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MR Imaging of Postoperative Change of Dura Mater of Rabbits
—Effect of Contrast Enhancement of Dura Mater & Correlation
with Pathological Findings—

Fumiaki Ueda
Department of Radiology, Kanazawa University School of Medicine

Research Code No. : 503.9

Key Words : Dura mater, Dural enhancement, MR imaging,
Gd-DTPA

To explain the mechanism of benign postoperative dural enhancement, the author made
experimental model of rabbit’s subdural hematoma and performed magnetic resonance (MR) imaging
with gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA). On plain T1-weighted images,
infused blood or red blood cells could not be detected immediately after surgery. On follow up plain
T1-weighted images, the infused blood could be identified in only a case with 1 cc blood infusion.
Marked dural enhancement could be seen immediately after surgery and continued three to fourteen
days after 1 cc or 0.1 cc blood or 0.1 cc red blood cells infusion. To the contrary, no definite dural
enhancement could be seen in the cases with plasma or saline infusion. Subdural red blood cells were
required for dural enhancement immediately after surgery. Pathological findings revealed three types
of reaction to infused blood: newly formed capillarization with fresh hemorrhage from the capillaries;
subdural hematoma and no reaction. After vanishment of dural enhancement, pathological findings of
the specimens were identical to that of normal dura. Dural enhancement may be induced by increased
permeability of the dura associated with subdural hematorna and/or the extravasation of the contrast
from newly formed capillaries.
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(chemical arachnoiditis) 12X 5 $ DAFE 2 bh
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BT BN RIEK, O, RmBFRYEALC
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Table 1
Case No. Infused material

1 none*

2 none*

3 0.1cc saline

4 0.1cc saline

5 0.1lcc plasma

6 0.1cc plasma

7 lee blood

8 lce blood

9 lcc blood
10 0.1cc blood

11 0.1cc blood

12 0.1cc blood

13 0.1ecc blood

14 0.1cc blood
15 0.1cc red blood cells
16 0.1cc red blood cells
17 0.1cc red blood cells

*puncture only

Table 2 Effect of contrast enhancement correlation with duration after surgery and pathological findings

Dural enhancement

Case Immediately 3 days 5 days 10 days 14 days i .
after after after after after pathological findings
surgery surgery surgery surgery surgery
1 = - normal dura
2 — mild inflarnmatory cells infiltration in the dura
3 — — normal dura
4 = mild inflammatory cells infiltration in the dura
5 - = normal dura
6 = mild inflammatory cells infiltration in the dure
newly formed capillaries and fresh hemotrhag on the
7 + + 7+ + + 3 .
hematoma and inflammatory cells in the dura
newly formed capillaries and fresh hemarrhage on the
8 + + ' . A
hematoma and inflammatory cells in the dura
9 ¥ subdural hematoma and mild inflammatory cells
infiltration in the dura
10 + + + + - normal dura
11 + + — normal dura
newly formed capillaries and fresh hemorrhage in
12 + +
subdural old hematoma
13 + + subdural old hematoma
subdural hematoma and mild inflammatory cells
14 + i oy
infiltration in the dura
15 + + subdural old hematoma
16 + + = normal dura
17 + subdural hematoma
+ [ positive, — : negative
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#0.2mmol/kg, 0.4mmol/kg, 1.0mmol/kg & Z
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0.2mmol/kg A Lz, A MRI X 0% 8 44
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Fig. 1 MR images obtained prior to surgery (a, b, ¢, d).
(a) : Before intravenous administration of Gd-DTPA. (b): After intravenous
administration of 0.2mmol/kg of Gd-DTPA. (c) : After intravenous administra-
tion of 0.4mmol/kg of GAd-DTPA. (d) : After intravenous administration of 1.0
mmeol Gd-DTPA. (b, ¢, d) : Definite dural enhancement is not observed.
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L7z, 23 (No. 1, 2) 1 BEE*27G étic T HE
ZFRI DL HTo7z, 2 (No. 3, 4) TBEE TR

AR AEK0. lcc #HEA, 2T No. 5, 6)ix
2, 0001852045 358.00 55 B A T - 7o B SR MM IM A0 . 1
cc EA, 33 (No. 7~9) B Tl 8 %Kil
lec ZIEA, 53 (No. 10~14) X HEIM0.1cc &
AL, Fi, 3P No. 15~17) 132, 000EEE
20 R O BER 1T - 7o B RMARMERD. 1ec i
ALt BB OB RBTIIE A 5 2FEE L=,
WEH# L Y £ThZhERINcEY MR i T &8
BT VWEREREO A E L BEY B L.

