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The application of combined dual-source CT Flash mode and low concentration of contrast agent in CT pulmonary angiography
ZHOU Xing,ZHANG Chang-qing, HUANG Gang, et al. Department of Radiology, Gansu Provincial Hospital of China,
Lanzhou 730000, China

[Abstract] Objective: The purpose of this study was to investigate the clinical application value of combined Flash
mode on dual-source CT and low concentrations of contrast agents in CT pulmonary angiography. Methods: 200 patients
with suspected pulmonary embolism were randomly divided into four groups,namely A,B,C and D, with 5 cases each. Injec-
tion protocol for contrast agent was as the following: group A:contrast agent 40ml with saline 40mlL., injection flow rate
4. 0mlL./s;Group B:contrast agent 40ml. with saline 40ml.,injection flow rate of 4. 0ml./s; Group C:contrast agent 40mlL.
with saline 40mL,injection flow rate of 4. 5mL/s; Group D: contrast agent 40ml. with saline 40mL, injection flow rate of
5. 0mL/s. Omnipaque (350mg I/mlL,GE medicine) was administered in group A,while Visipaque (270mg I/mL, GE medi-
cine) was applied in group B,C and D. Image quality,objective evaluation indicators, radiation dose and total iodine dosage
were analyzed and compared. Results: The difference of general data,CTDlvol,DLP and ED in different groups was not sig-
nificant (P>>0. 05). Intake of total iodine dosage in each patient was reduced by 3200mg in group A compared with other
three groups. There was significant difference among the four groups in subjective evaluation score (P<C0. 05).with that
group D had more excellent score than the other three groups. The detection rate of fourth-order arteries was 98. 4% in
group B,and 100% in other three groups,which had significant difference (P<Z0. 05). The detection rate of fifth- and sixth-
order arteries in group A and D was higher than that in group B and C,and the difference was statistically significant (P<C
0.05). The CT values, SNR and CNR of pulmonary trunk, left and right pulmonary artery, left and right upper lobe and
lower lobe artery in group A and D were significantly higher than those in group B and C (P<C0. 05). The vascular noise of
left and right upper lobe pulmonary artery and lower lobe pulmonary artery of four groups was of significant difference
(P<C0.05). CT value measured in all arteries in group A and D were higher than 250HU, while it was less than 250HU in
37 arteries in group B and 10 arteries in group C (P<C0. 05). Conclusion: The use of combined dual-source CT Flash mode
and low concentration of contrast agents (270mg I/ml.) with injection rate of 5. 0mL./s can achieve satisfactory image quali-
ty in CT pulmonary angiography and reduce iodine dosage.

[Key words] Pulmonary angiography; Pulmonary embolism; Tomography,X-ray computed; Contrast medium; Radi-
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Hai CT fili sl Bk 1% (computed tomography pul-
monary angiography,CTPA) & i 12 W i f 28 i) 1
Vek A . 6T RUR CT A B A 471 4 o i K % AR
R RPL A AR A BT X LY ) R B T | R i
S W DR TE X U R 6938 88 T SO il RE 55 X L R
¥ (contrast induced nephropathy, CIN) # % 4= %5 ) #H
B S (87 N 2 o I WP i =i = R g S e
Bt AR S AR I B A5 78 X L ) R IR 5
270 mg I/mI) B G 6F XUE CT Flash 374 85 X 75 fii
ik AR T B AN

W5 7%

L A5x4

A 2015 48 2 J] —2015 48 11 JfEHINE AR
B B Il A P S il 44 ZE 10 9] 200 151] 9 A B 7 - o fl ik
LT B U RE A 2, R F 45 % (body mass index,
BMD 2 19~27. 1 kg/m*, i 2 E RN R AL
B.C.D PU4, B4 50 fil . A4 B3 25 8 A [F &
fi.

