L E B %= 5% (P >0.05) , 7E CTDLw DLP Fl ED Jy 1l PR 40 UG AT 0 35k 2= S
(P<0.05)  WAMKEGTRRERSEH LD EEZER, MR TBRY >96%. Zit: W
P CT fEARMATE ., RO Z BN 70 kV FEEAS s H ORI LG A 00 7 R HEAT iR Bk CTA &
A ] LARATI 2 G K2 Wi UG T, 35 h 5 S A TBUR 7S ARt L 7] P 2 0 38 AT

KR JLARSIKINT; X Lt 5EpL; CT MAF g Fas I
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W& S A TR M AAEACTE g R, el O R 2 REF EIHES, HH
AR TR R G RO A R YR, I A AT A R R 0 B R AT
EERRE S, AR T B, s L R S e A,

biE Z Zig 0 CT B & ke, bfRah ik CT Il % i& 5% (computed tomography
angiography, CTA) Kyer il b i 28 O IF M FL s it 224 . WA R TRz —",
R R ST 00 o A BRI A — 2D S I i — o AR X R IR AR A 1 K
R, eI CT FR DL, 78 AR FhL IS 1) [ IR ARG, T 208 S 0 i b L
AHFFEE L N X CT Flash FA85 75T el RSk CTA K&, ARF0 T-BARAA T 1)
SR MR F R RN EE AR S XU 7 8 BT AT 1k R I R L
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1 ERERZE
1.1 —fEs

W 2015 4F 11 H % 2016 4F 4 HIRBEIG IR BERLE Lo FEAT iR B ik CTA K A i i 48
W, BFEBENL Al A4l 24 1, 55461, 2206, 45 X/min</p¥% <65 K/min,
PIAERE . AR, BMI 239404 58.0 & . 56. 4kg. 22. 3kg/m’s B2 24 44|, 53 84, 4 16 fl,
48 YR /min <y <65 ¥ /min, FHIEERE . AT, BMT 23 H1%14 55. 0 % | 58. 5kg. 23. Okg/m’,
W FARE >65 kg AURFEEFIRIAR. OEARTE. B WA . 280 SO LI ok
FETE O E I REA B E AT AL 04T

1.2 WERZE

AT BB R A AT O KBV, R B R G THRORAY .. KRS AR
Y CT (difinition) o HEARACRTAME LKL, LB, FFRENBE, STk
AR 4, BEFAREE T 7 R 1 em 20 IR o

AL S EFRERT ] B2 SR 5. OmL/min A1 20 mL. (350 mgT/mL) , 4T Flash $134,
EHUERH T0kVs SRETFIMAEA, WIZEHE T 2005 K, A RS R34
IR AR LG 6 s Ja A il AL st 2y, Ve DR, A0 bk e Tl
SEIR 5 s 4 .

B 2H: o bR AT 20 50K 5. 0 mL/min A1 50 mL (350 mgi /mL) , 47 %5 A RHE PEO>
HLTJ9% E Al 44, IO 0E Tt ah S i B sk L, AR BI{E 100 Hu, B HLE
KF 100kV,

S L AR B 52 1 AR [ R B 20 mL A= B AR K, SE/d . P413°K M CARE Dose
4D PSR AL . RAEIIA . A B AE 60% R-RIAJHA, B 415 & 4F 30% ~80% R-R [H]
B, MEE AT 64 %0. 6 mm, HLALHERLHSA] 280 ms, WFA]43#% )7 75 ms. FH 58 G i AH
M [] CTDIvol (CT doseindex volume, ZAGFEFETHD .« DLP (dose lengthproduct, FlEKE
FeFD I ED (effective dose, 0B FIE ). ED = DLP <k [ & A =0. 014 mSv/ (mGy «cm) 1™,

1.3 BEigEaE

FHE 58 B T A5 16 S et Ok B B 5 38 R IE AR (sinogramaffirmed iterative
reconstruction, SAFIRE) #EATH A, HHAEE 0. 75mm, FEEAIRE 0. 5mm, HHULIEIEFR
126, a5 MEMGEdE BBk 2 7 E AP T/ER (Syngo Circulation) , X7tk
KI5 3647 VR, MIP Az CPR %5 )5 Ab3,

