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WEIRMBZ NI CT ENLIBEEEE CTA
¥ AR X Bk I & pk 1% B9 (B
B RKEET ETE, A, EE, BT
1. EIRERI M & 2 — B B B, B R 400416
2. HL PR I BAVL B Bt iU B, HE R 409099

WE: HIY: WIS ERME G CT Bl AR (WD (< 70keV) CTA AR N /N LA B4 % R A A {E

& e B SN OG B R 40~70keV (JHIBE 10keV) CTA B4 . I KK d shibk M1 BE CT {E . {5
Lk (SNRD. o LL M 75 Lh (ONRD i1 [ J2 THI ML 55 Mg S5 1) CT {EATME 75 (SDD,  JF BN 4 R IF LA 5 43¥5 4 Jl
o HR R P B0 K I A BRI CVRTD S RN 5 S0l bk 1) e K% FE 5 (MIP) R T 4 SRR T LR . &5 3
T 40~70keV VMT JU45 (1% CT {H. SNR. CNR Ffif5 REZ PGB 25 3, SD (HACRIY, SHMEG ML
EREZEE%E L EMIFM T, 40keV F1 50keV 21 VRT B4 4 5 (5, 5). 5(4, 5); MIP B
PO b4 (3, D, 403, 5, WAHEMFESM T AL, WA ER LT FRm L. 458 WER
T2 0% CT /NF 70keV ¥ i UL B CTA BEA AT LUAT 2508 i i 1L 7 328 3 9 S AN & SUA K W BoR s g
WINETE 50keV VMI.

KR AZERMBIGHE CT; Sk IERA: BIRRER

DOT:10. 15953/ . ctta. 2024. 074  HESAS: R814.42; R816.1  ICHAFRIRAD: A

TR A T N 2 WA S AATTAESE J7 U s, Sl k7 o 0o 0L 6875 95 ki 24 o 7R I
SRR R, /N I RS, X i 2 e i B v e g R S CT I Bi% (CT angiography,
CTA) A A MR, PR, Wl 5E, 202 W Sk 20 A4 ME o I BB B . SR, 2 i ML
ARG O AN ST R E 2 R R R B, 85y CTA Ko Wi/, JCH & e o 73 S/ L
WG R = . BRI CT ERURREE KIS (virtual monoenergetic image, VM) {RAEREE ( <70keV)
BE W B R OGS LA CT {8, 4k CTA B

AT L BZ I #5 6i% CT 40~70keV (JAIFG 10 keV) MERLAE R BGEA S 120kVp
FIIE A B8 2 PRGN i ozt B /> IS (1) S 7 R R0 LA i I B (R AR 385 I PR S F AN EL

1 BRS5E%E
1.1 #MARITIR

[T 23 A7 2023 4F 8 H &% 2024 4F 5 H T HPEE B} K 2% B 55— = B 2 52 Sk 30030 CTA K 7 i3
AR TR, Jrp B3 25 1, 2otk 27 4], 4G 22~84 %, “PRYIERS (56.4+13.3) %

GINFRAE: KB CTA F A5 K FIRUZ BRI 28 06 1% CT fegnl 44, HAeiLatE % (spectral based
image, SBD) #{#isc#s. HERrbritt: O Eshsk&EhHmE, gmEGRE; © Maa kiiT
Ko G AN B ke s k™ ks B

AW FE ORI B B AC BE R A o ibuE, 17 A5 K2023-230,
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670 CT Hit H5NAWIR (hs0) 33 &

1.2 UFE57HE

KH Philips IQon Spectral CT . WEMIEZANEML, kotdk, R SIRENSEn
DS IE P B EL 4 mL/s S 33 60 ~70mL fiHEE (370 mgT/mL) J5AT k&0 CTA 494, il A L3k
SRR Ve