2. X He R 5 O 22

Xof FE A 5 7 % - A 21,40 mL A B F) 440 mL A:
FER K, 2 4 mL/s, X bR 3E KRS IR 58 (350 mg
I/mL,GE 25)\1) ;B 41,40 mL X} Fb 7] +40 mL A= 3 3h
KL AER 4.0 mL/s;C 41,40 mL Xf H 7 +40 mL A= 3
KWK 4.5 mL/s;D 4,40 mL % Fe 3] +40 mL 2
FHERK PR 5.0 mL/s. B.C.D X Hu 71132k F g A IR
55(270 mg I/mL,GE),

3. P & K ik

ARG FE 3 5 R0 R 0 B AR R S B
i, I I 2k B 3 - R, SR ] Siemens Definition
Flash $4##L . Flash #8 xC. F] I XK Hoh A 3K 0
B (FOV)50 cm X 50 cm, B 3% FOV 33 cm X 33 cm,
PSR e Ay 947, AT AT I8 s s B 3l i 1 4
ARC(CARE kV) L4 Bt B 8l 14 55 52 R (CARE Dose
AD) 4 [ ol WE G A T BRI 0. 28 s/r, R IR
2.2, M e H A% 128X0. 6 mm,

AR B M T TSk B SRR T A R AR
TG A~ 8 AL B4 1 DAl 28 1 1R Y, R T CARE
kV.CARE Dose 4D R EF i & H B ER . 3
TG D 2 AR T, A48 07 DR Bk o P IR
To i 1A R A ik % 49 4 (Bolus-Tracking) #85 5 , 4 iR
3 s W, BE A il 2l bk 32 A W I %R X (ROD , Wi
BI{E 50 HU, fil & 5 43R 4 s J& gl 44 . S 1l i o) 76
Us ZiAr 58 . R HT A 46 B0 sl a2k AR B R Csino-
gram affirmed iterative reconstruction, SAFIRE) &

@, EEEE 0. 75 mm, strength & 3 %, & 1 E

1261,

4. G B o A

FEWPEAN : R A Siemens SNYGO VIA J5 &b
FRCAES, 2 24 4R 550 1045 12 W B2 I 45 5 it 4 ]
G R0 g RO G 5 BE AT P A3 . R AN — SO AT
B2WR R IFER - E R, a1
g1 B 5T s iR« i 3 ik S 0 B it 3 ok 8 52 R A il
HHIK A SR Ak 5 2 J3 o [RGB d 4 il 3 Bk K 2 B Jils 3 ik
52 RO Il KOs A SR Ak 5 3 40 il Bl ik S B it B
Ok S 5% T il e K A R RE IR Bl ks 4 4 il sl ik
SV B il gy ik s A W 2 AR T Al i Bk s 5 20 il 3l ik o 1k
Wi AV 3 M 5 B ST B it 2l Jok o BEAS ¥ L T 1k OF i
. <2 7 I R R (8 1~2) .4 7 g KR 2% .

HWLPEANY - 76 Siemens SNYGO VIA Jg 4b B T ff
i o 1SS E AT Tl e 2E L FLUCTE I 3l ik T 2 il 3l Bk
Al gy ik A A il b Sk e AT I T S kR R
TEAE R X (ROD I & CT A8, 3 ¥ 1 4, 5 £ R s il
HIME R CT fE, bR 22 0 e 75, {5 1§ 1L (signal-to-
noise ratio, SNR) 4 i ROI 1) CT {H 5 M 7 19 o
. ROT K/ B 2 /0 8 0 8 0 1/2, X b M A 1
(contrast-to-noise ratio, CNR) | 3% A} Kristiansson %
AIBIESE . AR BB & i gk B i) i K CT {2 70 HU,
CNR= G )i ROT fy CT i — 3 fif i BE ke iy CT i
(70 HU)) /AR ROT Ay MR (| 1), A4S i CT
f6>250 HU iz Wi bt

%% Boyden A1 43 B xt fili 2 ik i#E 47 18 A2
ATk g 1 G il Be sl Bk 3 g S B Bl ik g Y 2
(KA 20 1) ,5.6 il sl bk 4% T F 200 2 3Ok
B e Wi Bk 5 9.6 oy SRS 80,160 7. X
4.5.6 o 3OO R RS,

IERHZ AR CT &85 (volume CT dose in-
dex, CTDlvoD) I3 & | & 3 FH (dose length product,
DLP) . i+ % A % 7| & (effective dose, ED), ED =
DLP X 0. 014",