iithE«DERFEL D 1 PFSMERCES
L, fix1P+F>3HHE, 5HHE, 1088, 14H
Bic MRI {2 T-7c%, BEL, fHHBMZ
10%FEAr =) vEEHBTHBIIR S 7 4 v
FE Dk, Hematoxylin-Eosin (H-E) 3 % i L
Ex 1T -7 (Table 2),
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(1) FiExEx

BAZAMNT % I0 2 TV e WIEH TR €k Gd-DTPA
DRELXHEREL CHHEHRIHBE Lt ot
(Fig. 1. #E#Frc b E¥&E xR L (Fig. 2).
PBEORBR TR FHERD MRIGELHEREL LC
B2 R, L <R LY RS
&, BEREED D ST L

MR iz X % fi7 ¢ R Ry g

(2) x%B&

(A) EFEHEHEEROBE

FROL, FBEPHAEKELImMBoRE ALY
fT-7FKE (No. 1~6) TIHIEEERIIATESR I
BEDLIT, TOBEOEBBEPICH HB T2
ZEXien ot (Fig. 3), La LI F f- ik M
HREEALICERE (No. 7T~17) TR EM4I134
B, WE# X VEDLH, HEHEEHAECHELE

TERD BN (Fig. 4~6), % OWEEMGE T 11 7%

#0.lcc EA L7=FHE(No. 10~14)TIX3IBBIC
ZAFIFEDOR, 5HBEE1IH (No. 11) 14

Fig. 2 Normal dura. Mild inflammatory cells
infiltration is seen. No fibrosis or subdural
granulation are observed. (HE stainx 400)
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Fig. 3 Case 1. Plain (left) and Gd-DTPA enhanced (right) T1-weighted images.
No definite dural enhancement is seen.

(78)
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Fig. 4 Case 10. (a): Plain T1l-weighted image (left) and Gd-DTPA enhanced
T1-weighted image (right). Marked enhancement of the dura (arrows) is seen
bevond the surgical region. Signal is abscent in the bone wax (arrow head).
(b) : Three days after surgery, marked dural enhancement remaines at the left.

:

incision region.

41, 1%l (No. 10) iX10BBTH@EDBNT:,
MElecc EAZRTT -5 E (No. 7) X14BETH
WERE O 8838 2 70 7o (Fig. 5). RMERD &% 0. lcc
HEALLFER (No. 15~17) TIXBEEHE I 3 A
Hicixgd bhropi(No. 15, 16), 5 H BIiCiiiH
Z=L7 (No. 16) (Fig. 6).

—77, HEAZRImE D U < (3R mER B 43l

SERLS % 1 Fi25H

(79)

Ten days after surgery, the extent of dural enhancement is limited in the

B, Bl TG CLfIBRETETH Y, &
AED0.1cc DEE(No. 10~13)TiE 824
b EBICHEM THERE OB TERd o7
(Fig. 4, 6). lcc MIEHEARTT - 75 %E 1 H(No.
) 1D Higa@rp i M fE F 4% Bff T158588 <o
BEBLLTELZBZ EMNTEL (Fig. 5). %
7o, CORRBRTRMEEKOEY TIHBBIC T
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Fig. 5 Case 7. (a): Plain (left) and Gd-DTPA enhanced (right) T1-weighted
images. Marked contrast enhancement of the dura and mild shortening of T1 of
the hematoma are seen. (b) : Fourteen days after surgery, hematoma is demon-
strated as hyperintense portion on plain T l-weighted image (left) and the dural

enhancement remaines (right).

T, MEB&ED TIEH LD bR,

(B) Mt

BERE D B2 D % 1T - 72F](No. 1, 2), 4
BERAKEAFMNo. 3, 4), ¥ L UM EAL(No.
5 6) TiX, WMHEAESCHEKIBETE, WwFhd
EEEEOREG Y RTH, b L BBEOAE
HREEEDEDRTH -1,
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0. lcc EABIDOA, 3HBETRERHLL 1M
(No. 12) WEE TEomMEOE i 558k 1
~PEOMERE L b 7o B FHAEMEREAE & FAEOH
1% 535, BRI B A R4 E MR BHE 2§ e s,
1% (No. 13) EFETMEXZD S ORTH -
fz (Fig. 7)., #E#, 5HE, MABERL:
341 (No. 10, 11, 14) vFh b EEHE 2R
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(b)

T, BEOLEMBEEO R LIE,

MmElcc EAFT, 3BE, 4B BICEHEL-F
(No. 7, )t h b MAESR R i H4 mE o4
LEBEoOHMAY R, BEEEEOIREILLD
Y, FABEREAC S FAEMERE o L offE
WELZREbhiedotz, Lo LEEO KIEMIR
BEZRDHLONDH -1 (Fig. 8). MEEBICE
LBl (No. 9) TRBEFICEE o SAEMREE

BS54 1 /250

(81)

(c)

Fig. 6 Case 16. (a): Plain (left) and Gd-DTPA. enhanced (right) T1l-weighted
images. Marked contrast enhancement of the dura (arrow) is seen beyond the
surgical region. (b): Three days after surgery, marked dural enhancement
remaines definitely. (c) : Five days after surgery, no definite dural enhancement
is observed.

