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Tissue-type plasminogen activator (t-PA) iCX§ 3 € 2 o —+ Lk %E B OISR T M
EHECBITS tPA OREHEMBFENREE 2TV, %7 enzyme linked immunosorbent assay
(ELISA) w X D EARF BT 2 tPA HEE2HEL, BUEEBETLEO MEEAOBFIZS T 2
t-PA OBENC DWW TR L. RIS BMREE T mAELI9EFIL41E FERII208), BP0 5 4), BET
AKIEL0BTdH 2 . HEOREHEBENEETIE, MEANISE SHE) ONERS & CERIE DN K
EED t-PA ORERESED N, BERCRREIR sz 0. BEEOBBIREC b
t-PA ORIEHR S ihs, SEME IC RS & KIE§E» o7 MENEHRLUAOME I t-PA O
RIS E® s nzdh -t MERAIRE (W) 2 tPA ORIERED Shkrofz. ME4IEO
t-PA fix 1.2ng/ml 25 41.2ng/ml TRHYERSHEETL, ZTOFHELEERFRER 10.1£6.9
ng/ml (mean+S. D.) T, @MREET MIEBERBMB3FID t-PA {H 3.7+1.4ng/ml, BT AEL05]
O t-PA fH 3.1x1.6ng/ml ICHARFRECRELRLL. AEOMEROFEEL T2 H0E YINER
t-PA [HZE» o7 . BEEREIMOT7 4TV v« 74 7Y 7 —5 43 REY (fibrin and fibrinogen
degradation products, FDP) {, 75 X 3 /— 4 V{EREE TH >7:2%, MEAD FDP EIXFEECH
BT, 7A=YV EREETH . LarLl, MEE LMERND t-PA i OMICEROMEN
Ronigdrol. MEA~NE o E, MEAOCEMHRHLE t-PA EHroficidfHEIREsAY, @
EEA~oHmE: t-PA e oic b EEEIR R ohzno. MEN t-PA ERZA4MEH» 53082 5508
OETE—7BRsN:. MEARENOS VWL O TRMEN t-PA BRI VEEZ2RLL. B
CT FiIRTH, BRSO L D MERN t-PA HREWES L 2EAERLL. BRERTIR, §
BEOHSMOFELD IMERN t-PA HEIRWER & 2EME/RLL. BEFEETOETE, MEBAED
MER & EBMMEONEMIECER CEET 5 t-PA O@FME NEFBREEEAEORRETH S .
—7, MESEEFIEC LD, ki, BEOEEMIEC D, AEEMIIME O MEE~OROH 5 Kt
BORENZ. ZORRE, MEOMABEBI LE2o0T:.

Key words chronic subdural hematoma, tissue-type plasminogen
activator, hyperfibrinolysis, immunohistochemistry, enzyme
linked immunosorbent assay
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Abbreviations: ABC, Avidine-Biotin-Peroxidase Complex ;: ELISA, enzyme linked
immunosorbent assay ; FDP, fibrin and fibrinogen degradation products; PA, plasminogen
activator ; PAI, plasminogen activator inhibitor ; t-PA, tissue-type plasminogen activator;
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JE b REREAR ) SMBIBERE (PVEE) & 7 & RE I o PR 4 %
(ME) @l Fh, g0, B2EOIbbd, —
WicmEEERoEAELZLURBEERETS. 20
L3 ICMEANEOETHEEA, MEOHRSIES & Uil
BEHEOFEL EHNRRBORETH S .

18574F Virchow" & & 2 BERE D RAEFLLIE, BILMHE
[T IMAE I 3517 3 MR & BT O MEE R OB
EOWTINFETEHELOFERPBIBENTE:. B
OFERIC W T, Trotter? IZFEEAME T & 2 BRIk
ORI X VBEE TSR, BEE 7 2K
DOEFNFNMNELAESER SRS L L. BET
&, BRP 0L S BEET O M & KIGHE I A
OWENTUREND ETANHEE L2 LOBETLY,

MEEAKOMECEL T, 1) BEE, 2) Bd
SRHBL03) HIID 3OMBEE L EEZ LA T
3. BEESIE, 19324 Gardner® I X DiEE& h
fo. MRIBIMERE I EEROME R b b, MEIEER
LEHEEREOEILIZ2RBECI>THEARTLEL
feht, ZOHRBAECREENCELONLTVS. T
WP IMEOBEESEREE VY, JhidHm#<
FRMBROEMIZ L 5~EF 0 ErOHERELS L UIANES
Ol CAMEEMICLALDTHB L, Tto 5 kMmiE
NETOEVWBEREEC L 2EEKEFELTD
ERIZEMEFEDS RICTERHLELL.

BHEBHIIOWTIE, RIKAF v > CERED
BiHGEETAIL2%, MERNFOERELME X
DHEEEFRT IV Lo MEEAKO—EER T
cEZLRTVS.

