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Clinical Studies for Usefulness of Gd-DTPA Enhanced MRI in Lung Cancer

Masahiko Kusumoto
Department of Radiology, Kobe University School of Medicine
(Director: Prof. Michio Kono)

Research Code No. : 506.9
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To evaluate utility of Gd-DTPA enhanced MRI (Gd-MRI) in lung cancer, Gd-MRI was performed in

69 cases.

1) Viable tumor was strongly enhanced, necrosis in the tumor, however, was not enhanced on
Gd-MRI. Enhanced patterns of Gd-MRI were divided into 3 types, however there was little correlation
between the enhancement patterns and histologic types.

2) Inserial scan studies of 15 cases, the signal intensity of the tumor reached the peak 3 minutes
to 10 minutes after Gd-DTPA administration, and after that the signal intensity decreased gradually.

3) 1In 23 of 27 (85%) hilar lung cancer cases, Gd-MRI could differentiate the tumor from the
peripheral obstructive pneumonia or atelectasis. In 18 of these 23 cases, the peripheral lung disease

showed higher intensity than the tumor.

4) In Gd-MRI of pulmonary nodules less than 3 cm in diameter, lung cancers (n=13) were more
strongly enhanced than tuberculomas (n=>5) (p<0.001).

Based on these data, Gd-MRI was helpful for detecting tumor necrosis and tumor extention on
hilar lung cancer with peripheral lung disease. Moreover Gd-MRI may become a feasible diagnostic

method for pulmonary nodules.
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Table 1 Enhancement pattern of the lung cancer
by Gd-DTPA enhanced MRI

total

46(12)
12(2)
11D

69(15)

squamows adeno  small  large

26(3) 128 8D
7(2) 3 1 1
(D) 1 1

42(6)  16(8) 9D 2

homogeneous
mottled
ring-like
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Fig. 1 Adenocarcinoma of the right middle lobe.
a) Precontrast image (SE 400/22).b) Postcontrast
image (SE 400/22). Intensive and homogeneous
contrast enhancement of the tumor is seen. c)
Operated specimen. No remarkable necrosis is rec-
ognized in the tumor.
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Fig. 2 Squamous cell carcinoema of the left upper
lobe.
a) Precontrast mmage (SE d400/22). b) Post-
contrast image (SE 400,/27), Mottled contrazt
enhancernent of the tumor i seen, ¢) Operated
specimen, Necrosis and hemorrhage are recongm-
ized in the tumor.
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Fig. 3 Squamous cell carcinoma in the right lower lobe.
a.! Precontrast image (SE 500,200, b) Posteontrast image 10 min. after injection of Gd-DTPA
(SE 500/20), ¢} The operated specimen, d) Whole section of the operated specimen (H-E stain),

(coagulation and liquefaction neerosis =, the vital tumor —», and peripheral pnewmonia ® are

clearly illustrated.)

On the precontrast image, it is impossible to demarcate the tumor from the peripheral
pneumonia. On postcontrast image, however, the signal intensity of the tumor increases
ring-likely, and at the inside of the tumor the signal intensity does not increase, The peripheral
poeumonia shows higher intensity than the tumor and it enables to delineate the tumor from
the peripheral pneumonia, MR imaging enhanced by Gd-DTPA s consistent with pathologic

findings."™
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Fig. 5 Time-intensity curve of lung cancers and

secondary change (I) (n==5)

Fig. 6 Small cell lung cancer in the right main bronchus.

a) Precontrast image (SE 500/25). b) Postcontrast image 10 min. after injection of Gd-DTPA
(SE 500/25). ¢) Postcontrast image 30 min. after injection of Gd-DTPA (SE 500/25).

On the precontrast image, it is impossible to demarcate the tumor from the peripheral
pneumonia. But on postcontrast image 10 minutes after in jection, the peripheral pneumonia
(—) shows higher intensity than the tumor () and it enables to delineate the tumor from the
peripheral pneumonia. On postcontrast image 30 minutes after injection, the signal intensity of
the peripheral pneumonia decreases, but it still enables to delineate the tumor from the
peripheral pneumonia.