5. gttt o d

K SPSS 17. 0 AT e i 27 70 #r . i1 i BERE LY
B bRiE 22 FRoR . TR BORSR T B R Jr 20 0 3t
BB RLR A Fisher #5075 MR 7R . LD P<0. 05
HEEFA G E L

& R

1R 1 — M ok

DY 4 [a] B 2 4E # . BMI, CTDlvol ,DLP.ED % &%
TGt 2EE L (P>0. 05,3 1), 3 67 fi]12 Wi b fifi 3 ik
FegE, BLC.D =42y 407 8 & SR G R T A
HTRET 3200 mg.,
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B 1 “,56 %,
frsh ik CT 44#9 449 HU, »
A ik CT 44 462 HU, =% # 38,SNR 12. 2,CNR 10. 3; ) #& LMz sk CT 44 511 HU, %z & 33,SNR 15.5,CNR 13.4; 2 LA 3

EH % :270 mg I/mL,5. 0 mL/s,
% % 48,SNR 9.4,CNR 7.9; ¢

Pk CT 44 407 HU, % # 23,SNR 17.7,CNR 14.7; {) & F Mgy sk CT 44 437 HU, =%

& CARE kV % CARE Dose 4D # K ,DLP 20 mGy+cm, % ED 0. 28 mSv,

1 BAN-REHUE

Mk CT 154 442 HU, %

& 7 36.SNR 12. 1,CNR 10. 2,
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a) MiEh ik £F CT 44 447 HU, % # 38.SNR 11.8.CNR 9.9; b) #
% % 42,SNR:10.5,CNR:8.9; ) £F

42 4 9 18] I

Bk A B C D F P {4
ESJED) 46.545.0 47.946.7 48.1+£7.2 48.5+5.5 0.973 >0.05
BMI(kg/m?) 24.5+2.3  24.4+2.3 24.942.2 25.342.6 1. 407 >0.05
2 4% B 1] (s) 1.240.3 1.240.3 1.240.3 1.340.3 2.516 >0.05
¥ 2 CTDlvol(mGy) 3.0140.85 2.83+1.21 2.81+1.14 2.91+1.23  0.355 >0.05
DLP(mGy *cm) 83435 90429 82437 88442 0.542 >0.05
ED(mSv) 1.3140.25 1.3440.09 1.2640.20 1.2540.24  1.882 =>0.05
2. FW TP W4l . 2% % H %t X (P<<0.05), L3 3,

EWED 1.2 ﬁJ\AB‘{CﬂMjEQI’EH%Lﬁ%ﬁi%
i WA BB EM W 27 A G2 8 (P <
0.05) . D 4L B o 739 1] i fix 2 (40 WJ),BE%E 2,

3. & WL RV A vE
DU 4 A8 sl bk 32 2 A B sl Bk e A il L i gl
kR ki CT ELEL. A 4 M D 4w T B.C

HA 1 ﬁﬂi‘?ﬁﬁml@%»%ﬁﬁﬁﬁﬁqJﬁtgmﬁﬁmﬁﬁ P2 L 25 A Go it 2 3 L (P<C0. 05) 5 PUH ) 72 45 i I
BOER . IS K S Bk 7 25 A Ge 2 1 L (P<20. 05) 5
ki mARnRERRER SR DU 2HL 16 30 Ik 3 B 72 A M K R 7 9% R R e 2
ik A B Ca Dz B (P>>0.05) 5 A D W 41l 3 bk 3 1 L 22 45 il 30 ik
1% 20040%)  2(4%)  6C12%)  17(34%) — n3 . . .
2 o 18(36%) 23(46%) 28(56%) 23(46%) LA Bt RSBk SNRLCNR & T B.C By, 22
3 4 12€24%)  19(38%) 15(30%)  9(18%) #ﬁ?ﬁifr”i‘X(P<o 05), 1 A.D W4l [a] 22 % L4
5 4 0 1(2%) 0 0

