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Evaluation of Computer-Assisted Diagnosis of
Small Pulmonary Nodules Using
Contrast-Enhanced Dynamic Helical CT

Kiyoshi Mori", Noboru Niki?,
and Noriyuki Moriyama®

Dynamic helical computed tomography (DH-CT) was
performed to examine 45 lesions (23 lung cancers, 2 pulmo-
nary metastasis, and 20 benign nodules)as an application of
computer-assisted qualitative analysis of small pulmonary
nodules. Based on the three-dimensional (3D) CT image data,
the internal structure of the nodule was assessed quantita-
tively and temporal changes were evaluated. The entire le-
sion was examined by helical scanning with a beam width
of 2 mm (pitch of 1)before contrast enhancement and 2 and
4 minutes after contrast enhancement. Using the digital CT
data, the pixels inside the nodules were quantified based on
a combination of CT values and 3D curvature in order to
differentiate between benign (BN)and malignant nodules
(MN). (The numeral score abovementioned was calculated.)
The average scores for BN 2 and 4 minutes were —5.72 and
—12.8, respectively, and those for MN were 5.51 and 12.0,
respectively (p < 0.01). Assuming that a score of 0 or higher
indicates a MN based on the CT data 4 minutes. In conclu-
sion, 3D computer-assisted analysis of the internal structure
of small pulmonary nodules using contrast-enhanced DH-
CT was found to be effective for differentiating between
benign and malignant nodules.
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Table 1 Characteristics and quantitative characterization of benign nodules
I Linear discriminant function
Patient No./ Diameter Lobe™ Non- 2 4° Diagnosis
Age (y) /Sex (mm) enhanced min min
1/58/F 19 RLL 0.66 -4.73 -5.29 Granuloma*™
2/54/M 22 RLL -0.97 -12.1 -20.4 Hamartoma™
3/51/F 9 RUL -3.16 -12.1 -11.5 Granuloma***
4/57/F 10 LUL -3.53 -8.10 -10.4 Hamartoma™"
5/56/F 15 LUL -0.33 -7.59 -2.85 Granuloma*™"*
6/65/F 8 RML -6.77 -2.24 -19.1 Granuloma™*
7/52/F 10 LUL -5.19 -7.23 -19.2 Granuloma*™*
8/70/M 9 RUL 0.21 2.10 -35.2 Organizing pneumonia*
9/72/F 10 LLL 4.08 8.36 -1.00 Granuloma™
10/61/M 7 RLL -5.16 -10.2 -20.0 QOrganizing pneumonia***
11/68/F 17 LUL -1.51 -12.3 -13.7 Pulmonary infarction*
12/47/F 5 RUL -4.12 -8.95 -14.8 Granuloma*
13/56/F 12 RUL -8.54 -5.28 -5.53 Tuberculoma®
14/59/F 9 LLL -7.49 -9.23 -11.2 Granuloma**
15/62/F 12 RML -2.81 -0.04 -3.76 Granuloma™™
16/61/F 6 RML -4.09 -4.19 -16.2 Granuloma*™*
17/60/F 8 RUL -10.1 -3.90 -10.1 Granuloma*™*
18/64/M 19 RLL -5.12 -2.24 -8.76 Granuloma™
19/68/F 12 RUL 0.56 -1.25 -13.2 Granuloma*™*
20/67/M 6 RUL -11.2 -13.0 -12.4 Granuloma™*

“RUL = right upper lobe, RML = right middle lobe, RLL = right lower lobe, LUL = left upper lobe, LLL = left lower lobe

“Time after administration of contrast agent

+Surgical resection

++The diagnosis of biopsy using the CT fluoroscopy procedure

+++The clinical diagnosis of granuloma was based on no nodule growth for 2 years or more

Table 2 Characteristics and quantitative characterization of malignant nodules

Linear discriminant function

Patient No./ Diameter Lobe™ Non- 2' 4° Diagnosis
Age (y) /Sex (mm) enhanced min min
21/54/F 18 RUL 2.50 6.19 12.4 Wid AD
22/48/F 18 LUL 1.40 -1.04 17.7 Wid AD
23/70/F 20 RML 1.12 8.13 7.11 M/d AD
24/63/F 20 RLL 5.00 8.21 21.9 Wid AD
25/64/M 17 RUL 0.30 6.27 4.43 SM
26/77/M 12 LUL 4.57 1.7 4.90 AD"
27/68/F 22 RLL 1.82 11.1 8.71 M/d AD
28/68/M 11 LUL 4.14 6.55 19.0 M/d AD
29/54/F 22 LLL 0.31 5.03 30.2 Breast metastasis™
30/63/M 12 RUL 5.15 4.03 12.8 Wid AD
31/63/M 17 RLL -1.37 -9.66 -5.41 M/d AD
32/55/F 18 LUL 54 7.92 15.5 M/d AD
33/44/M 15 RUL 515 -1.19 18.0 M/d AD
34/61/F 20 RLL -0.92 —2.61 18.2 Wid AD
35/84M 19 LUL 7.37 6.04 18.3 AD™
36/57/M 15 RUL 3.32 8.39 9.49 M/d SQ
37/71/M 20 LUL -0.66 3.16 8.99 AD*™
38/61/M 13 RML 8.14 6.66 1.81 Colon metastasis™
39/51/F 8 LUL 1.42 317 10.6 Wid AD
40/51/M 18 LUL 3.71 10.7 4.50 P/d AD
41/67/M 15 RUL 2.52 8.72 24.7 M/id SQ
42/62/F 11 RUL 8.25 10.1 12.2 Wid AD
43/61/F 25 RML 4.67 4.55 1.9 Wid AD
44/49/F 19 RML 6.50 8.84 8.95 M/d AD
45/63/F 14 LUL 4.61 6.43 2.87 Wid AD

