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Fil A B Bk Bt B ARG HETE CTA B & MAR BYlIG R A 3%
Bk, TFEA, KR, R, WK, REET, 2EA, REA
SN AL a) BEAEEAG R b) fhgedbRE, AR S 436000

WE: B VNN FER G BB CTA BEA R & B E AR (AR I M E. ik Yk
37 19 T PN Bl Ik IR A FER SR T AT eI Sk B CTA £ & FBE 1) CT JR UG £, » A EE s 70~140keV HLAEZR
B 1% . 120kVp-like VB & R85 1% & 70 ~140keV MAR &b PR B4 F1 120kVp-1ike MAR %, B2k X
(ROT) JAUE 75 B4 5 foc )™ 76 2 1 R 26 P8 B3, DU Tl e bR viE 2 (SD), HELEh T3k (AD) M5 MLt
(SNR); 7EXMAHT T, HPIGEWIESR R Likert 5 4> 82 vE%T T S 14 £ 5% F2 5 A0 145 B om
fE ST REAT VEAT s LR MAR ZH AN HE MAR 4 B4R 1 EWVE - R W 240 SR Wilcoxon BRFIRLES . A XA
ARG AT REA ¢ 456 L S MG 2 TR 22 5. 455 8 dlpe i g b, MAR FER 1% AT I B
T MAR 1% 7E 80~110keV £c#ETF, MAR EI#% SNR & T-AF MAR 4, ZREAH L% & X HIF kev
N, HeE MAR ZHAH LG, MAR 2 FE A0 O B2 07 43 I 8 BRIl 9 6 /R 0 PF 0 49 20 38 58 o S -1 MAR Ab 2R 1A
B, AL{ES B A R VP FE RN W) AR s S el 1 e 3 G LA Gk 2222 X T MAR Elg, &
KEZFFERBA C>8.79mm) BF BRI AT E W W T8 U E AR, i & i o P45 3 BT
WHEHAA . 4598 feiE CTA BURIBEA MAR T3 20k 1 M S IR A ZER AP 3, o R I i 38 o
o 7N TLAR P 5 2 P MAR 902D Oy S 200 R fe o (B %5

REER): MR XSl REIENR: NSRRI IER, SR

DOT: 10. 15953/ . ctta. 2023. 035 FESHES: R84 ICHMAFIREE: A

ML 557 P 0 A E AR T A R 9T 1 B KR ) R A T e, Sk CT I 1% (computed
tomography angiography, CTA) PKIZLIE G & H T i A 3 BRI AR ZE R 5 A2 A ™, (HL 990555 P13 e 1)
P 4 JE O S A R AR R T, 5 MR AR I T R ) TR o 5 15 0 VA o BEAE B SY R WA BB CT ZEAS
A keV &4 TS B IE (metal artifact reduction, MAR) F A v/ H 2/ > B4 E8Y
P RV A WESTER I S GE BGORT MAR (1 5 il 1Sk 80 CTA 1 MG s R T, Hb
WFFEPRIT BE RS CTA AR IBE A MAR 76 /50 A 20 KR AR: €A 5 1R 8 R AR B, G T A NS [R] B4
P (10175 T LD I

AT B AEBR VT BEIE CTA 1564 MAR H A P 20 Jikosd #4: 28 K S5 NAT AN [R) LA R S ) A A 1
(1 F A B

1 MR5ERFZE
1.1 #ARIR

AHBFFUIAE 2020 4 7 H &2 2022 4F 8 HATRIRENE CTA g & 37 . Py B A 57w i
it (digital subtraction angiography, DSA) iIFSZ Al P sh ik # H O 2 s Bl 2R, B
PE 15 B, 2tk 22 B, “PER K (61.0+£5.2) . 37 FIEFEHINFAE R Y EE N (8. 79 £ 3. 63) mm,
Hrpig K& 14.00mm, #/NE N 5. 20 mm.

FRPE AR, L 8. 79mm S, KERE S O E I EARA (<8.79mm, n=19) A HXELEKR
41 (>8.79mm, n=18)B4l.
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AW B R R F RS RS .
1.2 FHEAR

KH GE Revolution 256 flF CT #94fi4% GST B 58 ek M fe il CTA & & . HFGVEH B Ehk S 2
PRI FHSH: AWK 80/140 kVp i V)4, L 375mA, HE #8954 80mm, #FH 0.992 1 1,
5 0. 6s/r, FHEE 5mm, {HH ASiR-V 60% HEAT RIS F 4.

i FH H shfil R 3 EAR, B I ROT &1 20U 3 ik 43 30 sl 2 py h Wk S B, fiok A 180 1L 1%
100HU, *4 RO AF|FIME G, ZEIB 3s FFaaH. ERAEN 7% LINFRIKLL 4. 5nl/s AR EAN
60 mL MUIARE (370 mgl/mL), il G LAAH R E A 20 mL AE 3 ERK .

