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[Abstract] Objective: To investigate the influence of monoenergetic images of different energy
levels in the double-layer detector spectral computed tomography (CT) on the image quality of head.
Methods: The CT images of 38 patients with dizziness,fainting and headache who underwent head CT
examination at a IQon spectral CT scanner from June to December 2019 were retrospective analyzed.
The poly-energetic images and monoenergetic images were all reconstructed from the spectral CT data
of 40~120keV.The monoenergetic images were reconstructed intol7 sets with 5keV interval incre-
ments. The CT attenuation and noise of gray and white matter in each group were measured.Signal-to-
noise ratio (SNR) and contrast-to-noise ratio (CNR) were calculated. At the same time, the contrast
of the grey and white matter and artifacts in the artifact area of the posterior fossa were subjectively
(ie.,visual rating) and objectively scored and compared between the conventional images and the mo-
noenergetic images at 120keV.Bonferroni correction test was used for statistical analysis.Results: The
differences of the CT values on the monoenergetic images of grey matter (P <(0.001), noise (P =
0.012) and CNR (P <C0.001) were statistically significant among the groups, while the difference of
the CT values of the white matter among the groups was not statistically significant (P =0.107).A-
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mong them,the CT values of grey matter,the noise of grey and white matter and SNR on 65keV mo-

noenergetic images were higher than those on the other monoenergetic and conventional polyenergetic

images (P <C0.05),and the CNR was higher than that of other monoenergetic images and conventional

images (P <C0.05).Compared with those on conventional images,the CT values of the gray and white
matter (P =0.046) ,noise (P<C0.01),SNR (P <C0.001) and CNR (P <C0.001) in the artifact area on

120keV monoenergetic images were significantly different. There were significant differences in subjec-

tive evaluation on image quality (P <C0.001) and artifact score (P <C0.001).Conclusion: Compared with

conventional polyenergetic image,the monoenergetic image at 65keV of the double-layer detector spec-

tral CT has better,grey-white matter contrast,lower image noise and higher resolution on the soft tis-

sue.At 120keV ,beam-hardening artifacts on CT images caused by the skull are significantly reduced,

which effectively restores the surrounding tissue structure and improves the image quality.

[Key words] Head; Spectral CT; Tomography,X-ray computed; Monoenergetic image; Image
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65KeV 26.31+1.69 37.26+1.75 2.6140.90 3.79+1.64

