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Purpose To assess the magnitude of differences between attenuation values of the true non-contrast
image (TNC) and virtual non-contrast image (VNC) derived from twin-beam dual-energy CT (tbDECT)
and dual-source DECT (dsDECT).

Materials and Methods This retrospective study included 62 patients who underwent liver dynamic
DECT with tbDECT (n = 32) or dsDECT (n = 30). Arterial VNC (AVNC), portal VNC (PVNC), and delayed
VNC (DVNC) were reconstructed using multiphasic DECT. Attenuation values of multiple intra-abdom-
inal organs (n = 11) on TNCs were subsequently compared to those on multiphasic VNCs. Further, we
investigated the percentage of cases with an absolute difference between TNC and VNC of < 10
Hounsfield units (HU).

Results For the mean attenuation values of TNC and VNC, 33 items for each DECT were compared ac-
cording to the multiphasic VNCs and organs. More than half of the comparison items for each DECT
showed significant differences (tbDECT 17/33; dsDECT 19/33; Bonferroni correction p < 0.0167). The
percentage of cases with an absolute difference < 10 HU was 56.7%, 69.2%, and 78.6% in AVNC,
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PVNC, and DVNC in tbDECT, respectively, and 70.5%, 78%, and 78% in dsDECT, respectively.
Conclusion VNCs derived from the two DECTs were insufficient to replace TNCs because of the con-
siderable difference in attenuation values.

Index terms Radiography, Dual-Energy Scanned Projection; Tomography, X-Ray Computed,;
Feasibility Studies
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J=7 RS TSI 29E7 A 27 1189 CT attenuation valuesS HFEFO 2 |4
2] 33t EF 52 Aohs ol =R 51, 55 1 CTY 4% 1k A& 2| & + lipiodol
2} o 5 Eelof] §-85HH10-12). AA| EF5 CT Hxoll4] TNC7F RE=A] H st 9= WA ¢
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2020\ 2 204 FE] 3¢€ 20€7H4] tbDECT (Somatom Definition Edge, Siemens Health-
ineers, Forchheim, Germany)2+ dsDECT (Somatom Definition, Siemens Healthineers)E- ©]
85to] 54 I CTE 89T 6782 o= SRl o] F 847 CTeH 54l E9oz & o
Uiz Al o 2 Hget 3t 9 Hlo]Bo| &40 g o|F o] A AlTtde] 27t 2e A
T ool A ALstlt. F 6272] 7t Atol] k] o m (\dAL 435, 012t 19%; B+t Lol
58.44 = 12.88; ¥9] 31-86A]) thDECT <ol 327 (F=F 239, 012t 9%; <t 1+0] 60.19 £ 11.35;
9] 37-82All), dsDECT il 307 (‘dAF 2078, 12} 107; T+ Lol 56.57 £ 14.28; 12} 31-86Al)

o] 23w Tk

CTEII|H
TNC #92 7 CT 2% ol ] YA/ AHg3I3Itt thDECTS] TNCE Tt 22 w2t
E1Z2 #8351t} I, 120 kvp; Zal B F(reference mAs), 60 mAs; 7<7] 2 (individu-

al detector collimation), 128 X 0.6 mm; 2|5 A7t 0.5%; T]A], 0.6. AFZ2] 71 (130f, Sie-
mens Healthcare)2t 254 2] 314 2 Eg] HHE 2/ (ADMIRE, Siemens Healthcare)E- ©|
8510 3 mme] A A2 AH/d5HRATt dsDECTS] TNC 2] mhehole & ohaa} 2ot
3}, 120 kVp; a1 TF, 60 mAs; AE7] A, 24 X 1.2 mm; 873 A]ZH 0.5%; 1]%], 1.0. A+
Z2] 719 (B30f, Siemens Healthcare)S ©]-851% 3 mme] AH FA 2 2H7/d5HIct & CT =
T automated tube current modulation (CARE dose 4D, Siemense Healthcare)S AFE-5H3]
11, automated tube potential selection (CARE kV, Siemense Healthcare)2 AH8-51A] 99Tt
2GS T GdS A7] 98l iohexol (Bonorex 350, Central Medical Service, Seoul, Korea)
S 1.5 mL/kgl &2 25732530 7](Medrad stellant CT injector, Warrendale, PA, USA; Dual
shot alpha, Nemoto Kyorindo, Tokyo, Japan)& o|-&ato] 3021t 4= (9] 2.5-5 m9)=
Jotar, Holo] A P4 20 ccE FUIATE 57| = 2PA =4 (bolus tracking) 715 ©]
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&3}o] sFYER s o] 49 Y (region of interest; ©|5F ROI)S F1! 100 Hounsfield units
(olst HU)oll =25k o] 2R 15% FHoll 2Fsiith 7= 597 9 F 27% Fol 9
SIANL(HEF 2FA U £ 75%), A7 ]= 294 FU 7 30| Al tha ZJsielt). DECT
2o o] Ml metn|ef= theat 2tk thDECTE QY 120 kVp; additional beam filtration: Au
and Sn, F THF, 640 mAs; HE7] HH, 64 X 0.6 mm; SFAIZE 0.5%; 1]=], 0.30]2, ds-
DECT= tube A 140 KVp, 1 TH48 80 mAs; Tube B 80 kVp, &1 25 440 mAs; AZ7] &
H, 14 X 1.2 mm; $]FAIZE 0.5%; 32, 0.6°]c} F CT 2% automated tube current modula-
tion (CARE dose 4D, Siemense Healthcare)S AFH&5H31 11, automated tube potential selec-

