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[H#ZE] HBy WEAGEER CT O T UG h R b Ak O 5% (beam-hardening , BH ) i 4% & 37 ,
FEEOAR R L fig f GO R AL P s MR IE SR NG i it . i X 84 5470k CT 34 8 ke A
B2 B2 T O S AT SR XL RE B CT (100 kVp/Sn 140 kVp ) O JURE T H4 , Rk ) 5 b B4R
2L WU A3 A5 RN 65,75 .85 .95 .105 keV Hifig i FIER, DL A AR AT M BUR CEBINAUR G 120 kV)
X B, WRER R AR A Ak PR 5% 1 & A S0 A I, AR O LA i L CT B BHR T S W 75 (SD) L 5 M L
(SNR) XJ HLME7S L ( CNR) FTEHG TSP 2 5 1P D LR R RN (. 8558 65 keV HLfER KA
PASEITECH 274 WG BE R HG N, DASZTTBGE W isl /> (P < 0. 05) 5 260 % B BRI Be b i i W I (36. 5%
100/274) , Kk Ry (I RE (25.91% ) | LISk B (24.82% ) (J5RE(12.77% ) (P <0.05) 5.0 LIRS IX
Wi ( —2.37 £0.84)mg/g LTI X & 5 (3.5 0. 92) mg/g(r = —19.36, P <0.01) ;85 keV
HAEESZ O L CT {1 (93.52 £ 18.52) HU 5 120 kV[ (96.06 +16.32) HU | fe 43, CT (H 0418 2 A
it X (P <0.01) ;85 keV 1 SD £/ (12.98 £3.16,P <0.01) , JEh2.Co LAY SNR: 75 keV (6. 89 +
1.79) 585 keV(6.5 +1.7) &, ~H LB 2R (¢ =1.5,P=0.14) ,CNR: 75 keV % (18.79
6.76,P <0.01),85 keV(15.4 +5.67)5 65 keV(15.53 +4.56) Z [ TCHH B 25 (: =0.27, P=0.79);
EUG BT IE 43 : 85 keV fiefmi, P 24 12 W B UG 7S 2 R AT 1143, 45 5 785 B — 30 (Kappa = 0. 79, P <
0.01), &5i8& 700 MBI FRREFT TR DK 55 2t R AR AL D52 ; TE B O U BETE 85 keV 5
TRAGRER 120 kV 54531 ,85 keV RETE I A AU 1E 2R AR Tb A 52 1 [] B O U5 4 114 PR 45 o i
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Beam-hardening correction for monochromatic imaging via dual-source dual-energy

CT myocardial perfusion imaging
Wei Miao, Wang Sihang, Wen Jiahua, Liu Yang, Lyu Fajin ( Department of Radiology, the First Affiliated Hospital of
Chongqing Medical University, Chongging, 400016, China)

[ Abstract | Objective To observe the sites with high incidences of beam-hardening ( BH) artifacts
in dual-energy CT myocardial perfusion images, and compare the image quality and effect for BH correcting in
different monochromatic energy images wvia dual-source dual-energy CT myocardial perfusion imaging.
Methods  Eighty-four patients requiring cardiac enhancement-CT examination with suspected or definite
coronary artery disease underwent dual-energy (100 kVp/Sn 140 kVp) myocardial perfusion imaging with
dual-source CT in our department, and were enrolled in this study. lodine maps and monoenergetic images
under 65, 75, 85, 95 and 105 keV were obtained after the process of specialized post-processing software. M
image (weighted polychromatic 120 kV) was generated by the system automatically and served as control. The
sites and numbers of beam-hardening artifacts were observed and counted. The rate of artifacts, objective
measurements of myocardial iodine content, CT value, signal-to-noise ratio ( SNR), contrast to noise ratio

