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CT pulmonary angiography with low tube voltage and low contrast dose for reducing beam-hardening arti-
fact:the feasibility with the third-generation dual-source CT YANG Meng, ZHANG Zhang, L1 Feng-
tan, et al. Department of Radiology, Tianjin Medical University General Hospital, Tianjin 300052,
China

[Abstract] Objective: To explore the feasibility of low tube voltage and low contrast dose CT
pulmonary angiography (CTPA) using the third-generation dual-source CT and its application value in
reducing the beam-hardening artifacts. Methods: Totally 60 patients underwent CTPA. All patients
were randomly divided into 2 groups: standard group [ 90kV and 30mL contrast media (CM) ] and
"double-low" group (70kV and 20mL CM). Objective image quality was evaluated by calculating CT
attenuation, signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), and beam-hardening artifact
index (AD. Subjective image quality was assessed by five-point scale. Radiation dose was also recor-
ded. The parameters of objective and subjective image quality were compared with Wilcoxon rank sum
test and independent-sample ¢-test. Al of different branches of pulmonary artery in each group was
compared by one-way ANOVA test. Results: There was no significant difference (CT value, SNR and
CNR) between the two groups in objective image quality (P>>0. 05). In "double-low" group,radiation
dose was significantly lower than that of standard group (P<C0. 05). The Als of right pulmonary ar-
tery (RPA) and right upper lobe pulmonary artery (RULPA) in standard group were significantly
higher than those in "double-low group" (r=5.38,P<C0.01;:=7.82,P<C0.01). The Als of RPA and
RULPA were higher than those in other branches in standard group,while no difference was found in
"double-low" group. The subjective image quality of "double-low" group was also better than that of
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standard group (Z=4. 33,P<C0.01;Z=4.53,P<C0. 01). Conclusion: Low tube voltage and low con-

trast dose CTPA with third-generation CT can obtain satisfactory image quality and reduce the influ-

ence of beam-hardening artifacts in right pulmonary artery and right upper lobe pulmonary artery.
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firfi 3l ik # € (pulmonary embolism, PE) & —2K5|
LG PR T B WU ) i B 9 A DI R 5 L8 DL o
PRI, 435 T Ik I A% T2 B € 1 B R S H R0 i R
S B TE SO e E AL AN A A . H
A, CT fifish ik i 1% (CT pulmonary angiography, CT-
PA)JEBEM PE B 191 AR F K A k. CT-
PA IR b 50 2 i v B2 X L ) Ay L s i ik 2R 48 B e A
(10 2k SROBE A £A 52 30 23 R W AR S5 R IR B
R FE AR I ) il 3 ok 43 S N AR T IR I2 RS . A BE
FEHH B RS = AUROE CT ARG i e AR
Fo R 2 0 BUAIR CTPA 94 J7 58 19 A7 A7 14 B H Xk ik
R ACRE AL O 5 AN (R

MRETE

L — ek

¥ 2016 4F 10 H —2017 48 2 H i PR BE 0L fili i €
AT CTPA KA Y i 2L 60 (il R HE WAL, £E
I R 2 0 g M ] R SR el o 55 o A A BRI < AR 1 >
18 % | Ilfi A A B il 5l ok A 2 | TG XS Lo 70 3 #8058 T
B REA D A AT IRE AR . HEBR AR E « 3 5 ok AR i
X e R A% A il 52 748 it A 5 il e 5 g iR
PR 8 S N BRI L R B R G E O DL A
AE R AL # o 4 A B8 B ALY 20 DAy i 20 0 DU
H., FHAPTH 1G] 2 19§45 31~81 %, F-1
66.7 % s WA 5 13 ] .4 17 f] 4R 4% 22~93 %,
FHy62.2 80 AW ABAC B Z G S HE g
A G TR O A B S R S A .