1.4 BBR=ITEM

SRR A BRI, T W GEBD . Bl GEBD . AR
S0k GIEBY PP 15 430 S AT TR AL CT {1, 0 Y T
ERE T BE M Ak, 2 SBT3 . DA CT B RIARAHEZE (SD) A i IR
. THEA 5L (signal-tonoiseratio, SNR) Az 3= &0 A F i 6T LE e 75 L8 Ccontrast-
to—noiseratio, CNR), SNR= L& 5513 CT {H/ & [ CT A SD, CNR = (3= 2 fHR 30 il 3 Jlas 1
¥ CTE — [FZKPHT B BENLALZ01- 1 CT {H) /& 1% CT (B SD.
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TP RHFEEEFEY2: AHA (American heart association) #EXZIN) 16 23 Ebr
A B . KRR Likert 4 PME": 1 SOhAE BoR BIF, THshth
SCEE TR Tgoh G REM b, N mEah R, IVEohnE R
AAESA M ERES . 1 I MO P s IV SO ATV s . 430 e ik
P45 Eh PR 44 2256 3= 5 BB RHZ B = R F XCE o6 BUE R A 2, R RIS —
HAER,

1.5 FitFSH

K H SPSS 20. 0 AT A B 24T vt 22 0 AT, RS REA RS LU P A A A A
W . KT, BMI. CTDIw DLP. DE. CT ff. WEpS. fEMabb Joxf b th 25, W
H 7 R L P2 R R S K 2 5 I TR RIS, 6 L 5 P 2 R TRB AR Sl bk mT VP A B
5t H Kappa 3 i PN A [R132 W B2 T el AR 20 ik B A5 o 2 D7 3 1) — B

2 %R

gt o, WALRE SR O R BMT Jii B H =R (P>0.05)
RS AR B ER (P<0.05) . AUFIREFMT B4 (X D,

®12HBERN ARG R (X+s)

Table 1 Comparison of the general situation and the radiation dose between 2 groups(X +S)

415 R/ % DFE/ R/4Y) f#E/kg BMI/ (kg/m”)  CTDL.../mGy DLP/mGy. cm ED/mSv

A4 58.0+9. 6 55.145.7 56.446.5  22.3+3.3 0.78=+0. 05 14.63+0.65  0.2140.01

B 41 55.049.9 57.745.1 58.54+6.4  23.0+2.8  18.72+6.12  247.48-+96.60 3.46+1.35
t 1. 032 -1.630 -1.126 -0.776 -14. 367 -11.808 -11.808
P >0.05 >0.05 >0.05 >0.05 <0.05 <0.05 <0.05

VE: A4IHECN 70 kV; B 41REN 100 kV; BMI J4RTE4E4L; CTDL.. W2 CT S $e4k; DLP AFIEKJERE; ED WA
b gl
QHBEAEN LB EEZER (P>0.05, #£2). 2 HEEEEHIKRE. £FT
Ko = RS WKUT BT CT AH - M L A5 M L 3= B FR% P i 75 bl e i 3 1 22 7 (P > 0. 05),
HOEN CTEHABENEZR (P<0.05), W3, £4f%>5,
*£2 2ABHEMENILE

Table 2 Comparison of the gender between 2 groups

715 5/ 2/ 7 P
Al 4 20
B4l 8 16 1.778 >0.05

v AR TOKV; B ALHLEA 100 kV.

AEFH, A G EREER K AT O W IR W EE AR s 1T B 4L UG I 4 1 1]
BARWALR o AALETENK TR VRS i1, 2 VPN & PRSI — 3Bk (Kappa=0. 78) , w P
Wt AR BT B LUl AE A 2 G 2t %= 5 (2=-0.662, P>0.05, £ 6). A 4lEH
SR B % B s B, W2 sk (B D
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® 32 B LIRS 2 T BRI AT AT EEFR CT {. SD. SNR. CNR EEHZ (X +s)
Table 3 Comparison of CT value. SD. SNR and CNR of the AO and LM images between 2 groups (X +S )

AO LM
21 5 CNR
CT {H/HU SD SNR CT {E/HU SD SNR
Af 505.3£124.4 27.9£9.6 19.2£4.3 492.24£99.0 25.0+£9.8 21.8%£8.2 16.2£3.8
B4 519.5£59.5 26.7£3.3 19.7£3.0 509.2+£68.6 23.1£6.4 23.8£7.3 16.7£2.7
t -0. 504 0. 569 -0. 508 -0. 690 0.810 -0. 882 -0. 444
P >0.05 > (.05 > (.05 > (.05 > (.05 >0.05 > (.05

W AN T0kVs BAIHRY 100 kV; AO: EFJHIARAT: LM: /5 FT SD: MEfS; SNR: {EMEbl; CNR: XfLLREFS.