(CNR) and subjective image quality grades were used to comprehensively assess the value of monoenergetic
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images. Results The number of artifacts was 274 on 65 keV images, and was reduced gradually with the
increase of keV (P <0.05). The sites with high incidence of artifacts were the left ventricular basal segment
36.5% (100/274) , followed by ventricular septal segment 25.91% (71/274), superior-vena-cava-besides
segment 24.82% (68/274) and posterior segment 12. 77% (35/274) (P <0.05). The iodine content of
myocardium was —2.37 £0. 84 mg/g under artifacts, significantly lower than non-under artifacts [3.5 +£0.92
mg/g, t = -19.36, P <0.01]. The non-artifact myocardial CT number of 85 keV was 93.52 +18.52 HU for
non-artifact, which was the closest to polychromatic 120 keV (96.06 +16.32 HU) , and significant difference
was seen between them (P <0.01). SD of 85 keV was the lowest (12.98 +3.16). SNR of non-under
artifacts in the myocardium was higher in 75 keV (6.89 £1.79) and 85 keV (6.5 +1.7), with no statistical
difference between the 2 groups (¢ =1.5, P =0.14). CNR was the highest in 75 keV ( - 18.79 £6.76,
P <0.01), and there was no statistical difference between 85 keV ( —15.4 +5.67) and 65 keV ( —15.53 +
4.56,1=0.27, P=0.79). The 85 keV images got the highest image quality scores. The evaluation for
image quality of the 2 radiologists was highly consistent ( Kappa =0.79, P<0.05). Conclusion The
affected regions of beam-hardening artifacts are common in the left ventricular basal segment, ventricular
septal segment and superior-vena-cava-besides segment in turn. Myocardial density of 85 keV is closest to

polychromatic 120 kV image, but 85 keV can most effectively correct beam-hardening artifacts with better
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image quality.
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XLfgfE CT O JLIE = S 4 AT [ B S 300 5 bR 3 ok i
B2 (CTA) e WURLVE W 8, & H AT Re 45 &
SPECT ¥ 2 0L AR F stk 3l ik DSA 9 34 F — 1A
i —oh a7 MR AR 7 LG IR CT, WUR CT
REA B8 SN HERTZ S A 52, (H L Bk St s
PR LRI A R BE AN I & T S AR AR IR R, S
AN S WRAIG BB OG- 7 AR X SR R Ak B 52
(beam-hardening, BH) "* ™' | BH 750> JJUALTE 1 | |36
PR 5 L WIS LB E T Bk . B AT R —
FRMEX Sy, (OB ] i AR R AR T R T

W CT SRR T 24 W KA HA 68 : ¥
A MR R AL DS B I L AR ROR A &
MR A BE I X P AT SR A U BLA: A 40 ~ 190
keV PR RE I KNG, Sib i) X G2 fme A &80k /0 g i
ARSI, A IE LR AR Ak iz Y . A CT
OWEE RGN RREGRRE IR A Z, B2
P TIIR A E SRRt TR
LA VPR S RE T T R i T AR BIE S
T LS Z A Ak D52 I A AN, S AN [) B o %o i
T IERIRCR , T4 IR L i Ak O 52 & A R AT e
DU ARG T e 7 O ILAY FR B

1 #REHE

L1 s A FH
LT 84 i (F Ak ST B, Lotk 27) L s L dE

DR ) R AT AU WL RE | CT DR . gIA
Frife : B SRR RE RAT, D EEPARR 0% <80/min, —
B SR R E) <S5/min, JF ' DIRE B 47, JCHU H
R BT R . B P LA XN S 2 PR R I
(HEBRIT I8 T A TE AR RS20 ) |, AR 44 ~ 61 %7
A 364K 20. 42 ~23. 83 kg/m’, 84 {3 {3 47 3
A0 B AR R O B E R A, AL FLRIR DL 2 S-
T B AR B 4G & By O LB I $5 1iE, 7.0 28 53 1l 73 4%
56% ~T78% ,Hrb 12 f4] 1 4 NG 17 56 ik DSA, 6 44 %
1 SPECT R LI EA& .
1.2 #%&riix

BE KA ATERAL 30 min [ ARFEAOR, A& 2
RO Z AR E B SO 2k, KA i
BB T KBRS Hh 1 iR AR Ak
B3 /NGl Bolus-tracking f5 AR 44 15 04 I [8] T35 451 41
FERISFA], AT X & CT O LREEF4

