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Benign Pulmonary Nodule: Morphological
features and contrast enhancement evaluated
with contiguous thin-section CT

Hisayasu Matsuo, Kiyoshi Murata,
Masashi Takahashi, Rikushi Morita

The morphological changes in 54 benign lung nodules, in-
cluding 8 histologically proven nodules of tuberculoma, 10
of focal organizing pneumonia (FOP), 1 of lung abscess and
35 other benign nodules, were evaluated with contiguous thin-
section (3mm) CT. In addition, incremental dynamic stud-
ies were carried out in 25 of these nodules. The three-dimen-
sional shapes of the nodules were found to be quite varied
and were classified into four types: (A)round mass(n =
18), (B)polygonal mass with concave or straight margins
(n=20), (C)oval or band-like mass extending along the
bronchovascular bundle (n = 7), (D)oval mass attached to
the pleura with broad contact (n=9). Forty-two (78 % ) of the
54 nodules were located along the bronchovascular bundle.
The maximum increments in CT values over 20HU were
observed after contrast enhancement in 18 (72% ) of the 25
benign nodules, among which all tuberculomas showed little
or no contrast enhancement. The number of small vessels
quantified microscopically in the center of the nodules were
minimal in tuberculomas with little enhancement and plen-
tiful in lesions of FOP and abscess which showed marked
enhancement. Our results suggest that the differentiation
between benign and malignant pulmonary nodules is not
possible simply on the basis of the degree of contrast enhance-
ment. Therefore, morphological features and the anatomi-
cal relation to the bronchovascular bundles should also be
taken into consideration in the diagnosis of pulmonary nod-
ules.
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HEUL, 199140 5 19964F (238 BERHR A2 B\ TS
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PR b BB S LTS5 MPI5 4G ( "ﬁfrf%:'ﬂﬁ“ﬁﬂ] e SRR
N AEIGNE 8 B, FRELITZz1060, NGNS 1 B, B X O
FREYIZ 2 SELL EOFB Tl d B\ i zftanoy Lo
7:3560) THh 5. AERHIE225E D 5 82 THI54. 258 (B35
B, PE1of) . #HifoEE I lem? S Tem CE¥3.2em),
JEFEIL 1em2 5 Sem (F341.8cm) Tdh - 72, HRCTIZA < b
0 AEHC-100% Fvy, — B QIR IR T TR ED & & Eolilies
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1. HRCT T HZEERVEHiTi (Table 1)
FEEIO=JOCHITZRE I, BEEO b O (Type A) 5533 %,
Bl 72 v LA IE #9085 % FEO £ TR (Type B) A937%, 4
EIAGEINRFNZ I ) BEIRE (Type C) A13%, MIEIZHE L 7=
FERIRD L O (Type D) H¥17% TH o 7z, #5HT & BEAFHEE &
DRFRIZ2VTIE, BREC)DATER L, EHEQA), %
4 (B) B & UHERIR (D) D 7 9T b & TMBIARE 12355
boHs, FNENI8HIH 9 F(A), 208141815 (B), 9 B
8 BI(D) IR Bz, FOMOFTE L LT, air bronchogram
7%65%, pleural tagh¥54 %, satellite lesion#350% 12/ 51
7z. Fig.1-41Z, Type A-DOLEGZ R,

2. IDCT TCOEFIEDIRET

IDCT % HtifT L 72 @256, &b ROFERNZL % 7o
v kL7z. (Fig.s)

RN RO E B L ORI, 208#%T25.7 +
21.9HU, 90§ T41.0+£21.2HU, 180F6{%T44.9 +20.1HU
Thol:. FEEEHRRE L L2900 EIZBWT, 20HULL
FOsRERENR AR b D256 1861(72%) & £ {
HHN, ZOHITITHBATFERL S NS EiRD 4 6
R OgED 1 A& TN TV, SRk L T0HUk

DIELINE LR E Lo b 0Pz, ko s
NI D4 4 BIASE TV, Fig6, TICHRWEERD
RSH G NTHER %, Fig 8IZHERAR DA S N 0o 72 fE
BlEiRT.