SRR R 120kVp, HBNE U, MEER L 64 x 0. 625mm, WREE 0.985, X £
e 0.5s/r, FEFE 512 % 512; HABERE TSIk 4, BEBCE A 100 HU,

KRR A ARV (iDose4, Level 3) 343 120kVp ML EIM%, #F SBI 2 A ISP (IntelliSpace
Portal V9) J5AbEE TAEUGHEAT M e B 25 )61 B4 (Spectral B, Level 3) ZEjk (40~70keV)
VIs; ZE 1mm, ZERME lmn. RHZFIMEH (multi-planar reformatting, MPR). ZFFRFF I
(volume rendering technique, VRT). f K% 5 (maximum intensity projection, MIP) %
Ja b E A KA
1.3 EgREITFM
1.3.1 BTN

H—%HA 5L ETAELR A7 T 120 kVp 4181 VMIs 20 E5 A sl oKk s o 3 ik
(middle cerebral artery, MCA) M1 7K>V-BEIfil 5 1 4 [ 2 1 & G BR[X. (region of interest, ROI),
HHAANME EAAR 2/3, REBETF IR B BERCE , W& IS CT {E; T [A])2 8 B 35 3 1 i
S X 4820 ) ROT CIHTRRZ) 30 mm®), B FF A0 A 5. 7 S Hofh s 0, W 2L CT i, b2
(standard deviation, SD); KM RZGrH & HIKIMG ik, FRIE 5 4LEHE A2 i ROT K/, Yl
KB/ B, FIESNE 3K, BUFHIME.

PLSD {HAE N BB el s, 555 L (signal noise ratio, SNR) FIXfELME S EE (contrast

to noise ratio, CNR)

SNR = CT{#i 11/SD; CNR = (CT{H s — CT{fijssz ) /SD @))

1.8.2 ERIFMN

M4 B A 5 0L E TAELI M BB R A 5 4mEIL PN 5 41 VRT. MIP BRI iR,
WO, IR Ik U .

(1) VRT EHE PP LASTN SIS — 20 32, KB ah ik M1 B 00y 50, Mg AR I —
POy S, WVLGE 5 SR+ 1, SRR b 8l ik M2/M3/M4 By SR i B EATVE 5y o VR S % b
57, RETHMT AN A 32 SO 4 GO A B30, /N IERE I . UG8 4 9, RELLBGE I 2o
G A T M G 4 G R A By S, NI BT A L AN IR 3 2, NI T A 3 Rl A
ANECEW . WGBSR, 3 Ll By SONIAE RG220, MU REEIR, 3 R S
ARG JAGAEBR], 3 HUL B SUNMIE SR AN 1oy, MU BIEHGR, IRE RSN 2
LR 7332, ANRE o RS /N A5 A2

(2) MIP R EWVEAT: X GBI s AT vr o VP Sk 52, GLBEE L
AN, AGHR; 4 0, SOEINOES RoRBGEW, A% B 3, SEEBOEE T, A5
B 2 7y, SQEIKESERAT I, DGHER: 17, SLEESR LS.

1.4 SBHESR

K H SPSS 26. 0 AT S0 T, FFEIESS MR R Gxs) &, RAREFE T 25
BTELAE 5 MG R AR R 25 5, AR 0 T AR B 7 2255 P R A LSD—¢ A5 5k Tamhane T2 5 5:; ANFFH
EA AT T ORI S GO M M(Q,, Q) Foi, KM Friedman BRFIAS 5 HLBLE G W07 22
s, ALE ST R X Wilcoxon K.

P<0.05 HZERARIFE L.
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2 #HR
2.1 BEgREZVIEN
5 21 [a] PG 5 5 1) 2 W 48 A &5 3 S EL A 1R LR 1, VMIs 2B CT B SNR. CNR 337 5 M

120kVp 41, Bk 70keV VMI 415 120 kVp A5 CT (L ZE L4 v 272 X 1% CT {H. SNR. CNR Ffi&E
AeR AR =, o 40keV VMI ZHw =y, 2 IR PA N ELAR 25 S 2506 Gt 4= o