H 2% {li F Siemens 72\ &) Somatom Definition
Flash Dual-source CT, X fe= CT .L» UL FEH .
i i REERAE A L (100 kVp/Sn 140 kVp) ,Sn: 84,
[l O Pl D4 A R AR R F BT, S
0 ~300 mAs, ¥ EL 2% 56 i 32 x 2 x 0. 6 mm, Jig 5% 3 i
0.33 s/r, 181 :0.2 ~0. 3 L HIE N ) , HLIR EIGHE
M 512 x 512,

X EEFT 28 AR FRUG LIRS % (370 mg/mL) ,
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S50 ~70 mL, FEHF 4 ~ 5 mL/s (35 0045 5
T W B v BR ), MEDRAD XUf4 /25 6 1 G 48 (=,
Stellant D) , 28470 5 # Ak AT = BAFRSE 5 — B b 46
XFEHGF 35 ~ 50 mL, 58 Rk I A 3 5 s —HNIR AR
40 ~80 mL (Xf FL A AR BEER K =3:7) " kg
0L =W R 4l AR FER 7K 40 ~ 50 mL, #{R 5% 4 %
el
1.3 Bigean

K. EHRERIESREN T 0.5, A iR Eg M
BG4 T IR A AE R 120 kVI™ T g i (67 5k
bR Bl ik CTA B4 ) A AR 4 19 (o0 WL 1 AR
HHZE G, JZIE 0. 75 mm, 2B EE 0.5 mm, HF
1M CTA F B26f, 0> WL 1 D3O 2 $idife it =
Siemens MMWP T fEu}, W i Circulation , Inspace Ab ¥
T FEET 5K B BIR, 5 K% BE H 5 (MIP) R 78 FLUp 81
(VR) A R fik

TEO UL A R L 4% BB S O BE PR 25 (AHA) AR
HERF O WLE 2 = B2 R 43 17 B, DLZJE 3 mm,
ROIL 2 20 ~ 30 mm?® fit B4 X 0 H5t O 5% B i e 8 v
] B Ah I BE R O %2 B f 0 L i 4 Ol E
Monoenergy #5741 65.75.85.95.105 keV J% 120 kV
N [F]— ROT i) CT {E (HU ) S HobR il 2= , 70 5
FebwE sy CT EAE R 5t b s DU 7S 24 BB 2 9 1) i
HIE T REITH CT {8 4 22 8 MG TS <75 (SD) , 1F
BARhEZ O LAY {5 1 EL (signal noise ratio, SNR) A1 %
FLI 75 HE (contrast noise ratio, CNR) ,SNR = CT,;,/SD,
CNR = (CT - CT ) /SD BUHSHE
1.4 B REFN

FH A 1 S 152 W = i 43 0 7S A e 1 1) LA
HATRENLIE ST, % 58 600 HU, i i 200 HU, #R4fE th 5%
FPEEFERE O LA X R ANS WA (S5 R
WIS, R0 ~5 03k TR Wih 0 43 F Pk
52 DV BE RPN RS R PR R S W 1 4 B P
R O WU BE AR R BE S22 W R 2 Ay A PR O L
ARSI WA 3 4 AR DL B A
AWK 4 53 Tothse GO U BE 8 21 2 W R
541,
1.5 %itoH

K HI IBM SPSS 20. 0 GE it 4k 4, A 114 00 L A%
NN i) G Wi | R e S R RPN B AL
THEGERIL & £ 5 £, S ORI 22 S AR 56 0k
FHER R R 7 2208, P EL S LSD-t 355 AP A it
TR TR AR S B T, AR SR R AN
K56 o X6 A7 1 %32 W = U 71 32 08 247 f Kappa 43
Mro KK o =0.05,

2 #R

2.1 —fFHE L

84 151 FB 34 B B R IR M IE 25 43 A, AR % (56. 73 +
10.42) %, 0> % (70. 5 + 8. 09)/min, {4 J& & 5 %L
(22.81 +2.57) kg/m’, Z54 5 4R 3l ik CTA F1 DSA .
SPECT (U 2R AR E5 5 .61 151 F 35 i IR B0 ik A7
TEARRFR BT, 50 B3 1 ~2 X FE TR
FEBeAE 42 Bl E U 1 ~3 AbE51k, A s s 2 vp i
BAE 6 ) R EAFAE TR A5k S v BB 28 )3 (iR
NINANS S TR e e N W AN 7 [ S
2.2 AR AI TS

