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ABSTRACT

Objective To investigate the impact of dual-energy noise-optimized virtual monoenergetic imaging
algorithm(VMI+)on image quality and diagnostic performance of lower-extremity indirect
computed tomography venography(CTV)combined with pulmonary angiography(CTPA)for venous
thromboembolism,compared with Ultrasound. Methods 53 patients who were clinically suspected
pulmonary embolism(PE)and underwent CTPA-CTV examination on a third-generation dual-source
CT system were retrospectively enrolled and analyzed in the study. Images were reconstructed with
standard linear blending(F_0.5), VMI+ at 40 keV(VMI+40 keV),50 keV(VMI+50 keV)and 60 keV(VMI+60
keV). Vascular attenuation values and image noise were measured; contrast to noise ratio(CNR)
and signal to noise ratio(SNR)of VMI+ images and linear blending images were calculated. Three-
point scales were used to evaluate the subjective image quality. In a subgroup of 37 patients who
additionally underwent US check, the specificity, sensitivity, positive predictive value, and negative
predictive value of CTV for the detection of deep venous thrombosis (DVT) were calculated. Kappa
test was used to analyze the consistency of the two methods for DVT. Results The value of attenuation
and CNR were highest in the VMI+40keV group (204.63+56.40 HU and 7.72+4.72, respectively).
The subjective assessment was highest in the VMI+40keV (2.62+0.49), superior to F_0.5 (2.30%0.46,
P<0.05). Of the 37 patients who underwent CT and US examination, the sensitivity, specificity, positive
predictive value and negative predictive value of CTV in the diagnosis of deep venous thrombosis were
84.2% (16/19), 77.8% (14/18), 80.0% (16/20), and 82.4% (14/17) respectively. Conclusion Compared
with the linear blending image, low-kiloelectron volt VMI+ can improve the image quality of CTV and
diagnostic accuracy for deep venous thrombosis.

Keywords: Deep Venous Thrombosis; Pulmonary Embolism; Virtual Monoenergetic Images

TECRERBKIMA2 (deep venous thrombosis, DVT)R&E RAEARBEMELRR, H
FEHKENYS L FH12ZE (pulmonary embolism, PE), mENATTSHEELT,
Ht, REERMIZEDVINEEEXEE, BIEE TRCTEKM % (computed
tomography venography, CTV)BX&MizhRk % (computed tomography
pulmonary angiography, CTPA)AMEIHNZE, BILARYDVTRPEH#ITIZH, B
BIaRAN RS ERRKEB S (ultrasound , US)WIRIEEREkME ERRENR S, BE2F
SMEEE TRCTY, BRRRRE, NEREFY, TaEaEmEmRNsE",
MXEEE PR EE IR EEEMR G LIRSALX L E, R MmieiZ &R
WEY FRLL, AHIRSHTIEN T B = A ICRINAECT IR (1 {1 B B A 88 B3 Y
f&(virtual monoenergetic images, VMI+)FARTECTPA-CTVEL & HIT FECTV
EGRENTE, UKL mieiZinE,

1 BERS5HE

1.1—8EE EFMAF2017F98 F2018F 118878, IGKIFEPEIEZAPRITIE]
BETHRCTVEAECTPAKREN B ESIGIF GER, BMITEL8~27.82i8, HH3T71I
BEFCIVRERHGE48hARFEIT FREFEFKUSIKEE, 2. JLE. OMSIHER
2. WHFSHBEFTANEHR,

[(B—1FE] BXE, &, hlEM, TEHRRSMR:
(@REE] K %, &, TEEM, TEMRRHFH:

DN B BRI CT R % K22 W E-mail: 1248331730@qqg.com
LM R AKERRLARISHT o E-mail: 13623665879@163.com



1.2 BEHZE FERE=RKWECTH(SOMATOM Force;
Siemens Healthcare, Germany) 3. BEMEMI, W LA
kM, LA4.0mL/sEY ST RE LB ERBKT 5T IEE 724
STELFI (42, 370mgl/mL), SFEEFEEH80~120mL,
SR ERRER T AR K20~30mL, CTPAR#E
BHEFREE, EMEBEFEREENS, HENECTE
REIGOHURY Bopfit & 1318, HEEENEMIKS LKFERR
AKFE, EEEXRESEBETAEE. SRS E8E
70kV, ERABEAE, BE2.0mm, FER2.0mm, &
EEE0.75mm, ERAYE4s, HiETE0.65, TR EREKITE
FRANEERN, HRTEARTEREKE, HEFRARE
ELAHRE, FRABEIE TSI F180s/F. HESH:
EHBME(70, Sn150)kV, BEZEBMR (140, 47)mAs, BE
1.5mm, EEE1.5mm, 180.7, EEREE0.75mm, HEH
#3192X0.6 mm, Kernal{BQr40, &% %10.5,

