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Fig. 1. Tumor phantoms. Axial image of artificial pulmonary
nodules (arrows) in air inflated ex vivo porcine lung.
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Fig. 2. Histogram for adaptive threshold. Adaptive threshold
for each artificial nodule was estimated using mean value of
HU value of nodule peak and that of neighborhood peak.
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Fig. 3. Graphical user interface of semi-automated volumetry.

A. Selected images are shown on the right side of monitor. To start
volumetry, click on the selected nodule, then press the volume
button. The calculated volume is visible on the ritgt-lower portion
of monitor.

B. Three-dimensional image from 1 mm thickness MSCT data of
an artificial nodule

C. The overall workflow for a nodule volume measurement.
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Table 1. Radiologist's Manual Measurement of Longest Diameter of Nodule. The Diameter Estimates and Standard Deviation of Each
Artificial Nodule on MSCT Data were Calculated

Nodule No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
True Diameter(mm) 3 3 12 5 3 10 12 5 8 10 8 10 5 12 8
Radiologist 1

Ist 2.8 3.04 1234 6.39 326 1032 12.19 51 795 10.05 793 994 503 1198 7.89
2nd 318 3.01 1125 598 3.01 10.11 12.12 5.03 837 1028 7.67 955 503 1215 7.77
3rd 337 296 1142 582 337 979 1212 505 793 994 804 978 51 1217 731
Standard Deviation 0.29 0.04 059 029 0.18 0.27 0.04 004 025 017 019 020 0.04 0.10 0.31

Radiologist 2

Ist 397 3.01 1276 529 3.6 1028 12.19 517 824 1047 862 994 562 12.69 8.58
2nd 397 326 1254 6.33 301 1055 1217 535 812 101 777 997 51 1243 861
3rd 3.85 293 1212 598 326 1055 12.12 524 861 10.64 7.89 10.18 562 1257 858
Standard Deviation  0.07 0.17 0.33 053 0.30 0.16 0.04 0.09 026 028 046 0.13 030 0.13 0.02

Radiologist 3

st 426 2.64 1257 581 3.01 10.87 13.82 568 928 1132 928 11.07 654 13.02 7.63

2nd 345 3.04 1219 517 3.01 1135 1298 467 84 109 754 1045 543 1257 8.82

3rd 337 254 13.06 55 3.04 962 1255 5.08 794 1045 862 11 517 1215 84
Standard Deviation 049 0.26 044 032 0.02 089 0.65 051 068 044 0.88 0.34 0.73 044 0.60

Radiologist 4

st 345 357 11.88 4.87 3.04 1045 123 529 794 1004 833 972 535 1156 7.94

2nd 326 36 1212 598 3.18 10.11 12.17 5.1 7.77 10.11 8.61 10.28 5.24 1142 7.99

3rd 337 2.8 1212 505 3.37 10.32 11.78 4.52 812 994 754 997 594 11.84 84
Standard Deviation 0.10 045 0.14 060 0.17 0.17 0.27 040 0.18 0.09 055 028 0.38 021 0.25

Table 2. Radiologist's Manual Measurement of Longest Diameter of Nodule. The Diameter Estimates, Standard Deviation and
Percentages of Error of Artificial Nodules on MSCT Data were Calculated

True Diameter (mm) 3 5 8 10 12
Radiologist 1

Diameter Estimates 3.11 5.39 7.87 9.97 12.12
Standard Deviation 0.20 0.53 0.34 0.25 0.07
% of Error 3.7% 7.8% -1.6% -0.3% 1.0%
Radiologist 2

Diameter Estimates 3.43 5.52 8.46 10.30 12.36
Standard Deviation 0.43 0.41 0.22 0.27 0.24
% of Error 14.3% 10.4% 5.7% 3.0% 3.0%
Radiologist 3

Diameter Estimates 3.15 5.45 8.41 10.78 12.85
Standard Deviation 0.51 0.53 0.59 0.54 0.57
% of Error 5.0% 9.0% 5.1% 7.8% 7.1%
Radiologist 4

Diameter Estimates 3.29 5.26 8.03 10.10 11.85
Standard Deviation 0.26 0.47 0.21 0.22 0.34
% of Error 9.8% 5.2% 0.3% 1.0% -1.3%
Average (Radiologist)

Diameter Estimates 3.25 5.41 8.19 10.29 12.29
% of Error 8.2% 8.1% 2.4% 2.9% 2.5%
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Fig. 4. Relationship between changes in uni-dimensional mea-
surement and tumor volume.

