Increased Local Fibrinolytic Activity in Chronic
Subdural Hematoma
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74 7Y 2= REY (fibrin and fibrinogen degradation
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(t-PA) 2 ERERRTZ L 20D, FmBAEEEL Y + 7
VVYRICEETAE 7 4 7Y VBEREBNRTE, ZThixhE+o
RTEETEETIELY "B T 5 & Lic. ¥/ Fujisawa 592
tPA KT EE/ 7 v~ i AGCREERLFENRE
FHIC L b, MR T OEA RO 8 & EMLEORN
Efffaw tPA RNEBEWCHFETHZ LR LR,

I TEREEER T OEASROBBEEYRET 5D, £
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I (enzyme-linked immunosorbent assay, ELISA) & »
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2. I S5 A s ) =5 VvT 7 F X — & — (tissue-type
plasminogen activator, t-PA)
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t-PA # E 2 t-PA enzyme linked immunosorbent assay
(ELISA) # » + (American Diagnostica inc., New Yor,
USA) v+ v P 4 » 5 ELISA THIE L.

3. 73R 3 —%"v (plasminoen)

i 8 28 9 S B S B L BAR (M-Partigen-Plasminogen®, ~
FAML PRV, HRE) LB 2RTEMEE B (radia)
immunodiffusion) % F\72'®.

4. 747V VvBIOT7 4 7Y/ —F VS RREY (fibrin and
fibrinogen degradation products, FDP)
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e R U HIEECH L TR MERERRORE L -
7o, SHEOTRBERCERK O I EU FoRMEEERELR
Kruskal-Wallis Nonparametric 4> 8% #7 % i 17 # Hollander-
Wolfe Ex A 7®. EHSH 2R LEEROHBERFRE
THEBEYHEL, DMNOTHRREKOMEENL Spearman
DIEMABG EEC X VBB L. &BR (p) 2°0.05T%E
BeLi.

B &

. MERRRLEOKERF

TSMRFE T MEASK EES D PLN-A2PI complex L U°
APl DEIL, %4 4.8+2.6(n=T2, #&/MEL.4, &AME1S.4)
pg/ml % E0010.524.8 (n=T0, H/MHEO.5, BAfH23.9)ue/
ml THh 7. MmfE+ o PLN-A2PI complex & t-PA IxHE
HomEl4 R L, A2PL FDP B EH AR AR L7, PLG
DHAEL - & H LicArish -k (K1A,B.C.D,E). mfE
#rD PLN-A2PI complex D3+~ TIE® M4 FIBRE0.8us/
ml® 2z Tz, A2PL DfER 4 TIEH M FIRME 44ug/ml
KT, RATLEE MREDCR I FEHOETH 7. M
o t-PA OTTRILIER M FRME Tng/ml'™ Rz Ture.
MKErp D PLG (34T EH M4 TRM 10mg/dI™ RilToH -
fo. iR FDP i3 1 61 (3. 1pg/ml) % bk & 2T 20008/
ml b, ERmMELRERIZENCSbEboT (F).

I. XWHMPORIEFEMBARE LEOHERFOUR

%8 & 7o PR MR T B D 5 B R A e D ERA
TERUETERLFATCE, TOMICTh LERERE@EAANT
Hoto (F1).

PLN-A2PI complex, A2P], t-PA, PLG, FDP =2 & K (M
HOME L ME EEROER LTS, WThLBELAEE
EHFDHT (p<0.0005, Mann-Whitney U #78). B, Mk
#® PLN-A2PI complex, t-PA, FDP (KM MK D Fh bkt
NELWEMEERL, PLG, A2PLItE LW EEERRLE. T
NOBEBETF IR T SR MABEF OE & M Lo EED
R IZAEBE A e s o T

. mRERER EFEOREETFHAR DR
. MBREE EEOBRERFHEEM CHBEOBELAND L,
t-PA & PLN-A2PI complex, A2PI & PLN-A2PI complex,
PLG & AZ2PI t-PA & PLG, PLG & PLN-A2PI complex I
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pECIEVCTROEEOMHEN D - (K24, B, C, D, E). Ml
ERHR EED FDP o WTFhoRF & B b »
2. AZPI & t-PA ORI S HEDHBRIL e » 7o STBIESR S
#i% 7R L1z PLN-A2PI complex 35 & OF t-PA DU Tt
BETAI LR I VRHMERAFERNE bk (K 2A, B).
PLG BH A RAK TS 5 72 A2PL, t-PA, PLN-A2P]
complex & DIFH AR ER1E bhich - 724 Spearman D
JEACARBIET BRI X 0 MBI DA A <7 (X 2C, D, E).
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FRIRARYBE R LCBEERESE, 2) Bl EE
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OBEERE T OERSE LEPO +PA (p<0.05, FFEIG -8B
%) & PLN-A2PI complex (p<0.01, FEXIG t-HR8) (ZBEE
BEECHE LEBICEEY R Lics A2PL FDP, PLG fEi3 2
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_Fig. 1. Distribution of fibrinolytic factors in supernatant

