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Clinical Value of Gd-DTPA Enhanced MRI of Pulmonary
and Mediastinal Tumors
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Gd-DTPA (Gd) enhanced Magnetic Resonance (MR) early images and delayed images of 28
patients with pulmonary or mediastinal tumors were analyzed and compared with the computed
tomography scans and the plain MR images. Numbers of relative signal intensity of the tumors,
secondary lesions (adjacent pneumonia or collapse) and pleural effusions were calculated and graphed
on time intensity curves.

Gd-enhanced MR early images were more useful than other methods in delineating viable areas
from necrotic areas. However, Gd-enhanced MR delayed images better delineated margins of necrotic
areas than Gd-enhanced MR early images did in some cases. In distinguishing tumors from secondary
lesions, Gd-enhanced MR early images were the most useful, too.

We considered Gd gradually penetrated into pleural effusions after intravenous administration,
just in the same way into necrotic areas. Therefore pleural effusions showed very high intensity on
Gd-enhanced MR delayed images.
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Time intensity curves of the tumors and pleural effusions showed characteristic patterns, but
those of secondary lesions showed different patterns among the indivisual cases. We presumed this
was due to the variances of the water and fibrous components among them.

I &
fii » #EPRIES © MRI (Magnetic Resonance
Imaging) #ZWiicis\»T$ GA-DTPA (LLTF Gd &
BET) oFREIAREIh o205 B, Ll
MRI OFfEHIH0 L b, Gd#5 IERE %
12 L 7o delayed image D #E I3l Eh T i
W, S, Bk kR - RERRIEE B E 284k LT
Gdiz X 5 enhanced MRI # 17\~ Gd # 5.3, &
#, 3EEMEROE B oOT, HiF- B L0
THRET 5,
II. &b L UFE
NI FRITFLALVE2E 4 A ¥ Ticz
12T Gd Iz X % enhanced MRI # §afT L 7z fii « #
FREERBE28BITH %, PFRIL Table 1 DT & <
[RBENRE2161, ENEEWEES 2 6, MERE
Y v oE LG, BHRIEE 4 BlTH B, BH200,
ZHEBHITH D, EDMIITEL H82FK (F1
63i%) THote. BHOEAED L < BREHichi
LRI (LT, ZRZELR) 245 bon
126, BaKBr@aES> O 1FIBED bR, £
FEGI, 8 Flext L TR EIBR 2 Thh, IR
REEA T ER & HEL 2 .
6/ L7 MR 2813382 % MRT 200-RX (1.5

Table 1 Materials

Lung tumor
Primary lung cancer

Squamous cell carcinoma 10
Small cell carcinoma 6
Adenocarcinoma 5

Lung metastasis
Leiomyosarcoma of small bowel 1
Breast cancer 1
Non-Hodgkin’s lymphoma 1

Mediastinal tumor
Mesothelioma 2

Thymoma

Malignant fibrous histiocytoma 1
Total 28

FH 34 5 A25H
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T T5% 2ATLERRMAY Y =a K
T, Gd#&5#iic T35 (plain T,WID), T,
G (T,WD %#& L7. enhanced MRI % Gd
0.3~0.4ml/kg Z ZUEFFE L, BO@EBI LT
FEEHR O 3RMEED T, 54588 (£ early T,
WI, delayed T,WD ##\& L7z, 7o UKW
L b T,WI 2R T X T o T FEWI 25 4 4
Hoto, W~ bV v 7 AlLaxial, sagittal ©
128 X 256, coronal T256 X256, 7 — & IN4E11T
AT 2EMETHS, L TAT A AEiX10mm,
¥y o 7 VATESE L.

plain T,WI, early T,WI, delayed T,WI, T,
WI B o8 X 4 CT (CE-CT) &2o\wT, 1) B
BFfERE R A 1351 B necrosis ® @ FIEE, 2) [EE
EREALOBAEE IS X, FOBEYHEL
fe, ¥, 3) THERBIRT S GAdIRS T L 59
HAE SR O ERFZE LA B L, BEEED
%, X ) BB T 5 412, 49 REBE
BFIVES] » 13R%, —RZEALHE 5 6 - 5[4,
Ba7K 5 BEM « 5IRE) XL T, HAREREL L
ToHIXTRYE 558 (relative signal intensity, LI
T R.S.I)%K, time intensity curve i\ 7o,
Ei%, plain T,WI, early T,WI, delayed T,WI
O 3BoEE MR L LCELHEE (ROL) 2K
L, HHARY, A RCRE LY, T LTLTO
A r b RSL #HEHH L,