Putnam & Cushing™ i3, # 0K 3 Hm»3 MmieE % 5
REE¥DEFHFEL. URSPBLU Ito 59 2 ME
WicHEHm 2 Bbe 2EBO 20 F—F+ YRR
MEEERD, L7z “Cr ZRRMIER % v TIMERES
SO IMENA~D KM % 3EE L 7z . KB, (L8 i
SLEE DSBS O B~ O BRI O 2 TR EE
BOZEERE L7z . HIOEREE L T, & T RATER
BESTEDINSE»OMESN T LS. FHES 99
MERESR 747V /=5 > 2RE&, 747U
T4 7N =4 o fREY (fibrin and fibrinogen
Hegradation products, FDP) »’EfETH 2 Z & 2R
B, 747V VEXNENE*BEET 747U >
VERESEL, itk X2 EECMENMECS
SO TS AE /=577 F =% — (tissue-
type plasminogen activator, t-PA) B7E#HET 5 Z &

o RMBREEEOTEDEEE B L -,
Labadie & ™{3@MERER T MEEGNIC B W TilEdhg

FDP #Me 73 A 3/ —% LV iEHOET 2 8B
MENTOMRBTTEERER/L . §1H ENENSo
2—7 a7y »SEREREEEIC LD RS s
L, HOFEORERR « L. AR 2IERED
OYRIFTANT T 70 & BRBTIRRIED T
AL, MENAOEBEING & ZREE O TTES mE
EROFERE L. 2ARES® SMBERNEDTR 7
SAIvkar7ITAIY A EEY —NEETH
5 EEIEBAL.

AT, t-PA OMBEHEEIC BT 3 REERY
HIRE & MERNARO t-PA EORIER LD, BEE
BETIED MEM K OB 2 t-PA O&EIizo
WTHRETL 7.

SRE & UHE

SIRKZRHRAE B & U BEERRE B 284
FERE T MAE19AER], L41ENC DWW T, FMERCHRL
7-IMEWEE, MEBAAS & CBEEIRM FRED 7
2 REEE) BHEEMEE L. EMRVFR L EES
T OF 4cm O/NBEEEE 72 BRIEMIC & o 72 EH
D> BEIZIOF, LHIZ2BIT, ERITI2ED S8
B (FH964.85%) TH ol FAIBIZ1066, FEIMR
2000, BREMZSHTHo. EBEETKED
108z DV T H ABICHRBEO R & Lz,

1. BEERONIE - REEBICENRE - LEN

iz

SHEII TR (TE U iREE T, MBI g,
FRLFRNEZBRBL . EXO -3 OCT
compound (¥4 LA « =ik ett, H) KBEHEE
RCHEBEEEE, 7544 X5 v b (Miles Laborat-
ories Inc, Napelville, USA) 2T 6 x OYIF 21EH
L7 YIRZSRERL 2k, 95% =y /—riz Tl
SREIEEL 7. MOERIZ10% TR L~ SEER
TEE® ST 7 4 Y IBB LIS R FRL .
O, FEEEIZI0MEe S 44 L, 2B
HAoBEBZEL LT a7 7 — ¥ (protease type
XXIV) (Sigma #t, St. Louis, USA) iz & 2 fijL#%
FuzhZnEEREERME, Yo7 7 -—E0BEES
FUMEBMEZRELL. EEURBLIU 7747
FIE% 0.3% H.0, A % 7 — Az 10533 L RS
LA FY S —EBKER, Avidine-Biotin-Peroxide

w-PA, urokinase-type plasminogen activator ; v-PA, vascular plasminogen activator ; 4,
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se (ABCO) BlC KWL, ~RFBFL LT T X
e b tPA €/ 7 v — 7 Vi (Bioscott f,
Scotland, UK) 27z, Kiiki: 7Oy 77—
7 (ESP1~ESP7) 55D, Z® 5 % ESP4, ESP5,
ESP6 @ 3FEDHEEH W, 20 3F i, t-PA HF
ADEEEMEENETNRICT Y. —kyiE%® 4°C
TI6~24MEIG E &, Mo Tt F bRk ilk,
ABC complex (Vecstain #:, Burlingame, USA) % #
NZFNEBRT1IFMRS L P0sMRGEE . £ho—
KAEORDL D ICIER vV R [gG, PBS #Hwz b
OEMEREE L.

K57 4 HRFO—HE~T I FY ) e 2V
REROVPRITIAT 4 H s T F—V il
LHBETHEEL:.

1. MEAE - KELO t-PA HIE
MEAES L UBIRMIZES 7 = VB ) 7 A
PRI BRI L, W R AR 422 3, 000 [F 8 10 53
BEEO U, EEENAEyYIRSEL -T70°CT
BE L. t-PA B E X, t-PA enzyme linked
immunosorbent assay (ELISA) # v b (American
Diagnostica inc, New York, USA) ZF v, ¥+ F
4 v¥F ELISA & THIE L 722,

. NERBORBREF, ~ESRrErELUH

MRS 0 RIE

mERNED 7 SR8 /=%, FDP, ~nE7 0t
v, BImEkERE UIMES t-PA {E & OBE 2 MET L
fo. 77AL /—7 v OREIEREE %, FDP 0fl
BE7T v 7 ABERIGK & 272,

V. MER~0HmMEDRE

BN DT Tto 5*DER “Cr EHEARMIERIC & 3
Bty mEE~oHmE2fELZ. hick
2t 1Bb0omEE~DHmME (W) &, mEERE
V) e+ 2 /BRTRaN, MEDB L UmMESD
BREERE e #hFH, Be L, “Cr BRIk
& S MERIRE CORMET L T2 ERATEH S
n3.