AR DY - 8 Pl AR, PIE0.10mmbl o
M IFEEED L 4 B & b A0RTH o= L, 8HL
JfigeTid 2 ARp 6 S AR, MilEHETIE4ARR SN, PE0.02-
0.10mmDILE L, FEREAED 3 1% 0 47725, | BloofEkENE
TORR LN (BELZOME, BHYESbeIcEs LS
FEALRE R OMAEEER T2 H D, % & 5 B iRk EEIE R
PUZIZIME LSO b A d o 7z, PINE0.02-0.10mm @ [
%, #FEM tﬂﬂi‘ﬁ*ﬂ‘&il?‘#ﬁ)\%sﬂi il Clx1324 1 5 h
7z. Table 21226 8 FlDidig i & ACTEZ LB & NI

Table 1 Classification of morphological features of benign lung nodules (n = 54)

Type Number (%6) along BBB not along BBB
(A) round mass \Q 18 (33%) 9 9
(B) polygonal mass with concave or \ ; i
straight margin ' 20 (8756) 18 &
(C) oval or band-like mass along BBE 7 (13%) 7 0
(D) oval mass attached to the pleura \q .
with broad contact & 9 (17%) 8 1
total 54 42 (78%) 12 (22%)

BBB = bronchovascular bundle
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Fig.1 Images of a 45-year-cld woman with proved tuberculous granuloma (Type A).
A: HRCT scan shows a well-defined solitary nodule. The lesion is located near B8a.
B: Partial lung resection specimen reveals granulomatous lesion with epithelioid reaction and lymphocytic mantle.
Interstitial fibrosis is also noted (hematoxylin-eosin stain; original magpnification, x 100). Pathologic diagnosis was

tuberculous granuloma.

i Ill4' Idli

Fig.2 Images of a 61-year-old woman with proved focal organizing pneumonia(Type B).
A: HRCT scan shows a polygonal mass with concave margin. The lesion is located along bronchovascular bundle

(right B10a). A B
B: Thoracoscopic partial lung resection specimen reveals fibrotic change with interstitial fibrosis in the surrounding

area (hematoxylin-eosin stain; original magnification, x 200). Pathologic diagnosis was focal organizing pneumonia.

BoFHEOFR L IRT. DY A FCIZEEN, MEIH L7223k (Type D) 1ZKohno
DA TBIHLST L0 L EbRA, B, = RITHICR
o FZHENARTTIZ, ZIZEFNLILHE) ok R

- i = T Kohno® % A FA%, FOEIFHTHIFIZEND D
HEERARIZ B\ ChEF BV 2 88 5 2 L 3Tk (Type A) &, BEM 2 LIZEMADE % 30 5 O (Type B)
v, PREALITAe Rk G 2 &1, BEAERE BRI & EAHIGIE L 72, ZOME, MRRFIICBW LIS E
TRMEEHBTRERGE D B Vs, & X IZHHE L OERH DEFL (8 il 5 B1) iZType AIZE T h, BEALITZ2100)
PRI C Br B fili 2402 <> BB 855 F Bl 22 AR 39T o L B SE B ASETE D95, 6FliEType B, 2 BlixType C, 2 #lidType DIZ5
5200 B ROTEEIZE L T { o h DA BEN, Type ARRL7:b DIdED - 7,
5B AHT2225) - Kohno 52 {FHRCT T18FIDMES 31T AT o 7z = RITHITREDO ST (Table 1) Tid, BIEEEE
vy, 2em BT OB T, S GBINR o = & GO ) LEREO L OIEMIBIEE Y, FoitidseT,
O D LBERER 20y 4 TA, Fi¥FRR ChlsEcm < B FalM 7z v LI EMBEE 2 R0 S mik, S MBRsE I
THIED 5 VIHEMAIED ¥ 4 7B, SEHIEIRRICE - ) IR, MOBEICHE L7 skiRe EE R LTBELY 2T
PO W LIEME R RT 4 4 7CO 3 DIZHHEL, ¥4 7 EMbdrod. FREETNEZEE, SESTINEINRE
B, CIZ#FEILIJIZIGBm 72257 4 TATIENGHRE & D& & OFELRARY, FEEBLAT92%, £ THT8% EE
HPHETHS & L TnE, bhubhiikE { 4 2DTypel BEICROLNZLTH A, BELMAD R TSI
GELTH, [ESABIRIA I K8 (Type C) 13Kohno BIRRICIE 2 72 b DS E KD, THMEICB-72b D
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Fig.3 Images of a 58-year- o]dl man with clinically proved focal organiz- 1 r
ing pneumonia(Type C). ‘