tion (CARE kV, Siemense Healthcare)& AF8-5F4] 29kth.
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Healthcare)?} 20+4|9] ADMIREZ: ©]-8-5F0] 3 mm AW F72] 24 JAfo 2 i LAIsHd A,
dsDECT+= DECT soft tissue kernel (D30f)& ©]-8-5t%1 2% ADMIRE®= 4-8514] 3ttt
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ZF A4 HeE2 e + 2EHAE ®27]6I3{H TNCeF 2k Al71" VNG9 attenuation val-
ues= Shapiro-Wilk Z4d A4S A5ttt & 88719] &= 5 167 F5o] Z2Es a2
2] oot v 4 S o]-85F3Ith TNCeF VNCe| 4t attenuation values H]x+= Wilcoxon
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Bland-Altman plot analysis& AF&3FSIt} 2+ A]7"H VNC2 TNC attenuation values®] ZtH
22}7F10 HU o]at ] 2435k gro &2 7h5=5t0] 10 HU &2kt 1 ofste] Rl=4E H]wst gy,
P 0.05 BThS EA|Z 0 2 ojn|7t Q1 Z1 0 & 7HESHI oM Bonferroni correctionS -8
SF 7% 0.05/321 0.0167 DIFHS 2]0] Q= o2 westelnt, 54 2492 SPSS 24 (IBM Corp.,
Armonk, NY, USA)S AF8-513ict.

21t

TNCe} 7} A|71'H VNC9] attenuation 32| 8+ HU B|al+= Table 13} Fig. 101 YERAICH &
SFTNCe}F ZF A17]' VNG9 attenuation values®] AHIAIS 2A41510] Table 201 % 2)513dc)
7} DECT SF 2 7-2J5h 4 attenuation values?] o] 29l 22| 7i4= thDECT 177}
€} dsDECT 19712 2 2fo]7} @11tk thDECTS] TNCE}F VNC 7+] g+t H]awoflA] B A]7]9]
VNCollA 724 shijdaio] -§o] gt xfo] & Holz] e¥9kal, PVNC, DVNCY] HIF, Al of
S AVNC, DVNCY] 2539|380 52| 2fo] & Eo|#] gttHBonferroni correction p >
0.0167) (Fig. 2). & 3371l &= % Aut o]A}ol 1771 F=ojA] TNCL} VNC F B attenuation
valuesol| 8-9]3t 2}o| 2 Hlth(Bonferroni correction p < 0.0167). 3FA|%t Ho Bl wek= 2]
TNCE} VNC 7He] /Aol x= tifie] 47]50] F5% o9 JHdAE EATHp <
0.05). tbDECTOllA] ole]2] o2 v, Alujd, Alae BE A]7]19] VNCEOIA /-2J5h i
S Koz eotal, shf w2 AVNCe PVNCOl|A] F-2l8h AtAlE Ho 2] ehQkth(p > 0.05). Al
7] 42= DVNC7FTHE 7 Al719] VNCEL of2] F7jollA JeA] w2 A5 B3loH &
5] oFeh -2 DVNCol| A TE -§-o] 3t Al S EQITh AT Aol A Al7H Zfol= 24| ittt

