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FafRfE D> MR imaging
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MR Imaging of Thymoma
-——Comparison with CT, Operative, and Pathological Fincdings—

Kiminori Fujimoto!, Hiroshi Nishimura®, Toshi Abe!, Osamu Edamitsu"?,
Masafumi Uchida?, Tsutomu Kumabe?, Hiroyuki Ueda, Jun Sakoda?,
Kazuyuki Kojima", Jun Uozumi, Masao Oshibuchi?
and Naofumi Hayabuchi?

YDepartment of Radiology, 2First Department of Pathology, Kurume University School of Medicine

Research Code No. : 506.9

Key Words : MR imaging, CT, Thymoma,
Pathological findings, Mediastinal tumor

Twenty-six patients with thymoma, who had magnetic resonance (MR) imaging and computed
tomography (CT) before surgery, were studied. Twenty-six thymomas were classified into 11 non-
invasive thymomas (Masaoka'’s clinical stage I) and 15 invasive thymomas (stage II, II[, and IV).

On MR imaging compared with histological findings, low signal intensity rim of the tumor was
corresponded to fibrous capsule of the tumor, and linear and/or reticular low signal intensity lines in
the tumor were corresponded to the fibrous septae dividing thymoma into lobules. The detectability of
these findings by MR imaging was superior to that by CT. Margin of the tumor was smooth in
non-invasive thymoma rather than invasive thymoma. The diagnostic accuracy of invasion to vessel,
and pleura or lung on MR imaging and CT was compared with operative and histological findings. MR
imaging was same as CT in its ability to detect tumoral invasion to vessel, and slightly superior to
pleura or lung.

In conclusion MR images clearly show the findings corresponding to pathologic specimens, and
MR imaging combining with CT is useful to differentiate non-invasive thymoma to invasive thymoma.
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b TIEBIZAATT 5100, KRB RHERFO 3 REOAEH#EES MRIWCE LT CT X b &8I
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hRELZF T A& 0ERENELH IhTW50T
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LT, MRELFEEBG L 2L LG R
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MR &, CT &% F1MT R, VBREAR S X OYRER
EREEL, Mz CHREY BN L BBk s
BL, WEOHELT-oTHET S,
b0 B

19874 8 A X H19914E 7 B % TD 4 SR AH
KA IS TR D ZiE R MRI, CT »8
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T8 T2 T H 5,
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Wi b FEESEAORBESRED bhi, F4ll,
EfAEO 1 ixIEREERRE O, 0, IV
rRBEERREE: L, FREERREL, BE
HERIRRIE 157 & L TRt L7,

ik, EREMHENEOEMLIMAT, FREH
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KErC, A2RFNETHERHEELTAY Y.
2— (SE) #460~1,200 (RR fEkE)/30/2 (TR/
TE/excitations), T,5# % & L TSE#1,500
~2,400 (RREIFEX 2 ~ 3)/80~100/2, RER5HD
HIHE{& & L Tshort inversion time inversion reco-
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8 CT/T9200C, = 34 A, 1E& 1210
mm, &¥ELeficiT o,

LRt bhic MR &, CT &%FWMTR, ¥
BEAS L OWREBG LML, BREEE LV
HEXELLITO®EY TH 5,

1) BEnKza

WHEAE, £ENCAEZE L CWIcRIBCHER
i, BREMKIREN AL, i, EToRY
% L, Mann-Whitney test iz THBEEMRE %
T-7z,

2) [EH0iD&n MR

MRI, CT oWH > ZIEREERRE & BiE
W HIBRIE = 3\ CREB O Lg% Filf, —HE,
AECSELI,

3) WSSO

#E, EERHEEALREDOREIDLEL,
— IR EBEACHER L 72, MRI Tt hao
H & clEEUE I low signal intensity rim 2%
HZbhice, CT ClERUE YD BEicik
B B 18K CT CRH 1 IBE  BIBERE
& (HED &L, «BfE, #B58, RLiesEL
7o,

4) AEEE (BREBENHH)

PREERS S & R FEACIERE N A SR
4 o MR PR EE ¢, [EF M EASIE & T
BObhabo s L, MRI TR WTFhhoBE
B CEEMEI low signal intensity @ fHk ¥ 7=
BB EREESRE S h B s, CT clke ¥4
2 ROEEI B Shi B A REEED b (H)
& L=,

