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Computed Tomography of Solitary Pulmonary Nodule

Hideyuki Watanabe
Depariment of Radiology, University of Occupational and Environmental Health, School of Medicine

Research Code No. : 506.1
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The value of computed tomography (CT) using thin-slice technique in the differentiation between
benign and malignant pulmonary nodules was evaluated both experimentarily and clinically.
Experiments using a standard reference phantom and simulation nodules showed that CT number
varies according to the size of the nodule and the difference of CT unit. A standard CT number above
which a nodule should be considered as calcified and benign was first calculated for various sizes of
nodules and then was applied to clinical cases. Motion artifact which can give falsely high CT
numbers was also created and its characteristic appearance was identified.

Clinically 101 cases of solitary pulmonary nodules whose diagnoses were confirmed either
histologically or on follow-up were studied. There were 40 benign nodules, 53 primary lung cancers,
and 8 metastatic lung tumors. There was no case of malignancy in which calcification was diagnosed
to be present on CT. On the other hand, 14 of 40 benign nodules (35.0%) was diagnosed to contain
calcium and therefore benign on CT. As for the margin of the nodule described on CT, a moderate to
marked irregularity was predominantly seen in primary lung cancers, while most benign nodules and
metastatic lung tumors had smooth margins. If CT criteria of benignancy are limited to the nodule
both with calcification and smooth margin, 13 of 40 cases (32.5%) would be correctly diagnosed. CT is
considered to be useful in distinguishing between benign and malignant solitary pulmonary nodules as
far as herein described technique is observed.
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1. A CT%E

CT & Siemens #:#! Somatom 2% fi\7-, #&
WAL A S 4 AME2mm, REERELY, E8E
125k Vp, EEH460mAs TH 5. 753519865 LI
DEEFTIEA T 1 A@4mm THIE S 72106 %
EATWA, EREOELZ] B ~ 4 mERY
i, ¥ LBEIC 1 EBERKEEECT> T
5,

BirofcEofFERIC X 5 CT EX&SOBHC
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mm, BRI, TEF120kVp, EFEF00
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7 7 v b &% X OCBRLIEE (Fig. DE BV
RARALDORFD CT EIE oW TERIICER L
7.

Ha# 7 » v + 413 CIRS #:5 Model 3% L
fo, SO 7 7V b AR - KILE SO RS
PHESEOMERELABR I T\5, BLHEES
% Zerhouni HiIc X W GIK{LOEEL 75 X 51
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fifissgfio CT

Fig. 1 Experimental reference phantom set in CT
unit.
1: simulation nodules, 2 : basic anatomic section,

3: Velcro-covered support board
’ ! P ‘*!, "
{ \

Fig. 2 CT scan of the phantom set with simula-
tion nodules. Simulation nodules of six different
size are visible.
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Fig. 3 Computer printout of a 10mm simulation nodule. Mean CT number was
caluculated by central sixteen voxels.
B AF T D4~144voxel DF¥E% & -7z, Fig. 3 Table 1 Clinical cases
E10mm RO LEEI ¥ RE L-b0TH D, % Sex
No.of __ "™  Age<mean>
7o, EBROERMICEWTEECTSDIEFh cases o T pale VT
FhofEEsEoF CT E122SD % hn z 1o {8 % Benign lesion 40 28 12 14-79<60.2>
s . Primary lung cancer 53 36 17 43-87<66.6>
B LEMCT L LTHBR L. ry lung
Metastatic lung tumor 8 6 2 10-78<57.5>
= ' E 4 i
WAIHE & LTk, fBEE, SIEe, wER G W0 ™ 35 e

s X OB OB\ Y 0RE CT 2 ZEH)
TRBEHIT,

LFE « FFHEF « THEFOIBDO 7 7 v F 2%
HFHLBDRODOEISWT 3 2T, 9
AFDAEA v bR, 120>V TEE
A v 3@, F2THOREX T, ZO&KFAD
3 CT E R A5 ETRE, IRl bl L,