(103)
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Fig. 7 Time-intensity curve of lung cancers and
secondary change (II) (n=:2)
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Fig. 8 Squamous cell carcinoma in the left upper bronchial trunk.

a) Precontrast image (SE 500/25). b) Postcontrast image 10 min. after injection of Gd-DTPA
(SE 500/25). ¢) Postcontrast image 30 min. after injection of Gd-DTPA (SE 500/25).

On the precontrast image, it is impossible to demarcate the tumor from the atelectasis. But on
postcontrast image 10 minutes after injection the tumor (P+) shows higher intensity than the
peripheral atelectasis (—), and it enables to delineate tumor from the atelectasis. On post-
contrast image 30 minutes after injection, the signal intensity of the tumor and the atelectasis
decreases delineating the tumor from the atelectasis.
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Fig. 9 Time-intensity curve of lung cancers and
secondary change (III) (n=1)
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Fig. 100 Squamous cell carcinoma with atelectasis
of right upper lobe.
a) Precontrast image (SE &500/25). b) Post-
contrastimage 3 min, after injection of Gd-DTPA
(SE 500,/25). c) Postcontrast image 20 min. after
injection of Gd-DTPA (SE 500,/25), d} The autop-
sied specimen 2 weeks after ME examination.
On precontrast image, it is impossible to deline-
ate the tumor from the atelectasis. On post-
contrast image 3 minutes after Gd-DTPA injec-
tion, the signal intensily increases in  the
atelectasis (—=), while in the tumor the signal
intensity does not so increase, 20 minutes after
Gd-DTPA injection the signal intensity of the
tumor (# ) increaszes than that of the atelectasis,
=0 it enables to delineate clearly the tumor from
the atelectasis MR image is recognized to be
consistent with pathologic findings, -
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Fig. 11 Signal intensities of lung cancer and
tuberculoma before and after administration of
Gd-DTPA

THEEHELEEZ bR,
BREMoMBEE LTy, [REEmrAiBic
SHTABERAKGEOIDIZ, MRI © T258H
BTIEESEHE LTt Sh, EFEERED
BMBINTHETH 509, BEEAMIKTECZ
L MaBNOEA AR EVNERET Hcwd, T2
B TIBES L LTRBH I v Thic
5 U Gd-MRI (I o FEf A3 vIEETH B Z & &
b, RAFREEIECIN 2 BREEE ML SO B
FHETE A Z &b, OB OZENICIIE
HThsLtEzbRI,

2) dynamic study (=3 (F % EBEER O FEA
EEMENEL

BB 5 5 3B« DEFNIE S D E N D
5300, 350LUG5EHITE -2 ICEL,
D75 + —heE T2 EEIA LRI,
Gd-DTPA DO EE305#H T b fo e BE5E%h R 2 FE ki
Lo, BESF AT 285 Th GA-MRI i\~ T
[EHH 3 #805 % % TH ol RIE L
EHE IR THE DO, MEIEFIIC oW TORE
Td, A% CHoERBRIELR EH

SERE 4 4 3 A25H

(107)

aE

367

LxhTw5?, Gd-DTPA 0.1mmol/kg # Ak
i E LiciBa o b oI TEE 9 55512
A e XhT LA SEIOKE CREET T30
SLLEbERMEOHMEBMRL IR L. Ticb
HLITPEEIMEL R Th, RBEHHTOES
BREEOBEN T A L\ A b E LT, IR
DEEH L Gd-DTPA MM ENICHFETHD
Kicb¥, H@ikOTUHE L EEmE 2 bkt
Hicx &L oML, Ml sAmL i Gd
DTPA DfEBREMRIFAIC X b TIHRBRTH
BBXEL, XLICHiERPIESCEHIR~D Gd-
DTPA @ wash out 23 BRI Fo b IC G 54
07U Eieblcos THRET 2D EEZ LR,