5) MRI %13 % EE0{ESHE

EEAHORERRNOESEELYIERENE, BHE
HIEOWTKE Lz, BEEEECRROFTERR
DX 5w li, T, E@RHBCIERFOEEHEL
HE LT RBEY low (L), Bl & ARE % high
(H), Zohil% intermediate (1), T,i##E{& T
BEEMEFRRBEY L BHEEBEY H, o
b A 1 & L, BER% & RRZE % very high
(VH) & L#, STIR BiizowTit, B0 EE
DI S IERF T &b, KBS T, T,
HERAcEEE S L kb0, B LRBREY
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L, B L RABEY I, MK L AEREYL VH,
FodfEE H & Li,

6) EEANERIHR

Gd-DTPA I X A& MRI #1757 9l & &
% CT AT 1260ic o E[EHH S & B 58
DEF R, a) BTl S Ihicbo, b)
BW—iEE Shic b0, o) BER TR —iciEY
Shichbo, d) BEIhivWbocsELE,
7) BREOBERSZRBOHE

M RE L OHlE, F~oRBECoWTII®o
DWEEAEC LI bR RESL D (+) & Lk,
1) WER~ORHE (+) &, BFEEET M
BEES B DK 721X fat layer D% LS,
BOoMEABEOERS LS RAENRA L KIS

a

i) BolE, Mi~oBE (+) 1%, FicESH 8
Uik RESEL, #2@E & MNY 2T 555

A
(=]

Ll ED2)~T) 05 B iz o TSR EME 5
£Z0&AHFEL, HENRRIBEILBHLL
7o,
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1) EEnX&

BE DK E XCEY L BERE) 2 47 X B X
LETFTCERTEIBEMIRES5.4+3.5X4.6+
2.8X6.5+4.0cm T, BEMERARES.7+2.9%
3.8+1.8X6.6+2.6cm THbH, WERIcHEEE
iz oz,

2) BHEO:DENMIR (Table 1)

MRI, CT & %4 < RO R CIHBEKEE
BTk, FEIfl, —HrE26c, RERLD
e, BREEMBETE, EEIH, —HrkE
66GI, TE6HITHD, FREMEOFIERLD
DORBEL, BEETRAR L 2EENL bR,

3) #iEHREE DY (Table 2, Fig. 1)

WA EE, FEREMRRELS T
Bz, BEEKIRRELSH T IERM 5 EIVEiD 3 41
RGBS Hh, &5266152361THRD S
i, MRIT 4 FlhceBt, 130587
low signal intensity rim 3% 5 h, CT ik 1 f
R, 7 HICES R i p RS A R T,
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KahigfEo MR imaging—CT, F7, HEFEE O H—

Table 1 Margin of thymoma on MRI and CT

partially .
smooth irregular T regular
non invasive thymomas 9 2 0
invasive thymomas 3 6 6

Table 2 Detection of capsule of thymoma on
MRI, CT and pathology

totally partially

enclosed enclosed Hanc
invasive MRI g § 2
non- sive ; 5
(31 1 4 6
b ]

thymacnas pathology 11 0 0
vasive MRI 0 8 i

inv '
CT 0 3 12
thymintdy pathology 3 9 3
MRI 4 13 9
Total CT 1 7 18
pathology 14 9 3

Detection rate of capsule of thymoma

MRI 74%(17/23) CT 35%(8/23)

MRI, CT CTH#EMEE L Licd 0, REK T
RMEEHETH - o, BB THEEN V- DIzE
BEWED Y & UEMI R ofc, BEDHH
&k, MRI74%(17/23), CT 35%(8/23)¢ MRI
DHER T, ERBEMMIRIEOHE IR
PERIIRIE I L L T2 At S h B EHE AL
i,

4) REHEED#H (Table 3, Fig. 1, 2, 3)
FHEEA L Ot BER S 2 L HEC ST 3
[REEE AR bhic b o, FERTEMENIMRIELLH
fR1061, 1218 B B E 1561 R 1361 o #2340 <,
MRI TR17#ICREME HH S hied, CT T
139 Flo A CciiH X h, MRI, CT lRBEs & L
fedb o, REGTIIRERRE T -, BE
NE OB SO IHI:E, MRI 74% (17/23),
CT 39% (9/23) = MRI & A h\Bh T\ 1, [EAE
ORI LT, FREEKIRE L R
FafiE T2 i d o T,

5) BHREINIEESME (Table 4)

KRR D EE 05 558 13 & b T,58HRE&
ik 1, T,#5A& T2 H, STIRETE VH » H
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Fig. 1 6l-year-old male with non-invasive thymoma
A : Capsule or septae were not detected by contrast-enhanced CT. B: T,-weighted SE (800/35)
image showed low signal intensity rim (arrowheads) surrounding the tumor. C: T,-weighted
SE (1,600/90) image showed curvi-lines of low signal intensity (arrows) in the tumor. D: Cut
sarface of resected specimen revealed fibrous capsule (arrowheads) corresponding to low signal
intensity rim seen in B, and fibrous septae (arrows) corresponding to curvi-lines of low signal
intensity seen in C. E: Microscopic section revealed a fibrous capsule of the tumor seen in D.