relative signal intensity of the lesion=

mean signal intensity of the lesion

—mean signal intensity of muscle
standard deviation of noise

ROIL oRER VU RSL oBHIR T DA
ICEELN, 1D ROLIEMKE L, TJHE/RED

KESRETHC & (B/PBERTMmM TH - 1o),
2) WTHRE Tz PR b artifact © A o\ i B
(2~5@o ROL #HEL, ZOFHEZX &5
Z &, 3 ROL B 3fEOE B IR, Bze bR

—&THLE, 4) BRI ROL 2RET A,
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necrosis X R.OL iw&disZ &,

¥ KA~ DOERED Gd BT EMKGTE 2K
2 B ERNE (RF LR BEITOWTHANE,
By, coEolficre s —hF—FL&
BA, BKETEDRETHER, —MEHERL AR
Gd 0.4ml/kg X BEBEL, WEEE, 105H#,
RU1RMEELD 6 MBI CIREI Lt
Ryl —=hT—TX bR EERLU, L
KO GdER 1 = - BFTEMICP &
I B SPS1200A i X hRIEL, 75 7
—Fz L,

I, # g

1) FhEFEERBZ =5 1T % necrosis D% BIEE

22801, MBFEEYEL0rR105T, AR
R FEMEIRE 9 61 (RF LB S 6, /MlRRE 2
i, B 2 60D, NG FRGAENER 16lch -
fo. SO 5B AFICK LTARBFER A TR
2%, YIBRREEA I CIEE A IC necrosis & ¥ ix
WEF % 2 Bl Tz, &b 8 flicowT CE-CT

Table 2 Detectability of necrosis in the tumor

CE-CT Plain T,WI  T,WI Early T,WI
+ 1 0 0 7
+ 5 2 5 0
= 2 6 3 1
Total 8 8 8 8

+  detectable with sharp margin
+ : detectable without sharp margin
— ! undetectable

Table 3 Enhanced patterns of lung tumors on
early and delayed T,WI

Early T,WI Delayed T,WI
4
---*
O
—_ )
Ring-like pattern
— O
3 ——
©
Complete pattern . :
—
2 2

Partial pattern

(28)

fifi « 4EFmiEE © Gd-enhanced MRI

B 0" MRI @£ F 5@ necrosis #E5I6E % his L7
fiR% Table 2 127= L7z, 358812, H- -necrosis
IR CIE T ¥ 5 4 0, +-necrosis D
BRI CE B2, WMALTHIRRDL D, —-ne-
crosis FEf L 2\ b O, @ 3 B TEEIF L 72,
Table 2 D0 < CE-CT ® Gd % H \~ 72+ MRI
LT, early T,WI (XBH &R T 7,

WRICEBOEH < % — v IeD>WT early T,WI
& delayed T,WI # & L, Table 3 D= &< 4
B L7z, B, early T,WI iz B\ T EE B0
Y v 7K enhance % 5 1% b © (LUF ring-like
pattern) 23 5 i, fEHEi4{&£% enhance % 5 v}, BH
B 7e low intensity area 58 7e\ @ (com-
plete pattern) 23, E# 0K 4 4% enhance
% 5 115 238 5 Az low intensity area PIEBiC
Fad B o> (partial pattern) 232 IChH - 7o,
ring-like pattern ¢ 5 £ C delayed T, WI 1=
3\~ T high intensity area 23ch.(3 A A — THA
KA LTwi, £LTaHHIF 44¢high intensity
area @ B ZHHAlZ low intensity @& (low inten-
sity band, LLF L.IB.) #EEEhTuwizc, D
1 PR EEE AN E 2o fo s, BB LILB. &
JedC X 7ed - 7o, complete paftern & L 3
o 5 B, delayed T, W1 TiL 2 23 —7g, Lo
L, early T,WI X b{E\> intensity 2 L7, B
D 1 I\ TIRES A iz 7 high  intensity
area DHB A & &, Tk I i fimEEAR X
b [A# 4 1% necrosis & MEFR. & iz, partial pat-
tern I 2\~ Tk early T, WI T low intensity %
7~ L 7z necrosis %% delayed T,WI iz T high
intensity #7RT 2 Lk b, TEHYBEICETIL
z7z,