BEARICL 5 CT HoZEBIc>\\ Tk, AL
BEFGETRL - HRRICE 3 EERP LILE L
1=,

T, BRBICE T, O KEDHELE
Wiz X % motion artifact 235k & h, Zhbif
BECH DA KALEDO S density & 7T
ZEREbRh, COBRMICEL AT 7V
b A AR E TS CRA T X BT itk b
KERHI artifact Z{FH L, CTEOZEBIco\
THEEMZ 7, BUESII20mm o b 0% H
W, REEEEET 1 BRI 1E, HI0EEERKA
FZEFHEEH Z L X b artifact #ER L7,

3. BRERmMRET

W& R 3~ T Siemens # % Somatom 2% {#
AL, FEERIORET, FKAlL L T8mm 2
4 AlemERTcRELMEBLEL L 5> A

R 2 4F11A 258

(3)

F v v LIcH, MEOEKHOV A AZhLZAT
A AfE2mm, —#MOEM TlEdmm T2 ~3 25
1 A%BMLTHRELK,

1) sgmER

Pt B X iR _EAT MRS Ei xR, EEEFR
FEEFB R ERNC B\ T CT 26T S h i+
DD HE T2 TEND L1017 2 5 % &
Uiz, fEGIE19874E 1 B 45 19894E 3 A & T
BEIhicb0RBITRERTHAHH, 19814F 9
B 19864E128 ¥ TOEM IS Eh T
5. T OWERE, RESEAF, FIHEMREESIH,
B HEATIERS 8 Bl TH 5 (Table 1), RIFEMERRE
LB FERC2ET O D\ o FEF A 7o B3,
STEFICHRIRFMEMBEOERZE N B LR b D
DB TSRS ¥ TS b e - 7o (Table
2). BEMEEBECIHEBFENCHEZ OO W IER D
fibic, 2 FEL Lo AL TRMRCE/LD iR
b0, FUAEDESONEHVEIRICRIG LG EE
fEhlicbobEEhTuwb (Table 3), BB
YRS © RSB ET 08 SRR D 13
2, T CRIEFEELEZ LN EREELEEL
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Table 2 Histologic type of
primary lung cancer
No. of cases
Adeno ca. 27
Squamous cell ca. 11
Small cell ca. 6
Large cell ca. 6
Unclassified 3
Total 53
ca.: carcinoma
Table 3 Confirmation method of
benign nodule
No. of cases
Operation 6
Pulmonary tuberculosis 3
Hamartoma 1
Sclerosing hemangioma 1
Cryptococcus 1
Follow-up 3
Total 40

Table 4 Size of pulmonary nodules

No. of cases

Total -10mm 1llmm- 2lmm- 3lmm-

20mm  30mm
Benign lesion 40 5 18 9 8
Primary lung cancer 53 0 13 20 20
Metastatic lung tumor 8 0 5 1 2
Total 101 5 36 30 30

BRECHERE L ShicbobeathTuvnb, K
FREZEBE 36, BE MESE BAE EE
B RER X OELEN RERES 16Th
%,

EBENOHEEOXE ZItH>WTIECT Loik
B>V THIE L7 (Table 4),
REMMEM X BEES I UBYOMBERY
THREPICE DI AR ED bhEHRET
HHEZEERIL D, X OEEEHOR AR50
mm%IZ5L0ENRNLEBEALTH S,

2) CT {Eic X 5 BK{LOA Eiz o\ T OBE
FRIRHC b RBRMF i & ARt CT Ex
voxel i 7V v F 72 b L, 16~64voxel ®F