84 {3l /B 35 A2 X LA R (63. 81 +8.47 )mlL,
X A 4 B it < 55 mL 4k 27 f], fh i %
18.4% ,55 ~65 mL 324 ], {h542% 37.89% , >65 mL
333 45, Ph52 A 43.71% (P <0.05) ; BH (143 4 1% 4
KB (1) :65 keV >75 keV >105 keV > 120 kV >
95 keV >85 keV (P <0.05) ; 7EDh 3 5 W\ i 65 keV
FAREE BH: JLJIE B 36. 5% (100/274) , I i i ik 55 Bt
24.82% (68/274) , [al f§ BE 25.91% (71/274) , |5 kB
12.77% (35/274) , &30 BH kAR % RH L1145
X (P<0.05),

*1 TABEERRBEHHEE 120kV BEREEOINE

REE ARSI EL
Rt 65 keV 75 keV 85 keV 95 keV 105 keV *%gﬁfvg
R B 100 93 78 81 88 86
T ER KRB 68 63 57 57 64 60
i) s 2 71 64 54 55 60 59
J BE 35 26 18 18 23 20
At 274 246 207 211 235 225

2.3 BmEEN

PASZ I UL 5 5 (- 2. 37 £0. 84 ) mg/g, FE AL Bk
IC LA TLEE 1 R (B 1A AR D52 X0 LA
(3.5+0.R2)mg/g(F£2), “HHWB2ER (1 = -19.36,
P <0.01) , Phse i ML FE St 78 SPECT A% 2.0 LR 14
HEES) (K B) ; [ —fght T hs2 SR 0 ML
CTHZERAGIFE L (P <0.05) ; Mg s 5k
AREREMR (R 2. & 2) AT 0,65 ~ 105 keV, fh52 02 L
CT {HZ 34 i, P52 .0 L CT (B2 i B AIK, 85 keV
5120 kV 0L CT 4z (£ 2) , 44 CT R
B2 L (P <0.01);85 keV i SD Ak (¢ =
32.27, P<0.01), 440 SD % R H G122 L (P <
0.01) ;75 keV 5 85 keV %) SNR %5/, — % 0 i 2%
M(t=1.5,P=0.14),75 keV [ CNR ft 55 (1 =25.47,
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P <0.01),CNR M£RETEIITE 75 keV ik EWefl (] (P <0.01) ;5451 85 keV 5 120 kV 145,85 keV kT
1C),85 keV 5 65 keV 1 CNR Z [ JC Il @ 25 5 (¢ = Tk 52 B85 /0, SDgs < SDyyy , SNRys > SNR,,, , CNRys <
0.27,P =0.79) , Hifx# 41 SNR .CNR £ 3 H 4248 X CNR, (P <0.05),

CT-Value [HU]
100

80 100 120 140 160 180 200 K
Energy [keV] 6

AU A Ao T4 E AT IR KRR (1) B LIRS AL S B B 0S IUTAR 5 A B Ui & BALR
THE A GIREER S Mk Co X R0 CNR K (B E) R CTEMZX (G E) CNRAETS keV ik )AL, 4369
CT A5 40 ~ 190 keV i% #73 m

B 1 CT.OALEES SPECT RO AR5 R E R A CNR #4

R2 BEEREGHE 120 kV B0 CT E . BRE SRS (SD) e 0 ALEREEL (SNR) B33 LIRS L (CNR) BEER (2 +5)

TBAR 65 keV 75 keV 85 keV 95 keV 105 keV IRARER 120 kV
CT g (HU) 149.10 +35.06 114.06 +23.74 93.52 +£18.52 79.98 +21.01 70.41 £22.03 96.06 +16.32
CT s, (HU) 52.36 £22.04 78.52 £20.33 85.41 £19.73 90.02 +20.37 101.90 +£21.65 82.32 £13.11
SD 21.60 +£5.16 14.07 £3.48 12.98 £3.16 16.14 +4.31 18.99 +5.01 15.75 £3.49
SNR 5.72 +1.56 6.89 +1.79 6.50+1.70 4.47 +1.35 3.27 £0.99 5.82+1.63
CNR 15.53 +4.56 18.79 £6.76 15.40 £5.67 10.15 +4.48 4.94 +3.03 18.28 +6.61