2) @% & ZREALBOHEIEE

EERE b L < iZFKEIMichize i msahm (=
KREALER) RZRDIEEALFNZI T, WHEOH

Table 4 Detectability of the tumor extent in
accompanying pneumonia or collapse

CECT Plain T,WI T.WI Early T,WI Delayed T,WI
2/11 3/12 4/9 8/12 5/12
as%)  (25%) %) (67%) (42%)
HAERSEE #51% S5
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FleZ £ FEIc> & Bz L, Table 4 iR L7z, &
FHOHA VB E»L, FHTR, HRES,
T Ol o> modality C#2I-IMP i~ v 525 7 4,
SKEFTERERE) LI U Ui,

NEGIOBENREI DD, ZomNThekD
early T,WI 2R & EHTH -, early T,WI i
BT, BE PR/ X Y high intensity %
RL7zh @25 4, low intensity 75 L7z b @b

3HTH »7z., —7H, delayed T,WI T4 2 #l,
3FFoTH b, early T,WI & delayed T,WI ¢
X% @ intensity (35T A EHE AR LR,

koI &< delayed T,WI X early T,WI X

h BEIREDE T # DT, LarL, early T,WIic
T 5k B 7R BT BE S0k R B i FE 1) 2 1 % delayed
image TIL X HBARRUCEEAIL 27, =@ 2 fliku-
+hd early T,WI T ring-like pattern %3 L T
¥ b, delayed T\WI Iz 5 LILB, # 0k
REBECRL A,

3) Gd x5 & 5 KIS SHE NERFZ{L

a7k far 88 % 8. 721141 > & MRI |- @ inten-
sity DRERFHIZ(LZHA L. 5 H10#ITi plain
TWIT, aKeHEEABEXIZAELTO
low intensity #7= L., early T, WI Tl enhance
w2 E 51T, delayed T,WITI33 8] /chigh in-
tensity /R THEME B H o7, LrL, ZDen-
hance @ 5 1 H 8« OFEFN X b AL DZEEN
Hbh, FFELCHKE EFLBERIPRVL ST
Hotz, B, T ABOKIKEFELHRDIT
ik early T,WI THEE D, delayed T, WI TiX
S8\~ enhance % 9 17z, —J7, 2BOMKGEY
788 1o Tk early T, WI T X enhance % 2 &
¥, delayed T ,WIT & flgKix 2z £ o high
intensity %7~ & 7ehy 5 7o,

b 143 plain T,WI, early T,WI, delayed
TWIERU T,WlowFhickswtd, HRLLE
@ high intensity #7;= Lz, Z OEFIHKKERHE]
kb, MR RKSEHER S h,

FT2EMEAE X D EIL kR o Gd &
BEORRMELY Fig. 1 TRl

4) B, —RZE{LH, MKizE13% RSIL
ERHZEL

SEREL 345 A25H
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n mol/nd
600

4001

A1\

100+ \

1 T T T T T T
1 1 2 3 4 5 6 (hour)

Gdiv. Time after administration

Fig. 1 Changes in pleural effusion Gd levels after
Gd iv.
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Fig. 2 Time intensity curves of the tumors
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Fig. 3 Time intensity curves of the secondary
lesions
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Fig. 4 Time intensity curves of the pleural
effusions

curve - hFh Fig. 2~4 12k L1, EFHO R
S.I % plain T,WI & b8 L, early T,WI iz T Lt

(30)

fifi + #EFRAEE o Gd-enhanced MRI

# L, delayed T,WI CFE##ED (Fig. 2),
TREAB T 4 BIDS early T, W1 I TR |- 5
L delayed T\WI icCHE /b EFER LK., BD
1 T early T,WI T L&, delayed T,WI iz
TEeL 7 (Fig. 3). MKk early T,WI iz—C 3 1
TET, 2T < BE LA L, delayed T, W] ©
L BlITERC LR L (Fig 4.
1V, fERI2R