3) ZREEMES FHEOERIEEZY

GA-MRI iz 13 5 R ZEAL & £ 5 i O B #
2B T 2R TR, “REHHIEST I
XTIV EEEXRLTHEIWETH- b D
M67% L4 <, Th iR kLA EE
izl N TEE BT e - TEBITTEE /s b D $18%
ZHhbhi,

BB HES I LR T { BB IEE A Y
ML CHATEETHARER L LT, BER»EL
L CHlVCREZ Bk b OB EH ME I X 5
METH 5O~ T, ZREECRMEIIR
FoRFEOMmMET X A BERMB IFET AL
whng, #EXEHLIEHE B—P shuntizx %
SEFTHR»DbOMFE N ALALbIR D Z LT X
hima BEHIVEEESEETALDOLHERL
Tw5, X5, dynamic MRI is\W\WT 1)%3)
DR — v ERTES, ZRERIESET I
RTERIESHENLERAL, ¥—27CELLD
FHERMRECET A, COREELT, =K
FEBC BRSO BERMTIC X T
Gd-DTPA iz & O a8 © 2 i
NERT B, o GADTPARE OE TIZ
o TRl Iz 5 LT\ 7o Gd-DTPA #3, %
D 5\ LB BR D Tz 8 1 2 H I fili 8 Rk ~ wash
out EhsdTHbEEZLNI,

—74, ZREIBHIEH IR TESHED
WAL I BB R 2 L THITIETH » 1o fE
FITLE, EKHEH M A L T % BEikic



368 BEfE I 6 i S A EMRID oy B B SRR

Fig. 12 Adenocarcinoma in the right lower lobe,
a) Precontrast image (SE 400/22). The signal inten-
gity of the tumor is 870, b} Postcontrast image (SE
400/22), The signal intensity of the tumor increases
to 1320, and the tumor shows intensive enhance-
ment. ¢) Operated specimen. No remarkable ne-

crotic lesion is recognized in the tumor®=3*%
el
Mo BRI X 2EFWLRESLGR, ZORH DERNPEh e bDEELBAL, TLER
A~ o M A E L < EEE o g5 i FEeT, HFHBEOSHEEATVSEHS
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Fig. 13 Tuberculoma in the right upper lobe.
a) Precontrast image (SE 400/22). The signal inten-
sity inside the nodule is 464. b) Postcontrast image
{SE 400/22). The signal intensity inside the nodule is
539 and it do not increase.

b, ZROFECESMEENEES TS
Wz kb —-HEELR,

TR & EIEER AR T & o Hl 5%
Bdbhich, TOFREE L TRIEELH M
BIROPAZERIED B IR LOBEIC LV E
B ARECESRES EEINLD, Tkl
Bk 5 O ME-CERMELOBEVHF A TH DD
R AR — I BB ME N EE S hic b
THZENEREE 2 bR,

ZREA RS IO EBHFZEIC I h
T MRI @ T25% 78 {§'®-'9%> dynamic CT1™#
OFEREIRES R TR D, FOZEHEX, MRI
D T258 78 {8 ©42% ~82%, dynamic CT ©75%
~92% L dNh T3, SEIOKEFICE VT G-
MRI iz X % 2 WiEE1285% T, MRI © T2 & &
& H R RIFC, dynamic CT & i3iER%E & B

ERL 4 4F 3 A25H

(109)

369

iz, GAd-MRI X Gd-DTPA @ FE & 5 FEFT
# %55, short SE tix Fv 5 - b EE M BIFC,
E OGBS 2 i 4 D IRRED e B M D
EF-CME RO LIECRM a2 Lic X b 2
RED T2AR L o RIFTH Y, BEH &=
WA L OB BRATHD LE LN,
¥ 7c dynamic CT & ERT2HiEIZRER%C
HAHM, GA-MRI iLFEESH O R 5 1 A5 E
TE, LovbKEOZBEH O bolus A A MLE L
LiswieEoFflErndh, ifEe —kELH LD
A dynamic CT X b3 FHTHA L BH
niz,