2. CTPA K& %%

{#i ] Siemens Somatom Force 28 =t DSCT #1,
25 I T JDK T SR HE 7R 3 2P i (370 mg 1/mL) FiA:
FRERK . W REZH T FE AR & 2 30 mL, UG ZH X L
A 20 mL, JESF R AR 3.0 mL/s; S8 5 LAAH A
TR TE B A B ER K 30 mL. FE il Bl ik Tk B %R X
(region of interest, ROD), 4 ROI § CT {&3i% 200 HU
IPEER 3 s Ji 8 CTPA . T F i UK B
T V0 H A e 2R K. T 28 90 kV
CRRAD B 70 KV OBUIRZD 45 it | gl i, 192 X
0.6 mm,0.25 s/r, 48 0. 55, EHESH.Z/E 2 mm,
JETEFE 1.6 mm, HEFE 512 X512, 5k A8 Ak A i dt 5
s Cadvanced modeled iterative reconstruction, AD-

MIRE) , 22 51| 3, 820 L& FU (B 40),

¥ A CT A 2 d % i £ Siemens Syngo
VA30 ARG 47 ER WL EE L a4k BHRFTAH 5 35 A5 ) =
Ja A BT R FE AU B (VR f1 £ 3 1 8 4 (MPR)
.

4y W AE it 3h ik T (pulmonary trunk, PT) . £ fifi 8
ik (right pulmonary artery, RPA) . ZEifi gl ik (left pul-
monary artery, LPA) J 45 fifi b i Jili ) ik (right upper
lobe pulmonary artery, RULPA) . #7 Jifi it [a] fifi zh ik
(right interlobar pulmonary artery, RILPA) . 45 fifi o
- fifi ) ik (right middle lobe pulmonary artery, RML-
PA) . £ fifi F M fifi 35 ik (right lower lobe pulmonary
artery, RLLPA) | & Jili I+ 0 filfi 8l Bk (left upper lobe
pulmonary artery, LULPA) | 72 ifi ' 0 fili 3} Bk (left
lower lobe pulmonary artery, LLLPA) &5 fiifi 3y ik 4= 2
53 3 e K JZ T 5 & S I ) CT fH (CT g ) M
#E22(SD). ROL ¥ e, EARBUE i iR 1/2~
2/3 % B T I R T MTAL kT S R MR
el s Horf  RPA P9 ROT R/ RAAB AT 19 1 i ik
ERENSFE, fEF— 252 n CT {H, LK
SD {# (SDas ) /E g P18 75 (noise , N 5 0455 5 ) g JL
B CT B E (CTyy) . IHERGRENE
WPE B 45 AR . 61 16 5 5 1 & [ (signal-noise ratio,
SNR) . % H 8 75 b (contrast noise ratio, CNR) Fl1£k o

AL A B2 48 8 Cartifact index, AD ,iFE AR T,
CTos

SNR= @D)

N
CTas —CTyn

CNR= (2

Al= . (3)
FH 79 52 D\ S B ER TSR 2 W 3 AR LA b A TS R I O
Tk 7 56 B 3 ik BEAR J5 E 4) R L AR 0 1
gy MR B AT H2 525 2 ) AR o o T A2 T 1
FHWAK 5 3 43 R BT i bR v 4 g3, KRBT i R A5 5
g R T 75 . 78 SEBRPEAL A L 5 67 = A9 2 45
AN — B0, 038 S AH BT IR R — B L

sk CT JHAGH 4 g CT 28 BUN & 45 5L
(CT dose index volume, CTDIvol) F1 7] & < J& 3¢ fH
(dose length product, DLP) , 2 4 %% 5 & (effective
dose, ED) , ¥ #t 2% k=0. 014 mSv/(mGy * cm),

3. Gt

fdi {1 SPSS 19. 0 A AT G2 0 M. P
Jiti 3 ik K He 4y S CT {H .SNRLCNR AT {H & %8 55 51




380 T2 F Sz M 2018 4F 4 A4 33 %5 4 ) Radiol Practice, Apr 2018, Vol 33,No. 4

AR A Student Il ST FEA ¢ K250, 45 AL AS [FH]
it 3 ik 43 32 1) AT AE 9 b 4R Fl ANOVA B[ 2 4y
Br s BB LA 43 B 3001 R T y° R s W4 IR
i EMPE ST LR T Wilcoxon BRFIAR SR, LU P<<
0.05 BZEFHGI¥E L.

s R

L. 95 2 AR 1) A i R
EERGEN R TN 7N S D & Wi U S
Lo XF R 2H 04 R S50 480 o 4F % A 5T 1 45 % (body mass
index ., BMD) Flfiifi #4 2 8 & 1Y Lo 9 64T LB 22 S 4
GiiteEE L (P>0.05),
k1 RAEHHEREARH

