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g = CT BX&tnENM S = 7174 TR sh bk
o SN K
X RREREEFRIZENE
ERHC, HoY, TWE, EAE, Fxg™
Wb NRER @) BEFE4F: b)) R, A%K)E 050051
WE: HI: HITUEER CT (DECT) A AnifE (LS i (NTC) ZEVPAl T I 2 ik 32 2890 7 R )5 v (1932 Wi ¢
fH. Jivk: [BIBEBEE 2020 4F 1 F 28 2024 4F 6 H TR BT WEESR T CTA £ 25 (W S B M N B 2 32 4,
L A8 ML, SFE CTA K A5 1 A NAT DSA KA. BURE S 7 i 5 4 50~90keV [AIE 10keV (1 5 415
PG R EG R | e b m s (00D FEIME, JLh6dl; MBI A ER CT . SDE « CNR.
SNR K NIC {H K 3047 BUE U8 E WP 2B ks KR TR B3N R4 (ISR, LA DSA A
SARiE, VPN EBEIAT R ISR s WivEmbE. 45 © BWPEY: 50keV WY SNR. CNR{H A%, Ffid
AL R e LT B #T K OCM 55 60keV PHZH BRI SNR. CNR fEAXAG T~ 50keV, [bA2E T LG L.
@ EMHAN: 6 AEMFENE oL ERAL ¥R . 0O (4. 23+0.89) Fl 60keV (4. 19 £0. 64) #
MEMGIF ot HE R LRI ¥R L. © 5DSA M, DECT 7845 B 4 K A ISR (s With — s thty—
#% (Kappa = 0. 563 Al Kappa =0.654) . DECT Bt NIC £F ISR & Wb — 21k B I (Kappa = 0. 830), NIC
BAE S 2 2 BB W) B 7SR AR (1.02+0.14). ISR (0.73+0. 14) . HHZEMERA (0. 18+0.09), BEL
W BURE . R PHME T B TOE RS Wi HEA R 2 Bk 94.11% . 85.71% . 94.11%.
85.71% H191.66%. %5it: DECT T 60keV F1 OCM KEI4 FH T VP4t T B ) Wk S 48 4% ot e f, 3k — 2B
1566 W Y NLC 5 50 A7 P 8 iy S 28 A5 s B 8 26 R0 ISR 2 Wi 28, AR m g Wit i

REEIR): AR CT; CT MM FIEEhiks SORN A

DOI:10. 15953/ . ctta. 2024. 141 ESAS: R814; R543  ICEEFRIDRE: A

NIk ZEAE (arteriosclerosis obliterans, ASO) WER 4N EEINKEW (peripheral
arterial disease, PAD), J&—Fi WL AOAM LA BMG o 1L B N A NVRTT W0 B BRZEY 5K BB A
FISZ BAE AN A H AT 5 R s S 7 vk, HA AR I s 45 My e 28, 5 800 40 A F ok A8
(in-stent restenosis, ISR) HL#4PAIZERAERE m, IUCHERPEAL S 28 N B I PR R B . kS B ik
FHAIZE R L EE", P CT M 5% (CT angiography, CTA) F i Wi I sl kg 78 K 141 9 (1
WAGER AL, 5 DSA HER RN —HET, BRI E MRS &% 4R, CTA KA
JBURPIR DY SE AR, 3G T S8 N B A R B M

M REHE CT (dual-energy CT, DECT) nf LAF&ALAN[R] G40 iz 0L 50 e Al e A AR &R Mk il & A%, I
HAEG Bl 20 A5 v B v it A A SR ARG 7, e B 2 PR ) A A s e SRR AL R, T B LA e K i
A LULHEAT PR UEAL S i (normalized iodine concentration, NIC) fEALZ:HTiEmiLGE """,

DA 5T 22 Dy 0 50 s 1 o 2 R DL P B i e P FE Sl v, 20 B NTC AR 4 HT Y
AHHIFFUEL > o BRI, ASHIF 5038 Tk %k DECT A [) H 21 IR AR 3T R B, #RIT T I B Ik S48 Sl /s 1) o
FERESL, BT SCERI N NIC KM, R P IC 5 IV FH A0 S 28 N 87 I 0 78 R P2 TE At M VP Ak b (1012
UIKIER
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1 MRFEE
1.1 —RREH