70keV 26.22+1.70 36.27+1.65 2.5840.89 3.524+1.59

75keV 26.13+1.76 35.38+1.641 2.55+0.88 3.26+1.54

80keV 26.09+1.79 34.62+1.61 2.53+0.87 3.094+1.49

85keV 26.05+1.83 34.12+1.63 2.4940.87 2.92+1.46

90keV 26.03+1.20 33.67+1.58 2.51+0.88 2.78+1.43

95keV 25.93+1.97 33.31+1.68 2.484+0.88 2.72+1.43

100keV 25.90+1.97 33.07+1.60 2.48+0.86 2.66+1.38

105keV 25.90+2.02 32.68+1.64 2.50+0.86 2.53+1.37

110keV 25.88+2.03 32.52+1.72 2.4840.86 2.50+1.39

115keV 25.91+2.05 32.32+1.71 2.46+0.84 2.43+1.36

120keV 25.88+2.07 31.43+5.12 2.74+2.01 2.43+1.37
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HALA 2.38+0.84 0.316 3.07+t1.33 0.781 16.57+4.96 0.606 10.31+4.60" 0.023 3.76+1.53 0.949
40keV 3.27+1.14" 0.040 4.05+1.10" 0.002 17.244+6.57 0.289 7.36+2.60" 0.012 6.27+2.92 <<0.001
45keV 3.02+1.05 0.079  3.76+1.00" 0.040 17.10+6.17 0.342 7.75+2.43 0.059 5.40+2.26 <C0.001
50keV 2.89+1.00 0.236  4.14+4.07" 0.001 16.73+5.91 0.515 8.86+4.03 0.936 5.00+t2.12 0.002
55keV 2.7640.94 0.523 3.41+0.89 0.376 16.44+5.91 0.678 8.334+2.49 0.348 4.40+1.84 0.120
60keV 2.6540.90 0.882 3.2240.85 0.802 16.36+5.69 0.724 8.834+2.38 0.890 4.184+1.80 0.319
65KeV 2.6140.89 — 3.1540.83 — 15.93+5.36 — 8.914+2.35 — 3.79+1.64 —
70keV 2.5840.88 0.873 3.1340.83 0.943 15.754+5.23 0.887 8.95+2.39 0.952 3.52+1.59 0.501
75keV 2.5540.88 0.784 3.1240.83 0.929 15.52+5.26 0.743 8.9242.35 0.986 3.2641.54 0.182
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90keV 2.51+0.88 0.657 3.05+0.79 0.740 15.07+5.19 0.491 9.09+2.42 0.771 2.78+1.43 0.010
95keV 2.4840.88 0.553 3.01+0.78 0.629 15.13+5.15 0.521 9.17+2.35 0.677 2.724+1.43 0.007
100keV 2.48+0.88 0.553 2.97+0.76 0.549 15.01+4.96 0.462 9.26+2.35 0.575 2.66+1.38 0.004
105keV 2.5040.86 0.616 2.9640.76 0.519 14.62+4.94  0.294 9.314+2.37 0.524 2.534+1.37 0.001
110keV 2.48+0.86 0.577 2.95+0.77 0.496 14.574+5.00 0.275 9.32+3.37 0.506 2.50+1.39 0.001
115keV 2.4640.84 0.494 2.9340.77 0.458 14.714+4.92 0.329 9.40+2.37 0.431 2.43=+1.36 0.001
120keV 2.74+2.01 0.583 2.91+0.78 0.421 14.50+5.20 0.249 9.46+2.45 0.379 2.43+1.37 0.001
¥ 1E 2.63+1.02 0.012 3.22+1.32 <<0.001 15.67+5.41 0.417 8.97+2.72 0.003 3.54+2.01 <<0.001

E: 5 65keV ML, £+ LA % F F L (P<0.05)



AT SR 2021 4E 4 A4 36 %45 4 ] Radiol Practice, Apr 2021, Vol 36,No.4 549

CT {fi M7 SNR Fl CNR ¥54%, L H 2 120 keV 3
B EG b2 b 22 R 3H it % L (P <<0.05),

I 3,
3 ¥MERE 120keV B BEFAH R KA 07
EER AL 120keV B P 1A
CT/L(HU)  23.6646.14  28.04+2.96  0.046
SD(HU) 3214133  2.9140.78  <<0.001
SNR 10.324.60  9.46+2.45  <<0.001
CNR 3.7841.57 2465139 <0.001

3. MG 5 1 I

TEON R T30 48 5 1 5 IC )2 1T 120 ke V' FRLBE 2 B
15 14 VL 15 J5 2 T 43 RO S 1 0 349 T B A pE = 1A
BE L E D, 2R SEE GEBR(P<<0.00D),

R4 BEEARGALE 120keV BEHNENG R TR ETH

I8 AR FAEME  120keV B P14
EREW) s P 3(1,4) 2(1,4) <20.001
A % 3(1.4) 1.5(1,4) <0.001

A PR P (T e 40
S

CT R HE R AETBZ —  HA% 4,
PREEFIE B PEEL B i 2 R REIE CT MUIR Ay
e KA I REAE IR AT K P 3 1R 15, AN AU T
AEML R U2 I & OGS CT ¥ fe ik
MARZR W BEE 2 BCIE (9 W PR IE T 2 7% Hh RE 3 1R 19
MR, JE3E CT B H B4 1 AT [R] 28 2R 15 06 3 45
R T I 2B Kt . 4R R 2 SR 23 B R T
A5 BT 252 A D) REE 5 B, AT PR 38 AR 4% 42 T2 W 15
B B2 W e e . R A RS A )
Rt U TR S RS

Sl CT IR LA &) 1 1502 b B A BB 5 i b
J2 D6 B AT JZ SR B B4 SR AR R . R R E

B 1 mEEdmCT B, 24 120kev B Ll AE 5l ARG X & R
a)FHAEAM ;b)) 120 keV

HhHGHEFTARSRETEEA TR,
A%,

2 B TR B 43 S e i RSO'G H R A A P O
Vo L A S O B L DI AR B A OGS A R, W
TG (14 A B T X2 BRI g T AR X A
I TG 5 R R AR 2 R RT FE — R A RO s A .
A G AR Wos T NSRBI GE AR5
A B A (ADWA.6) Ab J 5 (9% ML CT BHRAHE . 1
LA RE GO T T [mLBUE O' 1% 43 B i O3 R . 7R Mg
LA RE R b B R T 1) H8 J2 7E — A Ak 2 200 3k
15319 IZ B8 B 200 o — DME R R I8 B 40 keV #
200 keV, i U0 B0 AE 14 15 0 ot MR Ry S BEE
ke V {0922 HR T A2 AL o BRI 7 AR 09 2 58 0 8 A 55 4%
PEARAS (A B0 R PR T T 4 i i ) R e gk
5 ML BE IR 15