I8 AR AL KA Xz/t A P
% /% 11/19 13/17 0.278 0.598
S () 66.7412.6  62.2413.2  1.361 0.179
. 23.52+3.86 23.72-4.81 _
BMICkg/m™)  (3"67 99, 30) (15.35~33.43) ©O-180 0.858
14/30 8/30 )
PE & % (46.70%) (26.70%) 208 0.108

2. G T 1 & WP

P2 R b il 3l ik M 32 %2 4 sy CT {H . SNR
A CNR 40 5 T 5 A (& la~c) . H 2 F G2
B X (P>0.05),

WI2H R b i 2l ik S & B oy S i) AT & e it
SPPTEE R ILZ 2, BUIR4L RPA Rl RULPA () AL H
INT R (B 1dD) 22 A et 3 L (P<<0.01) 5
BBk 5y S0 AT (B 76 W 2 ] 1 22 % B S &
o B I Bl Bk A5 B Ay SR AT H Y 25 R Se it
28 Y (F=11.54,P<C0.001),Ht RPA #l RULPA
(AT B T 8 43 305 1 UG 4 P9 il 3 ik 45 B 4 2
) AT 25 RG24 L (F=0.92,P=0.499),

k2 BABKREARND K ALEH K

A% WAL AR LE t 15 P14

PT 21.18£4.77 21.10+4.94  0.02 0.985
RPA 28.12+3.46 21.96+5.24  5.38 <C0.001
LPA 22.11£6.32 21.26%+6.31  0.52 0. 604
RULPA  25.194+2.78 19.79+2.55  7.82 <C0.001
RILPA 21.8143.83 21.91+4.48  0.09 0.926
RMLPA  20.53#+3.01 20.674+4.99  0.13 0. 900
LULPA  21.154+4.14 20.33+3.64  0.81 0.424
RLLPA  20.2744.41 19.9843.98  0.26 0.793
LLLPA 20.7244.56 20.19+4.26  0.46 0. 647

3. MG T & 1 3 WP

FUPEM A5 R IR 3. SR H RPA il RULPA
) G R T AL (/] 2~5) . 2 SR B S it ¢ 8 X
(P<C0.01) , 43 fili 1y ik 43 3 1 5 0 2t 3F 43 76 P 4
8] (7 22 S e gt it 27 5 L (P>>0.05) ,

A, R 2H ) A Y AR

T 2 o B S 500 45 T B 1 0 S S e o BT A

BLFE 4, WKLY CTDIvol .DLP #1 ED #{% F %
B . FE SR L (P<<0.05),
%3 FHAFKAEGEN T LE

S XA A AR LR ZAa P1a
PT 3.47+0.57 3.7740.62 1.89 0.058
RPA 3.10+0.61 3.87+0.63 4.33  <<C0.001
LPA 3.40+0.56 3.63£0.67 1. 40 0.161
RULPA 3.06+0.58 3.80£0.55 4.53 <<C0.001
RILPA 3.50+0.63 3.77£0.68 1. 59 0.112
RMLPA 3.50+0.57 3.83£0.70 1. 88 0. 060
LULPA 3.43+0.57 3.67£0.61 1.55 0.120
RLLPA 3.37+0.56 3.60+0.56 1.72 0. 085
LLLPA 3.33+0.56 3.50+0.59 1.79 0.073

k4 ¥AANRABGENELE

18 A% AL A 48 (48 P14

CTDIvol(mGy) 1.092+0.40 0.8740.38 2.21 0.031

DLP (mGy+cm) 33.3743.61 31.34£3.68 2.16 0.035

ED(mSv) 0.4740.05 0.44+0.05 2.16 0.035
1 4

CTPA AALHE K i HE 1 3 12 B fili 3y fok A 2 . i EL
RE R s FU) o 72 0L 5 A 52 R LT o S BB AR L B
& CT BOARK AWt 25 51 X ) A AL ik CT 14
A S ) S R IR TR A SR AR R
CT $1H8 BN 1 AT FE A9 o T 0 e A0 i A3 )
14 77 % AL A5 AR A P s o I R O B R TS AU
LAF . BUAVIRZSTR R 480 B S L R i F O B OE
Pt DRI IR P T i A 0K A 0 o A A7 30T 15
SR » A P T A A 119 [ Ik 2 P B 27 PR M P 1) 394 i
R R W i . 5% =0 DSCT B A7 i K ) i
PEPERE 6T BT 2 2% AQ T 59k CADMIRE) #E 17 [
14 A RS 7E [ AR v T ) ] A DR IE 1 45 o LI
(W E A SIS OY L Ioind:f AR