Al Jai e £ 2020 4 1 H &= 2024 4F 6 H T FRBEAT AREE i CTA A A 19 52 28 FE N J8 3 32 441,
526 4. Zeefl, 73 (69.50+7.60) %, HifrbaiE: O MU ARG @ BOAFR T Bk SL
BEREARINIBIIKTFAR L @ BE AW REhY; @ 2BRERATE; O MNERCTARESZ
Jii DSA A5 5 I [a] Rl BR e e 1 AL

32 B 3 MG s i AL e W sk, Hoh 8 R RN 2 ML AL, A BB E RN 3 M 4e, Jt
48 MELHE . AT A s MK B R A R E .

1.2 UHBEEFE

KHVETT 745 3 AL CT (SOMATOM Force; Siemens) T AEHE NL CTA Ky, HHiSH: Wik
B R 80/Sn150kVp, Z & MK 120/67mAs, FF i3 CARE Dose 4D, #MI#8#E 64 x 0. 6 mm,
B 0.5s/r, WEPE 0.7, {8 RTELE (ADMIRE 3), EE)J2)E 1om, AR 0. 7 mm.

K BB fl R A FE R, MR SCY E Bk, > H 2 8 002 i 3 ik B sk 5 T B
fil %, fil &S HEIR 4's FFAA k2 G, IR £k (L3 KD RS % b H il i i
(i 350mg/mL), K HH A R ) 77 XU GE i ey S 3 2 I 1B PR sk 5, AN e AR o &, H
5 0.8~1.0mL/kg, VESFAME 4. 5~5.0mL/s, G LA RIS 30 mL A28 3 3K vk

1.3 EgLESHKENE

FERHE R CTA F45 1 S £ 6 22 Syngo. via Ja AbBE T AR, fEXRER AT ELA kA
6 4114, 9l 50~90keV ([HIBE 10keV) 1) 5 41k 40 H e & K At T LU AR AL J5 1 1 dl e fEdE
e PERl4 (optimum contrast, OCM) E%",

TERERI PR 0T A &, 43 om0 & = Bk . S8 o e (5 mm P S A B AR
A7 25 TH SR N RIS o o A SCBR I N R] LA, U A DRI s A SN R W AR, )
BB vy B 3 A R IME, e JE K I A 03 0 B 3 S KR R A B R A S
BRI AR MEAL LS B NIC
1.4 ERRETNIRE

FRVEUTbRE . 23 JIAE 50~90 keV A1 OCM 6 4L IR EJACE ROT, ROT A7 H: 36 4 52 Qb v 4k (o7 I 1
e, KA S E RN TG 1/2~2/3, FREITIE R, DEP, 3O3R K Ohs255, Wl ROT 11
CTAH. [F)ZMWLA CT {E MArtEE (standard deviation, SD), WL CT {E [RIAREZ=AE N K4 Y =
MR R 3 IO, BfREs R — SRR e . e A M A TRV . T
{5 LY (signal-to—noise ratio, SNR) FXfEbIg A L (contrast—-to—noise ratio, CNR):

SNR = CTyus /SDyis (D
CNR = (CTys—CTyp) /SDyye (2)

TP AR UE. SR 4 43 4 4y (G228 AR S, SHEeEELr), 3 4 (SZERIL AR M,
SR L AR A RTEDR ), 2 4 GLARIL SRR, . AT ED, 10 (ZFEHA
1.5 BRERESH

BB T VR 150 Bt v 2 PR A ) ML A S T T AT S B A R . O B I E AR SR A R,
R SANES . 0% B LA (0% ); 1% BJEHEE (1% ~49%); 2. ks
(50%~T74%); 3%%: TEIERA (715%~99%); 4 2%: HZE (100%) . @ LHEHNFHPE (ISR) H



6 GRS : BEE CT BRA brdE (LB BAE VR T RS B AAE RE A I i2 Wi i (B 703

S SR KBTS 5 mm 0 FE R AR TR > 5096 CFAER 2~4 20, BLI AW g R .