W/V=H/B x24/T x100 (%)
MR~ & S t-PA E X OBEFEEREL
1z,

V. #eEta0ikEs
HEBER TN TCHEELEEREL LTRLE. &
HEOYSEOZEOREICIE, 2 BTl Student $
it Welch @ t WE 2 MV, 3B ETIE 1 TEE
M, Scheffe DH BB LT -7z, 2K
OB OB E I IE Spearman O JEHLAH RS % K
Bz, Wy, p<0.052FEE L7,

B ##

. #EBEXORENRE - S ERMKENERR

1. XEWEHE

MmEAEDOE 2 0.10mm 2% 1.10mm &bz -
Twie, FEEMFOE S % DMBN 2 IEAED
Mg, EEECE, mEREACETEAERN
EWE, MR LIS 2 BicRla . BED
HEBRETE b O TS OB BHERE TS <, BB
DRIFEBZLLVMEROATMHNH SN D DH
Hofr. MEOBBEOBEIX, HEIE < BEGHE
OHBELDRBHELZLOMS, WEIEL HEe
HICEHZBRBHEOBED R ENE LD E THD®
DEZoLBBALNL. BEBEOHERD RS
B, THRRBEEMA SN, REICmEREN AL
BUOREzRLL. BEBESAEFCECEET
PPITERMERE CRHERBOMERIRF LEEL %>
7. BEMEORENTIZ R S LIERES & CEME
BZ2OEERL, MEROSMIBREMEOEEDR
B RKGT 2 RS 5N Tz, SERIZ I EFERER -
IFRER « THEMAE - U ok EREBO REMROR
Enme s, EFECZOBECREORE
BME SN,

7 BRI (N AL Y B, BREGHD
B RIS 5 o T T, AR D SEHERL 13 I
BREOIZIZHLETHD , MBELIEFD S B HIEF
MPICIRPERCIOERED bhkholk. SHERSB
L UMBANR T BRSNS R IR SN TR
R b IFEROBE A 517z,

WEETAE T, 2R LEOFMEICERET
RHREORE % &7 1o CTHBFEHIIHREL
fo. BETmME 2 KRB THEY (0.04mm) FHARK
NED oI,

2. REHBLENRE

857 4 YR CIIEERM L REFTOME I TR
PEL. EERECORMEBZ - LD T t-PA
DHEMIEEIZET L. $hEAMERFRL LT
Brar7—CERuks, BFLRaERs2B8251c
i3 EERRE 2 ~ SRFRE T, Yo7 7 - YUER
0.025%T5~103T S OMNBHETH > 7. HEEY
Bz k 2B TRUBRMEMS L S Bz, 57 4
CVHIFTIR o7 7 —PEREL T L Ra%IcES
mEsOERAESLNT. LAL, BEORELLIA
TIR/$5 7 4 VIR D ERE 2 7280, R—ER THE
BT 7 4 VI OWME ZERL TREL .

—R¥& £ L THA ESP5, ESP6 # iR T
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1, BELLEATRTIEBWT, t-PA B4Eom
ERLEBMEONERE, BLUEEO - BIRkoON
BRI AL Tt AT B T 5 MBI SRR,
WEOBIRIE P EERE, BB BEHEIC A
aht: (01,2,3,4). ABEOMBFRMERS L USH
BTELAENEDSNE L, HCBEEsN 28R
TROEFAPLEME LR D t+-PA ORBERIGIIRD
shiedol (X3). MERELBERO 2 BrEEN
XA ENBHETLMERBL & CEERNOEM
MEONEMBEOREHICEIED SRR Lo/, &
TERAEONEDB S, MENMD 5 IIEERAEM
MOBEEDENCLD, t-PA ORBHREZEZESD
SNk ol RHEEEMR, SEAEMIL CImERN
B#EUAO M t-PA ORGIRAS LR Ho
fo. MEOXRMT 2HETIE tPA ORBERIGIZFED
sz -otz.

—WHik & L THifk BESP4 & A -8B A T id—ic
LEMESEL, tPA ORIESRSALHE IR, @
B L BMMECNEBO—MOAICHED ST,
Lo LA, BEE b2 0 RIGE ik ESPS,
ESP6 #HWIBR R THMBTH 7. U@
MEETMEOKEIZBIT 3 tPA ORERL LD
BLrRIDII>ITRD.

II. Mg, k@t s CFREMF D t-PA f#

M1flloMmESD t-PA {#ix 1.2ng/ml 55 41.2
ng/ml T, t-PA EOOHIEHHRERSIHREHERL 2
(& 5). 141D > B 9841 (70%) i3 7 ng/ml LA ET
bol. ERIMEAEYD t-PA {EiX 10.1+6.9ng/ml
(n=140), F MM+ t-PA {Eix 3.7+1.4ng/ml

g S 2,

Fig. 2. Photomicrograph of paraffin section stained by the ABC method with

Fig.1l. Photomicrograph of frozen section
stained by the Avidine-Biotin-Peroxidase
Complex (ABC) method with monoclonal
antibody (ESP6) against tissue-type plasmin-
ogen activator (t-PA). The lower part of the
specimen is the outer membrane of chronic
subdural hematoma and the upper part is dura
mater. The intense immunostaining is seen in
the sinusoidal and capillary endothelial cells
in the outer membrane. No other cells than
the endothelial cells are stained. Couterstained
with hematoxylin. X40.

e -

monoclonal antibody (ESP6) against t-PA. Immunoreactivity of t-PA is

localized in the cytoplasm of endothelial cells lining of sinusoid in the outer
membrane. There are many eosinophils in the outer membrane, but t-PA
reactivity is not found in them. Couterstained with hematoxylin. X200.
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Fig.3. Photomicrograph of the outer membrane stained by the ABC method
with monoclonal antibody (ESP6) against t-PA. Intense staining is found in
endothelial cells of sinusoids and capillaries, but no positive reaction is
observed in endothelial cells of three arterioles (arrows). Couterstained with
hematoxylin. X50.