HRCT scan shows a band-like mass along bronchovascular bundle (right

B4). Air-bronchogram is seen. The lesion gradually decreased on follow

up chest radiography after 1-4year .

| -

Fig.4 Images of a 74-year-old woman with clinically
proved focal organizing pneumonia(Type D). HRCT
scan shows an oval mass with broad contact with the
pleural surface. An air-bronchogram and convergence
of the peripheral vessels are seen.
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Fig.5 Time attenuation curves for lung nodules (n = 25).

-50 - ' - ; Mean + standard deviation: 25.7 + 21.9(20 sec delay),
0 20 90 180 41.0 + 21.2(90 sec delay), 44.9 + 20.1(180 sec delay).

time (sec) The maximum increments of CT values over 20HU after

. . contrast enhancement were observed in 18(54.7 +

* tuberculoma x focal organizing pneumonia 13.9HU) of the 25 benign nodules, of which all

o abscess o histology not proven tuberculomas (n = 4)showed little or no contrast enhance-

ment(10.0 £ 4.5HU)

ERBEMRG AR CH ), BB ITAED D 2 DT WIRETH L LIREL TV A, Thb ﬂffiﬁi"t'-"b{ L’C 4
b SN TVWAEY, D2 fEE R TIEEEIZIE > [DbibholEi cld2stldisfl %2 { DA
PR BRD, 2OHRELOBRTE 2R EN 20HULL Eoii v Zah ez L Tz (Figs). CDl&ﬂ
b7\, [ELMEIRE & OFHELHEBIRIND L& HZ, fllifutn I8 i N BT REEEOE (R 3R E LG22
Abhb, ety MicibdoLBhhs, SREMRL (306
chnwn%{i[D CT % i\ 7 BB 45 E O 12 RE DB T, ROIGHEFEAER 1LF ?ﬁ’ﬁftﬁ'f]ﬂitf? - Tl % Y £ & T
ERNRAR0HU & R 2 5 FE5HIE, HKAE98%, FFILET3% T THLDOT, MiRBZED5-10%TE XS & b0,
'"T‘|’F CHLEHELTVS, CEMEE n = 52: median H ?‘1*‘]'% LS. LA o T, Nl Bk Eha)’lr?
46.5HU, range 11 to 110HU, PZENE n=51& BYERES n= aHcid, B S CifJ\< ZEDTERVWHDELT, b
4: median 8HU, range-10 to 94HU) ?"Lz‘r?ﬁlii*ﬁ!ﬁﬂéﬂk G 7zh%, SwensenDHHEERO Hids
7272 LIAZERES 1607 1360A20HU L EiZiEsz s, 9 B#L %2, Yamashita & ASHRES L 72 BB 2R RE <2 @ ERE O A
MATERE SNAFTE T, WIONLMERPEFTHY, °, R ERTHEOR VR EIEI A TwE
WO RFEETH - 72720 SNTW5"Y, Yamashita b . 7, WEEESE R PE O BRI SR R R b vk
b B AL ER O i AN HEAT20-60HU T L, EHETH S & V2 O FEARY 109 b L ORE T b MR
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Fig.6 Images of a 68-year-old man with clinically proved benign lung nodule.

A:HRCT shows a round nodule in right S4. An air-bronchogram and convergence of the peripheral vessels are also seen.

B: Nonenhanced CT scan.

C: CT scan obtained after administration of contrast media. The noudule shows strang enhancement. This lesion gradually decreased by
antibiotic therapy.
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Fig.7 Images of a 45-year-old man with proved lung abscess.

A: HRCT shows an irregular shaped mass in left upper lung.

B: Nonenhanced CT scan.

C: CT scan obtained after administration of contrast media. The le-
sion enhanced heterogenously. Lung cancer cannot be ruled out clini-
cally, then left upper lobectomy was done.

