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/&3 VNC-a B 4% VNC-p B# 5 TNC A1%48rk, SNR 7+ 2, SD AL, £ 57 463t 5 & L (P<0.05),,CT{44= CNR # £ 3¢+ L
%3t & L (P>0.05) ;284 7 5 14k, 5 42 3 mm & & VNC-p B 1%k VNC-a B4 SD # 1%, SNR £ % (P<0.05),1 mm & 1%
VNC-p 5 VNC-a B 1% SD f= SNR £ F £ 423 5 & L (P>0.05) . 5473 mm &5 VNC-a B 4% Fe VNC-p A5 TNC B 1449
CTAE— M B 4F, 2 F 3 mm VNC-p B4 LOA SRS a4 245 & ) 54K (1.4%) , 5 TNC 89 — Bk s 4F . 3ANE B934
B+, 1 mm VNC-p A% £MF 5K #F. | mmEF T, VNC-p A% £ 2 %% T TNC B 1A= VNC-a B 1% (P<
0.05); VNC-p B4 %, 1 mm B 4% £WL3F 5 2% 3% T 5.3 mm B (P<0.05) . BUH TNC A3 5% 42488 7T (54K 34.57% 9 43
S F, i BRI B k3% CT ¥ VNC 89 & 53X B bz R 69 0 B A% @, 3 mm VNC-p A1 CTIE—% R,
SD %Ak, SNR & &, 7T A AEVLR Z AN FH6 4%, 1 mm VNC-p BAL T s5 k48 B fe 2 5 B A%, T A Z IR
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Effect of reconstructed slice thickness on the display of hepatocellular carcinoma in virtual non-

contrast scan of dual-layer detector spectral CT

XIE Mengzhen, WU Bin, XU Liqiang, LIU Yubao, WANG Jindian, ZHAO Yanbo, GAO Junwen
Medical Imaging Center, Shenzhen Hospital of Southern Medical University, Shenzhen 518110, China

Abstract: Objective To explore the optimal slice thickness for virtual non-contrast scan (VNC) of dual-layer detector spectral
CT of hepatocellular carcinoma (HCC). Methods The imaging data of abdominal CT scan of 73 HCC patients were analyzed
retrospectively. The true non-contrast (TNC), arterial VNC (VNC-a) and portal VNC (VNC-p) images with the slice
thickness of 5, 3 and 1 mm were evaluated and compared in terms of CT number, signal-to-noise ratio (SNR), contrast-to-
noise ratio (CNR) and noise (SD). The consistency of the CT number between TNC image and VNC image was analyzed
using Bland Altman plot scatter diagram, and the image quality was evaluated using 5-point method. Results Compared with
TNC images, VNC-a and VNC-p images of different slice thicknesses had higher SNR and lower SD (P<0.05), but there was
no statistical difference in CT number and CNR (P>0.05). The pairwise comparison within the group revealed that VNC-p
images with the slice thickness of 5 and 3 mm had lower SD and higher SNR than VNC-a images (P<0.05), and that for the
slice thickness of 1 mm, SD and SNR were close in VNC-p image and VNC-a image (P>0.05). For the slice thicknesses of 5
and 3 mm, the CT numbers of VNC-a image, VNC-p images and TNC images were in good consistency, of which 3 mm
VNC-p image has the lowest proportion of data points outside the LOA (1.4%) and had the best consistency with TNC. The
subjective score of I mm VNC-p images was the highest among all images. For 1 mm slice thickness, the subjective score of
VNC-p image was significantly higher than TNC image and VNC-a image (P<0.05); for VNC-p images, the image with
1 mm slice thickness significantly higher than those with 5 and 3 mm slice thicknesses (P<0.05). Cancellation of TNC and
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direct enhanced scan reduced the radiation dose by 34.57%. Conclusion The application of VNC of double-layer detector

spectral CT is affected by slice thickness. VNC-p image with the slice thickness of 3 mm has the highest consistency in CT

number, the lowest SD and the highest SNR, which can be used for objective measurement; and VNC-p image with the slice

thickness of 1 mm shows the best outline and details of the lesion, and can be used for subjective evaluation.