Fig.4. Photomicrograph of the dura mater stained by the ABC method with
monoclonal antibody (ESP6) against t-PA. The endothelial cells of veins
(arrowheads) are stained moderately, and those of artery (arrows) are stained
weakly. Couterstained with hematoxylin. X50.
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(n=83), W TKEFID t-PA iz 3.1£1.6ng/ml
(n=10) T, MED t-PA MO 2 B & D EEICHE
FmiLie (p<0.01) (B 6). RABIMA t-PA {E 13 FRE:
R L7 b @ Tk 3.5+1.4ng/ml (n=50), REREF
WERER L 72 b O Tid 3.4+1.3ng/ml (n=22) T, W&
CEHEBERED Rh T

Table 1. Intensity of t-PA staining in the capsule
of chronic subdural hematoma.

Antibody ESP4 ESP5 ESP6

Dura mater
endothelium of artery - —or+ ~—or+
endothelium of vein —or+ + +

Outer membrane
endothelium of sinusoid + s
endothelium of capillary  + # H
endothelium of arteriole - - -
fibroblast - - -
eosinophil - - -
neutrophil - . -
lymphocyte - - -
macrophage - . -
plasma cell - - -

Inner membrane - - -

Symbols represent the staining intensity: -+, weak

reaction; 4 , moderate reaction: # , strong
reaction ; —, no reaction.
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Fig. 5. Distribution of t-PA values in hemat-
oma. Histogram shows a logarithmic normal
distribution. The upper limit of t-PA in
normal human plasma is 7 ng/ml, while t-PA
values of 70% in cases with chronic subdural
hematoma are more than 7 ng/ml.

B

Mg 57 2 MEROFEOBEIZDOVT, &
FEFIOD A % S BEM S 0ERBFOBRBIC LD, mE
HHZHEICHEEL T2 b0 (K 7A), MER
Nhhnbor IEE (®C), WEOPMZ IIH (B
TB) D 3OO B E L CMEF t-PA B % HEL
o, MIJER t-PA {Eik, 18 (+) T 7.2+3.1ng/ml
(n=40), ¥ (++) T 9.2+4.2ng/ml (n=30),
Bt (+4+) Tt 11.9%4.1ng/ml (n=15) THERD
FEL TS b0 CMETR PA EIZEVER LR
L7z (®8).

. HERROBBREF, ~ESREYBLUR

meke t-PA f#

sMmhD S5 R :,—% v, FDP {HIZHEAIE

HEHENTH -7, MERT IR T2 —7 VIERRN

* %

*%

N
O

-
()]

-
o

Concentration of t-PA (ng/ml)
(4]

T

Effusion

Hematoma Plasma

Specimens

Fig. 6. t-PA in fluids. Each column indicates
the mean+S. D. Hematoma, chronic subdural
hematoma (n=141); Plasma, Plasma of
patients with chronic subdural hematoma
(n=83) : Effusion, subdural effusion (n=10).
The concentration of t-PA in chronic sub-
dural hematoma is significantly higher than in
plasm or subdural effusion. **, p<0.01 by
ANOVA followed by Scheffe’'s multiple
comparison.
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Fig.7. The outer membranes of chronic sub-
dural hematoma. They were classified into
three types according to the degree of
development of sinusoids, that is, outer
membrane with a large (A), intermediate (B),
and small (C) amount of sinusoids as shown in
figures, respectively. Lower side of each
figure indicates hematoma cavity. Hematoxylin
& Eosin stain. x50.

OFNLVEMET, miEh FDP KRBl D 2 &
DLEHLREERLL (R2) MEPDTT AR
/=% {E, FDP{#, ~%® 70t AH, MENOFE
R, IFRERE B KUY ook MER tPAEED
R AHBEIE R e e m -7z,

IV, mEE~nHmE & t-PA &

1S HTRE T MAE24EG I DWW T, MEE~AD 1R
FeD OHIMEIMEAREDO. 1% 514%, F52.7%
ThH-ote. HilE L MEAN t-PA ORI EER
HREERb s,

* %

20, |

15;

Concentraion of t-PA (ng/ml)

E Ty
Sinusoids

Fig.8. The amount of sinusoids in the outer
membrane and t-PA. (+), outer membrane
with a small amount of sinusoids (n=40);
(+ +), moderate amount of sinusoids (n=30) ;
(+++), large amount of sinusoids (n=15).
The more sinusoids in the outer membrane
are developed, the higher concentration of
t-PA is contained in the hematoma fluid.

** p<0.01 by ANOVA followed by Scheffé’s
multiple comparison.
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V. & EF-2:0lk®
1. M o Pl £ Co MM L MER t-PA HEOR

MEOEEEIE- &0 LT AETERICDWT, F
METORKEMERD t-PA EOBBEERSI L.
t-PA Iz 5 L #30H»550H0McE—2o7ndH 7.
COFAEB E 5 & t-PA I3 RE B EA & R
L, AMEH»SFHETOHMEBEL &2 L MER
t-PA HREE LN LEEALSS, KDEL LI
HE-7 (K9).

2. MEEPIEEMOEHE &« MES t-PA &

FAih i MR 817 % 8100 F %% IR HER
UHfES t-PA fER B L. MO &SN WE
(=) TIZ 11.3+7.5ng/ml (n=76), 4> 8O EmE
(+) T3 10.8+7.5ng/ml (n=30), % & DA

B

(+4) Tiz 6.0+3.6ng/ml m=17) L IR, @
BRI EMO % BT Y -PA HRMEVWERZRLE
(%10).

3. §AER CT FrR & MikErp t-PA {E

PSRRI B OO XARBINRE L 0, OBERINER
(low density type), @EWRIUER (iso-density type),
@FEWIYER (high density type), @EA ! (mixed
density type), ®ERELE (layering type) @ 5 Hiz 5
BLUERO t-PA ERHELY. 80O t-PA Hi,
OERIER T 7.9%5.7ng/ml (n=19), @%RIY
EECIE 9.2+5.2ng/ml (n=40), @FRIUER Tz
9.9+4.3ng/ml (n=34), QEAMTIE §.213.9ng/
ml n=27), ®@BWE TZ 14.6+9.7ng/ml
m=18) T, BERMZMOR X b MED t-PA ZEW
% L 2ER %R UL (F11).