REGI 1 S4B, £ F/ K OffifE R B R,
iEY Stk B CHiEbR etk o CT i, [EE AR 4%
$iE 22 OV P35 o necrosis 23R BRI 308 B h
7o, plain T,WI (Fig. 5a) T X h X apl+
AHZEIRFRETH S, early T\WI (Fig. 5b) ¢
GBS O R Y v 2R F b necrosis &
BB IC# AT % % (ring-like pattern), delayed
T,WI (Fig. 5¢) TV v ZIk® high intensity
area 7 necrosis N Z LKL T3 DHFED
bhs, L CEERMF W LLB. 2FRE &
h, S0k, Bl L RELE L OBILER &Lt -
7o, YIERBPREECR (Fig. 5d) X early T, WI &
Ut delayed T\WI LT L { —F L T\fz, 7=
L, WEEACX LLB. 3 5 s LR
WCATIET & fn oz,

FEGI 2 685, B XD i (R _E R,
early T,WI (Fig. 6a) 1= T % o> — & iz 15 5785 it
7t low intensity area % 8 necrosis & # %z 7c
(partial pattern), delayed T,WI (Fig. 6b) T
{3 %z necrosis 75 high intensity # 2 L7z,

FEPI3 A5tk A EEORE (BRR). CE-
CT, plain T,WI, T,WI, early T,WI(Fig. 7a)
CTFRIC R WT S EE I BT low  density
area X low intensity area %383, necrosis
BB HECH D (complete pattern), — 5
delayed T, WI (Fig. 7b) TREERIC ) v 7k
@ high intensity area % 3%, necrosis & #Ef L
7o, EEE 0 €I (Fig. 7c)12 T necrosis (X delayed
T,WI @ high intensity area & X < —F L T\
7.

EF 4 TR, GRFTEN o e Ch A RaRE).,
fEZ L A EETESIE s> T3, CE-CT
(Fig. 8a) TWIEE & ESHH & OfEFIETE 7o\,

HABERSE H#H51% H5%5
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Fig. 5 Squamous cell carcinoma of the left lingula division in a 54-year-old man

PR35 A25H

(a) On axial plain T, W1 (SE 1221/20) the medium signal intensity mass is not
clearly separable from the adjacent pneumonia. The necrotic area in the tumor
can't be detected.

(b) Axial early T,WI (SE 1004/20) shows the viable area is more intense than
the necrotic area and the adjacent pneumonia (ring-like pattern).

(c) Axial delayed T,WI (SE 1097/20) shows centripetal advance of Gd in the
tumor. L.I.B. of the tumor makes a clear distinction between the tumor and the
adjacent pneumonia.

(d) Early and delayed T, WTI are well correlated with the axial section of the
resected specimen.

(31)
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Fig. 6 Squamous cell carcimona of the right upper lobe in a 68-year—old man
(a) On axial early T,WI (SE 708/20) the necrotic area is clearly separable
from the viable area (partial pattern).

(b) Axial delayed T,WI (SE 903/20) shows the necrotic area is more intense
than the viable area contrariwise.

[T

4 Is

A IEIEHIEE.IE!I

Fig. 7 Adenocarcinoma of the right upper lobe in
a 45-year-old woman
(a) On axial early T,WI (SE 631/20) the ne-
crotic area can't be distinguished from the viable
area (complete pattern).
(b) Axial delayed T,WI (SE 608/20) shows
ring-like high intensity area in the tumor.
(c) The axial section of the resected specimen
shows the high intensity area corresponds to the
necrotic area.

(32) BAREMREE #51E HSH
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Fig. 8 Small cell carcinoma of the right hilum in
a 77-year-old man. The tumor produces right
upper lobe collapse
(a) On CE-CT the proximal tumor and the
peripheral collapsed lobe are indistinguishable.
(b) On axial plain T,WI (SE 546,/20) and (c)
axial T,WI (SE 1668/70) the tumor is less intense
than the collapsed lobe.

(d) On axial early T,WI (SE 550/20) the tumor
is more intense than the collapsed lobe. Enlarged
lymph-nodes can easily be distinguished from the
tumor.