A:65 keV;B:75 keV;C:85 keV;D:95 keV;E:105 keV;F. 448 120 kV 1.2 kB
2 HpEREMESEEREK
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W 44 = il i 1L R 7S A g a0 R 3 AT 1F 41
85 keV 1350 5, 4N 65 ~ 105 keV %5 B 43 HE R4
W R F%,85 keV LHEU S AT, KIS AN, 5 i Bl 41 40
PR LU BE iR, BRI b Tl a2 WK, EPEp 1 45
5 —F(Kappa =0.79,P <0.01) ,
3 itig

UTATR , 72O B SRS, 7 RS L RE
CT SO JULTHE VE AGZ 5 R [l N b2 3 i 5 i B,
I RANEAE T — i R aT R i 1 i et AR 20 Jik Fn
O WL 0, SRy e ati O WILAR B 54T 55 . & % 50
W2 WHERRPE 5 SPECT 2 2.0 LR AR et ik DSA
Rl A O IR AR M L, W& 30T 34 1) 80% LA 1Y
{EL ) s 5 ol 3R T RS, A i R S AR BE AN S A X
LA ERrE T, H O N B 3hae B, 3SR 5 i X
e AL PR (BH) 7> 0 BH AR L 56 O LI 3
TSR R B, —FXELLIX 53, n] RERG 2 Wr i i FH
PR EHETE AP EE F CT O LT 73 0 PR 5 i
GRTFERTERI , Z AT 5E ' e W B A B 1R
ALE BRSO SE 8 B AR H U AL AR, FE iR B AR B
WA E ST, AT A B R B CT .0 JULHE v 1 e 1
LERCizy g n

AMEGE 84 {1 B A5 B4 Dy, 5 L A B A
A HERR T U™ E R A0 3 R A Y AL A 1A
R BH H R B BER GA S E W, B s
AT JTUIRE” BIRHE TR X, 7 b s F ik el e DB A2
FXFRATAT , RO WUZ AL O JIL A R T
okt RO WL A B2 S 2 AN, s BRI, 3 A
TCRUEE , A SCHRHRE 1 BH RE SOk B BE
L AR At Y DR ol e A e R
FREEANIA], A RE DX WL AL B 2 A B B 0E , A8 31 R 42
I ABRFER LR B E RO U . IER ST, LR 0
TS A AT TE R 5 1 Al b AR SOAS [R] BE & 1Y
X B Ja AR AR ) 5 v A [m] 1) 3 0kl 3R 4500 4 A A
XPRAR B A CT R, T A T B AL O G B , B 48 Sy Al
AAREL, F SPECT 4% %0 L AL 1 I — 4, 8% B
S5SNI IARR A LU B F &, AR T A
DX Il e 2H R ., A0 A1 1 e TR] 422 Sz e 2H 2R 1) i
TRHEFENG O SARE AL O 52 5 00 LS Il 7Y AL 55 2 40
I AR = BT HLEI AR, O 52 00 AR J2& Ko X
SRS 5, R A £ T2 A0 WL TS TA )
WS AR 8 P S B A8 Ay L S PR A B R, T 46 I C UL A
IR 2 DA S0 WL I AR A R = S S PR L R
JEIPT SRS ] R B SUR RE R ATl X 5T
LR L AR AR R L (AN 2o A Ak B

), 0B I ) A 38 5T I A, A e B E T
j,jF\[L3—4,9—10J .