Keywords: hepatocellular carcinoma; dual-detector spectral CT; virtual non-contrast scan; radiation dose
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-4 (Virtual Non-Contrast, VNC ) 3 AA 5 & i B 5L
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AR T HABETE CT, 345 R B PRI H A9 XL
2 % I 2% %6 1% CT (IQon Spectral CT, Philips
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“TE I TR)E R T A RO R A L A5 A HARRA HOR
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H 22021 4210 A 47 BUZ BRI 8 561 CT HE 0 3 5i k
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39~83 %, -1 (61.67£10.34) % . HEBRARIE : Dk i
P HCC; @k KA <3 em; @ RS Wi I ; DT
WEAR S5 H 35 s R M I35 8h 7 4 B, an ) e ik g
8, Iz 25 Pk R L US CT(E. DAL HCCHg
{91 2 FHLIE S m EL AT LAY ()1 R B SR A AIE
1.2 #EHE

K FH W2 B0 #% % 3% CT (IQon Spectral CT,

Philips Healthcare, Best) . £ £ [ij 25 B 8 3 SO L B2
WS EY S BEANEN, e T2 A Sk T
A 0 Jit bk i B A {4 I Ullrich 5 R 7 S5
i, T AE B B be ) (ALY 2, 350 mgl/mL) |, 5]
i 1.2 mL/kg, it % 3 mL/s, 285 H 3 mL/s 19 20 mL A&
PRER AR R 5 B8 ST LRI RS T B
Ry W TOU 22 DT 5, 38 it fi i W DS A IR B ik
R T0UZ 1, fis & BIE A 120 HU, fill & SE3R 4 8 s, Bl ik
4 40 s R AT TR DK o 45 HUR 120 kVp, &
LR FH SRl B, YR 90~190 mAs , BRAE e 4
0.75 s/Ji , BREF 1.016, i B &% 58 BF 64x0.625 mm, 44
JZJE 5 mm,FOV 512 mmx512 mm. “FHERITIRG
A E (iDose® L) , W ARG s B 46 R FH R 23 [B) D
Tk, AR 4 B 1 B1% (Spectral Based Image,
SBD) . =B EH 5. 3.1 mm ZIEEE )2 1R
S350 5.3 .1 mm,

1.3 BB ERENE

W B A R B9 4% 2 4 TS A BT AR
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T2y VT C 22 A ) 25 hy R i — BUF FOR >,
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SNR=CT {H,,,/SD ;... (1)

CNR= (CT {H-CT {ELis)/SD e (2)
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g:5mm VNC-p

h:3 mm VNC-p

i:1 mm VNC-p

1 5.3.1mm Z/E TNC,VNC-a, VNC-p El&
Figure 1 TNC, VNC-a and VNC-p images with the slice thickness of 5,3 and 1 mm

1.4 T EHR

(D) G B & W PEA , 0 A L4 5.3 01 mm =
JE /) TNC #1 VNC-a . VNC-p R & WG 5 (CT 18
SNR .CNR #1SD) {1 22 5 . (2) & B i WA, e
THEMGR 4 BA 1048 L)L E TAEZ 50 /12 W B2 iR
FHBUE A5 6T B BT B i kTS G0 S50 I3 45 FFAE
OB PEAY, R S 40k, 3~5 2 BV al 3 )R 12 W s oK,
LA — ST U R A B B I (3) e i 7 A
FOH, 43 SAE 5% P-4 Bl B B Dk B 4 4 1 7
i Fe f1 (Dose Length Product, DLP) , =& N5 3z
K75 56 I — UK CT K A i i 4 S8 500 1, A A58 23 7% o
(Effective Dose, ED) A

ED=DLPxk (3)
Horp A N SRR R, B k1B 0.015 mSv/
(mGy-cm)' ™/,

1.5 git=A=*E

% JH SPSS 20.0 Fl MedCale 17 3k 4 #6417 48 12
IR A o FFA IES A0 T it TRk LS8 B bR o
FZRIN . X TNC,VNC-a fil VNC-p EUZ B & WL TF-
$545 (CT{H .SNR,CNR . SD) 2% JH B[ & J5 22 50 #7
B Ge i 25 535 734741 N P L 442 (Bonferroni

) o il /£ Bland-Altman plot #{ 25 & 43 1 TNC F1
VNC-a, VNC-p B8 1y CT {8 — Bk, — Eo ik FL IR
(Limits of Agreement, LOA) & (Mean)+1.96 SD. #
5 LOA, U iN 5.10,15 HU — EotE FEBR 38 i BLAh
O E PPN AN [) A BRI O vk ) — B . D
ZEE<S HU, IR i T8 2% 5 5 S HU<Z{E<10 HU, 5
WRTE IR R 22 5, M2 W15 250 >10 HU, A 3 I IR
25 o R H B A ORS HR 56 LB RS Y VT 4y
Z5t.