WHE R BT CT 7643 i 9 JoT i 43 F 42 5 52 14
[ i 5 bR L CT B W i R34, & keV 52
Al T A PR R i K B BE 1 I AR S e o s 1k O 52 i T
o, 175 W O 52 ] AR LU Z5 R L OGS CT H g
AR KL CT PR AR L e 7 5 {1 X e M 75 L
(CNR) B &, 78 5 7 1) 52 %€ 98 45 A J T 56 o A 5 S
AE N 2 7 B Dh 3% I 9 B 45 3 B 1 CT (D,
chi I WFSE WK, BB CT HOAR M2 A B T8 5
s R I VT 1143 7 i #5892 6 7 T PRI BB O o A R T
B % 52 W, 2 CT U W & BT .

e HR CT KA b e WY IS s D . & &
S0 I PR 12 A= (9 IE B 12 00T 0] B i R 2 sl 2
Ji S DR R H R A L B R 2 RO [ AR DA
Fo A A B DR R i S 30, Hev DU SRR Ak 5 1R 1 £ 2
SR R R )40 o R X AR R, R KO IRA RE
i X 2 BRI A% BE B A 2k B T i BT A e P
B, W H BRSSO ROk DL
Pt

PR PN 45 R 2 2% L 3 B R AR
A o A0 i K 1 B 22 TR ) % B 2% S AN 5 ~
10 HU, Jir DL 7E 8 M4 46 R TRy 5 ~
10 mm 2 B/ 15 F ., i T 32 35 2
B S5 PR 2R B R W o X T /N ek 1 T
i B R BR B, Xl — B & CT 7E /i i
93 78 I 5 TG (R 2% . Nakaura %072 (1)
HRZERE/RJZ)E 1.0 mm WEZE CT
P4 BB AR - b fob 7 0 P /N

ABEFEEE R WoR O CT R 1
AN I 8 94 1Y PR RE 1 Sk AR R L 65 ke V
HREE A Y B TR O ER
G 2H 2R 25 44 12 75 BV M, [6) B CNR B
I, G M P B /N T TE 120 ke V HLREY
T2 R S 2o R b O 52 A B

Nogu-



550 WO F 92 2021 4F 4 45 36 #5455 4 ] Radiol Practice, Apr 2021, Vol 36, No.4

1G] S AT T A 2H 2R 45 4 R Dl 52 % LG RE D T, R
KRR 5 HMER Z R 2 R G242 L. HIik,
EH N RAENG R SE B, 6% CT 19 65 keV HLRE 1t K]
10T LIAE 1 3 k38 CT Ml R .

ARBFFAFAE AR Z AL . (1) BRE A A R
() WA HE—2 70 W Hoe BE RGO EAR S5 12 11 52
FER S 1E DL

25 LRTIR 5 H L )2 S OA LOBUZ ) R
J6iE CT w2 HE N 65 keV PARE IR BE 6 W 41 ok 3%
BG5S DA K 5T A 6 BB BRI S R e R B B
[FIHFAE 120 ke V BARE M2 UG L3840 CT M9 5H4R
T A PRy 5 B R0/ T . R B AT ] 4 5 7 2 4 1 Bl
TR E T BB R, FE T RS
X AR /N kAt B 43 BT 12 W (R S RN R AL B 5k L e
A A5CAR VR /I K A 2 DR v A TRD R Tl R B
B2 TT {5 O FER & R G R R A T m HE T .

5% 30k

[1] Bamberg F, Dierks A, Nikolaou K. et al. Metal artifact reduction
by dual energy computed tomography using monoenergetic extra-
polation[ J].Eur Radiol,2011,21(6) :1424-1429.

[2] EL,FAHT, RMEFEERRERM S CT A8 MR TE N &7
CT v B A R B B 52 [T ). [ B B2 22 A 22 2 3L 2018, 41 (2)
125-129.