CTPA K £ f L Ik S — € A L e . il
X B8 o R LA T DR R LR e A s B
JEE A RO FE TR D B R IR AE G L I REA &
By 32 A5 A TR T S RN R B T BE R BN L
FUEE T o oAb M T O SR T B A2
PE [ WA B [N 2 L 3 2K /8 3 7/ 2L HERR PE.
I 75 M PR 52 B rp VR AT BE S ik b CTPA K6 A5 i e v
i X R

CTPA K 3= B W5 il 3l ok A Jis PR B30 119 58
BAGOL . BN A KRR 7E CT BIfR BRI
S RO B 8 BE S O i Bl Bk A s B 3 T R A A R AR
TR X 2w > CTPA X L ) JH & 19 i &1 2% 5
Al AR B A R AR X R RO RE
PTG B U K S DT {6 i 2l Bk g g CT T
e R AR T R T A S R 6 [
WA Bl Tk — A5 080 X HE R AR R BE 5E B RS



TSz 2018 45 4 A% 33 %45 4 ] Radiol Practice, Apr 2018, Vol 33,No. 4 381

400

T
0

PT RPA  LPA  RULPA RILPA RMLPA LULPA RLLPA LLLPA

cTfii (HW
e E 28 kEEE

nHRE w QKA

SIS TR E R A (A IR

' A S B BMIT 5 08001 39— 2 B
- K TG IR L LR o T
" I 175 00 A A/ b L ) D
o FR PR I R A L W SR L A B
0 485 5 v ARG 2L B 8 S ) B 9

PT RPA LPA RULPA RILPA RMLPA LULPA RLLPA llLPA

u %A wARRA

2H 5 AL (1=2. 16, P=0. 035) , |fil

40

35
20 'I I II
0

PT  RPA LPA RULPA RILPA RMLPA LULPA RLLPA LLLPA

CNR
e N ow
w ©o & - 3

w KA wRRA

A% R % O PE A 45 AR (CT .,

0 SNR,CNR) 4 5 1 41w 38 i . 22 B X%

0
<
0

ix CTPA HHH5 7 £ & W4T .

7E CTPA £ 2 H, 28 o 1 b 1
00 7 HE A SR 5 R IR ST B RS
MEEM EZER R H A R N2l T
X W A —E e EuE, £ %

PT  RPA LPA RULPA RILPA RMLPA LULPA RLLPA LLLPA
nHAE wRURE

Bl WmABBRREOELFNEAGEE >, XKLL P CT 14,
SNR #= CNR w& & T % M4, AT A4k T % A28,

CNR; d) Al4E.

il FH 90 kV 4 HLE .30 mL Xf L ) CTPA £ & H A
RLAF i B 802 W i i 0l 5 1F O PE R 5 1 0 LA £
PAE AR v L 5 A48 R s 11 18 TR e 12

TN,
PE i 17 CTPA £ % i 1 &L B A &
A s B R B0 L AR 3 D FR A R
FE R L A g 70 kV A
HL 5 20 mL Xf EG AL i 45 B8 5 i AT
LAV R I2 B 2ok, fE ML Al B AT
FE LR M OUIR 22 0 T H R R
BB AN CTPA Kt KA i ferp
R A B ] AR B 9 R A S PR A
LU 2 IR a2 78 ~1299 mA)
DA A () A 70 8 35 B R e i oKL AR
TR L R W ER AT e . B
ZREEHE LEREHWZE
2 mm , 7] g 23 3 BLAN R /N 1 i 3 Jbk 43
SN R KR B AR ] DLAR IE R
CTPA K v il 22 X4 1 il 2 ik & T
T it B B LA b il 3 ik 43 32 0 o
WOH 4y BMI K 13, 67 ~
29.30 kg/m*, BAK 40 K 15. 35 ~
33.43 kg/m’ I FE AR A B, AL 4
A 2 A BMI>30 kg/m®,
H CTPA BG40 07 £F A i W 22
Ko RURZH R A T 28 D) R i s
FEAAT DL Ry X6 2R FH 3 B 75 19k J0 75 X
FEE ) BMI 47 7™ k% 223K, vl LA ik