(e) On axial delayed T,WI (SE 633/20) signal
intensity of the collapsed lobe increases relative
to that of muscles.

plain T, WI (Fig. 8b) T EE EZM X b low 2, EEONEHEETHRE Uiy, —5F, early
intensity & L THiH{ S hTw%, T,WI(Fig. 8c) T,WI (Fig. 8d) TIX[E % 2 S M X b high
EREWTIEHEOI Y F A FAL DB LME intensity &7 b, JEA LAY v #id BTEH

SR 345 A25A (33)
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enhance Sh5 & itk b, [EELHEBCEET
% %, delayed T,WI (Fig. 8e) Ti¥, fHl% &t
B L CESHTO intensity 23 LR L, BV v
OFFE H IFFLICED S ORRDH LIS,
FEGIS  T0%5H:. EMPISolE (R¥ELKE
)., BRC LV EEKEXIAEL, EfES
fiicie - CT\w5, BMBEME R (Fig. 92), ¥if@%E
ERUCT TREMADERI B EBLRIT L,

plain T,WI (Fig. 9b) = CEMIZEETD low
intensity area, fifif#® high intensity area J
U % LA+ intermediate intensity area @ 3 i3
FUEARBE AL RITE S, early T,WI (Fig.
9c) TIXABFIER D high intensity area A3 1 \»
enhance %, intermediate intensity area % # %
F2EE @ enhance %2 5 T\ 543, FZLHE o low
intensity area (%%5 & enhance % % IFig\, FiL

~ ![

o
_Pi

|

BARERELE #8518 $55
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ZhIEE, EKHh, KK T5 EHIL .
delayed T, WI (Fig. 9d) Tz low inten-
sity area 5 enhance % 5\, ok Th 5 - L & E
fFdie, FlKELEIREY (Fig. %) @ tumor
stain i, H 4 OHERN L EBENS & L S —B LT
Wiz,
V. & %

fifi - iEFREE D 2B Iz s\ T d, MRI oF A%
BEEEhTWBER, FORMSMENKSR, #
ERHE DO E 2% 0 disadvantage 2352 h, CT
FHADLAZESTHRVORBERD LS TH
5399 L LEGEO TR, SEOHED Z &
< Gdiz & % enhanced MRI iz X b, CT Tiri8
bhiWEREZAML S5 EEL2bh %, 406,
F 4 1¥To B HEBIZo %, enhanced MRI @
BRI OXEEETNZ .

(1) FEFEEERRZS <5 7 % necrosis DIETIEE

B LU OLE - HABRBERC KT 5%
RHFIZI T necrosis DEHEXIHL T\ 5,
CORBEHRHESBE KT A NEES, BER
#81Z necrosis 24 U 2354, = ofiE* FREICHE
EBFsi e nEBELLSD, BBt IhT\v5k

R34 5 A25H

B 134
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Fig. 9 Squamous cell carcinoma of the left hilum
in a 70-year-old man
(a) Chest radiograph (posteroanterior view)
shows left lung collapse.
(b) On coronal plain T,WI (SE 887/20) and (¢)
coronal early T,WI (SE 923/20) the left lung is
divided into three parts: the highest intensity
area of the three is presumed to correspond to the
tumor, intermediate to the collapsed lung and the
lowest to the pleural effusion.
(d) On coronal delayed T,WI (SE 901/20) the
pleural effusion shows high intensity.
(e) Tumor stain on bronchial arteriogram is well
correlated with the tumor site we presumed on
early T,WI.

5 zearly T,Wlitnecrosis#low intensity area
ELTHRICHETE, BACRIERTH - .
7ot L, B PICHE O necrosis Ling & fou 38
& early T,WI TI3B 5 » 7 low intensity area
& LTS 2%, complete pattern #7753, =0
X 5 IefERIDEE, delayed T,WI B35 &
ER L DD THINTEE L D b H B, *
7z ring-like pattern % partial pattern % <3 fE
B GAd 58, BEFT T T hEREA BT
&5 & Gd # necrosis ~B1T3T 5%, BEHLRIE
HLizrBhrdas, GdOENBHRBEZXHCT
Cisids 2 — FREFH L BERE L Sh, Gd
BEHEZEO T WL} % [EH O enhancement
I X % perfusion # KB LT 5 EE 2 b
hn, T OERKRHER - & L IZEE = necrosis ~
BEABICH 5 BT (passive leakage) ¥ % = 7
EHRIL TS, EEO RSL A 3 EERBIIET
Licoid, Mo BE AR L 5
wash out % 5 5B TH A 5, —J necrosis
t% viable 7z#455 & t~T, wash out 2N:EBIET 5
# delayed T, WI TIX#¥#712 high intensity %
AT LRI IS,
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(2) BEH & ZRIEAEBOBAIRE