R 448 A25H (49)
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Fig. 2 63-year-old female with non-invasive thymoma
A : contrast-enhanced CT showed the tumor with central area of low attenuation and linear
low density lines in the tumor. B, C: T,-weighted SE (560/35) (B) and STIR (1,700/100/40)
(C) images showed linear and reticular low signal intensity (arrowheads) lines dividing the
tumor into lobules. D, E: Cut sarface of resected specimen (D) and microscopic section (E)
revealed fibrous septae corresponging to linear and reticular low signal intensity areas seen in
B and C.

(50) HAERSE %528 $£8%5
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Table 3 Detection of fibrous septae divided
thymoma into lobules on MRI, CT and pathology
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Table 5 Effect of enhancement of thymoma with
contrast medium—MRI vs. CT—

MRI CT pathology a b o d
+) (=) () (=) () (=) non-invasive thymomas MRI 6 0 1 5 0
non-invasive thymomas 8 3 4 7 10 1 C Tab 5 6 0 o
invasive thymomas 9 6 5 10 13 2 invasive thymomas MRI 3 0 1 2 o0
cC TS 4 9 2 o0
Total 17 9 9 17 23 3
Total MRI (% 0 2 7 0
Detection rate of ﬁlF)rous septae of thymoma C T@O 915 2 0
MRI 74%(17/23) CT 39%(9/23)
(a) homogenous and strongly enhancement (b)

Table 4 Signal intensity of thymoma on MRI

L I H VH

TIWI 1 9 =

non-invasive thymomas  T2WI 0 1 8 2
STIR 0 0 6 5

TIWI 3 10 2 —

invasive thymomas T2WI 0 13 1
STIR 0 0 6 9

T1WI 4 19 R

Total TZWI 0 2 21 3

STIR 0 0 12 14

B EAELD, FRENEBEEORICEL
Dote, feis, T &R CL, T4 CcH%E

L e fEGIE, BN HERTR OBAEETEL, T,,
T, 888 CcH Y22 LcEARBEAHLLS -
TetedTHoTe, I, HiMmiEIEEEE iRET
BFERFRLFAT oAb, BEERIRETIX
FhFR 3G, 26cibhi, BiEkKRED
HC, EEPLHOLSMERIES -T2, ok, B
BAGKLIBENRRES 1flcabhic. &
KA MRI Tz Fho@EETh low signal
intensity (non-signal) area & LCHitHEhTw
7oA MRI O A TR¥EETEY, ARILOHIE
BIL T CT o ERTE -,

6) &EFHR (Table 5 Fig. 3)

MRI T, B %17 - IR E M RRE 6 Fl+
561, REMEHIRE3 FIF 2 GloFt 76, K
ReRy—cEE s hi, heRERE THER
CHEDELENLEE, Br0rEOEKOIN
FHiy—oid, i, BEESORE T
bEEAN R E R, FEERCER S h b

SEEC 44 8 A25H
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homogenous enhancement (c) inhomogenous and nod-
ular enhancement (d) non-enhancement

Table 6-A Diagnosis of invasion to sorrounding
vessel in thymoma on MRI and CT

MRI and CT
(+ (=)
operation (+) 4 1
(-2 1 9
sensitivity 4/5 80%
specificity 9/10 90%
accuracy 13/15 87%

Table 6-B Diagnosis of invasion to pleura or lung
in thymoma—MRI vs. CT—

MEI CcT
(+) (= (+) (=3
operation((+) 6 1 4
= 2 6 3 5
MEI CT
sensitivity 6/7 86% 4/7 57%
specificity 6/8 75% 5/8 63%
accuracy 12/15 80% 9/15 60%