5 75 0 25 T e FE X L A 9 Bk 2R 2%
0GB it 5 R 2 ol A
) CT s b) SNR; ©) er e iy st ok off i, - 44 il ik 30 135 5

8 5 7 715 B 22 Sy 4 T AL

M 75 B 5 v X LG 1 Ik 2
Se g 3 BB 7 A A1 2 1 X WA T G 0 40 3 45 44 4 00
00, 5 3% RIS B . Trad %0 ff /1 50 mL %
HFI % 64 HE CT 47 CTPA K25 , Delesalle 20l Fil i

l§| 2 wAMEHX(K,19 % .PE K, CTPA BIL 2 7 & M3 ik & Lk

=R T LA (BT, 3 MAKEFH(F.57 ¥ .PE k).
CTPA B# B 7 LBEHIRF LM F R RILABERBILAY .
B4 wMaEF(KX.64 %, .M %4 PE),CTPA B 2 M3 bk A
SR AT (2 LEHRFTAAH (G . BS M&kadH
(4,77 %, %M %4 X PE),CTPA B R TSIk A % X F (G5,
EREHRF A IRF LR BE R



382 T2 F Sz M 2018 4F 4 A4 33 %5 4 ) Radiol Practice, Apr 2018, Vol 33,No. 4

DSCT 47 i 4 1 A8 J8C AR A6 A5+ 3% P I5TF 5 249 3k 5 B AR
X L 7 e J8E A P ik i 2 2 RO A Oy 52 52 i il 3y ik
BB By

A FE SR T A B e R RS f s AR B R 5
RAEAT CTPA KA, 76 8 O 1815 5 5 A AT 2 Wk 11 2
fil b+ £ SRR AL Oh 52 X8 il 3l Bk AR BB RS R . T
28 LB I S 05 X PO SR IR 2 A 0 B A A L e R
FEH NS K Y SRR R D RGO TR
AATPERE A T M LA . A ATSE P CTPA H46IT fh
4 - 7 ] [ Sy fili 2l Bk ROT ) CT {EL 3% 200 HU J5 4
B3 s, R % 4 KR A o A i O . 2 L
3 mL/ s R 58 B FE TR DU 2R AT 20 mL X g
IR 7. 4 g BRI L 1,06 g/s7) . 5
SR P [R) AR O 38 0 A A LR K AN ACHE Ry 1 % e 390 B 1A
TE WA PRAIE 1 il 3l ik 7 252, T ELRRAI 7% Fe R e |
PP K DAY B ) IR ) R R L DD T e R E X B R
TR R AL D R . A B SR R, XUIR AL
RPA #l RULPA g AT i/ T4 B4 3 WAF 7
TR . AT BE I RSl i 7 58 )12 B
FTFARE B R AR A Al RLBIF 3t 3R 4 58 782 %) L3 1Y
i sl Bk Pl 5% 5 21 A 2 7% 8 AR [R) 194 22 G ]
HRLAL PO B AR S AR X 22 L A AR I [ ] P 5 B
T bR DK A A S LR B U 2H 22 7 A Y R RE Ak
DR B0 3 Xk — il T CTPA K 25 i A X HE
R ENAE . BEON AT ik 3k — 20 M B
HLLEL FP Bl 3 Bk 25 0 S a) AT (B #9228 52 A e it 24 8 X
(F=11.54,P=0.000),RPA fl RULPA 1§ AT {H ¥
B THE 2 30 BUR AL RPA R RULPA # Al
A 5 H 4y R JEW] .22 7 (F=0. 92, P=0.499),
X —ZE R AR CTPA J7 38 B 77 A= i 4 iR Ak Ty
X RPA FI RULPA #9520 i J 3. 2 ] L 20w
(o R DAl A 3 WA 20 X L TR R A O T
CTPA & B IF AR AR i K2 W PE $2 4t 1 ]
FEREAR AU