[3] Zhao LQ,He W,Li JY,et al. Improving image quality in portal
venography with spectral CT imaging[]J].Eur J Radial, 2012, 81
(6):1677-1681.

[4] Grams AE, Knoflach M, Rehwald R, et al. Residual thromboem-
bolic material in cerebral arteries after endovascular stroke thera-
py can be indentified by dual-energy CT[J].AJNR,2015,36:1413-
1418.

[5] Potter Christopher A, Sodickson Aaron D.Dual-energy CT in e-
mergency neuroimaging: added value and novel applications[ ] ].
Radiographics,2016,36(7) :286-2198.

[6] BXIGEAL. W& [ 2k, RARH: A5 BRI CT 7 e 9 il 98 97 RO A b iy
B AL RSt % 55 % . 2020, 35(6) :813-815.

[7] Pomerantz SR,Kamalian S,Zhang D.et al. Virtual monochromatic
reconstruction of dual-energy unenhanced head CT at 65~ 75keV
maximizes image quality conventional polychromatic CT[]].Ra-
diology»2008,247(2) :318-325.

[8] Johnson T,Fink C,Schonberg SO,et al.Dual energy CT in clinical
practice[J].Med Phys,2011,155(2) :133-133.

[9] Furlan AJ, Whisnant JP,Elveback LR.The decreasing incidence of
primary intracerebral hemorrhage: a population study [ ]]. Ann
Neurol,1997,28(1):214-218.

[10] Duan X, Arbique G, Guild J, et al. Quantitative evaluation of a
spectral CT scanner in a phantom study: results of spectral re-
constructions[ J].Med ] Phys,2016,43(7) :3836-3837.

[11] Cho SB,Baek HJ,Ryu KH, et al.Initial clinical experience with
dual-layer detector spectral CT in patients with acute intracere-
bral haemorrhage: a sigle-centre pilot study[ J/OLJ.PLoS One,
2017,12(11):e0186024.DOT1: 777,

[12] A, 3% A A A5 BB CT TR 27 DR 9 L) U 27 5%
#,2020,35(6) :810-812.

[13]  BREM R EMH. BRI CT 22 8050 B 76 -0l It 958 9 191 43 280 o 1y
REFA L] E CT Al MR 45 25,2019,17(8) :68-71.

[14] Wang D,Zhang QW, Hu HJ, et al. Optimal contrast of cerebral
dual-energy computed tomography in patients with spontaneous
subarachnoid hemorrhage[ J].J] Comput Assist Tomogr,2016,40
(1):48-52.

[15] Hixson HR,Leiva-Salinas C,Sumer S,et al. Utilizing dual energy
CT to improve CT diagnosis of posterior fossa ischemial[]].]
Neuroradiol,2016,43(5) :346-352.

[16] Yu L, Christner JA, Lenq S, et al. Virtual monochromatic ima-
ging in dual-source dual-energy CT: radiation dose and image
quality[J].Med Phys,2011,38(12):6371-6379.

[17] Noguchi K, Itoh T, Naruto N, et al. A novel imaging technique
(X-map) to identify acute ischemic lesions using noncontrast
dual-energy computed tomography[J].] Stroke Cerebrovasc Dis,
2017,26(1) :34-41.

[18] Danad I,Fayad ZA,Willemink MJ,et al. New applications of car-
diac computed tomography: dual-energy, spectral and molecular
CT imaging[ ] ].JACC Cardio Vasc Imaging.2015,8(6) :710-723.

(197 DM, iR, RES .S ARSI EIWRZ 4 70keV 5
il R AE I 19083 U T R A RS CD . b A i 245k, 2013, 8
(2):87-95.

[20] Keat N.Artifacts in CT recognition and avoidance[ J]. Radio-
graphics,2004,24(6) :1679-1691.

(210 JFEER B, moak, 55 2 2 805E CT BUE i rprl) ] b
CT fil MR %7 ,2008.6(5) :72-73.

[22] Nakaura T, Iyama Y, Kidoh M, et al. Comparison of iterative
model, hybrid iterative, and filtered back projection reconstruc-
tion techniques in low-dose brain CT:impact of thin-slice ima-
ging[ J].Neuroradiology,2016.58(3) : 245-251.

I H 9 :2020-08-20 & [ H 1. 2020-12-24)