¥ fz dynamic MRI % F\7clBE5EF & — k&ML
& oBMBIEE DB TIL, WHEOESHMED XL
Gd-DTPA #5HIS5HUATELEBRTHS 2 &
b, WEREIT B BICIREER L3105 LA
wEHEF L EE L bhi, L L dynamic
MRI # A\ feshic X 0 BB & Rk ZE(L T
DRERFH R EBHEEDOEDECBALND Z &
b, GAd-DTPA ©BREXHEER T 5 5 2 TIXHEK%
Ho&Bhhi,

4) FHEFIEERE 2 517 5 g & B0 %)

SR R 2 1k 1 5 Gd-MRI % v~ il
LiEE B3 st T, BfRei GAd-DTPA #
5158, HEEC R ESHEEY LR L2,
2D EF3em LT oI ST IR ICE
T 1% & A LRI MR 2N E L s AT
57, GA-MRI kW ESEENMTITH—IT
I<HEIhDbDEE LN, AL, E5
B EFP1.18F 8% - - RED 1 §ITixEEE
A b od, IREFERIZH Gd-MRI TESEE O
EROBE NI S EREYEET S LR
BThyh, SHROBHFELEbRL,

—7, #E Tt GA-DTPA #5 %0 BRI
WEDO LAN Dot LY, EEET
FNE T H B IERIEIES A KIS % &,
AHETHFEAS I v Eh T w5
B0 LD RIRCIMmKIZ L { Gd-MRI
TiREAEGEEHEORMMAL ORI Wb D LB
z bhic,

— R B IEAE A © MRI 280z B3 5 #45

=8
DG+



370

Tk, BRI sEEO BEOENIIERET
HBHEINTE Y2 F i CT CRITEEER
EOZEICBT o MENABRBH, BAEB R
WG MR, F[IRALOHE 2, B O e
L OB EN e KK S TH B, RO Mo
AFEEBICAhIBHEORELEIRTHS
7, X fRETEEE * A\ KB &R E % bolus i
BEL U EEREOREO LAY 71+ 4 L
T densitometer IZ T L7z b DHH 530, =
HEICL 5 EEBREE T2 AXDRBEDO LA
M bl DIz, B TEFEHT.6%0 F
ALCEEY, EROREOEFCHERA T &
ENT\3, GAd-DTPA 23 kB G & 12EH
BoBEYTRTEELZLRTWAZ b, 40
D GAd-MRIC X 2B ER B E DB SHREOE
fbizowTolad, MEORFEEEL -2
EEEzTWAHA, GAd-DTPA # M \7= MRI i,
KB EEAZHGRE X SHBERIC N
Tav A GBENMZINDCRIFTHD I
¥, PRI EE A NE LTI B B v SR
TEAEEDERETOFEEE L b,

LA 5 T Gd-MRI (2 EFRESE TR A 1T 5\ T,
BEODNE L IR - COROFMERD 5 BE
TEETH D T &b, FRIRMICRIRE & s b KSR
PififiE & FERAHE & DEERI A REE IoEPNT R L, BE3F
PO L oiE8 e 5 2 52 W
D SBTENREEhT, LHLOKOEEL
MmERE s &0 BREEES, SO LEICI VT
3 GA-MRI CEEBOFESHEEOHEN A LD
ZENFRIEH, GAMRI DACEREORELE
A5z LxHEE L Bbh 523, dynamic MRI
THHH O time intensity curve % & BT ITES
RSB E DI D EHEBIE RS, Licdis THE
BT, fhoZEk L B> REEL LTAVS
NEONREET L EEZ BRI,

LA EfffE 3135 GAd-MRI o F HfEiz>\wT
WEL7z8%, EmE o Tl T2#lREc s\ T k&
¥ 5 BB o BRSO S IE 23N BA HE
7t#54, GAd-DTPA enhanced MRI i1 T15658{% %
AUCTEEZSLERTIBETEDL 2 &b,
ChoDZKICRERTHS LELLAR, 2,

(110)

IRz 351 % S MR oG F i B3 5 Brae

CTRERIZL » THHEEBH OB LIV IHEF
BERECLHICS B Lind Z LAREIH
fo.