1.3 BEfgaHh

PRGOS N GE AWAL 7 J5 A BE T AR, o %P TN 9, 430l AE i 8 4 70~140 keV BX 7 MAR
K (kg 10keV) FIPAAEDE MAR E%, 120 kVp-like Wit & it & &I 45 A1 MAR ZbBEf#) 120 kVp-like [&]
B WEGHATAREIL. Z2FER. SR ERE. MnEESELaE.

1.3.1 EWNE

T 120 kVp-1ike Flif7 B BRGS0 B K LA, sk E M RN BRSERE AT . 40 ) 1o
| BT DR 5 ™ T IX 3 (DX @) R TR] J23 AR 52 O 58 5% e 1R 0 SIZ 5T DX 46k (X3 b) T8 ROT, % ROT
S0 B R KIS K 120 kVp-Tike B AH [ A7 B, id 5% % ROT 19 3 o { (CTAE ) & HoAx ik 22
(standard deviation, SD), tH&E 4% (artifact index, AI) KfEW:Lt (signal to noise
ratio, SNR), JLHT AI=(SD?-SD})"?, SD, h[Xika Py ROT HIARAEZEAE, SD, AXIK b 4 ROL fRIkRHE
72{H: SNR = CTgroi/SDrors CTroi ~ SDror 7370 A BB IX 455K CT {E A SD {H

1.3.2 ERIFMN

P EMIEO B BT B % BAL 20 0 800 HU A 240 HU.  Hi i 44 HoAY 3 SE LA ALt je 8 512 I
200 (1 IR BRI MR AR BR AN B N BA Likert 5 43 5 VRSN PRAL 4 52 7 R B2 K J [
I Rt ol PP bsEQr R

The LBRVEbriE: 570, DA DB thie: 40y, BIEEE: 378, TEHE: 27, BE
i 17y, PEOy S, M R/RGEN: 570, FFEME Lonimi, Tz 42, & EInE L
ANEGRMW, A WHE G 3 2, BN BonZ BRI N, Mas W 2 gh, I 2 3
HN, AELLZW: 170, B Won NG, JToikiek. 1R >3 0 R IR 2 W id K. X T
ZAN SIS SUBURYI SRR N7 or ey Rt

1.4 GtFESHh

K H SPSS 22. 0 BAFHEAT e vk 2450 BT o R BFIR SE % T oK i R A 360 00 34 2 AR s g AT IE S 1
Kilts XFA—fEE Rk 120 kVp-like £8/J5 MAR ALFE(K) BIUE FL AR FHEC A ¢ K565 Wi lcoxon FRAIKGE .

K FABSTREAS ¢ K550 LU IRAN )t 35 ) A% 70 2 MG I O S 50F 2 VE 43 R Kappa 43 BT VP
g s 2 M —8E, ©>0.8 h—H M RLF. P<0.05 AERHEASIE L.

2 R
2.1 BEWBH

8 2 HLEELR K 120 kVp-like [ MAR 4bPE 5% 3 MAR &4 11 AT A2 SNR &5 3% 1. P keV #800,
R AR PR AT ) SORAR . (EATIA keV Z0fF R, MAR PR AT 0T RAE Tl MAR IR . /AT keV
AT, MAR 4115 SNR #415F-E MAR 41, {HANAE 80~110keV 541 F P4 ZE A G245 Lo

Kl
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1 MAR EMR5E MAR R KD 5% Fia 405 15 1 LE Lk
Table 1 Comparison of artifact index and signal to noise
ratio between MAR and non-MAR images