1.3 BGABRA T FBEHEMEEEIFiL(syngo.via
VB10B, Siemens), ENAERF “EHE+(monoenergentic
plus)” HEEHVMI+40keV, VMI+50keViVMI+60keV=4H
BEEEEG, A2RBLI0EU ETELRRARSRIENT &
AEEG N EEEEGHEITRIISN, HER TR
WERBEEE R Li#1T.

EaMREEG N HARERG L NEFEKNERZT
HAALR 7 5 EREF KNI REEX (region of interest,
ROI), IBRHECTE, ROIK/NAXRFEF=2Z2ZNEREEA
0, TREEKE FEMMEROI, 2R ERAZE (standard
deviation, SD), ROIREKREBHELMEX, FIEMNEITHET
3R, BMEE. HESHAEGEERKIN LR (contrast
to noise ratio, CNR)&fES 7Lk (signal to noise ratio,
SNR)o CNR=(CT##Rk -CTXJLL4HZR)/SD, SNR=CT##RX/SD,
HACTERTIEEKIICTE, CTWILARRREREKEE
EAARCTE, SDNEGNREE, BE—FE/K TiERE
LR EE.

H2BEIME M E MRS R EEIEEGREHTTENT
fft, WENRA3IDH: 390 FE, BUEEXTEFHITH
Bk, 1ZWTAIEE; 297 RYF, BUREERTFHITESTR
KENA, BRIZWEXK; 19 BE, BUETFREKFAN
A, FHEEIZHER, BREEMNFIEEARETS.
1.4 it A% ERASPSS 22. 0 #HITHITEDH, CTV
BEGRETNEAGKNGY, MR ERENLEETR—H

)

W1 4, 67%, i PR, AN TRCTVAy S B

> ST LT P9 RTERR B 2k 9 e (BB HF L)

) S _ )
s R AN BRALE HE AR AL, AR (BB HT R . By Cr Al A il 3 R AR o i SMPR B

CHINESE JOURNAL OF CT AND MRI, JAN. 2021, Vol.19, No.1 Total No.135

MR FERKappated, KappafE>0.75IAA—HEREF,
0.75>Kappaf@=0.4—5 14—, Kappa fE<0.4—H MK
%, P<O.05INAERBRITER N

24 R

FEITME{T FRUSHEES, USEIMEIIDVTHELY
B, CTVERIHAIDVTINE206I, CTVRUSHEZIIDVTHELG
Bl(R1)e LWUSERABENNE, CTVXIDVTHIIZRTBR TN
{8980.0%(16/20). FAMFUM{E/82.4%(14/17). SR
84.2%(16/19) 5B NTT.8%(14/18), CTVRRUSI TR Es
Bk iz B RH9—B4 —A% (Kappaf&=0.621, P<0.05), CTV
USERFIMeMWEARDFENR2, EFAEITCTVIRERS3MIE
Z, RHmeNBEF256], RMIZUTPEMESEI, BM2
WIDVTEYE10f, REBTIZRFPEFDVTAIE106I(EL), HikiE
N FEIMITTRRCTV, CTPA-CTVEXAHR BN FInieHL &
BB 9%(5/53)0

>

\\\

®1 FRCTVRUSIL SR (5)
CTV us Ait
BR1E [EIES
FE4E 16 4 20
PR 3 14 17
29t 19 18 37

7 FAKappatlt, Kappafi=0.621.

R2 e 7R R KR (5L)
i cv us
T B 8 B 0 0
% B X 2 0
B 8% Bk 10 7
A 8% R 10 8
/)N BB R B B 17 11
GBI 14 13
&it 53 39

ERTNS, DAERKREBNSNRAEERITFEER
(H=3.372, P=0.338), CTEERCNREZERITFER (&
3), HAAVMI+40keVAICTIE(204.63£56.40HU) ZCNRIE
(7.72£4.72)5& =, BRVMI+60keVE&MRE ZBINCTET
FUFERIN, EREEMABNCTENERERITFER

&£25

. 67



RECTRIMRIZE 20214018 £19% $01H S5 13550

CNREELAMRE 5VMI+40keV R & IEREE SVMI+50keVia)1F
EAHFER, HREERABDNCNRYAEERITEER.