R 5 HEGTE T

Table 1 Objective rating of image quality in five groups

Ml (X+s, n=52) BRI
RNE{LAN
120kVp 41 70keV VMI 41 60keV VMI 41  50keV VMI 41 40keV VMI 41 F P
CTy/HU 346 + 67 347 + 67" 475 + 97 687 + 146 1052 + 233 171. 588 <0.001
SD 9.81+2.21° 7.52+1.80° 7.78 +1.84" 8.31+1.94 9.34£2.22° 12. 028 <0.001
SNR 37.09+11.08  49.10+16.03  64.93+21.88  87.67+29.89 119. 78 + 43. 03 77. 296 <0.001
CNR 33.05+10.16  43.88+15.07  59.31+20.83  81.37+28.52 112.69 + 41. 49 78. 635 <0.001

e a RS 120kVp AL ZER LG FE X b XRiZ4l5 70keV VI ALK ER LE 4R N ¢ RARZEA S 60keV
YMI 41 L R TG X d RoRiZdly 50keV VMI 41 L RIS 5 Xs e RoniZdly 40keV VMI 41 L2 %048
e P
VMIs 2H ( >40keV) KI5 M5 SD (I T H 0 120 kVp 20 [R50 75 BE 25 PR e BRAR RS A5 7T,
% 40keV VS. 120kVp. 70keV VS. 60keV. 60keV VS. 50keV VMIs 4 K%M 5 2 5 LG ¢ X
Hh, ARSI LR 2 7 1 gt 2 .
2.2 EgREENIEN
5 ZH 1A B4 1 VRT MIP 3P4 K Lb#, 40~60keV VMIs 2 VRT. MIP UL VEA 40w T4 5 120 kVp
4, 7T0keV 415 120kVp 41 VRT. MIP B4 EMITF4r 2= S T4k X
VRT B ERPEA . 40keV APF 0, 5 70 U 100%, T0keV. 60keV. 50keV A PFor 4K
WHE ;s MIP BHE =W PPN, 50keV HPFErdeimr, 540 b2 46.2%, 70keV. 60keV. 40keV
VPRI 1o 40 keV F 50 keV 41 VRT BEMGVF4> 4 5 (5, 5. 5 (4, 5); MIP BN 4 (3, 4D,
4 (3, 5, MWAHTMIPFH0 T HALL, WA ZERW LRI FEX (F2. F3IAME 1. K2,

#2541 VRT BRI EMVES)
Table 2 Subjective rating of five sets of VRT images

A0 (1% O, n=52) Birl R uy
FMIF4
120kVp £ 70keV VMI 41 60 keV VMI 41 50keV VMI 41 40keV VMI 41 Z P
54 6(11.5%) 7(13.5%) 17 (32.7%) 38 (73.1%) 52 (100%)
4 4y 15 (28.8%) 14 (26.9%) 20 (38.5%) 11(21.2%) 0(0%)
345 13(25%) 13 (25%) 9(17.3%) 3(5.8%) 0(0%)
169 <0.001
245 13(25%) 13 (25%) 6 (11.5%) 0C0%) 0(0%)
I 5(9.6%) 5(9.6%) 0(0%) 0(0%) 0(0%)
M(Q1,02) 3(1, H° 31, ° 402, 4 54, 5)° 5(5, 5)°

e oa RRIZAY 120 kVp 4IELE 2 RG24 s b RN T0keV VMI AL % R RS IM# R L ¢ £Ri%415 60keV
VMI L 25 G248 X d RoRiZ4dl s 50keV VMI AL 22 A EE X e Ronizdl s 40keV WM AL % R LS
UE-3@

3 iFig

06 /N I A6 995 RS, S S o i A b B d e B AR Y, SSUZ R 286 1% CT J 5 K PAIC A BE & CTA
FA, FILAREIAY CT A, itk CTA G R . AW AL, LA CTA (40~T70keV) TJ LA
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$E /NI R CT (. CNR. SNR AT VRT. MIP EHZFiE, A 40keV Fl 50 keV VMI X /N 43 3240
T T 5 S 0 ) FEE 1) S s R R T LR e

# 3 5 4IMIP BRI PR 5
Table 3 Subjective rating of five groups of MIP images

4150 (BIE EO, n=52) SN oL A
B
120kvp 41 70keV VMI 41 60keV VMI 41  50keV VMI 41  40keV VMI 41 Z P

5% 3(5.8%) 3(5.8%) 15 (28.8%) 24 (46.2%) 23 (44.2%)