Al SNR
HUk P P
VAR 4 Il MAR 41 MAR 21 I MAR 41
70keV 49. 67 +67. 19 112.04 +53. 18 0.014 —2.74+2.27 —4.20+3.13 0. 164
80 keV 45.91 £ 67.05 100. 32 + 52. 39 0.012 —-2.91+2.64 —4.82+3.90 0. 009
90 keV 41.91+61.17 96. 48 + 47. 02 0. 009 —-3.08+2.85 —4.57+2.93 0.011
100keV 36.97 +51. 77 93.45+44. 13 0.014 -3.21+3.04 —4.70+3.10 0. 034
110keV 36. 45 + 52. 85 94. 59 + 47. 65 0.016 -3.26+3.16 —4.56+3. 06 0. 044
120keV 36.22 +53. 74 93. 46 + 48. 67 0.017 -3.24+3.20 —4.61+3.25 0. 050
130 keV 36. 01 + 54. 51 92. 14 +49. 39 0.017 —3.26+ 3, 27 —4.69 + 3. 44 0. 050
140 keV 35.96 + 55. 17 91.30+50. 16 0.018 -3.25+3.28 —4. 76+ 3. 63 0. 055
120 kVp-like 47.20 % 70. 50 110.10+55.9 0.015 -3.19+2.40 —4.51+3.63 0. 059

e MAR A RE B AL IPhsgda%l:; SNR UfEMELL .

XFAF EAL BN LA KR, CIRZ A AT MAR A3, B ALEH AT fHE M+ A4l SNRIY
T A4l HPIALZESAE MAR BRI AT LA gk X, PR & 2.
2 RN R S CT MG T e

Table 2 Image quality comparison among CT images of patients
implanted with coils of different diameters

415
24 P
A (<8.79mm) B4 (>8.79mm)
AT (MAR) 22. 72+ 16. 02 79.91+108. 18 0.011
AT CJE MAR) 108.88+43. 15 111.84 +81. 17 0.195
SNR (MAR) -2.00+ 2. 32 -4.79+ 1. 57 0.124
SNR (3E MAR) -2.62+1.25 ~7.04 + 4. 54 0. 068
FHREVPSr (MARD 4.40+0.23 3.70+0.53 0.093
BSR4y (AE MAR)D 3.28+0. 10 3.10+0. 10 0. 830
JE LI A S 7 (MARD 4.55+0. 17 3.43+0.58 0. 032
J& BRI 7% (A MAR) 3.25+0.37 3.10+0. 10 0. 131

i MAR AR &R ObRE; AT WPIREG SR N fEELL

2.2 EIENER

8 4 HLBEL S 120 kVp-1ike [f) MAR AbFE AR MAR 2 (1K) VT 70 46 L3 3. P Mg — 8k
RIF (k=0.82), AH[F keV 44T, MAR 4G VF4r 5 M4 Won e i35 4im THE MAR 4, 257
HAEG % . B keV I8N, MAR A 3E MAR G 00 5205, VA0, i T8 B as wos,
P BT R BRI

WE 1 PR, 120kVp-like EMAR BHE b, SxJ@ 500 sgm A g Bon (& 1 Ga) FEL T (b)),
#£ 120 kVp-1ike [1) MAR Ab Rl {7 A i B2 EE (B 1 (o) ~K 1 (e)) b, RN W 2k
B, WA SoRtE B NGE. Ak, STAFREAL BN RS G, &S EEHT MAR 42,
B 43 O RV o RN SR B8 3 VP43 YT A 4L, 0 v &) PRl 35 S s 32 WP 20 A6 W 21 2 1R AT 4
TEEER GR2).

3 itig

P PA S0 OB AR ZE A AT N SR I 277, PR BRI B 5 D AE T, R R AT R
JE S ATN RN S KR R R R CT R PR, ARRAME . =4 B AR G A A 3, (HIE]
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B TR 5y 2 BRI R #SEE  BIORE 5= AL 1) e s D s B2, T LA AR = 7= (1 TE AP T

(c) (d) (e)

e (a) Fl (b)) K 120kVp-like JEMAR FMG ML D, SR F Oy, JovkrEm A S sl 5 40T L R R (o) F
(d) 2y 120kVp-like MAR PG (UL %), SERE J [ 05 52 B odde, TV T /R S Il & S LIS Ced Oy 120 kVp-like
I5CA MAR I HI AT T2 PG, SR T A8 7S i S 20 ke a3 0 P8 ], 41000 I o 0L W) S Bk Bk

1 R, 2, 49 %, ZEMEN SR AR G
Fig.1 Scheme diagram of a representative case. Female, 49 years old, after
surgery for left internal carotid aneurysm

3 MAR P55 R MAR PR 0BG IR DE 23 HLAL

Table 3 Comparison of subjective image quality scores between MAR and non-MAR images