L] EfE LA X5 ) BH 5 ka0 WL, BR TS IX
Woh, F B e R AR Al IE T B, A
WFSE W 2o 0038 B S B 1 BH & AR A v, Horp
LI _E sk os By (S2/3) 5 W i, 5 Rodriguez-Granillo
AU PR I JE i B s BE R B BH — 30, BER B
HAF AL L AR O WA A 25 45 21 20, L A5 45
PR35 5), ¥ R 80 X S E AR Y S i, i S B
BH, HK, g2 e EbgeE, 285 FiE
B IR B 20 25 P o e B S LU R B R A O, T ke R 2
W 593 BH, Secchi 25 WFSY 4R BN G - 25 IR 1
FAEAT 02 2Z (8] O s N A LA 5380 X B 4k AR
FFEEad 2 AT O MVBE O s s R B W i sl . TR
MRS A O P ] BRI AR B, 220 B R e B
BH, 53CHk[ 11,14 1 25 8 —28, AT A g1t T X
A RS BH &R 5C R, 45 R BE7R 16X H
FHE Ty T, W DA e s i ik S A0 = O B
JEOU] vk /b BH Y &

M 5T 0, 2 1 BH (B pE = 7F 70 ~
120 keVZ ]!~ R 48 [ 32k LAY CNR 128 3 76
75 keV iKFWEAE, [R]0] R ARIIF BE L 25 FE 3550, FRATT LA
10 keV JRRIBRBEHL T 5256 Fh (1) 5 41 pE . RlE
RET L RE I, IEH L CT (B B REAR, Dhse X0
FL P S v, S AT T B, 7E85 keV 1Y
IEHOHLCT 54 (93.52 £18. 52) HU, BFFE L4 /R 1Y
TEH BN B AT S A i 4 A 0 o0 L B S 92 ~
98 HU,85 keV 5 120 kV .00 {IL2E B e 422300, I B
T B O LS B2 45 oy 52 BN 2 iR AL O 52 B 52 ), LE ITE
R REAR 85 keV 2 5 41 e PR AEELSE R
O LB B RE S, Wu 261 BIFSE R, B B IR
5120 kV 5 R B2 AR 1k Oh 5% 5 B B A 22
S, A AT > BH S SO0 A B R B R AR R
[ JEF P8R W i 5 X Bk e A Ol B 3880 07 A0 B 3 ot
RUNE I , WA RE AN TR] , SLRE HE CT A9 B RE 1 (5
ARIETF LU XA ARAE ] A= B RE 3 i 28, 348 2 %
LU e AR A e A

FATIELR] 65 ~ 105 keV,BH & #iR 1k, 7 85 keV
BF BH LT3 2%, Phit IX % 55 8 Bl &0 WL— 3, 78
FHF] 105 keV (1 ik 2 O 52 L ZE W W] B, Hem-
mingsson 2% 73 BB BCTR A BE R RE A R0
/b BH 60% ~90% , i 75 B 2H 24 g | A M 7 7K P-4
R RE R IAE 70 ~ 80 keV Fffix, PHIRATEEM
REZLAIA],85 keV 55 80 keV (1M 75 2 5145 i ifE— 25 bf
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%o HLEEIME ) CNR o] UL, o0 ILSAR B e FE 25 1k
75 keV il 85 keV, {0 75 keV [ Mk 75 45 15, O 52 4
85 keV HHIE , i EML R A NG & . W Bow, i
PARE R 1Y B W 0, BH &R Wik 1k, CNR 25 328 i %
{66, CNR U{F Hy BILLE 70 ~ 80 keV Z )"0 5341110
FILEIRY) £, Meinel %1% % BLIE T 120 keV [ 5.
et BRI LLEE 2 T %, FRATZEM 65 keV #2501 2|
105 keV fyad A2 ot & B, O LS5 8] T 4 20 A % i ot
FLRE TR R (MG SRR B 8 SR WP 2 X %
AN R, 85 keV MR (A M BH ML R AR, K&
RERE/N, Bei R 12 W,

g Lk, SR XRE & CT O ILHE 7 AR 2R R
Ak Oh 5 2B R AR AE A0 38 I B L b s i ik 5% S [)
Wi, 255 Dh s B M EHR i & K 5, 85 keV RETEST
B IE BH (Y [RI B4 s G i i, 2830 1 W RE I CT .0
WLRE R AR L DSBS B, Xz o L
eI A 38 T 45 A HRE R RTR A e e G 3 [
£, ARSI ETE T REIE FEAREIR A, T5 ~95 keV
Z BRI A G 0 e T 4 RE G A REAIF ST, 1 %
FUFR R HERR A DR 52 -5 i I P S 0 A 0 N 2 LR
G AE LB PR B 5T RIATEGE 8T 7 1)

SE Lk
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