Zbhic, CT TR, 3L A EVH—TERDRY
7L, MRIO#EF 2 —v LeopeRicoi,

7) %o AEREEZBEO¥E (Table 6, Fig.
3, 4, 5

Bt e E 15 o TR E LIS B, M
BAOBHEO¥ETI, MRLCT Edice< AL
T sensitivity 80%, specifisity 90%, accuracy
87% & LB BIFTH - 7chd, B, Fhi~o&E
o ¥|E Tk, MRI, CT k% h £ h sensitivity
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faiRiED MR imaging—CT, Fiff, REAFE L oxfth—
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Fig. 3 6l-year-old male with invasive thymoma
A: T,-weighted SE (750/85) image. The tumor had an inhornogenous signal intensity slightly
hyper than muscle. Note small nodules in the neighboring lung (arrows). E : Contrast enhanced
T,-weighted image by Gd-DTFA showed inhomogenous and nodular enhancement of the
tumor because of multiple fibrous septae running across the tumor. Note thick enhanced pleura
(arrowheads) surrounding the tumor. C: Cut section of resected specimen showed marked
nodularity. Note the tumor invasing to the upper lobe of the left lung (arrows).

86%, 57%, specificity 75%, 63%, accuracy 80%,
60% & MRI 23 RIFTH -7, MHICBBRD
RE & HE S h - WEENCIBBEO b - 1
PlosHals, FRE7HF46IBD, Z0X 5l
TOHIENEETH -7, 7ok, EHEFHBEN
HRINLED D 3FIF 24 TIEMRL CT &3
ture positive TH -7z (Fig. 3, 4).
z =

HEREBE O ARIC BT 2 £EEHTR, Ka
BREE D 5 % El & T EHINMERC S 5, Bafo

(52)

SEEHOMCIL, BRRES R &<, 30% xR %, W
EWEE» 2 7 T18~19%, HIKEIL 3 1T
16~18% L REI TV 5,

BRI (X RTMERR O CRERORERFBIZ & L
THRDLNDHZ EDE, BENKEL LD LE
\ BT B BE o KB VI &> h LB S s A0 A,
LTFARCE DS e dSEHR A« Lic X 51T
PR 22T 0825 TH S,

CT TikIEREE Mol iE X O HZ # 7o R P,
WgSERT, BEREYTT I EXREL, BiEK

BARERSEE 5552% $£ 85
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Fig. 4 45-year-old female with invasive thymoma
A, B: T,-weighted SE (600/35) (A) and T,-weighted SE (1,800/90) (B) images showed both
high signal intensity areas (arrows) in the tumor. Note surface of the tumor near the left lung
was wavinig. This finding was suggested the tumor invasing to pleura or lung. C: Cut section
of resected specimen revealed hematoma (arrows) in the tumor corresponding to high signal
intensity area seen in A and B. Pleural invasion of the tumor was noticed.

MRRE C AR, RBE L&cMMERL, B
ENRREERZ &8O vwbhTwb, CT T
BHERETHHZ ENSVERBSERRED &
BT, BlRED MR iz} 5 NHESLCT &
X b LT, low signal intensity D#RIR E 7z id
BEROEBENRDLRAZ ENEhoT, Th
WREFAICE, BEATEYSSECS T LR

SERY 4 4F 8 B 25H

(53)

HFREE L —H LT e, BERTEKTZ LW
@ MRI T3 low signal intensity # & L 7z &
Bbh3, Hx ol e EAR 02664234
TH 52 Z OFREEREE 2 4 b h, HiH X MRI
T74%, CT Ti339% T MRI pMEh T\, &h
BCTwkLTMRIDENR=Y b 5 A 5
RS B REE SR (I S hico T
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Fig. 5 20-year-old male with invasive thymoma
A, B: T,-weighted SE (550/35) (A) and T,-weighted SE (1,650/90) (B) images showed
interruption of fat layer of high signal intensity between the tumor and the left brachiocephalic
vein, and deformity of the left brachiocephalic vein because of compressing by the tumor
(arrow). These findings of MR imaging were suggested the tumor invasing to vessel. Macro-
scopic invasion to the left brachiocephalic vein was verified by operation.

TewbhEBbhi,

ZDREBENT % % 55T 5 RS
B EEN T RO—>2TH A0 lREROE
YEIES (MolRiE, FEMEY voE, RREs L+ /4
FIg&E)Th & ERERELHET 290, RE
TRBUE/BAEIZRLNDVE Vb T3,
CORMSENRH IR Z & XEG SN - iRE A
585 RBLc e b & Bbhi,