IV, # B

1) gkt %5 GA-DTPA enhanced MRI »
& BB ORI < & — v SEBICAE Ui,
Zhbns s —v & AR - oRic ik BIE 4
Tedvote, FHFA & O R T, BEERHD
BEREO LADOLZ LA WETBEIER &% 2
bhiz,

2) EHH (55 H8EE O FERFHY Te ik ET T i1x, Gd-
DTPA 25 3 ~100# &k e — 27 L LCHESEL, Ll
B055 E TIfR A BT 2 RS AR bR,

3 TREE R D ME2THICE, 2361 (85%)
TEEH L OERA L VBEIRE LD, Gd-MRI
fifiiE DAL R E LB R TH - .

4) FhEFIERRZE I s 5 Gd-MRI T3, ffifE
DESHEIEMEEICEERBCHEEL, Zhb
DENZHICER EE 2 bhi,

Fae#aniciRsh, M, HMLME $ LAHEE
HHIRICRE R ARBOB LR L I, ¥, BBESKRE
SEEEEG D ¥ LS BESHERIFRBML O
BERALICLIGREHB L T,

TekAFRILOEE X, #75, 76, 77@ Radiological Soci-
ety of North America, £48, 49, 50, 51[E B A&EZ
MREEeiE4s, H29, 30, 31, 2EBAMEELSESTRE
L=,

X W

1) Weinmann HJ, Brasch RC, Press WR, et al:
Characteristics of gadolinium-DTPA complex :
A potential NMR contrast agent. AJR 142 : 619
—624, 1984
Strich G, Hagen PL, Gerber KH, et al : Tissue
distribution and magnetic resonance spin lat-
tice relaxation effect of gadolinium-DTFA.
Radiology 154 : 723—726, 1985
FER, wEIE— 3 &, fi: MRIEEH
Gd-DTPA (dimeglumine gadopentet ate) @&
PREE T MEERER, EURZMA, 6: 959—969, 1986
Stark DD: Contrast agents for abdominal
MR imaging. (In) Kressel HY : Syllabus : Spe-
cial course: MR 1990 presented at the 76th
Scientific Assembly and Annual Meeting of the
RSNA, pl53-—163, 1990

5) =HEE, MitEX, FELF, ft 0 Gd-DTPA ©
FRVx-2BHCHT2BEEBESH, HAHE

2)

D

£y,

BABEMEIE #52E #35



it 7:25—31, 1987

6) Schérner W, Laniado M, Niendorf HPF, et al:
Time-dependent changes in image contrast in
brain tumors after gadolinium-DTPA. AJNR
7:1013—1020, 1986

T Kk B, FER, SHE=, i FaaEo
dynamic MRI, Egf, 31:1005—1010, 1986

8 WAEE, EIFi, BEHIEE, b fEckh
% Follow-up MRI @4 F#, BitigE, 31:865—873,
1991

9) Zeitler E, Kaiser W, Feyrer E, et al : Magnetic
resonance imaging, with and without Gd-
DTPA, of bronchial carcinoma. Proceedings of
an international workshop, 147—149, San
Diego CA, 1986

100 Weinmann HJ, Laniado M, Mutzel W: Phar-
macokinetics of Gd-DTPA/dimeglumine after
intravenous injection into healthy volunteers.
Physiol Chem Physics Med NMR 16 : 167—172,
1984

11) Deffebach ME, Charan NB, Lakshminarayan S,
et al: The bronchial circulation ; small, but a
vital attibute of the lung. Am Rev Respir Dis
135: 463—481, 1987

12) RBirFiE, EEEM okt s 88 SHiRe
B8 b UM KB Z BDIR PY A AR B
HERIRABISE, —icEid L IGRDR, Fiks
OBYFEI o WT—, i, 23: 457—471, 1983