4.4y 15 (28.8%) 23 (44.2%) 26 (50.0%) 24 (46.2%) 20 (38.5%)

345 22 (42.3%) 23 (44.2%) 10 (19.2%) 4(7.7%) 8(15.4%) . 0,001

2 4 11(21.2%) 3(5.8%) 1(1.9%) 0(0%) 1(1.9%)

14y 1(1.9%) 0(0%) 00%) 0(0%) 00%)
M(Q1,03) 32, H° 3(3, H° 4(3, 5)° 4(3, 5)° 43, °

W a TBRIZAE 120kVp AL ER LSRN b RRIZAE 7T0keV WI K ZRLHE W #E N ¢ BRiZAE 60keV
VMI 41 b 2 RG24 s d RoRiZ41 50keV VMI 41ELEZE RTEG I HAR Xs e RRiZ4lS 40keV VMI 41HLE % R TE 40
9@

(c) 60 keV VML, 34> 34 (d) 50 keV VMI, 4% 4 %> (e) 40 keV VMI, 14) 5 %>
e BT Sk FTR R BE S TR B 10 K0 v 3 ke ity 9 0 43 52, /NS SR o GBSO e 3 A R A
PO R o

1 [ BIAS T g VRT BRI WP 4
Fig.1 VRT images and subjective scores of different energy
levels in the same case

RGN 2% 61 CT v LA pH B A 2 42 5615 K8 (spectral-based imaging, SBID [blJiidk A=
B 40~200keV 3t 161 Zf A RE R %, Horp 75~70keV EIE BN 0 55 M 120 kVp FIE i w40 24,
70keV L R AE LG AT LAORAL ML 3 a0 SR, SR B ) L B, S U AR S A 23 A 45 . ACHIF
AR (T0~40keV) VWMIs 20 G R0 T 5 M 120 kVp 4, BE—PAES2 T 0 . (EAE S0 BE &
CT, BHAEHAEHIIPRAG, EUEM S R38N, PR TRAKAES (50~40keV) HAEE KGN

TEAIGT, B PAREL B A1 b, L 60keV 55 T0keV. 50keV 5 60keV. 40keV 5 120 kVp
g 7 gt L, RUMCR R KR BE A R FRAIC, WS AR RS, HORCRRed 5 WM
120 kVp JEA BEZ R 50 A AR . X AT R 561 CT B B dR IR FE A4 A (iDosed) B4 R AH
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M ARAT O, HLHAE BRI 280 R B . MR AEBAR (020 2, PRAIE T RE TR RAR ) “IIY . RIS
[ i 7 1, A H AR AR B A 3 A e 7 R 1 P55 R T A L AL S R R A T B, kS
Kalisz 25" MW 97 45 B3

ﬁ- ,‘ ;
1= 15 &
(c) 60 keV VMI, 1434 %% (d) 50 keV VMI, ¥4 5 % (e) 40 keV VMI, ¥4 5 %

s PSR AR BT S GO R, AR IO BERIE AT, VAR .
B2 [ BIAF e MIP B4R S L MF o

Fig.2 MIP images and subjective scores of different energy levels in the same case

AREFFURIN, M4 CT{H SNR. CNR A5 Re 2 FRA W38 4 v, vl e D DRI B0 I b 4 R 4 1) e
CEAT S 8, G BREET TR & 2% (33keV), JGHIZLN BE1in™, MM CT {4 W&k, 4
B IG5 B 2 PG e S AR IS, RO LAY SNRY ONR 19, I8 A 2 PR AIG S 35 e 18, L 40 keV fit 5 o

VRT FWLVP5) b A BE S PRI Y, 40keV VEr s, % I8 IR R B A REZisvs, w4 CT (6.2
EHEm, MM S T N U I TR . AR, R VRT B 6 1) (11. 5% ) Al &
NI K 4 28 K DL FIR N, 7E 50keV VMI A4 mr 4 38 4] (73%), TMAE 40keV VMI 340 %)
52 il (100%), WA KRB BE 5B AR W] DL 35 45 o /AN 10085 70 S 800 R 3 B v AT 8 R 80 ) %
40keV A 50keV A LLE TG T2 22 5, T Be R PRE R ER 40 (73 %) 71 50 keV I 5t 48 v LAY
WA 5275 MCA DU 2% b LA L /ML, 5 40 keV BB AR