Table 2. Plasminogen and FDP in chronic subdural hematoma

plasminogen (%)

FDP (pg/ml)

Hematoma
Peripheral blood

47.0£23.4 (n=97) 1t
84.3+24.0 (n=51)

1068.6+756.0 (n=119) ¥
7.1£5.5 (n=63)

FDP, fibrinogen and fibrin degradation products.

Values are mean = S.D.

t Significantly different from peripheral blood (p<0.01).

80 100 120 140

Period from trauma to operation (days)

20 .
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~

2 15; s
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'E L4 L) °
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9 51 .

o ° °

3) . .
o 20 40 60
Fig. 9.

Intervals from trauma to operation and t-PA. Peak level of t-PA is seen

between 30th day and 50th day from trauma. Thereafter, t-PA values decrease.
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4. FHIETORERESHE & MiEh t-PA {3

R, Markwalder O P 23R L 72 0 O
R/, T4bb Grade 0, SEfEIR ; Grade 1, B
wyERl | U, MNHOBRERLELE  Grade 2, 18
®, RN, LHFLME ;) Grade 3, 5%, KK
. Grade 4, BIE, WRIXGEE ; Grade 5, Big%n L
OREHRER . PAED b B c M L %880 t-PA %
Lo BFEO t-PA fEid, Grade 0 T 6.8+2.5
ng/ml (n=5), Grade 1 T 10.5+7.0ng/ml (n=33),
Grade 2 T 9.2=*5.4ng/ml (n=57), Grade 3 T
12.6+9.9ng/ml (n=17), Grade 4 T 19.9+2.6ng/
ml (n=3), Grade 5 T 8.1+4.9ng/ml n=12) TH -
#:. Grade 4 OBETIMMOBEL D b MEH -PA 11&
WER & AEAERL T2 (K12).

= %=

SUEFIAIEIR (SR8, fibrinolysis) & i3 Mg iz
BETHHEHMETH S 75 A3/ —4 v EML S

* %
20 %%
E
~
g
-~ 154
<
o
1
e
Y
o
5 104
2 —_
©
1™
ot
c
o
c 00 |
o 5 9 ....:.l.l.l.
3) 2
0 g P

=) (+) &b

Clot in hematoma
Fig.10. The amount of clot in hematoma and
t-PA. (~), absent ; (+), small amount; (++),
large amount. **, p<0.01 by ANOVA follo-
wed by Scheffé’s multiple comparison.

20 4

Concentration of t-PA (ng/ml)

b

Low Iso High Layer Mixed

X-ray absorption values in CT
Fig.11. X-ray absorption values in CT images
and t-PA. The t-PA level of layering type is
higher than that of any other types. *, p<0.05

by ANOVA followed by Scheffe's multiple
comparison.

25+

204

104

Concentration of t-PA (ng/mil)

Gr.0 Gr.1 Gr.2 Gr.3 Gr.4 Gr.5
Neurological grades
Fig.12. Modified Markwalder's neurological
grades and t-PA. The t-PA level of grade 4 is
higher than that of any other grades.
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NTTI7RIVEERENIER, 77231 21048-
T4 TV BIUT7 470 =7 vRNGHRENLH
RBTHD. COFER, 74TV rBIU747Y /=
5y O AREY (FDP) nipans . BEBEROEKE
g, YSAI ) =57 7 FX~—%— (plasmi-
nogen activator, PA) iz & 2 #FEMEEHELE, HAR
FEELENT 2NAEEE L ST OoNSH, &
B DI S R RIE RIE ML O RIS R E
BILEIAMKEVEEND.

PA 34 A, 204 ¥MEES X CREFENR T
WX D HEA PA (t-PA) & v o ¥J —+ (urokinase-
type plasminogen activator, u-PA) iz KAlahT
V33 . 19464 Fischer® |32 DAY, MEEH DR
BoOBZE (fibrinolytic pro-enzyme) O 7 7 F X —
F—ERT S L RRIBL, 19474 Astrup 571
HYOBRBE BT THBERO S A/ -7
V7 7 F~—F — (tissue activator) DFFFEER L.
ZFQH%, t MIEOERBEHRTO wPA LERELS
PA (vascular PA, v-PA) OEE® ®, ME N KA
k3 t-PADEENTRENT, EFFELS tPAD
BRLITbLY. ZOBROFR LD, vPA &
tPA BE—DWETH B I L BREFHIEID 5
n, £ MEREMEERTH B 2 RSN,
t MERD 2 WIEEBRTKED t-PA OFHRAE
AFT2Z L BEETH -7 2 L5 tPA FHRICBIT
ZRKOEH Lo Twizp, BEEMAT /— <
Hg (Bowes t) MEME T t-PA 2ELENW TR L
BSEHANY, tPA T 25 & Z BEREER
S5EU7-. Pennica ¥ 2%/ —~<#fig» > t-PA
Wxtd 3 mRNA 287, BEFIFNFEICED
tPA ©7 I /BEFIZHsLIZ L. ZOREFHE
¥z Iz kD& 5ICKED t-PA (recombinant t-PA) 3
BohBLICE->TwS,. £ tPA KT 2HE
NEEEY AN, ThEFALT tPA ORIERE
® tPA OEBARECHET 2MEOEREIA SN
Iz,