Nabht,

FRIMERD. lec TEABNELATESE &, 3 BEHICER
L7z 2% (No. 15, 17) THIE T ikl o FHE
D34 BT O TR B LR B i 8
BWZLIXED bhith -1 (Fig. 9). 5HEIE
BL 14 (No. 16) BIEEEFEREOERKETH -
7z,

(C) THRERETE%h R & & & XL
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(a) (b)

Fig. 7 Case 12. (a) : Photomicrograph shows newly formed capillaries (arrow)
and fresh hemorrhage (arrow head) in the subdural space. Inflammatory cells
are seen in the dura. (HE stainx200). Case 13. (b): Photomicrograph shows
only subdural old hematoma (arrow). (HE stain x 200)

RRPRT. St ~
Fig. 8 Case 7. Newly formed capillaries (arrows) Fig. 9 Case 15. Ph()tmnicrograpnh shows only sub-
and fresh hemorrhage (arrow head) are seen dural old hematorna (arrow). (HE stain % 200)
between the dura and the infused blood.
Inflammatory cells infiltration is seen in the dura. Hotz(No. 17). Hi#E I HE T, wTFhi(No.
in X - g = - p
(HE stain200 7,8, 10~13, 15, 16) BRSHA A LA, I

RO/ S hicflTid, MBS 2
R L S EIARIEH (No. 1, 2), B SR ME LS T (No. 8, 12) LBEET
BAREAS (No. 3, 4), m#EEAH (No. 5, 6) DIMERLBREDHZO LD (No. 13, 15) &2
TR BEFED = v 5 & FHEFEZE (LT, Hote, W5 EE 24 (No. 7, 10) Tl
BERRESR & 37 5) WAL TREBEMIC S ERE s bk, 240 (No. 11, 16) TRD LRI
By L<RBEEOXEMRREILLhEDHRT Mo fohl, BEIFREEMCEREEAY R L.
B ot tk14 B H CHEEHEEO D Shic 141 (No. 7)
MmE D U< FRMBRFEAH (No. 7~17) T3, TIPSR I I B3R 2B o 5 0 7o HH M A £ 5 4
2P R LB E S B EETES A S e, = MAERERL SR, FEEHEEOMN% LA (No.
DR T O MEARR R ERE o MR E RS 100 CRIEEEREZRLE,
%A (No. 9, 14), BETOMEYR 55 DHT
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HeRECH T oHM BN I HEE RN H -
7z, MRI o HBRic X W 4¢3k CT TikBici#EL T
WCHEDT7 —F77 27 Ok +oIBEECTL
o BEOREDOKRENRAES LTeh, BT

GAd-DTPA ZfER Lc#EF MRl X b, BRI

FHEATE B X S icit -, B MRLER CT
Ehd o ABEoEHH THEVEEHRLEDS
h, LB, MEECOWT{ThRIcERTLIEH
BhedhTwa®, BRIICS XECT LBl
T HRAE M B OB o0 fE ~ 0 @ 1 o T i i
HTAEREIEREIh TV,

BT SR A8 (endosteal layer) &
& (meningeal layer) @ 2 @iz hhTEh, 4
BEUCLXALOFREEHALICMERFMHL T\
%' Gd-DTPA Ic X % BEEE5RIIZ S <, MmEAH
SMLTCUHBEBICR-TAbhB EELZBR
%, ¥72 Gd-DTPA it Gd-DTPA & KD 7w b v
L OB OEEENE I E, ¥, GA-DTPA L&A
LTV KA bulk water & ELhic®h &b X
NHBEWCHE =2 v P T A MNERPRERTEE
NTWwB9 4 % blood brain barrier
(BBB) OFFHE L g\ EEE O MR 2 & M0 E 51~
i L7 GA-DTPA » B OME 0 Ko T1EHE
HEERTEELZONA, L, FELTHESE
AR DI A WEEIIE B S 7 b vOEND
RN ENDIEHOMER T2 v b 7 2 b Hi5EA
EEHRFER L XHECT BB bR
R EEZBRTWA, ¥, RS LmT
A, MBS & MEPIRE L OFECHIAEE D
BETHLEIhTAY,

Elster &, Burke &3 5IME 1z R EIZXT 5
B SR 2 1 b BE R w4 X4 3 B #R AL A GA-DTPA
FHOWICERE MRICTHEI RS Z L 2HEL
T 599, HEOHELEY MRI OF % iE
HEaboThh, ArEOBEREEEITLT L bE
BOBRPHIELOEHEBER L Is & & 2RE
LTw3,