A JA L SR 14y
HLE P P
MAR 41 4 MAR 41 VAR 20 4k MAR 41
70keV 3.76+0.53 3.01+0.34 0. 009 3.87+0.64 3.03+0.76 0. 009
80 keV 3.90+0.53 3.13+0. 10 0. 005 3.93+0. 60 3.11+0.22 0. 007
90 keV 4,07+0.48 3.24+0.15 0. 001 4.04£0. 67 3.19+0.28 0. 009
100keV 4.20+0. 51 3.32+0.18 0. 001 4.10+0.71 3.24+0.31 0.011
110keV 4.33+0.46 3.43+0. 15 <0.001 4.06+0. 66 3.23+0.31 0.010
120keV 4.43+0.46 3.50+0.16 <0.001 3.97+0. 62 3.19+0.24 0.014
130 keV 4.47+0. 41 3.61+0.16 <0.001 3.88+0.56 3.17+0.21 0.010
140 keV 4.54+0.42 3.67+0.14 <0.001 3.77+0.51 3.10+0. 15 0. 008
120kVp-like 4.10+0. 51 3.20+0. 13 0. 001 4.10+0.70 3.19+0.28 0.011

TE: MAR LB,

Oy th 2 AR UL R S 80, WD TR, SH2ife. BUN . B wmEREN . RORFE
FEFIEH) ™. Mamourian &5 R ILH K CT #2474 K A 1 AR T AR B vl W 2 BRI 4 J Oy 36 1 5 i«
BEXT I B0 B dhs s AR A5 BB K 25 < O 52 5700 (MAR,  O-MAR 5% SEMAR),  ELAHERIF FUIIE S L2 Uik
b4 O HAT RO BR T . R CT SREU B A /SRR g MR, AU FMGUT RE A8 T e %
AR R, Wb & m e, BRI 50~T70keV VMI BG4 ) ik gg 4% 2E K J5 CT 1
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F A 4 B D AT A R o BRI STIRE AE I CT AR B AR I A MAR 2R O-MAR 5 A AAX AT
LA OB G B A, 30 vl 3 v 4 B R A R S TR 2 2R 5 e s ol

SR, IRAWTFUN T BB CTA UGBS MAR 75 0 N 3l ke # JE R 5 1 B AR, JCIL & x4
AN [) A2 5 55 i 6o I 58 ) s A v L9 K o

AHFF TR BE Tl P RE SRR 5 MAR BOR 45 G, BRITIHRR N AN ] 150478 5 355 Pl ) Pt oAy 80 ko AR )i i
HCTA EEMIME. 458K, Frf 568 MAR BHE I E S T R BE 20k MAR %, HiE MReg i
fE MAR EHEH A LE AR MAR BIRRE MAR GO I i G o s Ak, T B AR/ T 8. 79 mm [R5 3
PEl, MAR AbFERC R f A WFSY 45 BLAE ) BE T 55 MAR 45 &%) T/ A Sk R s B A IR e, f
By T30 R R MAR H A 13E H Y [l

ARSI 100 keV S&BEAT 1L SR AR ZEA JG CTA WL B3 18] P20 1l A (1 e AR PR R o, X
A RTFEZ RIS R 8. LR AL VAR &b BE, BEEREH T, &R b il
SIRAE W EIAE T S AR A%, 76 100 keV ALIERNEAE . X T4 @ thss, 1KEE X kB ae
e, WALONECE, MREE RERIETE, mine X SR FIERE IR, G A IR D REAS B W B 0 .
T A SR AE ST, 4 JE Do R AL (o) L 2 T BRI, (R ARG CT {i i, I
XL R, A E, SRR SR AR, B, 75 100 keV AbPh 52 RN LGRS 2 18]
BB T, SR BN R . AT R 50~80keV S2 i N B kR AR ZE A ST e AR I A% B R
Y, XAl e S s 30 OGS AR R . EUR VRS i (OGP N SR B s BE )
DA B ELAR . AR G

ffH MAR BERJG, LRGSR GREREER, &EOaaE T B %S, SNR A 2
INREAR R, RS FRARTE, XS BEAE RBORII R ST 4 SR — B0 . AR SO ) MAR B A A 4B
B F s sl A A E 1E 5 10 5 50 MGOK & 8 W R 77 2B 10 2 4 8 Oh 32 I 050 B 2 400 5 I s 0l o
SO e RN B T I BUORREAR, A A (A e e sg AR A R B AR U — B B
MAR BI5GB iSRS 2% OS5 A R R TE 2 B2 B AR BEER 1 Bt MAR 5, A st 56 I’ 0T kAT
IEBEE DR A S B R I BOERE A S5 i a8 B Ais S5 0 G AR ol 4442
IEREE o IX Al MAR B2 AT 45 %048 7R BeUk 6 4 B AT D0 5% B 7 AR an 45 =" [k, o i 92 38
MAR BEARTEEHE . AT ARG WA SRR S B A £ 5, R B REE" .