MAEGHNEMRETN (RL)EFEERTEFER
(H=14.097, P=0.003), HEgaEiEEGNITDIIS TLMER
BEBGIES, VMI+40 keVEYENMITS (2.62+0.49) &S, %
MRS E GNP E G ILE2,

&3 Efk K FESREENIFNIEE
4851 CT{E(HU) CNR SNR
40keV 204.63156.40 T7.72+4.72 12.96%6.62
50keV 151.07+37.10 7.26+4.93 13.70*7.85
60keV  114.79%24.62 7.12%8.47 1527£15.81
ZMRE 974112020  4.33+2.92 11.28%+4.81
H 116.455 22.362 33712
P 0.000 0.000 0.338

®4 THECTVEASREEWTS
A5 40keV 50 keV 60 keV gMmEs H P

EWFS 2.62£0.49 2.53£0.50 2.36+0.48 2.30%£0.46 14.097 0.003

33 #

EECECTVE B N ECER XL, BRERRERZEET
BB BRBYRINE, R LARIBSIISRIRMERRK, A8 HIRFE
EBEMBRBEFBERZIAIRA, BXFEEFHBLAFRRKE BRI
R, BB EERE, ARIEMMENIRIZRFELZ.
MR REIEEGEMNEERETEMRY, EARNZYIRTE
BRFREETHCTEIG, FJLUERERELHR, REEM
HERREIMBIE 8o Bongers% TE A% Z ANAECTX M EE
BAMITHERAN, SREIECTAL, B REEEANM

68 -

@, .
B2 &, 69%, BRAEARZE. E2A-2D2A1 0 T A IKVMI+40keV. VMI+50keV. VMI+60keV K 2 14 fk & P (R B9MPREE {7 T B kot bb L AROR BRI, P sk DL
V2=

BLmitEEESHNTLLENCNR, EHENITFDVTHYIZHT.
RREINEEEE N GIERREER G, FEGXILERS
MER, EGIREHLRERIEM, EEEGMCNRER, @
FAMRECTHVMI+EAR, RETHNEZL, E8T7EAE
PEBREIER SRR FeEEEGHN SN LEN S FEER K
MRIRE, RATLUESCNRE, BEXETEEGNHRE",
FARAM, 40~T0keVZ Bl EE G ESS Y,
I, AARIEFET40. 50. 60keVRI=HILAES A REIE
B, £R B, VMI+40keVE % LIEFRRKAICTERCNRE
BBRESTAMRESEGR EMNCTERCNRE, XMIFETH
REENVMI+EG T LIRS BGRE,

SARERER, FECTVIZEDVTER SIS,
CTVEUSXTiZirmie M — M —/k, XEZANARERE
A—H, MERESRR ) BERER MmN ERLE, CTV
LLBEEARE, EZRNARPLEREMNER", /b8
AR TERRA, BSMEBRIAXRER, FEUS
STEA HEFRE, mCTVIROIGEREKT L EETRE, e
MmE Mmie 2 MB0ERMY , RERKMIEFKATERKME, BHE
2RI AR ERE, FACTVARUSKERR M ERER
Rit, o, HTFZRREHESANFEN, USK R
ERRE,

CTPA-CTVEX & HEE— AT IR IRENCTPAR T
ECTVEG:, BR T BELZ M NEKETR, NEERMET
8. PERDVTXAZZEY], BEEHEN LUEN A IX MR
T, AEEBERNERaF R TEESsEM, |
B, BXEREET USRNSSRk M R E iR, #Eh
SMETRNER, 1257 ismnE™,

BXRARMEE—LEFRE, 8%, RUIBER)D, LH



REBEXRORGLY, RIEERAUEEE—ENREG;, B
=, CTVAIBEREIFEN TR, Ritmier aExkEEate
MERRETN, WERFE-ENTM;, $=, ATES
PRECANX AR RCTPARETARE S, BiESEEM
R, Ft LR EEREMCTPARENNEEES,
BE—ENHE, TREECERTRNRRS TS
U, BRERIE T Bhmhbk A T A ERAk RIFRINSLEE, BT &
PR R, R TRNARPRA-—DAREL R,
LR ERMHBEGRE.
GREFR, WRWEEEMPREIEMERAEBIRS

BRCTVHEGRE, HEWREKNEERSHIZHNE, &
LR R MR BRI RE T %o

BE R

(%2R, B EW, hiE. B8k RIEEEET RCTHKM R 1
B B (7], XA F 4 (EFRR , 2017, 38(1): 65-69.