D: The resected specimen shows prulent inflammatory foci in the lung
and fibrosis is seen around it. (hematoxylin-eosin stain; original
magnification, x 200). Pathologic diagnosis was lung abscess.

EADFHENE 4 Pl THAR0HURMOEENE L 1% ho Bl EEHMRDEITOARIL > TREEDOHE
2. SO ERL, #HEEOBENIIIEESRESEEAL 35 LERETHL EBbh, EERkLIERED
RONLWI EXFENLRIBETH L LEEHER S, BFRICOWT, Yamashita®1Z, Hfiff184EHI M (HEY(s)
L7cdS= T, @B bii&d MiBoEnits s L TEETH AR L EHCTIZOWCOMETT, 1 #5372 1 (x40 micro-
HEVIHFHRICI: 2, BUEEE ORISR E KL scopic field, diameter 4mm) (25 Z0.02-0.10mm ® I8 %L
SODMIZ, HOVEFIRERT OIS L, oTETR (F315.4 £ 13.94) %%, CTTORAEHBINIE (FH46.3 +

FHE 1046 10 H 25 H 5
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" Fig.8
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Images of a 43-year-old man with proved tuberculoma (Type

A: HRCT scan shows a well-defined solitary nodule.
B: Nonenhanced CT scan.

C: CT scan cbtained after administration of contrast media. The nod-
ule shows no internal enhancement.

D: Thoracoscopic partial lung resection specimen reveals necrotic lesion
surrounded by fibrotic tissue (hematoxylin-gosin stain; original
magnification, x 100). Pathologic diagnosis was tuberculoma.

13.2HU) & X <HBIL 72 & v ) i % L TV 5 (Pearson £ (F3443.3 £29.4%) |, ﬁmmw-ﬁ ERRE & ME R E
correlation coefficient, r = 0.77)'¥. 4[], -ﬁfﬂﬁ‘&@?ﬁ‘ﬁ){% 5 DEELRHE>ELZ & Llpofzb 0D, R
N7z 8 BlZOVWTMEREZFHIL 2L 25, EEHREXR IZBWwWTh, #EiFaeLim Jffi(& DA ATHER S 7z, BiRE
S HKEAZNE (£ DKE G DERGIEARE I HO 5 TB Y, HOEFCTIZB VT, HES N EERNIIER, /%

BIARA SR MAERICAD, B ICEENERITT S
7 HEIINER Ovascularity 2 L L TB YD, HEIIZEM
& & BB AEOELH OBITRESCH B DK & S5
H535eEZONT WD, EFAIBERO LB EIHET

MBI A OFHMALERIZ DT HROENLDATH -
Too —F, BVIEEFERIEE R LR AL LR iR T
Z L OMENBRO LN, 0F Y, SEHE L1 HEF (x

2 50.02mm-

40 microscopic field, diameter Smm) & 721 |2,

0.10mmOIMEHIE, ALY 3 FITlE, £EOMEITF R S ND K dvascularity 255 <, A & (R HIAE T
Table 2 CT numbers and pathologic features of benign lung nodules
F Size CT Number (HU) Number of vessels Histology
Patient | Long axis Shortaxis |Unenhanced| Enhanced | Standard | Vessel diameter(mm)
Age/Sex | diameter(cm) | diameter(cm) scans  |scan(90sec) ag:gglia::a; 0.02-0.10 | >0.10
58/M 2 1 53 60 7 9 0 ope. Tuberculoma
43/M 1.5 1 26 45 19 0 0 ope. Tuberculoma
49/M 6 3 39 49 10 0 0 ope. Tuberculoma
38/M 3 2 27 a1 4 0 0 thorac. Tuberculoma
61/F 3 1.5 ~-191 =113 78 75 5 thorac. | Organizing pneumonia
72IM 5 2 42 79 37 38 3 ope. | Organizing pneumonia
46/M 7 B 40 82 42 17 2 ope. |Organizing pneumonia
i 45/M | 6 5 35 63 23 132 4 ope. Abscess

Standard attenuation difference: CT number between attenuation on the unenhanced image and that on the enhanced (90 sec delay after bolus
injection of contrast media)image,

thorac. :

thoracoscopic partial lung resection,

ope. : operation

HEERSE £58% £125
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