] — SCIRANAFAE 2 AP I, BROL G0 S I B EAT 70 Mo BA—J5 A DSA 45 2R A2 7% b
e, M SO AR REE RS W HER L . PPN RSB RE S A T i 44 BT 5 4R LD AR5 T AR
2R IS W BT U PR, AN EUN i g o

1.6 SitFESHh

K SPSS 25. 0 ZEvl 3 Wiy & IESA AT RERILL (x+5) £ox, AWM ECR SRR ZE T
22 M EE welch J7 22081, WA ELi % 3 LSD 8% Games—Howell #6356 . AF 1E & 20 A % B} % F A A7 %4
CETFPUMIED For, RHAESE Wilcoxon KiK.

K H Kappa 558 7387 DECT 55 DSA %) S B8 N BRASFEFE VM (1) — 3. Kappa > 0. 75 4 —3k R 4F,
0. 40 < Kappa < 0. 75 4 —5t—/#%, Kappa<0.4 h—8HE2%. P<0.05 HZEFHGI%E .

2 R
2.1 BIENER

LUF A8 ML R NIETT, Horh 19 MO A 5E A T FEA AT VTN, A& 29 M4 % WP 45
PLie: 6 2 PRI5 ) S 28 N I A s 1) SNR B 22 ¢ E 4 ik 24 X, CT{H. SD{E. CNREIWZE 3 W
it im X 50keV N &I EU{E B, 50~90 keV BEAE BARE R AELL LTI ZW 4K OCOM 5 60 keV P4
A EME I SNR. ONR {HIRZ, R ZESR G Rm (GR D),

®£1 6 AERGFEZEWITM &R (n=29)
Table 1 Comparison of objective evaluation results of image
quality for six groups (n=29)

14348 0CM 50 keV 60 keV T0keV 80 keV 90 keV F P

P
{}E:;TIUCT 935.03 £370.58 1170. 37 £454. 12 936. 79 + 356.44 728.37 +£303.79 583.06+ 267. 78 495.44 +249.53 15.19 <0.001

%;E;[UCT 493.724+152.94  657.79+ 178.10 502. 96 + 146. 59 374. 31+ 101. 84 291.586 +90.81 233.93+66.14 42.57 <0.001
WL SD 20.68+3 24. 4 2 2 7 17.10+4. 2 1 3.1 15. 20 4 0. 001
{H/HU 0.68+3.56 .48+5.8 0.96+5.8 .10+ 4. 26 5.59+3.13 5.20+3. 20.65 <0.0
SNR 21.50+13.78 21.94+11.09 21.54+10.10 21.62+11.14 21.03+10.15 20.03+10.82 0.75 1.00
CNR 21.86 +12.21 26.03+£10.03  22.82+9.04 19.42+7.95 17.31+6. 82 12.93+5.63  11.53 <0.001

2.2 FEIIEMER
A8 M S BEHEAT =W PEAY . OCM (4. 23 +£0.89) >60keV (4. 19+0.64) >70keV (4. 06 +0.29) >

50keV (3.81+0.41) >80keV (3.53+0.24) >90keV (3.24+0.51), ZRAHSGII¥E%. Hroom
1 60keV I UG IE e, R giit#m X (B 1D

2.3 tREUEURELSR

48 MU HEI NIC 45 5o 14 MR LI SRR A48, 34 Mool Wk A A, S 48 1L 85 Jiss NTC {1
AN (1,02 £0.14), (0.41+£0.29) o 7E0] WA 34 M ik, HAZZEN 52 e ZE A (F
W as 2 > 50% ) [ NIC {EH 4514 (0. 18 £0.09). (0.73+0.14) (2) .