Fa 2 HBERIES . B ST B R I AR EEA CT . SD. SNR Eb#E (X +£5s)
Table 4 Comparison of CT value. SD and SNR of the LAD-p and LCX-p images between 2 groups (X +S)

LAD-p LCX-p
2193
CT {8/HU SD SNR CT {/HU SD SNR
A4 482.6+£133.5 24.547.9 21.147.4 448.1+119.9 22.747.5 21.347.8
B4 497.7483.3 22.645.6 23.1%5.6 481.1+64. 2 23.345.1 21.745.8
t -0. 469 0.948 -1.038 -1.191 -0. 349 -0. 166
P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

VE: AR T0kV; BZHHER 100 kV; LAD-p: RiFECITBE; LOX-p: [MIEITEE; SD: MafH, SNR: fERELk.

#5 2 HEEAOEN AL B G A AXTELH CT {. SD. SNR Hii (X +s)
Table 5 Comparison of CT value. SD and SNR of the RV and RCA-p images between 2 groups

RV RCA-p
215
CT {H/HU SD SNR CT {#/HU SD SNR
A4 84.4+14.8 20.346. 1 4.5+1.9 493.3+141.8 22.947.4 22.947.3
B4 202. 6+80. 7 30.6+9.6 6.74+2.0 495.5473.5 21.5+4.8 24.14+5.9
t 4.555 2.868 2.508 -0. 068 0.791 -0. 594
p <0.05 <0.05 <0.05 >0.05 >0.05 >0.05

VE: AR 70KV, BAHHEN 100 kV; RV: 47003 ; RCA-p: AT SD: Wi, SNR: fEMelt.

6 2 AR TEIRBKCT B UGB 7 A5 R ELAR

Table 6 Comparison of the image quality of coronary artery segment between 2 groups

_— 1R T4 B 11T 42745 VB
PO , b
: W BRUB . fa R . A T
BB e BHU e BUC 00 B 0
A4 24 308 217 70.5 51 16.6 30 9.7 10 3.2
-0. 662 >0.05
B4l 24 312 223 71.5 64 20.5 21 6.7 4 1.3

VE: AR T0kV; B 2L 100 kV.

e

XL (CIND SRR LB ™ I AE L —, — ARERR R <2%, fERfE
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NHE, Wrls R B AR IE T Dhae A5, R B, Hil, CIN il BRIsEME
SV D RE R ) A RN, HBURERLA 11% . DRIk, ekt LA & RO FRAIG
SR MBS ELF R i de 2 — 7, ABFSTH, B 20 mL LR, B R
T, KB T LA XU K ik, [l 20 mL 2550 4E 4s Pl il oe B8, At mik gy
FEIR 5s FHEN, A0 DA RTAAER, kG ERsERik. A0 b A0 E N KE
X LRI B T A AL 5%, MO AT IR I g ™, SR UG mRE, —Jm, BE
X LI A A R BBk Al CT {ELkAIG, 30k BAARG A FL s ml A5 K LRI CT {38
i, TG N 5 H R A2 b, il TeRBI kIS 5 CT (% 3] 250~300 HU RfI
RIS WK AR A 4U0 EF R B 4l T4 3/5, EEKIEN CT (K
T 300HU, Wi i2WredK.

[

i

B

(e Ak I 533 (d) ARSI B R P55 (e ATbARBIIKE K ARG HE
Bl 1 A ARSI R AL (CPRY IR k-1 B s AP, BRI, W22 Wi ik

Fig.1 Coronary artery images reconstructed by curved planar reconstruction (CPR) in
group A. Each segment of the coronary artery showed good quality of the image
and satisfied to the diagnostic requirements

AN, AHA AR 10 mSv 1) CT 48 5 Ak 2 2 /b oSk g AL 20 1/2.000
I, FEORUE ERTUR P RT3 S S B P e 2 (R S R R Ok ke iE . Bir,
WK, BRARER ST R S5 A BRI d A fil . oD va e L e
PO LT TR R A . MR B3 DA AR I B R R o, BRI A R T A RO
REES I, H2, PFIVEBRRSMERTE S sim, mmEig e, A5, RH
T0kV &R, [AIRGES N Flash 3K & SAFIRE iEARE 7L, sk T RIBHRE R AT
FrEA R R, AR EAGOTU R T TI IA AR IR, &I SNR. ONR A AT oA Jet k19 Be i
S5 H AT EARIE 1T KT (43 20,94 18. 0 A1 96. 8% ) 124", (HABIFIN T4
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WS R4 0. 21 mSy, S A TAH DCHRIE 1 3. 1 mSv™s