[2]Kelly A M,Patel S,Carlos R C,et al.Multidetector row CT
pulmonary angiography and indirect venography for the
diagnosis of venous thromboembolic disease in intensive
care unit patients[J].Acad Radiol, 2006, 13(4): 486-495.

(3] & & % . XCIRCTE Jif 5 Bk Bk & T B ok B & +F & B R 9 7% (D]
KELEERKF, 2019.

[4]Bongers M N, Schabel C,Krauss B,et al.Noise-optimized
virtual monoenergetic images and iodine maps for the

detection of venous thrombosis
dual-energy CT (DECT): an ex vivo phantom study[J].Eur
Radiol, 2015, 25(6): 1655-1564.

[5]Apfaltrer P,Sudarski S,Scheider D,et al.Value of

low-kV dual
improved image quality of CT pulmonary angiography[J].
Bur J Radiol, 2014, 83(2): 322-328.

[6]Wichmann J L,Gillott M R,De Cecco C N,et al.Dual-energy
computed tomography angiography of the lower extremity

in second-generation

monoenergetic energy CT datasets for

runoff: Impact of noise-optimized virtual monochromatic

imaging on image quality and diagnostic accuracyl[J].
Invest Radiol, 2016, 51(2):139-146.
[71Beeres M, Trommer J,Frellesen C,et al.BEvaluation
of different ke V-settings in dual-energy CT
angiography of the aorta using advanced image-based

virtual monoenergetic imaging[J]. Int J Cardiovasc

CHINESE JOURNAL OF CT AND MRI, JAN. 2021, Vol.19, No.1 Total No.135

Imaging, 2016, 32 (1): 137-144.
[8]De Cecco C N,Caruso D,Schoepf U J,et al.A noise-
optimized virtual

monoenergetic reconstruction

algorithm improves the diagnostic accuracy of late

hepatic arterial phase dual-energy CT for the

detection of hypervascular liver lesions[J].Eur
Radiol, 2018, 28 (8): 3393-3404

[9]Machida H, Tanaka I,Fukui R,et al.Dual-energy spectral
CT: clinical vascular xpplications[J].
Radiographics, 2016, 36(4):1215-1232.

[10]Reynoso E,Rodriguez-Granillo G A, Capunay C,et

Various

al.Spectral signal density of carotid plaque using
dual-energy computed tomography([J].J] Neuroimagi
ng, 2017, 27 (5): 511-516.

(I X, ZAk, R R, §. HECTVEREAET E#K. #
Bk BT JBOOR # Rk e A B xE BB T [T) . SRR A 4
&,2015,31(12):2003-2006

[12] RAE A, X\ B, R2F, F. £ EHHECT# Ik &R A
FE T B A Bk o A RO P B e R RL R [T, 52RO o A
&,2014,30(8): 1380-1382, 1391.

(3] EFZ&, R %, o3, F. 3208 CT & & ¥ E LT
JBCR B A B He B [T]. SE R A S A0 &, 2016, 32 (10)
1578-1581.

(141 &%, B, A B R, §. CTH 3) Bk AR Bk & T B i Bk 1% 37
i 2h Bicke 28 5 T RO A Bk i B AR kM [T]. B B ¥ R
K, 2016, 32 (4): 521-525.

(151 &, EH8, 2N, F.CTHE &R ED B T KR F
Pk A ¥ 7 AL AR P TELZE IR b By AR R LD DL of AR R A A
&,2015,49(8): 610-614

[16]Kalva S P,Jagnnathan J P,Hahn P F, et
thromboembolism:

al.Venous

indirect CT venography during CT
pulmonary angiography——should the pelvis be imaged[J].
Radiology, 2008, 246 (2): 605-611.

[17]Kulkarni N M, Sahani D V,Desai G S,et al.Indirect
computed tomography venography of the lower extremities
using single-source dual-energy computed tomography:

low-kiloelectron volt monochromatic
images [J].J Vasc Interv Radiol, 2012,23(7):879-886.

(181 mth, ZoR, FAE, F. e CTH 20 k& T B BBk 642
B i R T ik LI SERR U 2R R, 2012, 28 (5) 1 T75-779.

advantage of

(WeFSEHA: 2019-01-01)

* 69