dsDECT2] TNC®} VNC 7+ sgat H]aoll M 7-9-4, W, 3591252 BLE Al7]12] VNCE
of| A §-2]gt 2fo] = o]z ekgko LK Bonferroni correction p > 0.0167) LFHA| t-20] 47| &
2 FAXCE fof3t xfo|& HATHF 3371 5 F 197}, Bonferroni correction p < 0.0167,
Fig. 3). SHAIRFTNCE} VNC 7He] Aha Ao A thi2o] 7152 S6= ool idAE &2
AHp < 0.05). Y7 o2& 0= DVNCO] B[4, 4l AVNCE} PVNCO] st @ o] 3-o]5t
ADTAS HolA| eigttHp > 0.05). A|7] 2= DVNCEL} T2 & A]7]9] VNCE©°] & ¢ U
FHAE Bl
= %710 thaA] TNC2F VNC attenuation values?] Aol @2} S A EH thDECT=
AVNC, PYNC, DVNCOIlA 212} 11.69 + 10.41, 8.33 + 7.35, 7.00 & 6.422 L}eFEal, dsDECTO|
M 22 7.74 + 6.48,7.10 £ 5.87, 6.72 £ 5.400]3{tt. TNC2} VNC attenuation values2] 2ty
Q2 P2 H7E R Fig. 40l e AT thDECTOIA] g gho] 10 HUS 23sh= 249-= of
F2 AVNCol|A Yo ™ v, s, A4 A ehd, THEH ) ofoli % @ol| A Urepste.
E3] Alu]dy} gig2 E A]7]2] VNCE©IA] 10 HUE 23519 01 PVNCe| ZHEH & S E]
ATH(Fig. 4A). 7H 2 Al 23 v Hol =2 AVNCe] ZHHo|Qlar, 7Hg A2 3 Kol
7
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Fig. 1. Bar graphs showing mean attenuation values of different organs in TNC, AVNC, PVNC, and DVNC de-
rived from tbDECT (A) and dsDECT (B).

AVNC = arterial VNC, dsDECT = dual source dual-energy CT, DVNC = delayed VNC, GB = gallbladder, HU = Houn-
sfield units, IVC = inferior vena cava, LL = left hermiliver, PV = portal vein, PVNC = portal VNC, RC = renal cortex,
RL = right hemiliver, RM = renal medulla, SF = subcutaneous fat, tbDECT = twin beam dual-energy CT, TNC =
true non-contrast image, VNC = virtual non-contrast image

507 507 IIII
- =)
2 0 =
5 B
< =
_50,
504 Phase Phase
| TNC | TNC
B AVNC | AVNC
o PYNC 100 ] o PYNC
| DVNC | DVNC
-100 T T . . | | T T T T T T
RL ‘Spwen‘Musde‘ RC ‘ GB ‘ IVC RL ‘Spben‘Musde‘ RC ‘ GB ‘ IvVC
LL Aorta Fat RM PV LL Aorta SF RM PV
Organ Organ

Table 2. Spearman Correlation between TNC and VNC Measurements Derived from DECT

Twin Beam Dual Source
AVNC PVNC DVNC AVNC PVNC DVNC
RL 0.756 (<0.001) 0.698(<0.001) 0.751(<0.001) 0.765(<0.001) 0.732(<0.001) 0.765(<0.001)
LL 0.791(<0.001) 0.532(0.002) 0.731(<0.001) 0.785(<0.001) 0.636(<0.001) 0.768(<0.001)
Spleen  0.113(0.537) 0.276(0.126)  0.251(0.165)  0.410(0.034)  0.459(0.016)  0.201(0.315)
Aorta 0.361(0.043)  0.373(0.036)  0.552(0.001)  0.378(0.039)  0.623(<0.001) 0.560 (0.001)
PM 0.573(0.001)  0.558(0.001)  0.612(<0.001) 0.670(<0.001) 0.665(<0.001) 0.564(0.001)
SF 0.958 (<0.001) 0.946(<0.001) 0.967 (<0.001) 0.935(<0.001) 0.946(<0.001) 0.931(<0.001)
RC -0.154 (0.400) -0.070(0.705) -0.035(0.848)  0.373(0.042)  0.440(0.015)  0.467 (0.009)
RM -0.028 (0.877)  0.238(0.190)  0.309 (0.086)  0.602 (<0.001) 0.482(0.007)  0.337(0.068)
GB 0.692 (<0.001) 0.715(<0.001) 0.647(<0.001) 0.916(<0.001) 0.913(<0.001) 0.873(<0.001)
PV 0.419(0.019)  0.397(0.027)  0.578(0.001)  0.373(0.046)  0.459(0.012)  0.542(0.002)
IvC -0.159(0.384)  0.145(0.429)  0.402(0.023)  0.266(0.155)  0.360(0.051)  0.568(0.001)

Numbers in parentheses are p values, and statistical significance is set at p <0.05.

AVNC = arterial VNC, DECT = dual-energy CT, DVNC = delayed VNC, GB = gallbladder, IVC = inferior vena cava,
= left hemiliver, PM = paravertebral muscle, PV = portal vein, PYNC = portal VNC, RC = renal cortex, RL =

right hemiliver, RM = renal medulla, SF = subcutaneous fat, TNC = true non-contrast image, VNC = virtual

non-contrast image
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Fig. 2. Axial TNC (A), arterial VNC (B), portal VNC (C), and delayed VNC (D) obtained with twin beam dual-
energy CT in a 52-year-old male with hepatocellular carcinoma. Differences in attenuation values between
TNC and VNCs of the left hemiliver were smaller than those of the spleen.