2.4 NREBEBESHER

32 BB F BN ST, I A8 ML, S BE R i A I N I8 R T A BIVEAS 22K .

YIRNE R AR WA R0 B 68, 75% (33/48), gk 91.7% (11/12), ®JF
BN 0.0% (0/2), RERAEH 33.3% (1/3), TEERA N 45.5% (5/11), 524MIZEN 80.0% (16/
20) o —EUHEATETS Kappa = 0. 563, $&75 DECT VPl 32 48 Py ifil 4 fis e 7 %6 55 DSA — Btk — i (% 2)
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(a) OCM (b) 50 keV (c) 60 keV (d) 70 keV (e) 80 keV (f) 90 keV

K1 BES, 6565, LUEESNIK USRS HAEAARTG, CTA ZEAIRIE A OCM  EZ I A5 A 7 BRI il
L5 AR5, 60 keV F1 OCM Pi4L 115 5 1
Fig.1 A 65-year-old male patient with post stent implantation in the right iliac artery and

bilateral femoral arteries. CTA post-processing images with volume rendering and curved
planar reformation at different energy levels as well as OCM images

A
\ *.

Ca) A5 IR A5 ik S 42 (b) ARSIk 3 28 Ce) A BRSNS 48 Cd) A Bk 3 48
iy (NIC &) FZE (NIC D il (DSA &) FFIZE (DSA &)

2 [A— A NIC M5 DSA /R
Fig.2 Diagram of NIC measurement and DSA for the same patient

R 2 SCRWIMAE PR R G REL (n = 48)

Table 2 Comparison of the results of vascular lumen stenosis rate within stents (n=48)

DSA

DECT e
il 7] B g piviy ZiE:S

Wi 11 0 1 1 0 13
Ly 0 0 1 1 0 2
e 1 2 1 1 0 5
GV 0 0 0 5 4 9
412 0 0 3 16 19
il 12 2 3 11 20 48

W WA 0% B 1%~49%; PR 50%~69%; BEKA: 70%~99%; MIZE: 100%.

BN FRRZE (ISR) o DECT 55 DSA (IS Wi ffF & 28 73 il b AR /& 85. 42% (41/48), FAMETLHEAE
H78.57% (11/14), PHYEFFFZE M 88.24% (30/34) « — MK %73 Kappa = 0. 654, #2715 DECT ¥F



6 1 HIRAISE: AER CT BKA A MEALRILES BAE POl R RSB COAPR A RE - 2 Wi (i 705

SN P87 B DSA — EUE—fie, R TR RPP k. HeP T T MOOBRE A S5 R A B
CEBHPE 3 M, BFATE 4 MO, i NIC XA SRR UOE B, A2 4 K CEEBH
2HMG BBATE 2 MO o —EER 5645 3 Kappa = 0. 830, #75 DECT + NIC PPl S 48 4 Fi B 45 55 DSA —
BRI (R 3) o SCAENPRA 2 W BE LL R DECT & NIC MBUBME . Re etk PR T B
PEFCIMAE TS W AR R 28 DECT AP (R 4) .

K3 SR N AL R (n=48)

Table 3 Comparison of in—stent restenosis results (n=48)

DSA DSA

DECT it Kappa DECT + NIC ot Kappa
[P FHE B BRI

[ 11 4 15 [ 12 2 14

BRI 3 30 33 FH 2 32 34

A 14 34 48 0. 654 Gt 14 34 48 0. 830

e PAME: SN TBRAE, ALK 5 mm Y N IS RRE > 50% (FRAEE 2~4 9 Btk SN TEHAE, SRR
<50% (KAEF 0~140

R4 SN RIS WIARELLEL

Table 4 Comparison of diagnostic efficacy for in—stent restenosis

25 g/ % Rk % BEE P / %6 BH P oA/ % L WrErfi g/ %
DECT 88. 24 78.57 90. 90 73.33 85. 41
DECT + NIC 94. 11 85.71 94. 11 85.71 91. 66
3 iTig