(4)

ik CT

BCT EERDdIz, ARKALDEME CTE & LTz,
KBRHRF TR LA R LEES O F CT Eic2
SD %Nz fzE&ER L7, BRERM o0& 55 AR
ERbITKE SORUMHOREECT &, B
KA TDOFHCTEI X Pvoxel 5o CT {E &
DI HEFT, HECTEEY LE- b2 E
CTEDEM & Lic, =@ voxel 5D gz L
T, Zerhouni b O FHEE R, FEHIO10% L
EDvoxel EECTHELIY 3FLDO2ECT
e LTEY T|n 7, BBE £ 048 8T i3 Mg BE
Bz, 10H BECT 0 L&RE S & & H
RROBRFCI VB LD T X ) T
WIB9EE B D CT {EA 510H 22 L 5T H
LT R, B CT %7 LIc#E© 5 B motion
artifact I X 2 HEXBATEH LD TR AKX
L& BT BEEG & HE L e,
FRFMMET A o CIEBREEN R IRL
DHEOHERLT - 12,

3) HEEag R
HEAORRLOFEOHFE I, e
OHREBE L, BifgER E LT, window v
~ - —600H, window 1§2,046H CHE * 1T - 7=,
D 5 ¥E1E Siegelman B O H#E D, EH
LERIRLEALERLONLLBC T » TR
b0 ET4ERBISELK (Fig. 4), hlHy
EuTFhoBie 5o e, Lo
i 5 i,

4) REASEOHE
FERICARKIEBEEL, TFgIE1 L <
20b0x REKET LHEL, £OEZRITOL
THE L.

I, #

1. RERRIRET
BUBHOBIC L2 FHCT EOEB T,
6~1dmm D & »TH0~T0H, 20mm Ll Eo 4 o
TH100H gtk &, BRO/DEWFEEHCEW CT |
W & BEAID D o o, BEBERIEITEOEERE
DU TUR6mm D5 EIT2SD 7.42, 10mm O &5 &5
25D 7.36 & EBiAY K E el & -7, L E
DR Ebmm OFEEIT H2SDIXILATFTH b
BWEOELDEW IO TH-T. Zhic

R
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Fig. 4 Typical appearances of edge type. 1: sharp and smooth (benign nodule),
2: moderately smooth (metastatic nodule), 3: some irregular undulations or
slight spiculation (pulmonary tuberculosis), 4 : grossly irregular with spicula-
tion (adenocarcinoma)

Table 5 Difference of CT number of simulation

. . 100.9
nodule according to size 100k e —
99.5
: 733.9
Diameter Mean s Standard Lt
(mm)  number (ISD) Znd time  3rd time CT number /
6 52.3(3.70) 49.5 50.0 60
10 55.7(3.68) 51.5 60.3 64 (5
14 71.2(1.76) 71.8 69.8 75
20 93.9(2.26) 98.8 91.4 99
30 100.9(1.57)  102.6 104.5 105 ‘)2.5//5/ ;
40 99.5(1.500  102.5 100.4 103 50t
(HU)
X o> THEH# CT {# (standard CT number) » & . ‘
14 20 30 40(mm)

35 &, BEHEH1I0mm © b D T64H, £ %< i “ 6 10 | ‘
BEONTE 7 b 30mm T105H & fe o T U ie Fuigr;gﬁtocs'il;enulmber of simulation nodules accord-
(Table 5, Fig. 5), Zh bOERREIE AT %

TR METH D, BEIALAFY CT ek %

BHBLPIVEEZ LA, L LB EL BCTHEELEXTIOH U EEEY & (Fig.
T B OB TIE, HHAOKEMD CT fEi12F 6). ﬁﬁﬁ{ﬂui BT CT fill & Hon T 2 R b T

FRE 211 A 250 (5)
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Fig. 6 CT scan of a 30mm simulation nodule set
near chest wall.
Note spots with high CT numbers of chest-wall
side. Window level : 110H, window width : OH.

Fig. 7 Edge effect. Note spots with high CT num-
bers at the edge of simulation nodule.
Window level : 110H, window width : OH.

ot, FAEEIES T CTE EL kAHE
mAagE» b (Fig. 7).