BN T IS 8 3 MENA T OREEEDIT
Eix, chET7 47V ¥ FERE (fibrin plate
method)® TEEBH S iz b OB H N2, & BRI
7 4 79 v S MEMAED tPA FEIEE VS
gD t-PA EHRBELLRERLL. LHLIDA
®Eix t-PA Oflic 77 X 2 J=Fv, T4 TN =T
v, BEBERDA e EY =% EREFTOLE COREFIC
pH#sn, tPA OHNMERHAET 22 LB TELZW
ru3 KENDS. tPADREIEELLTR I 747
J v 7L — ki, immunoradiometric assay (IR-

MA), radioimmunoassay (RIA) % E23% 5 4%, if
£, ¥ t-PA Btk R L /2 ELISA 2% s,
radioimmunoassay 2 > TRbh 3 &3 Ko7 &
ETIRA t-PA FIAOMERIE & 0 IEER S X UkiEs
Mo t-PA 2LV BENICHIET 2 Z EMARETH
3

KWgE T3 ELISA %2k 0 t-PA fE2HEL .
ELISA iz L 3 FERARMILCE T2 tPA OF
#{E, Bergsdorf 5213 4.0+ 1.8ng/ml LgEL,
Matsuo 5* 1% 1.2+0.3ng/ml L |EL TV 2. XF
2242 B\ TR PR T M E o B E KB M83FIc 51 5
t-PA {#fiid 3.7+1.4ng/ml, BERETKELHITIX 3.1
+1.6ng/ml LIEETH->7OEHL, BHEEET@
B4 O MMERNA PO t-PA {Hi 10.1+6.9ng/ml &
B2 BWHRTEBECHBMBER L. &7298 (&
70%) HTEE LR EE 255 Tng/ml 22 Tw
fo. ZOFERD SR MEREE T M & 1 2 REEET
EOERE, MEHECBY 5 t-PA OBEIEER
HBIEWTED.
SBEBCB L CIFE L CNENERMRTO
PA OREMNFE LA BHERTIECSNT
b, Ito 5% Todd iz & D t-PA IEMEMIEOM
HRC-BLTRsNE BRI, —71, BET
RIS EMEUADOREOMARIC BT 5 t-PA DX
osil &, BB T M OB & S B RS
wmiaY, = zu7 r—Y9 FRROLES tPA 2 X
R, AWt enmEsnTws. Todd TAS
Nzd7 47 VERER tPA SWORENLIENT
Y, £z t-PA OHFEEOMMNILTLS tPAH
AR L 2020 2 e s t-PA OIERE % £ BERE
FHIDICIERAN DD . FOROAPRICE TR
tPA T 2E ) 7 u—FAdikER Y, REHEE
FHIZ t-PA OREERAT.

ISR F R Todd HE L HEL T, 1) B
HMEBI L, 2) AYEET—DOBERLEL
L,3) BUHEEETBASIAI S T T IFR-
F— i, FEEHEOLOLRHTE B L XD
2HT L. ANFEICE T2 RERBFNRECL T
BoALBERTIE, MESED IE R SHmEon
KEBERCERBED tPA OREREARS .
ML A O MAZIZ i3 tPA ORIGRED S
¥ mENEI L CPA ORBERIGERDHNE
ot BEOBIRSEIRTIE tPA ORIGHRDS
niAt, RO ME XSS E T 2 OB BRI Y
i < HUIERE & ORI ABESAFEL T3 2 &b Sl
e~ tPA BUEE WS ATRHREERHCZLY. §
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LABEEOBEIRTO tPA ORERGIE, MERT
OFIMBRIEAREO 72 DI EBINICERET 2 tPA #
FTEELOGND. Licdt- TIBMEE FmEgE
B3 ER t-PA OEBIBITISMED MER L B
SONEMETHY, MERFRCETHELRY
t-PA 2 h s DHIRED? & D t-PA OBEIS W R
+abDEFERIOTONG.

Kwaan™ 3 ER D 2 BaEB T, YhER
ZHMMEONKMITIELED PA 25 L, ABEE»
o oM TIME B L TRHRISEIREI LT 2
rlL7:. BHERTMESNEOS#HO t-PA B—HT
BESBEORE XIS L LT, tPA OB L 4E
REBEICIEE 2 BSIEEOFEIC & ) MER A A
Calte, UTOERNES T L E2 N5,
tPA B7 4 7V YEAELNEL, tPADFI RS
= rREELT 2B, B3 TRTEIET 4
TV EDEEREER T2t s. 7470
VOTEET 2 & t-PA OFBMLEER, BEELR WS
BITHEARL00EIC b ML= 2727 4 7Y > OB
F0LOM tPA OB ZRET 2%, &5 1B HE
BTMmE B 2 ST, ZRRENETHB
EOFED D 5TV S0 S0 E M IME OB R
R S L2 MR N EHIRED 5 D t-PA D H %
BL, BRELBEBEEOESb s b ek
5. —7f, BEEETOECMENERMICESED
FDP & $h 3. FDP i t-PA EMALIRLEIER®, T
PO ECERT, M/UMREBEAEFERA®EEL, &5
K747V OB EBET 270 ICBF O FDP 0
FE & > THEEMIZHEG 7 4 70 YR Y < — A
ANZO EFRtPAWREIDTISAI /=7 U d
BENLTITAIVIFEV, VU, EXEEET* 5
BT2° 2L 2L T, B2 t-PA OEMIEMNT 4
TV T FDP ko TH{B RN, &84
MERTREEROERVEESNTE Y, & HHMm
PRIDBLUBESER SN TWE. Tobs, I
DIEMBHE E L CEMMEOBROS RS AL 7 4
7Y > ORI, MEROSED FDP 0z bl
AESNE L, th, MENEMEES S t-PA ORH
RRL, %72 FDP L3tz t-PA OIEMAL % 2HE 1o 18
WY, BBOTSSR I VAERICE DB S

Table 3. Activation mechanism of plasmi-
nogen by t-PA.