2.1 CTEESHLLE

3FZIE VNC-aFI{%  VNC-p 1% 5 TNC E {4 A1
[, VNC B4 SNR 757, SD FAIK , 2 R AT G it 22 X
(P<0.05) , CT {4 #1 CNR T 4i it 2% 22 5% (P>0.05) ;
VNC-a B4 5 VNC-p EUE & 2 WM 5 b5 0] 22 5 34
TGt E X (P>0.05),

SD 21 N W 9 L %%, 5 mm 2 58 VNC-a 5 TNC
kv, P=0.002, VNC-p 5 TNC 4 It , P<0.001, VNC-a 55
VNC-p # 1, P=0.009, H. VNC-p EZ F AL (P<0.05) ;
3 mm JZ ¥ VNC-a 5 TNC # It , P<0.001, VNC-p 5
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TNCHH I, P<0.001,VNC-a 5 VNC-p # 1t , P=0.015,
H VNC-p 1% 5% (P<0.05) ;1 mm JZ)%, VNC-a 5
TNC # Lt , P<0.001, VNC-p 5 TNC # [t , P<0.001,
VNC-a 5 VNC-p M It , P=0.440, H VNC-a & 1% .
VNC-p EEHE T TNC(P<0.05) .

SNR £ N ¥ 9 [ 4%, 5 mm 28 VNC-a 5 TNC A
I, P=0.169, VNC-p 5 TNC #f It , P<0.001, VNC-a 5
VNC-p # [t , P=0.024, VNC-p [#14 &5 T TNC [E14 Fil

VNC-a E 14 (P<0.05) ;3 mm 25 VNC-a 5 TNC #H
t, P=0.055, VNC-p 5 TNC #H I, P<0.001, VNC-a 5
VNC-p #l [, P=0.032, VNC-p [E{% % T* TNC [E{% 0
VNC-a & 1% (P<0.05) ; | mm JZ /& VNC-a 5 TNC #H
k., P=0.028, VNC-p 5 TNC #4 It , P<0.001, VNC-a 5
VNC-p #l [, P=0.228, VNC-a [&{% Fl VNC-p E 1%
T TNC(P<0.05) . K& CT{H .SD.SNR,.CN %%
W1,

#1 TNC5 VNC-a,VNC-p El{%#J CT & .SD . SNR #1 CNR £ R EL 5 (e + )
Table 1 Comparison of CT number, SD, SNR and CNR of TNC image with VNC-a and VNC-p images (Mean+SD)

CT{H/HU SD/HU SNR CNR

FGRE

5 mm 3 mm 1 mm 5 mm 3 mm 1 mm 5 mm 3 mm 1 mm 5 mm 3 mm 1 mm
TNC 40.87+9.75 40.48+9.51 40.80+9.90 7.97+1.77 9.2242.23 13.5442.70 5.39+1.86 4.30+£1.47 3.12+0.95 -1.12+£1.47 -0.89+1.16 -0.66+0.90
VNC-a  41.05+8.95 40.9749.22 41.05+9.47 7.12+1.43* 8.68+1.78* 11.82+2.08%* 6.00£1.87 4.92+1.54 3.58+1.02* -1.37£1.65 -1.14x1.54 -0.95+1.06
VNC-p  42.08+9.72 42.224+10.23 42.59+10.02  6.37+1.28*" 7.80+1.54*% 11.28+1.94*  6.85+2.03*%5.59+1.70** 3.88+1.15* -1.17£2.03  -0.99+1.50 -0.63+1.14
FH 0.707 0.627 0.714 20.700 23.630 19.870 10.650 12.280 9.847 0.424 0.565 2.105
P 0.347 0.535 0.491 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.655 0.569 0.124

