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On the Computed Tomographic Diagnosis of Pulmonary Nodules
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Computed tomography (CT) was used to examine 53 pulmonary nodules which were considered
not definitely calcified on plain radiographs or conventional tomograms.

An average CT number was calculate for each lesion. For the primary lung cancers, the average
CT number was 36HU with a standard deviation of 6.6 HU, while the benign lesions had the mean CT
number of 69 HU, with a standard deviation of 42.8 HU. The mean CT number separating lung
malignancies from benign lesions was 78.8 HU.

To evaluate the attenuation values within each nodule, iso-CT value map was obtained by using
Siemens therapy planning system, MEVAPLAN. Nodules were classified into five categories, TypeI to
V. All of three nodules classified as Type IV were benign. Iso-CT value map was effective in
establishing the benignancy of nodules.

The quantitative computed tomographic analysis of pulmonary nodules was evaluated by dual-
energy CT. Dual-energy CT has the potential to eliminate the effect of spectral hardening by use of
monoenergic images derived from dual-kV data and to separate high CT numbers due to calcium from
those due to high density organic material.
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Table 1 Diagnosis of 53 Pulmonary Nodules

Primary lung cancers Metastases Benign lesions
: No. of - No. of 0 No. of
Histology Cases Origin cases Disease o
Squarnous cell 7 Neck 4 Tuberculosis 11
Adenocarcinoma 14 Breast 2 Hamartoma 1
Small cell 4 GU system 2 Silicosis 1
Large cell 1 Adrena gl. 1 Sarcoidosis 1
Adenosquamous 1 Lymphatic system 1 Bronchogenic cyst 1
Leiomyosarcoma 1
Total 28 10 15
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Fig. 1 Gray scale of the CT. (a) Standard linear gray scale..(b) High contrast

gray scale used in this study.
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Fig. 2 I‘he measurement of the CT number for the pulmonary nodules. (a) The
whole of the nodule. (7b) The peripheral zone of the nodule. (c) The middle
zone of the nodule. (d) The central zone of the nodule.
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FRER LI (Fig. 2). 2= Tco CT{EE, =2v
Ea—%7Y v F7v b computer printout IZ
hRDIS DT, FILICEThHE 7 &
O CTEOFHERYS - ThH b Lic,

(2) MikEENED CT E47 otk

fif i REHEDEFNCER L T, #5500 E,
FLAMESTEZOEROREE & iz, HHORE
BEDREL LS Z LEXBHOEERFH Y 25
5. £ ZTAMETIE, CT BMERoWBERIC
HLCEESRENRVOT, &N CTE
SO LRI,

&SR E D CT B4 % & 57, % CT &
534 is0-CT value map #1ER L, #&& L7z,
fifs 2 86K LC, Siemens (A EBERE ©
# %5 MEVAPLAN #{# /LT, 10—20HU %%
T CT fE% AR CiE A © CT ED BRI 2 ER L
T, Zh%nF CT{ESAK iso-CT value map &
BFRLic, ¥4 v Fr-i, 94 v FigEf
Lo CCTERRIL O THEERE LA, A
ELT, V1 v Fr=<280HU, 71 v Figd0HU
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Fig. 3 Illustration of the tomogram in the dual-
energy CT scan. The tube voltage was switched
between high and low kVp values from pulse to
pulse and thereby dual-kVp data were acquired
in a single scan.
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Fig. 4 Distribution of mean CT numbers for pul-

monary nodules.
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Fig. 5 Disribution of mean CT numbers for the three different zones. (a) Periph-
eral zone. (b) Middle zone. (c) Central zone.
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a

Fig. 6 65-year-old man with small cell carcinoma in right lung. (a) Tomogram
shows a nodule with homogeneous density. But there is no evidence of
calcification within nodule. (b) CT shows calcium deposits in the lesion.

Table 2 Diagnosis of 50 Pulmonary Nodules

Primary lung cancers Metastases Benign lesions
. . No. of - No. of : " No. of
Histology Aaaen Origin caces Disease o
Squamous cell 7 Neck 4 Tuberculosis 11
Adenocarcinoma 10 Breast 2 Hamartoma 1
Small cell 4 GU system 2 Silicosis 1
Large cell 1 Adrena gl. 1 Sarcoidosis 1
Adenosquamous 1 Lymphatic system 1 Bronchogenic cyst |
Leiomyosarcoma 1 Bone 1
Total 24 11 15