G SRR P FEREUF R T 2N, HRPERBEAE ETF . MU i A NIRYT IERIE R AL R L
TORIYBAR, S oot g R BB R 5k & I Iz B 53 s A NVAIT RS2 S8 D it A Py
P05 A KOB AR 5  H  JE RN A P B BB (ISR IR A, ARG —4E W
4k K TSR IR EF N 30% ~55%, FLWIRILIIGYT ISR B3I TS T CTA Ky 25 J& ARk
S LS B 5 SR ) GRS A, (RAE AR5 522 b 2 DRI J S 407 A= IR SO 4 SRR A O 52 5 | i+
RN IS A AN O R DA AR B R AR L A A B RO S 48 P I S A 1

et CT UG fE AN BHE 2 (MR & N R T 0dds B, AR R A MEA R, AT
T W) 22 57 X AN TRV ER AT S I AN 40 28, B2 IR ™ o B S 280 N R (R 00
CTA A WL AE R R, MK keV B AE CRUE B ok (B (9 A48 T REAT M A 404k, & keV & AT LA
ARk LT R R AR R SR Db RN G 75, B v 5 T B A R VAT P T i 5 R S e
PO IS (R R R

H AU DB 52 48 Bl DECT IRz #0150 B B e (R VPAG T e s ik S 2 e st o, 9F HL& )
FEARMIE, BoRmfE keV JUHE M E 50keV 3 80keV, HT i, AHIITIESE 50~90 keV B RE = 5 {4
e thah & B% (00 3L 6 41 G HEAT /08T . 48 HEZZE T 19 Bog A ZEA AT BAVEAY, 250 3%
B 50 keV I 25 W VP4 (1) CNR {ELRT SNRE 5, VK2 60keV AT OCM, Jf H P4 % 55 IR LG ih 2 s
[F) B = P 4S9 5 i 72 60 keV FIT OCM, 43 Jii) & OCM (4. 23 +£0.89) >60keV (4.19+0.64), HT
50keV B 3242 CT fH fmiA (1170. 37 £454. 12) HU, SCZ8-If %5 2R, w2 ROpE I, PR 30
PRy (3.81 0. 41) ¥k

S BUVPN G RS CT A, AWFFTHERE 60 keV A1 OCM P 4LAT g S 48 4 9 s B /s 1A e 1
K5, X5 Almutairi 28" BF5T 45 B0 72 keV FIBLARZE " (1 80 keV R A AN[R], (H L5 i 28 25 A5 Hk 27
JE 5 bk K DASE 5 Bt R P AE R 60 keV,  LAI T Bt 50 keV AHAF, 25 hE 32 B8 S 40 Py 8 Il AR A0 /N R 3
B AR 2 . DRI, EEXPAS RIS BE AR B, TR SR S P A S O R A T — D AR
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FCo [FIIF OCM BRI WA I RE i EHR AR e MRl B HoAR, il A 2 m SO 2R A s oAb s L, 39 i xS
b, JEAHEST OCM MR VEM e T o fth 2 e B R A BRI LA, th 15 SRR 25 R S 455 o

BT MBSO CTA U oA R ML E O, SE LSV SCER A R N 7, 1T S 2R 4 )
Pt T 38U N IR BEA—, AUHKEE DECT $24IL KA [W] GRG0 RT OCM G 02 56 A il vk PR A8 12 Wi FH
T B S B ) A, AT RF TR I A N NTC s B2l DUIRE S CT i 5 52 42 JE Dh 3%
FRRRUN ) d H A A AN O NIC AR PR SO As B B T TR R AH DGR E />, HL 2 HUE X id
ARSI S B2 RS BT o ASHFSY LT DECT $di -1 T B sk SZ 289 NIC E BT, [RIINHAR
P oy A 22 AT R A, S BRSO N B S A R R R RE . [N S AR A R R v i B
SRR A AR A 8 P I I R A AT A, LIRS H M SArHE SRR N ™, RO AR IA
BB PN FRRAE (ISR BEAT A E

AWFFC L R, DECT 75 & I8 Bk 25 26 F1 ISR 112 Wi 25 I 5 DSA [ Kappa — 21 £ 56 43 7 2
k=0.563 Fl k=0.654, &L, Hfr 7 Mo 2vpah g8 AR50 IRBATE 3 ¥, BBIEE 4 %0,
ANk F A AR HIAZEMISNT b, 2R N SCRRMBURR D R R BUE I N CT (B3 =

W NIC WA —SUEGFIGE B4, NICAE 32 AR WA AL A (1. 02+ 0. 14D AN
(0.73+£0.14), 584 MHFER (0.18 +0.09), A—HugbRK 4 M (EBHME 2 8, BB 2 #0, Kappa
i FJF4 0,830, 1] DECT + NIC #15& ISR I 55 DSA —&ik R 4.