4 G sh bk s i B 4l 98. 4%, Hifth =40 1Y
5 100% , 22 R AE Gt 2F 7 L (P<C0. 05) , & 45 4 )

E%/\um Yy 7 imr@q: PLCT <250 HU &
PRUE,A D WA & 1% CT (BT 250 HU,B 4

A 37 74 CT {H<<250 HU,C il 3A 10 32
5.6 REABEMIKERE . ADHHEREST B.C
k3 WABRGABERAKITHER

X A B C D Y P1a

st e F R B (mg 1/mL) 350 270 270 270

EH A E (mL/s) 4.0 4.0 4.5 5.0

4 2B BF 3 Bk 2000(100%)  1928(98.4%) 2000(100%)  2000(100%) 98.355  <C0.001"

5 %% A 3h Bk 3752(93.8%)  3175(81%)  3496(87.4%) 3676(91.9%) 379.247 <0.001"

6 2% B 3h Bk 5984(74.8%)  4233(54%) 5520(69%)  6256(78.2%) 1269.48 <C0.001"




1044 B 2E SR 2016 4F 11 H %8 31 55 11 ] Radiol Practice, Nov 2016, Vol 31,No. 11

2 A,xr A 350 mg I/mL, i
S % 4ml/s, a) MIP B4 2«
FRAGEA S 1 55b) MH kR E
+ CT 44 514 HU, % % 34,SNR 15.
1,CNR 13. 0., & #f 3 sk CT {4 469
HU,® # 33,SNR 14.2,CNR 12. 1,
B3 B, 270 mg I/mL, &
SR FE 4mL/s, a) MIP B# o %
DGR 5 3 4 b) WEIRET
CT {4 299 HU, = # 29,SNR 10. 3,
CNR 7.9, & M3y bk CT 44 280 HU,
% % 38,SNR 7.4,CNR 5.5,

M CT {H<<250 HU, filigh ik £ T CT {1<<250 HU  {H<C250 HU % 2= A Ge it 228 X (P<<0.05), L&
BB E TG E L (P>0.05) , &% XiME CT 5.

k4 WHKHAERCTH.%# .SNR.CNR W%

A 3 Bk A B (OF:1 D4 F 14 P&
A hk £ F
CT 14 537.2+156.6 334.9+56.2 416.5+79.2 466.54+115.3  30.682 <0. 001
EY 32.749.8 29.347.4 30.9+8.3 28.7+7.9 2.302 >0.05
SNR 17.4+8.5 11.94+2.6 14.0+3.1 16.6+3.8 12. 457 <0. 001
CNR 15.147.7 9.442.2 11.6+£2.7 14.1+£3.5 16. 091 <0. 001
I 3 ik
CT 14 525.84155.5 324.3+56.3 413.5+82.4 456.94109.3  30.852 0. 000
ES 31.6+7.4 29.3+7.8 30.7+7.7 29.4+7.7 1.007 >0.05
SNR 17.0+4.5 11.7+3.2 14.043.9 16.0+3.6 18. 662 <20. 001
CNR 14.6+4.3 9.1+2.7 11.643.4 13.5+3.3 24.125 <0. 001
A I 3 Bk
CT 14 502.94138.8 315.0+55.2  400.6+80.8 443.84+104.6  30.896 <0. 001
£ 33.547.4 29.54+7.7 29.5+8.0 31.0+9.5 3.170 >0.05
SNR 15.142.9 11.24-2.8 14.1+£3.7 14.5+2.7 16. 149 <0. 001
CNR 12.942.9 8.7t2.4 11.643.2 12.14+2.5 22.132 <<0. 001
A i b 3h Ak
CT 14 533.94147.9 322.3%68.5 423.4£100.5 469.0+124.6  28.015 <0. 001
wk & 33.3+12.0 28.6+5.7 30.2+8.6 28.1+6.5 9.595 <0. 001
SNR 15.6+4.9 11.5+2.4 14.8+5.1 16.6+3.8 12. 852 <0. 001
CNR 13.5+4.5 9.0+2.2 12.3+4.6 14.2+3.5 16. 841 <0. 001
£ A et 3 Bk
CT 14 514.54150.4 323.6+58.0 404.1£100.5 445.84+112.3  25.256 <0. 001
£ 32.9+10.7 27.5+5.7 29.5+7.8 28.1+6.5 7.377 <20. 001
SNR 16.344.7 13.2+3.6 14.444.8 16.243.5 6.279 <0. 001
CNR 14.0+4.3 10.3+3.0 11.944.3 13.6+3.2 9.919 <0. 001
&M T et 3 bk
CT 14 548.6+160.1 322.9462.0 423.1+114.6 471.84+121.0  28.799 <0. 001
ES2 32.5+8.8 28.446.8 30.4+8.2 33.448.9 3.534 <0. 05
SNR 17.44+4.8 11.8+2.7 12.6+4.7 14.5+3.6 15. 037 <0. 001
CNR 15.1+4.5 9.242.4 12.144.3 13.3+3.4 19.590 <0. 001
L F et 3 bk
CT 14 530.34150.7 325.2+68.4 415.5£101.1 467.7+114.8  29.146 <0. 001
ESS 31.7+11.6 27.7£6.9 30.8+9.0 28.1+6.5 11.191 <0. 001
SNR 16.3+4.9 12.24+3.5 14.1+15.0 16.9+3.6 2.899 <0.05