5 TNC H#, #P<0.05; 5 VNC-a L4, #P<0.05

22 CTE—HMERDH

3 Fh )2 )8 VNC 5 TNC Bl 1% CT 15 %16 K
0.18~1.79 HU, 5.3 .1 mm JZJ& VNC-a 1% 5 TNC [
141 CT{E 22 {E1E LOA SRR 1 9 BH s L 451132 43 531
H4.1%.5.5%.6.8%;5.3.1 mm)JZJE VNC-p 1% 5

TNC E£ 1 CT {8 2216 15 LOA R Ah 185 4 5 L 41
155 90K 4.1% . 1.4%.5.5%, 3 mm VNC-p K1 5
TNC FE& 1 CT (5 22 (H7E LOA FLBR AN B 55, e 1)
%%, 3 mm VNC-p 5 TNC i — S e b . W5
2. K2,

%2 TNC5 VNC-a.VNC-p B& CTE—H M54
Table 2 Consistency analysis of CT numbers between TNC images and VNC-a, VNC—-p images

5 mm 3 mm 1 mm

Ei=tan

VNC-a VNC-p VNC-a VNC-p VNC-a VNC-p
TNC A VNC 2 {E#{fi/HU 0.18 1.21 0.48 1.73 0.25 1.79
SD{E/HU 5.01 5.45 4.83 5.84 5.09 5.78
TNC Al VNC 2{H LOA |Bi/HU 10.01 11.90 9.95 13.18 10.22 13.12
TNC Fil VNC 2 {F LOA T FR/HU -9.64 -9.47 8.98 -9.72 -9.72 -9.54
TNC Fl VNC 2:{H>LOA 3(4.1%)  3(4.1%) 4(5.5%)  1(1.4%) 5(6.8%)  4(5.5%)
TNC Fll VNC 2{E>+5 HU 17(23.3%) 24(32.9%) 19(26.0%) 25(342%) 20(27.4%) 30(41.1%)
TNC I VNC 24 >+10 HU 3(4.1%)  3(4.1%) 3(4.1%)  6(8.2%) 5(6.8%)  8(11.0%)

2.3 BBIEMIFES LR

3WIEMG A 1 mm 2R B WP e
PE4YM 5 43 0 HE A5 4353 R 65.8% .64.3% .89.0%, = T
3.5mmE%. VNCp K&+ 1 mmZEEESS.
3 mm HES A Git 2t 22 57 (P<0.05) , HiAx 45 W K%
W 4% 2 R ] ) g it o 2 R (P>0.05) . WL ER 3
k4,

5.3.1 mm JZ R G VNC-p FIE E W 5
I3 B HE A8 3 ) R 69.9% ., 68.5% . 89.0% , 5 T TNC [&]
1% 1 VNC-a €114, H 1 mm J2J5 VNC-p 1% 5 TNC
K15\ VNC-a BRI A Ge 1127 22 5% (P<0.05) ,
5 mm 25 VNC-p A4 55 VNC-a & L 8A G2 12
252 (P<0.05) , ARSI 25 (P>0.05) ., WLk
5HIFK 6,
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3 mm TNC CT{4/HU

d:3 mm,VNC-p 5 TNC Z1&

2 TNC 5 VNC-a.VNC-p El{&#) CT EZEEE

1 mm TNC CT{/HU
e:1 mm,VNC-a 5 TNC =&

1 mm TNC CT{E/HU
f:1 mm,VNC-p 5 TNC =18

Figure 2 Difference of CT number between TNC images and VNC-a or VNC-p images

Table 3 Comparison of subjective scores among different slice

thicknesses of TNC, VNC-a and VNC—p images [ cases (%)]

24 TNC.VNC-a,VNC-p B& T~ E R ER&E ENIES

LR P A

Table 4 P value obtained in the pairwise comparison of

subjective scores between different slice thicknesses of TNC,

——
B2 R /mm EWIPIY PAE VNC-a and VNC-p images
445y 54%

TNC 0.083 F%ZEA Smmys3mm Smmvs ]l mm 3 mmyvs | mm

5 6(82%) 27(37.0%) 40(54.8%) TNC 0294 0.129 0.587

3 000%)  29(39.7%) 44(60.3%) VNC-a 0.497 0.061 0252

1 202.7%) 23(31.5%) 48(65.8%) VNC-p 0.869 0.004 0.002
VNC-a 0.376

5 4(5.5%) 33(45.2%) 36(49.3%) 1

34T g

3 5(6.8%) 27(37.0%) 41(56.2%)