BYEECY 2 CTECEHICoWTIE, 2H
B, 3EBWTFhOoEEICI T H2SD OfiFIC
EExhTky, #BYREBEOBKIENTHhATED
BELEIRALTHIECTEOEE /WS
EDFEND BRI,

BEOE WX S CTHOZEEIZ DT,
TCT 60A O F##RE &4 Tk Somatom 2& &
F h Bk e h o fods, TCT 60A DffiEF &40

(6)

s> CT

Table 6 Difference of CT number according to
instrument

TCT 60A
Diameter
(mm) Somatom 2 Body Lung

alg. alg.

6 52.3 82 153

10 55.7 39 119

14 71.2 7 145

2(0) 93.9 115 146

30 100.9 109 141

40 99.5 111 118

alg. : algorithm

Table 7 Difference of CT number due
to motion artifact

CT number

Artifact (—) 111.4
Artifact (+)
1st time 140.2
2nd time 149.3
3rd time 155.9
Mean 145.4
(+) :absent (+) : present

BECRITNCTOHEHSLIH L EE &b, EFL
WERPE L (Table 6), FowWwFhokid,
LGSO BEER S L LOBRE LI CTET
H5164H L b LEWCT iR & b, BRI X 3
CT {EDZEE IR I hic,

motion artifact 122\ TkHA® FE: T 3
B L TR L, #ERoRWCTEZEL
fol6voxel HIGV BIFc b & A30~40H BEOE
k2B bt (Table 7), artifact Ok E L
TILEE B I 3k @ high density & LTHhiz
2, BERO AR OLTEAEOL « BB b R
o high density 73xBmh, 0 X 5 fefEfik L O
RSN O RIS 2 motion artifact 12 X
HL0THD I &Mootz (Fig 8).

2. ERERRIRRES

D AR{EDFHHETOWT

EE R4l o> ¥ CT i #3 Table 5 THRE Lo &
ECTEXZ x5 (&CTE) ZRLADRE,
RUEBOLG O ENFEAEEMEDO 16ITH -
72, voxel & & OB T BEEB O 190, FIRM

HAEREE $50% $115
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Fig. 8 Motion artifact (Experimental).
a) A motion artifact of simulation nodule created by vibrating meat slice (M)

is shown (arrows).

b) A computer printout of CT number of this artifact.
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Table 8 Cases with high CT number according

to diagnosis

Mean value

Voxel value

No. of cases/Total No. of cases

Benign lesion

Primary lung cancer
Metastatic lung tumor

12/40(30.0%)
1/53( 1.9%)
0/ 8¢ 0%

19/40(47.5%)
3/53( 5.7%)
1/ 8(12.5%)

it 3 44,

bHhiz (Table 8),

SERL 2 4E11H25H

HmEMEMERE O 1 i CT B2 24
coE CTERIRD X 51

motion artifact i X > T4 UM D Y &
FLIAKLETRT SO TR c®d, BCTE
DOWHKE oW+ 5 2 21z X b artifact BHF 2%
R L fe, B 8 T o EERM B E T motion
artifact XFEROFEEL L 52 L, BIUHHER
PSR ROBCTEYETHZ Lilbhs
Tetedd, BERGITS 2D X 5 i RE R LIciES
1% artifact BELHI & L & R LA o SE Bl %2 B K AL
HbLHELRL,

RBYgEED 56, FEHEMEMEDC 36k & UG
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Fig. 9 Motion artifact (Clinical), case of adenocarcinorna.
a) A motion artifact is shown (arrows). b) A computer printout of CT number

of the artifact.

Table 9 Relationship between high CT
number and calcification

No. of cases No. of cases
with high with
CT number caicification
Benign lesion 19 14
Primary lung cancer 3 0
Metastatic lung turnor 1 ]

HEMRES © 1 #i%, o artifact D& CT A
¥ELIbDOEE 2 bA, HEMN CT LAKIL
Al E 2z bl XERHEBOUFID L L
Ttofz, Table 9K CT {EXB L& CT {Ex
B U IfEFI$L &, motion artifact % & X Efkic
ARAEZELCTWIcEE 2 bR BEGABROBREY
~Lic, Fig. 9 GRREEMBEOESTHS, &

