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[ Abstract] Objective To explore the diagnostic value of virtual unenhanced ( VUE) technique using
dual-energy CT for pediatric liver tumors. Methods The energy spectrum CT images were retrospectively re-
viewed for children with liver tumors or liver metastases diagnosed at Hunan Children’s Hospital from January
2021 to 2022. True unenhance (TUE) ,virtual unenhanced arterial phase (VUEa) and virtual unenhanced por-
tal venous phase ( VUEpv) images were separately reconstructed. Objective evaluation parameters of image

quality included CT values of liver parenchyma, liver tumors, right vertical spinal muscles, signal-to-noise ratio
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(SNR) , contrast-to-noise ratio (CNR) of liver tumors and background noise (SD). Randomized block variance
analysis and Friedman rank sum test were utilized for comparing the differences in image quality and lesion dis-
play scores among TUE,VUEa and VUEpv. The correlation of CT values among three groups was analyzed and
Bland-Altman plots were generated for illustrating the agreement between VUE and TUE CT value measure-
ments. Chi-square test was utilized for comparing the detection capabilities for liver tumors and calcifications.
Results No significant difference existed in CT values of liver parenchyma and CNR of liver tumors between
TUE and VUE groups (P >0.05). SD values of background noise in VUE were lower than those in TUE and
SNR of liver parenchyma and liver tumor and right erector spinae muscle. And CT values of liver tumors and
right erector spinae muscles inVUE were all significantly higher than those in TUE (P <0.001). The correla-
tion of CT values between VUEa, VUEpv and TUE images was relatively high (liver parenchyma:r =0. 816,
0.797,P <0.001 for both) , (liver tumor:r =0.769,0.839,P <0.001 for both) , (right paraspinal muscle;r =
0.664,0.687,P <0.001 for both). Bland-Altman scatter plot indicated that the proportion of data points out-
side the limits of agreement was less than 5% when clinical diagnostic threshold was set at 10HU for tissues
other than liver tumors. Subjective display scores and detection rates of lesions on VUEpv were both higher than
those of VUEa (P <0.05). And there were no differences with TUE (P >0.05). However, detection rate of
calcifications for both VUEpv and VUEa were significant lower than TUE (P <0.001). Total DLP of three
phase CT scan was 513.94(375.00,652.86) mGy with DLP from TUE phase representing 30. 13% of overall
DLP. Conclusions For children with liver tumors requiring long-term CT follow-ups, VUEpv image recon-
structing using multi-material decomposition (MMD) technique offers better capabilities of image quality and
lesion detection as compared to VUEa. It may significantly lower radiation dose in children with liver tumors re-
quiring long-term CT follow-ups. However, it still cannot completely replace clinical value of TUE images.
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Table 1  Comparison of objective image quality parameters between VUE and TUE for pediatric liver tumor CT scans(x +5,n =96)
T cr SNR e
EEELDIEN JFSE 5T gL o AL JFSE 5T iRt ins FE SN e R
TUE 63.44£6.36 42.51+8.55" 55.23x4.30" 9.20+2.13" 5.96+1.82" 8.36+2.48"" 2.99x1.61 7.111.92"
VUEa 63.78 £6.29  48.33 +8.71 56.17 £5.27 12.98 +3.77"  8.26 +3.23> 11.02+3.24> 2,71 +1.66" 5.45+1.37
VUEpv 64.14 £6.49  47.54 +8.64 56.97 £5.84 14.39 +3.68 9.12 £4.60 11.89 +4.07 3.21£1.71 5.25+1.55
FAE 2.006 80. 887 10.431 160.778 56.107 75.007 8.450 87.138
P1{H 0.137 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

HETUE: B9CFH; VUEa: B3I ; VUEpy: AU T bk s SNR: R EL; CNR XS HUMERALL; * . 5 VUEa WA, 225 A 500t

% ;5 VUEpy LA, 2R G2 S
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Fig.1 TUE(A),VUEa(B) and VUEpv(C) image of a 4-year-old girl with multiple hepatic lymphomas
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Table 2 Comparison of objective image quality parameters between hypervascular and non-hypervascular liver tumor lesions(x +s)

CT IR (n =41) B & LAk (n =55)
iy = CT SNR CNR cT SNR CNR
TUE 45.49 +9.18% 6.83 £2.08" 2.75 +1.64° 40.29 +7.37% 5.31 £1.28% 3.17 +1.58
VUEa 52.85£9.10 9.59 +3.68 2.14 £1.70" 44.97 £6.68 7.27 £2.44 3.14 +£1.50
VUEpv 50.76 £9.48 11.05+5.93 2.87 £1.61 45.13 £7.14 7.69 £2.51 3.46 £1.76
FAE 33.199 22.356 6. 856 61.630 61.956 3.336
Pt <0.001 <0.001 0.002 <0.001 <0.001 0.039

£ TUE: AP ; VUEa: BRI VUEpy: JBHIPHTTRIKN ; SNR:fFBeLL; CNR X ILMERA 1L ; * 0 15 VUEa gL, 22 geit
SRS Y5 VUEpY HgR, 22 A G X

R3O CT =BT EO A M(Q,,05) ]

Table 3  Comparison of subjective image quality in three groups of liver tumor CT scans[ M(Q,,Q;) ]
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