Li LPriR 55 =AQ DSCT R4 W He IR X L 570 A
B CTPA £ 7 22 A AT 1. HREA B0 A B =
T L T K AR G B A Y 2k RORE AL D R R R L A
B T #2m PE 2 i s M . B IRER 2 i 12 5, Wl 1E
i PR 552 B 4t R A
SE Lk
[1] Rybicki FJ,Udelson JE,Peacock WF, et al. 2015 Appropriate uti-

lization of cardiovascular imaging in emergency department pa-

tients with chest pain:a joint document of the American College of

Radiology Appropriateness Criteria Committee and the American

College of Cardiology Appropriate Use Criteria Task Force[J]. ]

Am Coll Cardiol,2016,67(7):853-879.
[2] Ostovan MA,Ghaffari S, Pourafkari L, et al. Modification of sim-

(3]

[4]

(5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

plified pulmonary embolism severity index and its prognostic value
in patients with acute pulmonary embolism[ J]. Heart Lung Circ,
2016,25(2) :184-190.
Zhao Y,Wu Y,Zuo Z,et al. CT pulmonary angiography using dif-
ferent noise index values with an iterative reconstruction algo-
rithm and dual energy CT imaging using different body mass indi-
ces:image quality and radiation dose[J]. J Xray Sci Technol,
2016,25(1):79-91.
Delesalle MA,Pontana F, Duhamel A, et al. Spectral optimization
of chest CT angiography with reduced iodine load: experience in 80
patients evaluated with dual-source, dual-energy CT[]]. Radiolo-
gy,2013,267(1) :256-266.
THRERE Sk A7 HE U S 45 S A S TR SR A XUt CT il o 0
A B B R 3 A [T ). T4 528k, 2015, 29(3) : 240-244.
De Crop A,Casselman J,van Hoof T,et al. Analysis of metal arti-
fact reduction tools for dental hardware in CT scans of the oral
cavity: kVp, iterative reconstruction, dual-energy CT, metal arti-
fact reduction software:does it make a difference[ J]. Neuroradiol-
0gy,2015,57(8) :841-849.
Konstantinides SV, Torbicki A, Agnelli G,et al. 2014 ESC guide-
lines on the diagnosis and management of acute pulmonary embo-
lism[J]. Eur Heart J,2014,35(43) :3033-3069,3069a-3069k.
B R 5K L SF . RUCRE JE CTT 3 iR 41 ill 2 s 75 o A5 25 B 7 B
F M E L) . it A sE B, 2017,31(7) . 701-704.
PRk A AR 4 RO CT IR 2 Ik UG = AR 4 7
RMVIL R[], B2 2017, (4) . 378-382.
Meier A, Higashigaito K, Martini K, et al. Dual energy CT pul-
monary angiography with 6g iodine-A propensity score-matched
study[J7. PLoS One,2016,11(12) :¢0167214.
Szucs-Farkas Z, Christe A, Megyeri B, et al. Diagnostic accuracy
of computed tomography pulmonary angiography with reduced
radiation and contrast material dose: a prospective randomized
clinical trial[ J]. Invest Radiol,2014,49(4) :201-208.

Lee JW,Lee G,Lee NK,et al. Effectiveness of adaptive statistical
iterative reconstruction for 64-slice dual-energy computed tomo-
graphy pulmonary angiography in patients with a reduced iodine
load : comparison with standard computed tomography pulmonary
angiography[ ] ]. ] Comput Assist Tomogr, 2016, 40 (5); 777-
783.

Godoy MC, Heller SL, Naidich DP, et al. Dual-energy MDCT .
comparison of pulmonary artery enhancement on dedicated CT
pulmonary angiography,routine and low contrast volume studies
[1]. Eur J Radiol,2011,79(2) :11-17.

He T, Qian X, Zhai R, et al. Computed tomography number
measurement consistency under different beam hardening condi-
tions; comparison between dual-energy spectral computed tomo-
graphy and conventional computed tomography imaging in phan-
tom experiment[J]. ] Comput Assist Tomogr,2015,39(6):981-
985.

Trad HS, Boasquevisque GS, Giacometti TR, et al. Pulmonary
64-MDCT angiography with 50mL of iodinated contrast material
in an unselected patient population:a feasible protocol[ J]. Radio-
logia Brasileira,2016,49(2) .75-78.

Ol B :2017-11-02 & 18] H #].2018-01-04)