&% & —RELMoBBIGE I >\ T ER B
HEWTMRIZEL MBI TW25HTH
B, L, EBFEOREOTII44% ~80% L =
BHTWS, T,WIRFERTHS &\ 5 @G0
234 <, SEoRFTH T, WI & CE-CT *® plain
TWI XD bEBh TS EWSFERMA R, La
L—fic T,WI (222 5 AEEAME <, = DR
JitifE D staging CHUHIRIGRIC I 1T 5 BB O
FICERET S LI13E 21w v, early T,WI i1/
EZo#BAEIRIRLS, BEIEhTH%, F
HicHRTH 5D, delayed T,WI iZ early T,WI X
D BAIEEIME T T 503, B & —RE/EO time
intensity curve iZ:E03 B 5%, MBS LD
ZEbpbH, Hicearly T,WI T ring-like pat-
tern R H O K451 delayed T,WI iz T, &
BRSMUENC LLB. 2 L, s o
IR LB L LD ERESE.

(3) GdIEE = & 5K {ESEE NDERZEL

€3k enhanced MRI D FH ik THgK D
enhance IE2OWT D DR E e otz, SED
BEIZC necrosis ~ & [, Bak~ b Bl 5
T 5% 5> b O passive leakage iz X 0, K&k
BELEDRGAVEBTTHLEELLND, oKD
GdEERIEREREL - h2EMfT T3, ZEI
ks B LicflcdEO S0 LB L, Gd
NHERENDHICHZE D@L enhance & 5 1Tz
Mol THAH, Ik, HEIhic Gd o
BHA9200 £ &hTikh, 1REMEUEEBLT
b, DichOED GAdEEURKIEREhicD
BFETSH., CoRRIOWTE, 1) Gdaifsg
DHRKABITT A0S 5BREORME2ET S
T&,2) Pryh-XhERIhKIEOE
MR EE S hiz b ORI TR, ThET
CHE LK ERE sTcboThro L, D2
BaE 2 bhb, T,WI T3 g7KiX high intensity
Lich, RiFk=v 5 & M 2RDEH, ZHS
fREEL bz iz, —7, enhanced MRI T,
D KR E L b ClKOESHRERIXELE
{452 L, 2) delayed T,WIIZT, oz
Bo7KiZ X D& enhance ¥ 51F, =V F 5 R b A3

(36)

I « #tF@ElES o> Gd-enhanced MRI

Bhzcot,3) ZHISMEVRVCEEOERET
TWI X W B ER L 2FREAET S,

(4) S, —XRZTALEP, BKIZ45(1F 5 R.SL »
ERrE(b

&5, M9z 35135 R.S.L @ time intensity cur-
ve XA LOERL-HTHbONE s, ZREAL
oo\ T 5 Fildk 4 Bl -2 & — iR B
BRI TH - o2, B 1HIRERED < 2 —v
EX T v, HFR LI ZRELT O E 5
ERASROBRMERTOSFRELEA S hD L
WMELTWE, ZoEZICHESE, ZRET
KGO NFEE, 4FDX 58 — v &R
L, BOHIZHRMERL D &\ & I EH L 7o b
1D Az =i &b EHRENRS,

Lk, 4-o0FBroEREMLA, SEIX
ZOEFBOEE £, (LKME L KIEERE O B
oW TIHER LTuwigy, F2fbifq, #EmolE
KV v A2 >\ T % enhanced MRI # &
<PGBILMEB L A scan Lish o tcd, BEC
Eiehot, L LSEOEFOFTearly T,
WIKTEM4D X S EELEBBLY v &RV
ALY v Him BB BT TR i fili
3 AR T, AV v oiEi early T,WI T8
BlX bV v sikiZenhance & 51 B4 2 — v
%<, delayed T,WI TR b Ry @ Ao T
high intensity area DL KA bz, —7, en-
hance 3% & & & b AEORER & DRI intensi-
ty DENELIeD, hroTlio 3T
o EFDHY, ZOFAKROWTILHRRD
FHBRBHBTHAH,

Z DX 5 IR, HERHEOIERS enhan-
ced MRI (X ¥ 2R D%\, L L, TOE%
FIBL, fekoEEEHBNCERTSZLIC
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