VELZRLEBHERS flogETco CTEIX
90.2HU # 5180.7THU & &ETH - 7o,

IVEl 2R L 3k, £/ o CT {EI1X42.7THU
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8, 15%Id 84l (53.3%) B CT oATREM
P ¥ (R RN e
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164HU LA Lo BRE x4 LT\ 54, CT HO
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Fig. 7 Typical appearance of nodules by iso-CT value map. (a) Typel (b) Type
IL (c) Type IIL (d) (d) Type IV. (e) Type V.
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Table 3 Distribution of Pulmonary Nodules by
Iso-CT Value Map

iso-CT value map type 400+
Category re
I I I IV V Total /
Primary malignancy 9 10 5 0 0 24 S 3001 ) /
Metastasis 5 0 3 0 3 1 3 &/
Benign lesion 2 0 5 3 5 15 B *‘/ /,5\
Total 5 10 13 3 8 50 ® 207 S
5 / "/ €
£2
E o
Emmmgy/
ual-ener scan 1 R o
(3) Dual gy CT niZ X 5HEE £
BYEZBI0FI0REED, EHEEBLIFIES O , - - , .
212145 8% LT, Dual-eneray CT scan % Jii T -0 / 0 0 : 300 o
e y CT number at 125kV[HU)
7L, EEE25KV £85kV ickd 5 CTE% / 0
77V AERTBOhLS I 7 BT Ry b L . 21 Matighant odule
7z (Fig. 8). —200-‘-
SRR ERBEC X DEME 2 70, HEK
#2409 s KHPODICE: A EH A8 2 - EH Fig. 8 Dual-energy CT scan. Comparison of CT
= o numbers measured
RBEZD Bhien . ! . o : at 85 and 125kVp for mineral solution (KZHPO4),
BHEDRE TR0 4 F58 (40%) 2YBEIRK and those for various organic solvents. Mean CT
B2V 9 2(KHPOD L X A EHREYH2 . = numbers of nodules were plotted on the graph.
D 4 FEFOFT 1485 Fig. 8(a) 12, WBEET Open circles show benign nodules and closed

circles show malignant nodules. (a) Silicosis.

B L2 m KA <, CT{EH74.2HU & %
hizEE e, BREBEITETCET, XR

FBRT BT BIEZSNERIET S i, ZOIERITIL, vy NS S GRS A e — 3
EmoiER, EMEER X ORCEMEE T Y » LicE BRI % oz (Fig. 10),
DEENT R B, EE & 28 S hi(Fig. 9. —7, CT .k, —8c BRI % A 3 % flids e

a b
Fig. 9 Microscopic findings in a 50-year-old man with a nodule in right lung. (a)
Section showing a silicotic nodule stained by H. and E. Beneath (b) is the same
section viewed by polarized light to show the birefrigent particles of silica.
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Fig. 10 Dual-energy CT scan images. (a) CT image at 125k Vp shows a nodule
with high attenuation values. (b) CT image at 85 kVp. (c) Calcium-equivalent
density image shows zone of high attenuation within nodule. (d) Water-equiva-

lent density image.
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Table 4 Reported Rates of Diagnostic Advantage of CT in Benign Nodules

No. of benign

Hroduies " Nnoaules ™ nodules by CT
Siegelman et al. 634 279 176(63.1%)
Proto & Thormas 177 81 24(29.6%)
Nakata et al. 69 27 20 7.4%)
Godwin et al. 36 22 1( 4.5%)
Nakanishi & Higashi 53 15 5(33.3%)

F176FITHETE o & LT3, ¥, RO
JEET Godwin®i2, 226 6 fITRM: L BHITX
ey, FOFTS5 FIIMEER T b AR LI FHER
Sh, BeslicEic LT3,

FHYS CTEETTRE L ZMTE D27
Flp 2 G st EHELT WS,

¥ 7z, Proto & Thomas®ix814 7244 < CT
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AR TS, CT TEBRNEXY R L,

Siegelman 5 I Uf Proto & Thomas (Z3F¥HCT
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X, RIEEDREL, 2674 6 Flic. D Z G KL% 7B
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S bz, FREH™ 624 o fiEEIRe < 8 £1(12.9
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TRE LCHER2LR, BFCEROZXR DL
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CT w X 2T, AKILE, K& 3, EBFO
WBEIHRELSD,
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%

Godwin¥»n#iE L Twb X 51z, 165HU LLE
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EWHREEYB LS CTEYET AR, B
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Ly, BEHOHENTE RV EEL, MifsE
PR ZE D% CT 4o #H iso-CT value map #1F
B L#EES L,

fififs Bl S D WEE AT oW TR, REEYE
BECSEBELYHEHALTRE LTV 3,
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RlVE AR LMo 26 T XTRETH - 1o,

IEEEE T2, EEE ARDORTD, BTL
$164HU LI Lo\ CT R R T LB LT, B
MEEYHALZ LEDTERATHS L Ebh
5,

— 7, fifEc s\ T BRI R R TEMS S D,
Fig. 6 offi-MifafEoiEF @ X 5 whbificm %k
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IHREMOZHREYALIRE LN TELL
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s EERZED CT Bk

B ki, CT e X A 2Wnchn z, ffseiol
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OHREMIBZE LTS 2 Lk, REMOZERED M
LizofernambosBbhs,

(3) Dual-energy CT scan D75 ¥

CT iz X % ks Bt iR ZE 0 R B ORET 21T
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