Fhfib &A1 7 e A Bk & LR & T LA R AR A

(1) fEFBRBINK CT MG A b, & K I A RS A shi R 3146k 2 B b
Hik s A Oks ma BEXT LEAI O, AT el RS R R TR R, i sl R SR A &
5 F IR A7 o B 5 77 TR R R s SIS AR, B LIRS 20 9 BG A0 P9 A0 LR
AERAT A ARG PR AT R, B T IR ORI A OBl SRS A ek P45 T PR S

(2) FEFEST 20mL X bR, [RIIE I Aot 5, 1 Bk A 10 2 DR s R 2 R
AN ST I R A3, AT S B P AT BAE i AS R, ik G b il R A
PR TT I R AR EE R s 110 A 4 BB b 20 5 B2 I T2 16~20's, ZEIR 55 2
21~25s, HUIMAE PRI T E G, R B B DR K, RREIEK,
IN_E Flash $K 0. 43 s fFIIS 1], #2851 7E 60 % WIHIRAE S B ER 0 sh &, (T
S e A REARAIE TARAAR T L R0 R HR IS L B S R T R R i B, IRk
BT UG R

AW EHI K R G TR, AL 24, AN N D, R HE
KNI 5 2% FEAA T A BMT 4%, 764 Ja AR i s k5 ik,

Zr EPTIA, R CT Flash $H4is AUBRAE B . IR LRI R “RUR” 77 b7 56
RBAK CTA KA e LR 6 OR UG T S I T 1 2 2 PR AR S ) A Ll e, o i
JIT 52 AR XSG T EE 7515 995 EET IR

S 3k
(1] #fh%, B, Rk, % FEEOWNEEREKRERES L PEEZ, 2014, 9(9):
1249-1253.

Yang WX, Yang Z, Wu Y], et al. Risk factors of coronary heart disease in young patienst[]].
China Medicine, 2014, 9(9): 1249-1253. (in Chinese).

(2] FlkBE, wEiEs, HEZE 5 FEE0WEF IR M EERFEFEMT]. 2B EERE,
2015, 24(4) : 386-390.

Wang YY, Wang QY, Han GX, et al. Clinical features and risk factors of coronary heart disease
in young patients[J]. Chinese Journal of Emergency Medicine, 2015, 24(4): 386-390.
(in Chinese).

[3] Sabarudin A, Sun Z, Ng KH. Coronary computed tomography angiographywith prospective
electrocardiography triggering: A systematicreview of image quality and radiation dose[J].
Singapore Medical Journal, 2013, 54(1): 15-23.

[4] stefanulzheimer. Stellar detector performance in computed tomography[J]. Somatom Sessions,
2011, 11(1): 61-66.

[5] Hausleiter J, Meyer T, Hermann F, et al. Estimated radiation doseassociated with cardiac
CT angiography[J]. Journal of the American Medical Association, 2009, 301(5): 500-507.

[6] Hou Y, Zheng J, Wang Y, et al. Optimizing radiation dose levels inprospectively
electrocardiogram—triggered coronary computedtomography angiography using iterative
reconstruction techniques: Aphantom and patient study[J]. PLoS One, 2013, 8(2): e56295.

[7] Neefjes LA, Dharampal AS, Rossi A, et al. Image quality and radiationexposure using different
low—-dose scan protocols in dual source CT coronary angiography: Randomized study[J].
Radiology, 2011, 261(3): 779-786.

(8] ZmIe, M. XHGEMRRIIsTRERE [J]. PRI, 2010, 25(5): 325-326.

Li WM, Xue JY. The Progress of Radiographic Contrast Nephropathy[J]. Chinese Circulation



6 4] FRUGFARAE: O CT Flash XURFAR T Bl A4 #i e e IR B bk CTA (K w AT PEWFT 645

Journal, 2010, 25(5): 325-326. (in Chinese).

(9] vEmk, XIESE, skFs. AFGFISERSIKEZ R E DR rszm ], ISRl E, 2007,
23(10) : 794-795.

Wang B, Liu ZZ, zhang FF, et al. Influence of contrast agent for coronary arteriographyin
different doses on renal function[J]. Journal of Clinical Cardiology, 2007, 23(10): 794-795.
(in Chinese).