1. t-PA+fibrin—t-PA - fibrin complex

2. t-PA - fibrin complex +plasminogen—plasmin

M, BEOEI iz wBEDL LT, BfmEHO
IR S 7 S E i R 13 BT 0 tPA B
W& BMIBEEOTHIZ L VAR HER L, SN
EroOHMROEShE 2L d. MERICE
WTHRYT2UED LS —HBOBERBIZL D, 8%
BETOEOMBREANE 2 LE25Nn%. BHE
BETMEESOIE & A L IZMED SR O & TRkt
59, TRIZWEHRIC LY LD LS R EERSK -0
Plrlzdd. SMEHS30~500T t-PA iz — 2
ERLIES, ZOMTEMEIZ t-PAEDIFSD &
REV. ZHLiE, tPA OFFEIL 2 ~ 6 599 1451,
CEDEFRT S, EMMERORO MR E
HENT tPA BSEMICHRE SR 2 2 L A RB T
5. SMED S DBKEBNEVE I BV TMER
t-PA EMNLROEE LR, AEOBRE Iy
tPA DEEFFMTHLMENBEI LT WL HTH
5. FLMBENENOSE L MERN t-PA & OREE
B, t-PA DR ERIERORED 5013 t-PA OB
NADIDIAAEERMLTVL EEL 6N,

tPA DS FRECESEICHE T 2 HENER,
tPA FFICBTBEMHLL 7 1+ 7 v £ DESE
BETRT 2 MBNERE ST E L2, AR5
WTHB L AP tPA ko 5 5, ¥k ESP4 &
tPA OEMEICTEL B4 L, Hiik ESPS
BELUESP6 BIEMEL BN EST 203
e ET . kAL L THEk ESP4 2w
HEIZ tPA ORBRIEHHRBTH 7 2 £ 1d, S
DMENRMAD t-PA D% FEEELINETE
ELTWBIL2TMT 2. $-MEND t-PA &
&, MEN FDP 752 3 /=4 v L ORICIZEE
BRIEBD R o2 s, t-PA DR L t-PA B -
BERMTRELDTHY, 1>y —2DDRTF
E2EENRBEING .

tPA R 1IFEHO DL 2 AKBOLOH D, 1
K t-PAR TSRV THEBCREMESA Y AL
T4 RTRALAL2AY tPA UEDLZ I oA
TW3%, 148 t-PA 25 2 K84 t-PA ~ADOEHu
747V RELETREID®, Ly t-PA ZMEN
BN THIEEE L L ABEOBTERS L, s
SHHBIZEEDOE W 2 A t-PA WEMBES L2 LU
I VD EODARE L LT, BMEET mE N ED
MENEMIEAD t-PA 13 1 K8 tPA TH2 WD
WENTES. £/, MENEMEE tPA &35,
ZOREMN L 1 > £ ¥ ¥ — (plasminogen activator
inhibitor; PAI) % & 457 2 Z L AHI S NP, HIATE
Hi12 PAL £ t-PA EDNT YR > THREENS.
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Schleef &3] t-PA £/ 7 u—FALKIC L - T
b MEEEIRN AR OMENIZB 05 t-PA O
BEANSEEER, tPA L PAl OWESERL CEET
2i5E L, tPA L PAl L3 &B2BR L CEET
LEHENDH L L L. Filk ESP4 12 & 3 R EiERM,
PAl Lt OMEEHBRICL2 L T2E A HSEORE
DO REENE S, L LHifs ESP5, ESP6
PROVEEESC, ERI L > T t-PA OREMICES
AongholeZ s, BEBEETIIED mEEK
WES, H20LIERAERICEIT 5 PAI OEE R
D, TabbKESOEMEEE T mEEF T
IR > < D LETT B0, MENEMENO
t-PA OFEENEBETH->TH, #DIER PALC
EOMEIEZ T2 THD, PALIC X 2B EN
W, mERERoFa~m»> £Exzo6nb. —7,
IR RERE T MFBER 0D 72 h 1 1 B e YR Ak 0D FRoE
BREL2000EICH B0, Zhid PAI oillEl %
X5,z EEB t-PA BEOBEIC & - CGREIZIREGE
HAENELZ D EEZoNDE . SEORKTILE
mONESOE VES L UVMBERNADOHME & t-PA
EroMcEECHENA MM DIk t-PA &
PAIl Lt DEEBEROBELEZ o h, FE» S OH
MIZAE D tPA BEEBERTH S LT2EZE2EE
T2H0TIREV.

t-PA BLIUA S —DFUWIIEED R L E >~
o TEEENED. BEOEFRBRES MEEX
B3 t-PA OBREEEZ 5 LTHARROBELE
BTA2LENDZEEbDNLSAY, ZOHCELTES
BOWESFLNS.

#

tissue -type plasminogen activator (t-PA) Zxf9
BE /7 O—F VPR E O TRMEREET M O HE
BT3B t-PA OREHEBFONRELTR G, £
enzyme linked immunosorbent assay (ELISA) i &
D, EMHEETLECMEAST IS T2 t-PA EEXH
FEL, BEBEETHIECMEEROEFCNT 2
tPA OFEI R L.