SR, MAR A (¥038 H Y6 B SR A8 — 2D 9. I WA KR BT s, X T ah iR ke 2R 5 &2
, MAR XS TR AR B, L8 m bR LBRACR AR . SASCAHEL, BFFORIN T HAAR T /N
W& BIAY, 2&ENEEE (O-MAR) LR B4, (HiZM AWM EES 40 5m™ . tBH 5T
B, MAR AN 768 AR BRI &, T IRAREBN FUW 1) 4 I 2 O 5 O R, (RN T 45 5
Ay TR () 4 o MR A K BRAR, IR AR (AL IE IR BRYE ™™o eah, X TGS MAR $ R 5
e EE R LS Em O N, N R PR AR, X T AN RN S FAS [RI M (AN
Hm AR A A 2, W THSE T RAY) CoCrMo &4 B tE R fAE 110~120keV, TfiXf T4
JB I BHE N 5 A P B B E 7O~ 110 ke V'™, [RIHAE W11 U0 190 B b i 2R 348 71T o 2 5 AN I 1 e £
HLBEE 5 MAR 456, (HILA RO TP A 3 kR 4 ZE AR S5 900 38 Bl A N A %) 25 4 J O 52 U R K 3%
i A />3 K o

KIFFA s TR GREAREA R ABFFACCE S o R4S s 15 0L, RPN L2
i MAR HARFHK S BN L IR PTRESZ S @A T, MNEBALRE M, ANBFA AR A TR AER T

gr BT, feil CTA B IE& MAR A T A 2%/ Fit 1N 3 ok I8 A 2 R i 580355 Pl R NP B4 5%, £
e A E AT SR, CHAER T HAR/NT 8. 79 mm FHR 8, £ e BRI

SRk
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Clinical Value of Spectral Imaging Combined with MAR
for CTA after Embolization of Intracranial Aneurysms

YAN Qinwen’, WANG Yuxiang', ZHANG Jun’, HE Lan’, HU Gang’,
XIONG Minchao™, QIN Junxiang’, YUAN Xuegang’

a). Department of Medical Imaging; b). Neurosurgery department,
Ezhou Central Hospital, Ezhou 436000, China

Abstract: Objective: To evaluate the application value of combining spectral imaging and metal artifact reduction (MAR) in
head and neck CTA after the embolization of intracranial aneurysms. Methods: We collected 37 patients who experienced
embolization of intracranial aneurysms then received spectral imaging of head and neck CTA. Monochromatic images with
energy ranging from 70~ 140 keV, 120 kVp-like mixed energic images, 70~ 140 keV MAR images, and 120 kVp-like MAR
images were generated. The region of interest was placed on the area near the coil and with the most serious metal artifact. CT
attenuation and standard deviation were measured, and artifact index (AI) and signal-noise ratio (SNR) were calculated. Two
radiologists independently subjectively evaluated the metal artifact and the display of surrounding vessels using Likert 5 scales.
The subjective scores and objective parameters between MAR and non-MAR images were compared. The Wilcoxon ranking
test, paired sample t test, and independent sample ¢ test were utilized to compare parameters between the groups. Results: MAR
images had significantly lower Al than did non-MAR images for all eight monochromatic energies. When energies ranged
from 80~110 keV, SNR was higher for MAR images than for non-MAR images, and the difference was statistically
significant. With same energies, MAR images had higher artifact and vessel display scores than did non-MAR images. For non-
MAR images, the different coil diameters did not make a statistical difference in Al and vessel display scores. For MAR
images, a larger coil diameter (> 8.79 mm) led to higher Al and lower vessel display scores than did normal diameters
( < 8.79 mm). Conclusion: The combination of spectral imaging and MAR could effectively reduce the metal artifact of
implants for the embolization of intracranial aneurysms and improve the surrounding vessel display. Moreover, the metal
artifact reduction effect was more significant for the coils with smaller diameters.

Keywords: tomography; X-ray computed; spectral imaging; embolization of intracranial aneurysms; metal artifact
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