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[ Abstract ] Background and objective The computed tomography (CT) follow-up of indeterminate pulmonary
nodules aiming to evaluate the change of the volume and CT value is the common strategy in clinic. The CT dose needs to
considered on serious CT scans in addition to the measurement accuracy. The purpose of this study is to quantify the preci-
sion of pulmonary nodule volumetric measurement and CT value measurement with various tube currents and reconstruction
algorithms in a phantom study with dual-energy CT. Methods A chest phantom containing 9 artificial spherical solid nodules
with known diameter (D=2.5 mm, S mm, 10 mm) and density (-100 HU, 60 HU and 100 HU) was scanned using a 64-row
detector CT canner at 120 Kilovolt & various currents (10 mA, 20 mA, 50 mA, 80 mA,100 mA, 150 mA and 350 mA). Raw
data were reconstructed with filtered back projection and three levels of adaptive statistical iterative reconstruction algorithm
(FBP, ASIR; 30%, 50% and 80%). Automatic volumetric measurements were performed using commercially available software.
The relative volume error (RVE) and the absolute attenuation error (AAE) between the software measures and the reference-
standard were calculated. Analyses of the variance were performed to evaluate the effect of reconstruction methods, different

scan parameters, nodule size and attenuation on the RPE. Results The software substantially overestimated the very small
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(D=2.5 mm) nodule's volume [mean RVE: (100.8%+28%)] and underestimated it attenuation [mean AAE: (-756+80) HU].
The mean RVEs of nodule with diameter as S mm and 10 mm were small [ (-0.9%%1.1%) vs (0.9%+1.4%)], however, the mean
AAEs [(-243+26) HU vs (-129+7) HU)] were large. The ANOVA analysis for repeated measurements showed that different
tube current and reconstruction algorithm had no significant effect on the volumetric measurements for nodules with diameter
of S mm and 10 mm (F=5.60, P=0.10 vs F=11.13, P=0.08), but significant effects on the measurement of CT value (F=34.79,

P<0.001 vs F=156.14, P<0.001). Conclusion An infinitesimally small errors of volumetric measurement of S mm or 10 mm

nodule could achieved with very low current and ASIR reconstruction, suggesting a possibility of remarkable radiation dose

reductions, while it is not applicable for S mm nodule. The attenuation acquired through three dimensional software has large

measurement error and can not applied in clinical currently.
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Tab 1 The relative error of volume and the absolute error of CT value of nodules

Standard diameter (volume) Standard CT value RVE AAE
Mean (%) SD (%) Mean (%) SD (%)

2.5mm (8.177 mm?3) 100 HU 105.5 177 -838.4 74
60 HU 121.2 13.3 -760.0 83
-100 HU 75.7 10.1 -650.2 77
5.0 mm (65.4 mm?3) 100 HU -0.3 1.1 -272.1 9.1
60 HU 0.4 1.2 -246.3 7.8
-100 HU -2.7 1.5 -211.3 4.6
10.0 mm (523 mm?3) 100 HU 0.3 0.3 -132.6 4.4
60 HU -0.6 0.3 -135.6 5.0
-100 HU 2.3 0.3 -122.0 4.5

CT: computed tomography; RVE: relative volume error; AAE: absolute attenuation error.
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Fig 1 The CTimage of the nodule phantom
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Fig 2 The RVE for different cube current
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Fig 3 The AAE for different cube current

CTENR 45 MG R I B A FRAR DL LA 2H 2L A 1~
PICT(H, EAREUNSE [ Wiz B N & Fh L 2R B CT
{Ho TECTEUR LG T & i — MR R CTIHE
SEEET WY FLIE RS A3 R B 25 A A3, A0SR (E
U S R < (= WU 2 DN G e RN e I e
BEBRAN . FRATHIAFG & BLEAE2.S mm 4515 25 B I i
Ffli o FERITE TARXS TH AU (FOV) 360 mm, ff
BES12x512, CTERMZ IR E R /N4 0.7 mmx0.7 mm, H
1£2.5 mm P45 Hodg RZTAEX . Yhla] 58 2 s #R o &
Pra-SAMEE, KA 234G R N 2o B BN 52
W FRIR R o HEAE, BRI AR BT 0 3 b /Nl 5 (L RE R

BRI B R BRGS0, A BRI B (A
D, 257903000 i A A 45 3% ] RS BN AR
PR ATUE R MRS, — L SR
BREZ, ZE AP RR RS I & H L
AN, T, BRGSO HrR R S
T, RS, WA SRR R S
MASTE, EHERR . UL, S5 RA R iRZETE
PRGN AN, AR NS AR

3.2 S5 CTEIM AR N = 4ERF [ 2l Hrdl 1o
CTEMESLCTIEMERI, — I X m] BE-5 BAF45 1Y
SrRIPR B IE A 5%, 2S00 B LA AN R 30k

HRERERERERE
www.lungca.org



* 566+ o [ R 2 201 74F 8 ] 204 45 s Ml

Chin J Lung Cancer, August 2017, Vol.20, No.8

i TR R S SR TR
3.3 S CTHAM MM R A ERR LI it
A Jii g i A 08 2 25 BT P, A BUE R R A 2 G B
AR, [ P 25 AR o ]t 2l O 245 R R g i 2
PR AR R, T EAENS.0 mmZ10.0 mm
FEETT, NI I B T @ X A T S B R
SO, AR O A K 451 Bl b R A 1 A LR
Lo AR TR

AR A 5 [ 5 5 1 a7 28 5 R AE M 4% ( National
Comprehensive Cancer Network, NCCN ) FaRgan, #ErE
AR CTAR o A 1) F 20 A B AR TRAT A9 5056
S5, HARS mmPL BEEYY, ARAE RN SRR B R
R/ CTHIRYF & SRR K, Bk, EA%

4 FEEZEEMNETRRETIRE
Fig 4 The RVE for different reconstruction algorithm
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Fig 5 The AEE for different reconstruction algorithm
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