TNC = true non-contrast image, VNC = virtual non-contrast image

Fig. 3. Axial TNC (A), arterial VNC (B), portal VNC (C), and delayed VNC (D) obtained with dual-source dual-
energy CT in a 62-year-old female with chronic hepatitis B. In the left hemiliver, differences in attenuation
values between TNC and VNCs were not large, whereas in the spleen, differences were quite large.

TNC = true non-contrast image, VNC = virtual non-contrast image
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Fig. 4. Bar graphs showing mean absolute differences in different organs between TNC and multiphasic
VNC derived from tbDECT (A) and dsDECT (B).

AP = arterial phase, DP = delayed phase, dsDECT = dual source dual-energy CT, GB = gallbladder, HU =
Hounsfield units, IVC = inferior vena cava, LL = left hermiliver, PV = portal vein, PVP = portal venous phase,
RC =renal cortex, RL = right hemiliver, RM = renal medulla, tbDECT = twin beam dual-energy CT, TNC = true
non-contrast image, VNC = virtual non-contrast image
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Fig. 5. Bland-Altman graphs showing the distribution of attenuation differences between TNC and multiphasic VNC derived from tbDECT
(A-C) and dsDECT (D-F). Solid lines represent mean differences, and long dashed lines represent 2.5% and 97.5% percentiles of difference
distribution.

AP = arterial phase, DP = delayed phase, dsDECT = dual source dual-energy CT, HU = Hounsfield units, IVC = inferior vena cava, PVP = portal ve-
nous phase, SD = standard deviation, tbDECT = twin beam dual-energy CT, TNC = true non-contrast image, VNC = virtual non-contrast image
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Fig. 5. Bland-Altman graphs showing the distribution of attenuation differences between TNC and multiphasic VNC derived from tbDECT
(A-C) and dsDECT (D-F). Solid lines represent mean differences, and long dashed lines represent 2.5% and 97.5% percentiles of difference
distribution (Continued).

AP = arterial phase, DP = delayed phase, dsDECT = dual source dual-energy CT, GB = gallbladder, HU = Hounsfield units, IVC = inferior vena
cava, PVP = portal venous phase, tbDECT = twin beam dual-energy CT, SD = standard deviation, TNC = true non-contrast image, VNC = virtual
non-contrast image
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Table 3. Number of CT Scans with Absolute Difference > 10 HU between TNC and VNC Measurements Derived
from DECT

Twin Beam Dual Energy CT (n =32) Dual Source Dual Energy CT (n =30)

AVNC PVNC DVNC AVNC PVNC DVNC
RL 7(21.9) 10(31.3) 5(15.6) 3(10.0) 8(26.7) 6(20.0)
LL 3(9.4) 10 (31.3) 7(21.9)  4/29(13.8)  3/29(10.3)  4/29(13.8)
Spleen 17(53.1) 5(15.6) 5(15.6) 10/28(35.7)  9/28(32.1)  8/28(28.6)
Aorta 20 (60.5) 4(12.5) 4(12.5) 18(60.0) 9 (30.0) 6 (20.0)
PM 1(3.1) 1(3.1) 1(3.1) 3(10.0) 2(6.7) 6(20.0)
SF 0(0.0) 4(12.5) 2(6.3) 1(3.3) 1(3.3) 4(13.3)
RC 23(71.9) 15 (46.9) 12 (37.5) 17 (56.7) 9 (30.0) 11(36.7)
RM 26 (81.3) 10 (31.3) 8(25.0) 6 (20.0) 7(23.3) 10(33.3)
GB 16/31(51.6)  22/31(71.0) 19/31(61.3)  6/27(22.2)  4/27(148)  5/27(18.5)
PV 26/31(83.9) 21/31(67.7)  9/31(29.0) 12/29(41.4) 10/29(34.5)  5/29(17.2)
IvC 13 (40.6) 6(18.8) 3(9.4) 15 (50.0) 9(30.0) 6 (20.0)
Allorgans  152/350 (43.4) 108/350(30.8) 75/350 (21.4) 95/322(29.5) 71/322(22.0) 71/322(22.0)

Numbers in parentheses are percentages.

AVNC = arterial VNC, DECT = dual-energy CT, DVNC = delayed VNC, GB = gallbladder, HU = Hounsfield units, IVC =
inferior vena cava, LL = left hemiliver, PM = paravertebral muscle, PV = portal vein, PVNC = portal VNC, RC = re-
nal cortex, RL = right hemiliver, RM = renal medulla, SF = subcutaneous fat, TNC = true non-contrast image,
VNC = virtual non-contrast image
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