Table 3. Volume Estimates and Percentages of Error of the Volume Measurements on the Basis of Diameter and Computer Aided

Volumetry
True Volume (mm?) 14.13 65.42 267.95 523.33 904.32
CAV
Volume Estimates 14.09 62.72 236.02 512.74 839.42
% of Error -0.3% -4.1% -11.9% -2.0% ~72%
Radiologist 1
Volume Estimates 15.76 82.05 255.10 519.16 932.11
% of Error 11.5% 25.4% -4.8% -0.8% 3.1%
Radiologist 2
Volume Estimates 21.10 88.13 316.50 571.49 988.57
% of Error 49.3% 34.7% 18.1% 9.2% 9.3%
Radiologist 3
Volume Estimates 16.37 84.72 311.48 655.80 1109.99
% of Error 15.9% 29.5% 16.2% 25.3% 22.7%
Radiologist 4
Volume Estimates 18.69 76.16 270.64 539.90 869.73
% of Error 32.3% 16.4% 1.0% 3.2% -3.8%
Average (Radiologist)
Volume Estimates 17.98 82.76 288.43 571.59 975.10
% of Error 27.3% 26.5% 10.0% 9.6% 9.7%

— 451 —



50 Fo
s 5 +1.96 SD
@ 40F 43.1
z w0
= 2 T
ﬁ 20 - e, - G k- Mean
i (S = " 153
= L B e, ) =, O
' 0K
= |
pr
& -10f -1.96 SD
=
= i 125
‘20 1 L 1 1 1 1 1
0 200 400 600 800 1000 1200
AVERAGE of Manual and & H|_F1J

NS Q: MAIQ| THAl HIE OISt 012 HZAC| HlI=S
60 F
= o
o A0 +1.96 SD
[u] &
e 336
g 20fF
= I
E’ Q
Ik o 8 Mean
= [ o o # % B8
= =
<fU B
s :
P -1.96 SD
-46.8
—60 - 1 L 1 L L
0 200 400 600 800 1000
AVERAGE of CAV and 2 H|_SF1

Fig. 5. The percentage of error of the volume estimates by radi-
ologists in 15 synthetic nodules. The percentage of error be-
come greater with decreasing nodule size.

Table 4. Overall Value of Standard Deviation and Error from
True Volume

CAV  Manual (All Radiologists)

Volume Error (mm?) -17.97 30.61
Standard Deviation 28.89 27.32
*p value p=0.045 p=0.002

*Paired t-test, p < 0.01
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Volumetry of Artificial Pulmonary Nodules in Ex Vivo Porcine Lungs:

Comparison of Semi-automated Volumetry and Radiologists’ Performance’
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Purpose: With the advent of MSCT, the detection rate of small pulmonary nodules is markedly greater.
However, there is no definite diagnostic clue to differentiate between malignant and benign nodules, except
for the interval growth in small nodule less than 1 cm in diameter. We evaluated the accuracy of computer-
aided volumetry (CAV) and compared it with 4 radiologists’ measurement.

Materials and Methods: Fifteen artificial nodules that were embedded in the ex vivo porcine lung were
scanned by MSCT. The diameters and volumes of nodules were independently measured three times, at 5-day
intervals, and by four radiologists as well as by CAV. We evaluated the accuracy of the measurements on the
basis of the true diameter and volume of the nodules. Using a paired t-test and a Bland-Altman plot, we evalu-
ated whether there was a statistically significant difference between the radiologists’ measurements and the
CAV.

Results: The accuracy of the manual measurements by radiologists revealed a statistically significant differ-
ence from the true diameter and volume of the artificial nodules (p<0.01). Conversely, the accuracy of CAV
did not show a statistically significant difference with the true nodule diameter and volume (p>0.01)
Conclusion: The results of this study suggest that CAV is an accurate and useful tool to evaluate the volume of
pulmonary nodules and can eventually be used to differentiate malignant and benign nodules as well as evalu-
ate the therapeutic response of lung cancer.
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