DECT + NIC Bt W FH 16 TSR 12 Wi L BE IO RS0 . F S B . PHPE TO0MAEL I 2 00 i 0 32 W M i
FESY N 94.11% . 85.71% . 94.11% . 85.71% F191.66%, LT 54K DECT 2.

A FRAFAER PR . O RIS SCEEM I JEREE . AFERSEHAT B9 @ KR A
(093 151 e SCBRBR AR AL/, ARV NIC S0 SO B8 N 4 Il B 78 28 I TSR 2 W e T (B . AR AT 5
KEEAR B — 5835

2k EPTiR, DECT H4H 60 keV A1 OCM EIGH T- VP4l T IR sl bk S 48 EHG i e fd:,  1dE— PG v
NIC 5 50 AT Al 4 i S22 8 Jis B 25 RN TSR 2 Wi, A (P2 Wi

B3Rk
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Diagnostic Value of Dual-energy Computed Tomography
Combined with Standardized lodine Content in Assessing
Restenosis of Lower Extremity Artery Stents

HUANG Xiaoying', GUO Fangkai’, WANG Pengchao®, SHAN Chunhui‘, BAO Yunfeng™

a).Department of Medical Imaging; b).Physical Examination Center,
Hebei General Hospital, Shijiazhuang 050051, China

Abstract: Objective: To explore the diagnostic value of dual-energy computed tomography (DECT) combined with
standardized iodine concentration (NIC) for assessing the degree of lower-extremity artery stent stenosis. Methods: A
retrospective study was conducted on 32 patients with 48 stents who underwent dual-energy lower-extremity CTA at our
hospital between January 2020 and June 2024. All patients underwent DSA within one week of CTA. Dual-energy data were
reconstructed into five sets of virtual monochromatic images from 50~ 90 keV with 10 keV intervals, along with one set of
optimum contrast (OCM) images. The CT, SD, CNR, SNR, and NIC values within the stent lumen were measured and
compared, and subjective image quality evaluations were performed. The diagnostic accuracy of DECT for lumen stenosis rate
and in-stent restenosis (ISR) was evaluated using DSA as the gold standard. Results: The SNR and CNR values were highest at
50 keV, gradually decreasing as the monochromatic energy level increased. The SNR and CNR values of the OCM and 60 keV
groups were slightly lower than those of the 50 keV group, though were not significantly different. There were significant
differences in the subjective evaluation scores among the six groups. The OCM (4.23 + 0.89) and 60 keV (4.19 £ 0.64) groups
had the highest scores but were not significantly different. Compared with DSA, DECT had moderate consistency in
diagnosing lumen stenosis rate and ISR (kappa = 0.563 and 0.654, respectively). DECT combined with NIC showed good
consistency in ISR diagnosis (kappa = 0.830). The NIC values were 1.02 + 0.14 for no significant stenosis, 0.73 + 0.14 for ISR,
and 0.18 £ 0.09 for occlusive lesions. The sensitivity, specificity, positive predictive value, negative predictive value, and
accuracy of the combined diagnosis were 94.11%, 85.71%, 94.11%, 85.71%, and 91.66%, respectively. Conclusion: DECT
reconstructed at 60 keV and OCM images were best for assessing lower-extremity artery stent stenosis. Combining quantitative
analysis with NIC can improve the accuracy of grading stent lumen stenosis and judging ISR, which has high diagnostic value.

Keywords: multi-energy CT; CT angiography; lower extremity arteries; in-stent restenosis
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