1. BEOGSEEBFEORE TR, MENMEDNE
s & UEMLEONEMKIC t-PA OREBERISIHE
Eovehi. HERICIEKEE, AR
3, M P BT B LAS o &5 0 ML D R AR E SR T 4
Ytk tPA ORERISEED S h o/, MEH
LEMIME O KM EET S t-PA X, HEHE
EHORETEET 2 2 Lol s hi:. BEOER
ROEEICH t-PA DRERGSA SN, IhidsE

3

HEQCEET 5 t-PA 2R T B2 SN, MIEARE
Y t-PA ORIGIRED o7,

2. MENA41EO t-PA fHiZ 1.2ng/ml »e
41.2ng/ml THEIERSFER 2R L. ZOFHE+
E¥RAET 10.11+6.9ng/ml T, SUEFEETLESS
FABMB3FID t-PA {H 3.7 1.4ng/ml, B X VT
KEEL0HID t-PA {E 3.1%1.6ng/ml IKHRTEE S
EERL. SEOMBER L < FEL TV 2EHT
WZIMEAN tPA EREETH -7, BEFEET MmE:
B 5 RATRBEEEO SR, MEAEO TR
EMINE O EMEIC BT 5 t-PA OERIES, &R
LA EE L St MESRD t-PA HiX, 44
M530E»S50HOMICE — 7 s s iz, ZOH
TEMEIC tPAEOIES D ENASE W I LIdEMM
EHROFOMBRIBHEICERSNT t-PA BEHEMHK
HahzZe2RBT2eEz6N, ZOHEE2AEE
2L t-PA{ERRA L T 0, MENEDRE(
KEEOWHEDOMEHD L TR D eEZ SN,

3. miEd o FDP I&®ET, 7R3/ =4V
BAETH o728, MEFD t-PA H L OMICEEOMH
Mikashnighrol, MERAES O E A EE LU0
ERE~OHMmE L t-PA EEOMICHHEERASL
Mot ZRe PALIZ & 2 t-PA BN ORE
T, t-PA OBFELLHHZO L OVBRBELOFER
BIUHMZIZZOEERMINE NI EERET2
rEzonl.

4. MEREMOSE - MERN t-PA EE0BF
i3, t-PA OAWERPLEROBRE, D20 t-PAOE
MANDERDAHEERBLTWS EEZ SN,

5. IEH O M & U CHABEANEME O mEE
AQBEOEICBRE N7 4 7 O, mER
D%BED FDP Ol HEE NG, MEANK
iR, 5 t-PA Ot 2L FDP &3 t-PA OF
L2 T 2. —F, tPAICLBEZBEBD ST A3
VERIIZEL Y, mEMWED, BEOREIDI(n
BEAERINS . SHMEROHICHRS L #E
BB AR BRI O tPA ic X 2 BIEEEOT
B IVBERIAHEIh, ZOBR, AREOLDE»L0
HIM A5 D 3 S VBHEE TS0 A 2 5 L
EEND.

B [

RS, HBECEEE R EB L
SRAFELBUIHESE, U THEBIRICREL 2 HEE
®L 2T . FFEORTCHL, MEEEE & L &RAT
BEAREA B, (LAETER Y, EEO S, MYE 2R
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x 3 U7 REIG AR » VBB OELE S T EHR L
4. £, FEMEAOLE DLW TRELEEE LB 2L
PERKEEEIREY, BANRERIEI BRHoEL+£
LET. SHWEHOIRICHERAIIES £ U 22 BEm bR
EABloEEETCES L LT Y.
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Abstract

In this study, the role of tissue-type plasminogen activator (t-PA) in the growing
mechanism of chronic subdural hematoma was investigated. The capsules of chronic
snbdural hematoma were immunohistochemically stained with monoclonal antibodies
against t-PA. In addition, concentration of t-PA in the hematoma contents and plasmas
was measured by the enzyme linked immunosorbent assay (ELISA). One hundred and
nineteen cases with chronic subdural hematoma involving 141 sides were studied. Twenty
patients had bilateral hematoma. Five of 119 patients with chronic subdural hematoma
needed reoperation. Ten cases with subdural effusion were also studied. Endothelial cells
of sinusoids and capillaries in the outer membrane showed strong immunostaining, while
those of arterioles showed no staining. Endothelial cells of veins and arteries in the dura
mater showed moderate and weak staining, respectively. No other cells than the
endothelial cells were stained. In the inner membrane, t-PA immunoreactivity was not
seen. t-PA values in the hematoma contents show a logarithmic normal distribution. The
concentration of t-PA in the hematoma content was 10.1+6.9ng/ ml (meanES.D.)
(N=141), being significantly higher than the plasma (3.7 1.4ng/ml, n=83) and subdural
effusion (3.1+1.6ng/ ml, n=10). The more sinusoids in the outer membrane were
developed, the higher concentration of t-PA was contained in the hematoma fluid. Fibrin
and fibrinogen degradation produts (FDP) in the hematoma content were greatly higher
than in plasma, and plasminogen in the former was lower than the latter. However, there
was no correlation between t-PA value in the hematoma content and FDP or plasminogen.
There was no correlation between t-PA level in the hematoma content and hemoglobin,
white blood cell and daily hemorrhage into the hematoma cavity. The peak level of t-PA
was seen between the 30th day and 50th day after truma. The t-PA level of layering-type
hematoma on computed tomographic images was higher than that of any other types.
Also, the t-PA level in patients showing coma (grade 4) was higher than that in patients
with any other grades. In chronic subdural hematoma, it is suggested that overproduction
and oversecretion of t-PA from the sinusoidal and capillary endothelial cells in the outer
membrane causes hyperfibrinolysis, which in turn impairs hemostasis, and repeated i

hemorrhage from the qapillaries would result in enlargement of chronic subdural
hematoma.