13) Webb WR, Jensen BG, Sollitto R, et al: Bron-

chogenic carcinoma ; staging with MR compar-

ed with staging with CT and surgery. Radiol-

ogy 156: 117—124, 1985

Tobler I, Levitt RG, Glazer HS, et al: Diff-

erentiation of proximal bronchogenic carcinoma

from postobstructive lobar collapse by magnetic

resonance imaging comparison with computed

tomography. Invest Radiol 22: 538—543, 1987

15) Kameda K, Adachi S, Kono M: Detection of
T-factor in lung cancer using magnetic reso-
nance imaging and computed tomography. ]
Thorac Imaging 3: 73—80, 1988

16) Bourgouin PM, McLoud TC, Fitzgibbon JF, et

al: Differentiation of bronchogenic carci-

noma from postobstructive pneumonitis by

magnetic resonance imaging : Histopathologic

correlation. J Thorac Imaging 6: 22—27, 1991

Onitsuka H, Tsukuda M, Araki A, et al:

Differentiation of central lung tumor from

postobstructive lobar collapse by rapid

sequence computed tomography. J Thorac

Imaging 6: 28--31, 1991

18) HFEF, BAKE, WiE @, b 5P

14

st

s

17

L

L

371

WZHE 5 Bl R ZBEAVEESI O dynamic CT—F 8
LEMG—, BEEbL, 36:7—13, 1991

SiL %, RE GR) L FEEER GE LI,
p380--391, 1966, EF&EE, FHAE

SHFEE R | s, | Xi-BEEE, 23
I, pl15—136,1989, BARAZ: A#SE TS, i
HOWRH, RERE—, FEHE—, it MRIIZL3
aEf o EWE#ES X OHEEREOEMEERIC & 2
5, W%, 6:537—544, 1987

Miiller NL, Gamsu G, Webb WR: Pulmonary
nodules: Detection using magnetic resonance
and computed tomography. Radiology 155 : 687
—690, 1985

Shioya S, Haida M, Ono Y, et al: Lung can-
cer: Differentiation of turnor, necrosis, and
atelectasis by means of T1 and T2 value
measured in vitro. Radiology 167: 105—109,
1988

Hep T - B ER o MRI 2B+ 5 BF 3¢
— R o @B B T RS R F o 8 B3
LR e b BRI —, B ABRMEAE,
50 : 964—976, 1990

Kuriyvama K, Tateishi R, Doi O, et al: CT-
pathologic correlation in small peripheral lung
cancers. AJR 149 : 319—327, 1937

RN, RERE, WHES, b REEFE
fBRZ D thin slice CT E—[ERTEE ORI A
i ont— HAERRSE, 48: 833—840,
1988

Siegelman SS, Zerhouni EA, Leo SP, et al:
CT of the solitary pulmonary nodule. AJR 135
1—13, 1980

HH—B B IR ZE D CT BkhicowT, B &
EEft£3E  48: 1483—1496, 1988

WS, FIEFEME, VR, oy s v b
Ak HEEFRES RO CT 2, BAERKS
3€, 47:1251—1259, 1987

Mori K, Saitou Y, Tominaga K, et al: Small
nodular lesions in the lung peripherary: new
approach to diagnosis with CT. Radiology 177 :
843—849, 1990

Littleton JT, Durizch ML, Moeller G, Herbert
DE: Pulmonary masses: Contrast enhance-
ment. Radiology 177 : 861—8&71, 1990

32) TIEEME, RIFE | B -HRIES, KARKINOS,

3:1209—1218, 1990

33) Kono M, Adachi S, Kusumoto M, et al: MRI

of lung cancer: Imaging and pathologic cor-
relation. Hospimedica 9(6) : 34—42, 1991.

34) FIEFEEE, RILFEW, WASE, fi 0 MR-

HIBE - BRREIE~ O EBER Y S 1r—, Bk, 36:
1483—1495, 1991

R 443 258