[10] Cademartiri F, Mollet N, van der Lugt A, et al. Non-invasive 16-rowmultislice CT coronary
angiography: Use fullness of saline chaser[]J]. European Radiology, 2004, 14(2): 178-183.

[11] Schoepf U. CT of the heart: Principles and applications[M]. New York: Humana Press, 2005:
377-380.

[12] Budoff MJ, Achenbach S, Blumenthal RS, et al. Assessment of coronary artery disease by cardiac
computed tomography: A scientific statement from the American heart association committee
on cardiovascular imaging and intervention, council on cardio vascular radiology and
intervention, and committee on cardiac imaging, council on clinical cardiology[J].
Circulation, 2006, 114(16): 1761-1791.

[13] #&0, S0F, FrhT, 5. 70 kVBRE A AR L5 s ksl ik CTAFFE (], Uit 2452k, 2014,
29(6) : 589-591.

Cao J, Yi Y, Wang YN, et al. Preliminary study on ultra low tube voltage (70kV) sequential
scan with low-volume contrast media protocol for dual-source CT coronary angiographyl[J].
Radiol Practice, 2014, 29(6): 589-591. (in Chinese).

[14] Sabarudin A, Sun ZH, Ng KH. Coronary computed tomography angiography with prospective
electrocardiography triggering: Asystematic review of image quality and radiation dose[J].
SingaporeMed, 2013, 54(1): 15-23.

[15] skoelE, skEMH, XUk, % AzhRER. FIMREART 64 )7 CT R lkGE g R H 1. &
[ P2 R R, 2009, 25(9) @ 1703-1706.

Zhang GH, Zhang GW, Liu XL, et al. Automatic tracking combined with manual triggering
technique in 64-slice CT coronary artery angiography[J]. Chinese Journal of Medical Imaging
Technology, 2009, 25(9): 1703-1706. (in Chinese).

A Feasibility Study on Coronary Angiography with
Flash Technique of Dual-source Computed
Tomography by Double Low Technical
and Manual Trigger Scanning

GUO Hai-dong, ZHAO Sheng, GUO Xiu-ling, LIU Ai-shi”’

Department of Radiology, Affiliated Hospital of Inner Mongolia
Medical University, Huhehot 010050, China

Abstract: Objective: To investigate the application of low tube voltage, low-volume contrast media and manual
trigger scanfor coronary artery CT angiography with Flash scan modeon dual-source CT equipment about patients
with low weight and low heart rate, through contrast with prospectively ECG-triggering sequentia and
normal-volume contrast media. Methods: 48 patients were scanned with a prospectively ECG-triggering
sequential or Flash CCTA protocol on DSCT. All patients were divided into two groups: the weight and heart
ratein Group A was less then 65kg and 65 beats per min, the injection rate and volume of contrast in Group A was
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5.0 mL/s and 20mL (350 mg I/mL), scanned with Flash scan mode, Tube voltage was 70 kV; the weight in Group
B was less than 65 kg, the heart ratein in Group B was less than 65 beats per min, the injection rate and volume of
contrastin in Group B was 5.0 mL/s and 50 mL (350 mg I/mL), scanned with a prospectively ECG-triggering
sequential, Tube voltage was 100 kV. The raw data were reconstructed with sinogram affirmed iterative
reconstruction (SAFIRE) technique. The differences of sex, age, HR, weight, BMI, CTDlyo_, DLP and ED were
compared. Besides, the CT value, noise, signal-to-noise ratio (SNR)and contrast-to-noise ratio (CNR) between the
two Groups of the aortic root, left main coronary artery and the proximalsegment of each coronary arteries were
compared. And Image quality ( I ~IV) between the two Groups was compared. Results: There were no significant
differences in sex, age, HR, weight and BMI between the two Groups (all P >0.05), while there were no
significant differences in the CT value, noise, SNR and CNR of the aortic root, left main coronary artery and the
proximalsegment of each coronary arteries between the two groups (all P >0.05). The CTDly,o., DLP and ED in
Group B was higher than Group A (all P >0.05). The scores of image quality showed no significant difference
between the two Groups. They more than 96%. Conclusion: For patients with low weight and low heart rate, the
use of tube voltage as 70kV and low-volume contrast media in DSCT is feasible. The radiation dose and
contrastdosage can be much lower.

Keywords: coronary artery disease; X-ray computed; angiography; radiation dose
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