“RUL = right upper lobe, RML = right middle lobe, RLL = right lower lobe, LUL = left upper lobe, LLL = left lower lobe,

AD = adenocarcinoma, SM = small cell carcinoma, W/d = well differentiated, M/d = moderate differentiated, P/d = poor differentiated
“Time after administration of contrast agent

++The diagnosis of biopsy using the CT fluoroscopy procedure
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Dynamic helical CT image
(beam width: 2 mm, helical pitch: 1)

{

3D CT image

v

Extraction of pulmonary nodule
(3D deformable surface model)

v

Calculation density
+ CT value
+ Shape index value
+ Curvedness value

:

Score of linear discriminant function

3D: three-dimensional

Fig. 1 CT image processing procedures.
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2. WEDHH (Fig. 2)
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shape index|3Fig. 3127”3 & (2P % B < HIETEZIRZ 0
M5 1 FTOMETHET. shape indexflind®0 1TV IFE LI
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(A)

(B)

Fig. 2 Extraction of pul-
monary nodule.

A: Benign tumor(case 4:
granuloma).

B: Malignant tumor (case
21: adenocarcinoma).
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Fig. 3 Distribution of surface types on the shape index
belonging to the interval between 0 and 1.

~4.08)C, EMEETIE, 3.38+2.76 (-0.92~8.25)TH
ofz. EEK2G, 45128V T, BMERETOTFYES
(Table 1) 13-5.72 £5.51(-12.3~8.36), -12.8 +7.87(-35.2
~-1.00) T, EMHEETIEE45.51+4.89 (-9.66~11.7),
12.0 £7.96(=5.31~30.2) Tdh - 7= (Table 2). FEHHI, &
W20, 4 50ERERBOBIEHHIEESE S RMEICH
NWTRHFEICED -7 (p <0.001).

MIZHREST o DL %8N & 4 2 L #EEHT Tlifalse
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negative (FN) 3 # (Ef31, 34, 37), false positive (FP) 4
BIGES 1, 8, 9, 19), #E¥H 2 5 TILEN 4 1 (FEFI22,

31, 33, 34)(Fig.7), FP2 BI(JEBI 8, 9) (Fig. 8), &k
4 53 TIIFN 1| B (FEFI31), FPO BITH 72, Sensitivity i
% 488%, 83%, 96%, specificity($81%, 90%, 100%,

accuracy(384%, 87%, 98%, positive predictive value
(PPV)i384%, 91%, 100%, negative predictive value
(NPV)1285%, 83%, 96% T - 7z (Table 3).
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Fig. 4 Indication of de-
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the benign nodule (case
4}

Fig. 5 Indication of de-
gree of characteristic in
the malignant nodule
(case 21).
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Ait

.......... Malignant nodules
Benign nodules

20 |-

10

Score of linear discriminant function
[e]
|

-20
-30
—40 ——
Precontrast 2 minutes 4 minutes
postcontrast postcontrast Fig. 6 Temporal changes in the linear discriminant function score of
L | the nodules.

(A) (B)

(c) (D)

Fig. 7 False-negative lesion based on value 2 minutes postcontrast (case 22: adenocarcinoma).
A: CT scan of lung. B: Nonenhanced CT. C: CT scan obtained 2 minutes after administration of contrast agent. D: CT scan obtained 4
minutes after administration of contrast agent.
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(A)

(c)

Fig. 8 False-positive lesion at all time points(case 9: granuloma).

fib2 %

23

(D)

A: CT scan of lung. B: Nonenhanced CT. C: CT scan obtained 2 minutes after administration of contrast agent. D: CT scan obtained 4
minutes after administration of contrast agent. CT images of C, D show obviously strong enhancement.

Table 3 Dynamic helical CT estimates of small pulmonary nodules
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[ Precontrast Postcontrast
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Specificity 81% 90% 100%
Accuracy 84% 87% 98%
PPV 84% 91% 100%
NPV 85% 83% 96%
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PPV: positive predictive value, NPV: negative predictive value
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