1 2(2.7%) 24(32.9%) 47(64.3%) FF AN RUZ BRI 2561 CT [RII | [=]E | [A)
VNC-p 0.018 ) " s R B XU Ok Y E B ) BB & 4 BT

5 4(5.5%) 18(24.7%) 51(69.9%) s 200 HAEHE VNC R B FIT sk ik £ (Hak s £

3 4(5.5%) 19(26.0%) 50(68.5%) ﬁ%@,ﬁﬂ%{tﬁﬁ—fy 21 ﬁéﬁﬁl mmﬁ@}%@ﬂ‘]l’iﬂ%ﬁﬁ

1 1(1.4%)  7(9.6%)  65(89.0%)

2.4 WHFIELLE

73 5] H % TNC 5 VNC-a, VNC-p = WA 5 4R 5157
4R (5.3241.16) . (4.75+1.89) . (5.32+1.42) mSv,
AT S R (15.3943.31) mSv, Hid TNC #9473k

ERST R 2 7 A R S Y 34.57% ¢

Y455 VNC BB CT{H L TNC B4 55 (P<0.05) ,

B BAT R YA OCHE , =3 W3 T 22 575 AR/
i AF R 1 mm 52 5 R BEFE A (X VNC-p

H]:'_‘_J‘T‘FB

MR AE CT i I 42 v m] LA TNC 5 bRoE 552k H
3 mm 5 & 2 JEEE BN R = VNC B8 35 7T il
iﬁi%ﬁﬂ?ﬂﬂ?%ﬁﬁ B, VNC-a EHR FE 53 5 e 5 1
K S mm 52 R EUR A 5T 45

TN
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Table 5 Comparison of subjective image scores among different

images with 5, 3 or 1 mm slice thickness [cases (%)]

ESUR 2
JZE EGIER P1H
34 445y 54%

5 mm 0.091

TNC 6(8.2%) 27(37.0%) 40(54.8%)

VNC-a  4(5.5%) 33(452%) 36(49.3%)
VNC-p  4(55%) 18(24.7%) 51(69.9%)

3 mm 0.064
TNC 0(0%)  29(39.7%) 44(60.3%)
VNC-a  5(6.8%) 27(37.0%) 41(56.2%)
VNC-p  4(55%) 19(26.0%) 50(68.5%)

1 mm 0.001

TNC 2(2.7%)  23(31.5%) 48(65.8%)

VNC-a  2(2.7%) 24(32.9%) 47(64.3%)

VNC-p  1(1.4%)  7(9.6%) 65(89.0%)

6 5.3.1 mm ZEFNEE G LR B EREGENTS
AR PE
Table 6 P value obtained in the pairwise comparison of subjective

image scores between different images with 5, 3 or 1 mm slice thickness

J2E TNC vs VNC-a TNC vs VNC-p  VNC-a vs VNC-p
5 mm 0.658 0.066 0.019
3 mm 0.411 0.452 0.140
I mm 0.869 0.001 0.001

fIE VNC-a, VNC-p ¥J A 3£ )5 TNC CT{H, H =& FW
WS W, SUZHM G 63 CT HFIE VNC AR
B TNC WAl AT PR iy, T dnb 2 e (0 A 8 R S 7 o, (LG
AN [ o 2 TR U8 ) 44 5%, VINC o 2 1 52 ) f) F
FE N L SCHRAGE -

AW 5.3, 1 mm JZ B # TNC, VNC-a
VNC-p %, 25 5 o 3 2 R EMS H , #8 TNC,
VNC &4 CT{E F1 CNR J& 25 5 (P>0.05) , SNR 1 SD
A3 9 T v RN AR (P<0.05) , 5 Ak 3 4512 Fil g 3k
SIS A5 AR A A0 5 A/ MG PR IR A5 R AN 5
ST, B AR R AR SR A A 22, A R A
Ry /M AR AR AP Y Al R T 1 mm
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