ERL 54 1 A25H
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ko m<, & MRIZEFECT L b A HE
OREZB LT hiTH Y, LR THE OB
WM EN RSN, SEIDERTIEGI-DTPA ©
ZHECEL CTFHEERZT, EEEES, &
BEO GA-DTPA T4 { % R W2 L&
AL, BROCER IR TWARAETH 50.2
mmol/kg © R &5 1{F 5 iz,

EEE SR O HERRHCEI L, B RIBH OB
DiER CT kit 2 KRR 06, TEE O
BRIIME 2805 6 BIchiz DD bR D & X
hTn51920 —J5 BERIIC S » v H Tk 2 4L
iRt B ORI T BT R 7D 1o )
LWEIATVEY, ChboREYBEICTS
LB BICE = 5 B Lo Lk i 2 BRE
ETHRALEMcEA TS b0 LR EHRZER
CRADLRELDOED 2 DILHTTELBLEN
HoERbID, AIEXEETOAFHEICHES
LONHY, BEGBHEEIEECIBbDEZHh
T 57020 S 0 KB EM R LN T 0
BEBEE O TR LY Kb B b fThbhic s, iE
B E oM R AL B TE D, Jaffries
LD CTIZ X AERIOTCRILBhh- e BE
TH5, WEOERTRME2BEETICLSDTH
EEYBREOFEEEEA AR TED, HELD
BEHiciEH Ih Tt o,

SEIOEBTREERE TEIZE S U < AR
DEET HBE ORI, HEER R BEHZR
&% MRI CHEBHEME IR 2 i, FAERIEC X
HYER AL 70T o BEEA DRI X 5 HER
HRI OBEe, BE T ICABRYAERKCmiEY
BEALLBE TR EEYRIRhaf, 2D
= L R EE R R h E i M EBR R O FEFE AN ] AR
tbobkBbhic, EHIKMEPEXZE 2, E¥
MRI CHZT5 - Lic k S RIEA LK
MmMEEDL N ERPICRHET 2ERAODZ Z &
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Tt 5 L Bbh s R THE <, S2EM
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WC b MRS U 7B X b 8 JA B 1
ERRT I ED ot DO LIitEM TI3RE
B CHRHARE 2B T R~ A & o H i 35§
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;521).

WEE T o M Bt A W EERRE & LT,
Apfelbaum & (XSEBRAYIZ MEH IR 2 & 3 5 B
T fE A R L RRBEZE A TR AN B
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52 (LRSI ARAMMETD b i s, FREH
BRI SR, BEEMICED CARGRE e X
AT TR RS T M0 e 0 BRI T R & A e
CAURAR OIS MR T Mg & 8 7n b AR
BEITRIGHAMUIEEZE T 55, & o/ IEE
L EH I X % MBS A A KT A e
WEBEL TR, SE0KETH 3 HELIR
ICHE G 27 U e 3 1 C it fE oo BE S BA &
PIFENERENREATE D, ILELDHRE
CRFAEETORAEMEREEFRRLEHT S
B, ThRX W BEMcHE Tz &b,
ThWx, Z0X 5 eERTRBEBEREEG R,
IhbooFEMERECHES O LEZBRS,
LaL, MEHEICKT AR OBEE T oMk
T, WTFhbEERCIBE O AEMREBEY =
T, 3LSBEETOLEDOMEEYRRD D DL
THH, BehifiEnEoMERmabhih-
fe. ¥7, 3HBLUBCEEMESYRTIOTH
BETCMEY 2202000057, Zhb
DFf R o GITE# R OCFRBER ICs\WT, B
ETomEDHEERZ L B & EBbh s MmES
BEOTHESFEEEEOFERN L 2D bHh 5 L
Ex2bha, Burke b3 EiR oM {LFAIL B
RAZHES MEFRETTEC O WTHRAIL T W
59, BRI CBEESR2 VSR MY S
AEGLY, ABRY, HELohRiickits
MERTHATAMEEEL OB, BETICE
ETHMIRE S X BRI Gr0R#ick b, ki
OMEDFR/EDTTEL, ME» SEMEE~D
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EA, 2HEBROMIBEA, 8 FNLH FMIEA,
3T HFMAzAIMEREAZIT - 72,
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B,
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BRI DR A R L, WHRI4RBIC DR i
B LICREGIN A b e b3, FREFANICITET 4
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DHZERTHOENRB Y, FETFEDEH LR
HUIGEZRICL 288 LE 2 bhbh, #ER
MERPC S DT 5, B I8 5 1B T A
BELTWBbDEEL BRI,
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