CNR 11.344.3 9.54+2.9 13.2+12.4 14.343.3 4. 587 <0.05
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R LBEES
AN AR X
[ZW 1 5 om

o St an mil G o B 0 LR
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AR S5 R . EMIPESF D
AP B4 fe e (40 B s A AR
KI5 D 43k (38 #iD) . (H )2
DB EF WS ER A AT
T 3200 mg., Ifi il &1 4 (9 T P& AT
DL /D X6F Ll 3 00 A B 2 iy B e AR
B y7 KU ) 2 AR . B R
15 % H R AT R R AR BE AR
1 fE B 1

A4 2 it B Jik A A% A X AL S BR
B4l mZE R 98. 4%, HAth =41
124 100 %0 AR W] RE Y B A A2 B 41
TS X8 B R e P ARG O R 4 18 3 3R
G R EL AR TS AN Tl R S A AR
SRR, DA AL 5.6 2 JE [ i

B4 C,xre# 270 mg I/mL, 247 % 4.5 mlL/s, a) MIP B 1% & % 2 % 4L ), 3F 5

24 b) Mk EF CT 44 365 HU, %2 % 35,SNR 10.4,CNR 8. 4,4 M3 bk CT 44 357
D4, s 270 mg I/mL, 247 % 5.0
mL/s, a) MIP B8 ~ e & %50, 35 1 55 b) Mgk £-F CT {4 466 HU,%: &
18.SNR 25.7,CNR 22,4 A 3h Bk CT 44 405 HU,% # 35,SNR 11.6,CNR 9. 6,

HU." # 49.SNR 7. 3.CNR 5. 9, & 5

kB RET B.C WY, 257
G112 L (P<<0. 05) , i B A%
W BE X FE R 25 G % (5 mL/s)
T AR ORUE T B B ] O A
AR TP T R )RR T DL 5.6 2]

%5 WAEGHHRCT %

. A (%) B Ca D«
A 3 Bk - P14
= 250HU <<250HU = 250HU <250HU = 250HU <<250HU = 250HU <<250HU
BB Bk £ F 50(100) 0(0) 47(95.9)  2(4. D 49(98) 1(2) 50(100) 0(0) =>0. 05
2 3 ik 50(100) 000) 45(91.8)  4(8.2) 49(98) 1(2) 50(100) 0(0) <0.05
A Bl B Bk 50(100) 0(0) 43(87.8) 6(12.2) 49(98) 1(2) 50(100) 0(0) <0.01
Z A B et gh Bk 50(100) 000) 44(89.8) 5(10.2) 49(98) 1(2) 50(100) 0(0) <0.01
& A et 3k 50(100) 0(0) 42(85.7)  7(14.3) 49(98) 1(2) 50(100) 0(0) <C0. 001
£ BT vt 3 bk 50(100) 0(0) 45(91.8)  4(8.2) 48(96) 2(4) 50(100) 0(0) <0. 05
A BT et 3 Bk 50(100) 000) 40(81.6)  9(18.4) 47(94) 3(6) 50(100) 0(0) <0. 001
g Jiti 29y Jok e 22 6 A I A S A R A