S EHIKE RIET RIS BRI /NG SL B WK AR &, F2 AR T4 I SIS 48 4 B L B30 X3k
BRI, 5 S 2 Mk A 2 BT B0 s B A 2 2 A AR R T 20 % 1. A SGHF AT R I AE (K keV T
TR T 1B AT B PN B B AT A R TR Y BRSO, AWER B % Zopfs &R
D’ Angelo " ""A WM T DB E, 4O BE MO BB AE T O, Wi X 5 8Ual bk B os 15 AT
MIP FWVFY . S5 HRE, (KT 7T0keV [ 5R RE G G T LLER &1 2 SUB K T 5 . L BRI . I,
50 keV V43 =T 40 keV AT g JRU RS G AN KPR B AN, 40keV R TG RN B 3, AT
BAFMA DGR . ABiF. VRT. MIP EMPEM 1, 40keV 5 50keV G EIIMN T IR EEY, H
P ZE RG2S, T e BRI VMT P45 o ot 42 300 o 0 PR A s ), o R A
50 keV FALAE B CTA FEAR KA i o L8 (1) A3 b . B2 L R R A5t 2 B8 i 3 Jik CTA v %
FHRE G A pe B G BER AT 3 s G it i, 50 keV i fl, AT ST 45 AR

ARWFTEIIASE S B . B PR, (HRANMA N LLg, oAb ma g SR IR F ol s, 5 4 s
BNy ABIFFUAERTT H T LG B S s T B e 2 O N L R R g, e S — P R
T LRI CTA 76 BRI L7 = A .

ZE PR, RUZEMERIEHE CT /T 70 keV (19 M2 AR AE 5 CTA BEA AT LA 2B i i 118 1) A% T
i, ISR TAE T E e AT H 50keV VML,
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The Value of Virtual Monoenergetic Computed
Tomography Angiography with Dual-layer
Detector Spectral Computed Tomography

for Imaging Cerebral Vessels

LI Wen', ZHANG Zhiwei'™, ZUO Ziyu', WAN Chengxin', TANG Yu’, YANG Yajing'

1. Department of Radiology, First Affiliated Hospital of Chongqing Medical University,
Chongging 400016, China

2. Department of Radiology, Qianjiang Hospital Affiliated to Chongqing University,
Chongging 409099, China

Abstract: Objective: This study aimed to investigate the application value of virtual monoenergetic (VMI) ( < 70 keV)
computed tomography angiography (CTA) in imaging small cerebral vessels with dual-layer detector spectral CT. Methods:
The imaging data of 52 patients who underwent head and neck CTA using Philips IQon CT were retrospectively analyzed.
Conventional 120 kVp mixed energy images and 40~70 keV (10 keV interval) VMI CTA images reconstructed using spectral
data were obtained. The CT value, signal-to-noise ratio (SNR), contrast noise ratio (CNR), and CT value and noise (SD) of the
paravascular cerebral parenchyma at the same level were measured in the M1 segment of the middle cerebral artery. The image
quality of the middle cerebral artery in volume reconstruction (VRT) and lepidopleural artery in maximum density projection
(MIP) was scored by two physicians using a 5-point Likert scale. The evaluation results between the different groups were
compared. Results: The CT, SNR, and CNR values of blood vessels at 40~70 keV VMI increased with a decrease in energy
level, and the SD values increased slightly, with more statistically significant differences compared with conventional images.
In the subjective evaluation, the VRT images in the 40 keV and 50 keV groups were 5 (5, 5) and 5 (4, 5), respectively, and the
MIP image scores were 4 (3, 4) and 4 (3, 5), respectively. The subjective scores of both groups were better than those of the
other groups, with no statistically significant difference. Conclusion: Virtual monoenergetic CTA technology with dual-layer
spectral CT <70 keV can effectively improve the display effect of the distal branch of the cerebral small vessels and legume
artery, and 50 keV VMI CTA is recommended.

Keywords: dual-layer detector spectral CT; head and neck CTA; virtual monoenergetic images
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