7s3, GA-DTPA 0¥ 4E 1L CT Lo Rin
b, BERTHRIE—TH -7, Zhix, MRI Tix
low signal intensity # 23 5 [REBERE GV X
AR T e IERR TR — B Ehs X 5
azH30EBbhi, +thbb, SEEiICRE
BEREOMBMATRTH-Th, BEHIcL -T2
LA EBE Ihin W RMEERREE L Rig— i B
HIhrEEREED=V 7 A P DETHESR®
A& ihicbotE2 bhi, L,
DEALLIExOSENEZ LR, EERcEY
EhBFEREOWCTRARECH S, BEANOME
TR DN ED L DT DN E WD &
DEELEZZ LD, 56, EfYERERL
7zvy, GA-DTPA iz X 5 EERNE O 525
BOMMCHE AT, ZoBEHAIMESE 0%

(54)

Blo—B & i aTHEMLH 2 & Bbhi,

HalgE DR 81, FHEEO AR R AL ER
LUsh, BB E FHSEY T T hie-
T, FirfThhiswERENIRES R, L
L, EFIFMATEEEREREST, BEHEOm
ECTFROFHLEXITHTHic» T, ERDH
L - TABERBEEREOHEN S BuWHEERT
B, Ei, ZToMoPTRCHEREM, BEMD
BHNGBTEI XN T L NBEELE 2 bR
5.

MRI & &1} 5 flifig~ 0 ME R~ 0 B O HE
BIL T, BIiZH¥N, a) MEBEEEDEAPIE
WREOHE L, b) MENEEDOERRAELEHEN
BEESBVEDRRTVWE, BA1L, FoOEEM
HONIHEYNEREDD L L, #HFI2 sensi-
tivity 80%, specificity 90%, accuracy 87% & H;
BHIRIFTH - 7. False negative © 1 4lix, #
HEREBIRICHE < BEL TR WRNBIE &3
SE X7, MM RBEN b 5 TERT
BB,

fifi, MORRECBI L itz h & CloTea ot st
Bl hTwinwd, HAEENE < LR
EETsz &, o oBT5HEAMMNYET L L

HAEMRIE #52% $£8%
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PREOCHRRE L, HRILCT kL TMRI
DFHRLRRFTH-T, Larl, MERCHL
T, BB CIEERLSERICH D, HhRREY
BELHEENAZ EHH Y, False negative
DFERAEBbHhi,

ERENE, BEEOEIICX, AHEERZ~DOR
HoEEXHET HLUMNCLITO 3 AnsE L
roiz,

D dgomReBELTRohEcieCT OFT
B & LCHERBEE TR, REECITECR
B EMBNEREZIR TV, F4D MR,
CT %\ -4 Elofsd T b [FHcRBER 05
WhDIEEREIC D EBbhiz,

2) BB L T, REEACE, WIREOH
WRIIBIE L =B FEMEE AR RS L v
AV, HiEoRHHE CT itttk L« MRI @ 53\Eh
T, WTFholE#dkcd low signal intensity
rim & LT SR, ch3B#EEEEOCD
K431 Z L < low signal intensity &z -7 & B
bh, WRE{ LKL, CofENEERNEE
Micabhsd & ik, ERSEOIEO micro-
scopic I EEEE O H HHE XK E, FREMET
5 a7z,

3 AOFEESHE L T, T, #RHETI
AL RBE»CCE L, T ARG TWIER & F
BENMREVE LHRY) RxDfFERL Rk
Th-tc, FBENE, BEHETIESGHORGESM
BEicZ inh - o, BiEN TR EEA I,
i fs EDFELNEII2 L S iIcBbhic,

Pk X b, BEEATORIR, 8RO low signal
intensity 7 B EEREE o i H 13 o B i & BE 5 B0
Linh, ¥, EREME, BEEOEINL, BEH
ALgo ik, RS oFE, BEERNE O I,
BRE 0, ARER~ORBOEELEAR
I S IER SO TR TRIETET
H%B EE 2 bh, MRl ZHIRRIED Z I X T
HRIEFEREYRET S & Ebhi,

&

RoRRiE26 01 GEREME1LA, 21561 o MR
%, CT &% FMiFF R, YBREAR, RERR &M
L, UTFoERELE:.

PR 448 A25H
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D EFoXE I CIEREYE REEKMRED
MTHEBZ Lo,

2) FEBIEMERIRRE C i, R B Rl o H st L
TRESUB T 0% <, HIEERE R
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3) BIRREE DB D —>T B % RAkE MR EE B S
ZRET A IEEANI O low signal intensity @ §f
RELBMEEREEOR T X MRI 0 2ME h T
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Wiz,
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TREEEO FHEFECHM A S WEA I H -
e

5 EEOMER~OBRBEDHELMRI, CT
TENE BRI CH - end, BEEE O
EL MRI O RRRREFTH - 7e,
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