CTPA 545 e (0 BURREE SRE 5 B8 1k 12 W il 4%
FEW R BT, WEIRT) 2N R IE 5046 L L fili 3h
ik 32 e st [F0) L 20 i ) i) 2 $50 A A XS PRI L A5 40 A 64
JZ CT HL5E B — Rl 3l ik AR 7 B 4 ~6 s 1 AR
CT 51 ABUERE » e 4% o B 0 471 43 1sf i) S0P, 5 1) 2 AR
WF5E R A FLASH 45 4 582X, il 2h ik 43 4 B 1] 4y
Us AEA s To WA 0 11 41 4 1sf ) 2 W o 7 22 O 5 X
Fb A0 A P o S O 28 Bk B IR R . AR R AT EE R
PR 42 4 P Ol B 2 3] 56 T L B B 79 AT 5 | 435 0 I
RN B 2 R G RN BN H 5 X
Fb 7 8 700 o B 2 R R R A AR OGS . AR F
FEBEE B HF (B35 E 290 O sm/kg H, O) IR
IV BE B EE AR (270 mg 1/mL) o e 330 AR I 2%
BB . WU LR A A R R D X T kLAY
o7 FH S 18 v R 3 7 A 4598 K s 6 B R

A HURT D 4 b Bl Bk 3 T A2 A5 il Bl ik 22 A B
Mgk &g ki g CT e T B.C WA, 257
BE vt S Bk 3 T 22 A s ik, et s ik R e
k-3 CT {13 >250 HU, {H H B 4195 1] 3t 37
i CT (<250 HU.C 41 i3t 10 1% CT {4
<2250 HU, bRt ah Bk 22 5 To G0 1 F 2% 7 30, HoAth 45 52 1
B CTHZERIAG I L. P& R BE X LR 1Y
FEITRE N 4 mL/s & 4.5 mL/s B N G845 15 3] 52
SRR LT K B R 550 EL R BEAIG L 6 U R A
Xof 18 T BB IR R LG R g B O A L AR B
x,

AD W2 2 Sk il 4 SNRLCNR ¥ 5 F B,
CHdl. ZRARI2HE S, PR ER A 4060
VB RS D 2 AR R IR B X G AR el AR TR
Ui A BT N TA] A T Aok o AR T ) AR S ) B L DRIE
T R CT fE 72 M S A8 B AT 82 T SNRLCNR
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IR BLC P2 H T X b 7 e B2 AR L 3 S5 3 36 A X
£ VAN ST R AT R 1 DO (A 1 = <D
CT {H5A% . 53 SNR Fil CNR TR, figh ik & 42 A
il 3y fik M 75 2% 5 T G 12 L (P>>0..05) , 43 #r J5 A
AW R T SAFIRE %8 1, SAFIRE 4
A Tie W 0 R AR M 75 il /D PR 5% B v RS A X L A
HRE ER R AR T A A BBk
I Bl ik R 75 A 22 5 (P<C0. 05) , 1] BE & A 52 36 45 16 1
[F1] TG T WA, WP WIS Bl J3E R 6F 458 K R T 5 A% A A 1)
B Jok Jey 8 V5 0 o, LI e ik oM A A 1 20 k)
5 | 1 ) A58 A SR BR 5 5 ) T A il e 3k R S R
HATE,

AHEFE R I Flash FE S B BE 4 AR
#i CTDIvol 5% X : (CTDIvol = CTDIw/ Pitch) A
JH D A A R AR L AR A R R
CARE kV J¢ CARE Dose 4D 5245281 T 8B &% A1k
FAH o 33 A I AR 2 1T A4 AR R AR A S IR T A
R R 67 A% B A 4 3 L 1 a5 DT A R0 AR T )
1] 25 B2 AR a4 6 R A I R AT 55 ok i A A L a5
TR AN W] 9 45 H e 7K P T 18 A [] 7K1 19 A8 fEL LA B
CTDIvol, 53¢ 9 3 F A I A I H 50 B AR R I 570 o5t 1
Z A NG T i 8 3l A5 T R T g R A
S 2 DA B R 12 W 0 EZ 0T o L G BB P AR e
Hh2s o 5 A i O A R RN BE A DY B 5T R
CARE kV 5t 4 CARE Dose 4D # A& 5 8 — i [l
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