(8)
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EZHoOECTHE®ED 52 & L Y motion  arti-
fact ELHI & Lic, WEEEEFIC S BENCE
RALIZRES T 7oy, Fig, 10 8B 8Zwc L b
B#E XNEEATHS, BEOKBEE CRE
HEFRLZ RS I, CT CfEsmedictr
AR S TH B, Fig 11 $EBHMEw
I OEMEEhIEMNTHBH, CT Lok
Harm CTERZRLUAKRAAEES & HETE
7z,

FE e e ST IR O =) & (A E -F -0
FLA, RUEED 6 FICIEMSc TR LA
SZENIIEFSB1HS e, CT EdFEKIE L
38 CT & b hicdh» 7o (Table 10), 338
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172 1568 184 117 3B ~-B2--199-324-320
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Fig. 10 Case of benign nodule with marked calcification diagnosed by CT.
a) Conventional tomogram shows no definite calcification. b) CT scan shows
marked calcification. ¢) Mean CT number calculated is 289H.

Table 10 Relationship between CT and his-
tologic finding about calcification in benign
nodule

Histologic finding
+ -
+_

CT finding al g g

+ I present — : absent

D 1 fC B /S #iP i e Be L 5
ZHhEDieh, CT L% R T ERIURE RS

FRL 2 1172568

nish o Tz

RN TREMRGIOIR E A EDRERIAK
xELiho7ch, BED 1o EHOR
MROGBFALERD T3, ZoEFCIIES
g CTEA69.5H TH D, voxel JNCHTHE
CTEIZFED ST,

DLE, AR Ez >TSS R & Xt
HTEEMAC O WTRE LICE R 1 Al R
HEFEREECED DR TH -1,

2) BEESIEOMRIZoWT

RERFEHR L OCEBEMESR 3, JgsET
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: 74
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Fig. 11 Case of benign nodule with calcification diagnosed by CT.
a) CT scan shows a slight high density (arrows). b) Edge type of the nodule
is class 2. ¢) Majority of voxel value is over standard CT number on printout.

Table 11 Classification of edge type

Edge type
1 2 3 4
Benign lesion 14 14 6 6
Primary lung cancer 1 9 26 17
Metastatic lung tumor 5 2 1 0

1, 20300 EL FRUGEYET D 4%
moteh, FREILGRFTHECSFEELK,
WO R R T KIS DIER DA Lg%
BlLich, —MERLLEOEAS D -7, L&
SE1B L2 OB TFR LG F T HER
PERGRE O MBI T, IR 4 6, BRE 3 4,
R EBE - KMlES 14, B0 -%h
Ligwdo 1FTH b, DS ERE-

Table 12 Relationship between calcification and
edge type in benign lesion

Calcification

Edge type ———————
+. —
1 9 5
2 4 10
3 1 b
4 0 6
-+ ! present -- ! absent

LE|E N E, -7 (Table 11),

3 BRSO YIE

WEEAIC CT ERIRL2RED bh, LESE1
HEWE2OL 0% BERESE L HE L (Table
12). CT &S aRKFED b, WEH
BRI 1, 2 2R Lok BEREE406)
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Table 13 Cases diagnosed as benign nodule on
CT according to diagnosis

No. of cases/Total No. of cases
13/40(32.5%)

0/53C  0%)
0/ 8C 0%

Benign lesion
Primary lung cancer
Metastatic lung tumor
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Table 14 Summary of diagnostic accuracy of
studies using reference phantom

Higher than S.N. Lower than S,N.

benign malig. benign  malig.
Zerhouni et al.'® 11 0 6 24
Zerhouni et al.'¥ 65 bl 53 176
Huston & Muhm?®” 32 1"2 53 26
jones et al.*V 10 1L 11 9
Shimizu et al.?® 12 0 3 40
This report 14 0 26 61

S.N.: simulation nodule, malig.: malignancy
* 1 primary pulmonary adenocarcinoma
+ 2 . metastatic lesion from endometrial cancer
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