fluid of chronic subdural hematomas. (A) Distribution of
plasmin-a,-plasmin inhibitor complex (PLN-A2PI complex).
(B) Distribution of arplasmin inhibitor (A2PI). (®)]
Distribution of tissue-type plasminogen activator (t-PA).
(D) Distribution of plasminogen (PLG). (E) Distribution of
fibrin and fibrinogen degradation products (FDP). PLN-
A2P] complex and t-PA values in hematomas show
logarithmic normal distributions. A2PI and FDP show
normal distributions. PLG does not show any special
pattern. All values in PLN-A2P] complex in hematomas
are above 0.8u4g/ml (the upper limit of the normal plasma
level). 97% of values in A2P] are below half of the lower
limit of the normal plasma level (44.4ug/ ml). 77% of
values in t-PA are beyond the upper limit of the normal
plasma level (Tng/ml). All data in PLG are below the
lower limit of the normal plasma level (10mg/dl). All data
but one (which is minimum value 3.1xg/ml) in FDP are
beyond 200xg/ml which is far beyond the upper limit of
the normal serum level (10ug/ml).
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Table 1.

i3

Fibrinolytic factors in hematomas and peripheral bloods

Hematomas

Peripheral bloods Normal values in peripheral blood

PLN-A2PI complex (ug/ml)
AZ2PI (ug/ml)
t-PA (ng/mil)

PLG (mg/dl)
FDP (ug/ml)

4.8£2.6 (n=T2) %
10.5+4.8 (n=T0) t
12.548.4 (n=T39) 1
4.1£2.4Cn=70) *
6341241 (n=57) 1t

0.6+0.2 (n=15) % <0.8
58.2+9.0 (n=23) t 60.5+16.1
4.4+1.4 (n=25)1 4.0£1.8
12.241.5 (n=18) t 10—30
4.0+1.2 (n=20) 1 <10

(A)

Log(PLN-A2PI complex)

(B)

Log(PLN-A2P| complex)

©

A2P! (ug / ml)

Values are means + SD; n, number of samples; f,

There are significant differences between the values in

peripheral bloods and hematomas (p<0.0005 by Mann-Whitney U test).; PLN-A2PI complex, plasmin-a.-plasmin
inhibitor complex ; A2PI, a,-plasmin inhibitor ; t-PA, tissue-type plasminogen activator; PLG, plasminogen; FDP,

fibrin and fibrinogen degradation products.
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Fig.2. Correlation between fibrinolytic factors in chronic

subdural hematoma. (A) Correlation between tissue-type
plasminogen activator (t-PA) and plasmin-a,-plasmin
inhibitor complex (PLN-A2PI complex) (p<0.005 by
F-test). (B) Correlation between ap-plasmin inhibitor
(A2PI) and PLN-A2PI complex (p<0.001 by F-test). (€
Correlation between plasminogen (PLG) and AZ2PI
(p<0.0005 by Spearman rank correlation coefficient test).
(D) Correlation between t-PA and PLG (p<0.05 by
Spearman rank correlation coefficient test). (E) Correlation
between PLG and PLN-A2PI complex (p<0.005 by
Spearman rank correlation coefficient test). There are
significant correlations between two values in (A)-(B).
Linear regression equations are obtained in (A)and(B) after
a logarithmic transformation of values of PLN-A2PI
complex and t-PA.
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105) B (layering type) © S BEWC SR LAz, BMEERT
LENER LEH D PLN-A2PI complex, A2PL, t-PA 12BIEH;
B W T EbbdRIEmWEAAA DA FDP 2B/ T
i3l ot (F4).
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DBERTFIZ, BRICAD > TEMADFRICHT, WTho
EFcd 2 BRI CEBZE b o7 ('5).

V. WHEETEE kL — Sk BSOS R T OB

SER N

FETOEEEEE R0 - R 10fIIE 3\ CIRIFEBIEE T

BERE F U — VEEHK LR OBBRFIREA B WTFhbE

Table 2. Fibrinolytic factors in
consciousness disturbance

hematomas

PLTChofe. —JF, MRERTOERELRD 240
WL, R TEEE N v — v Er i EE R © PLN-A2PI
complex, A2PL, t-PA, PLG & irL (K 3A, B, C D,
E). 205 HiEF 8 RMEFMESARCHEF ML EL, EE
THmEErES RS, EF 8 OBFMROEH THEE
FU—vEE LR BRBRFIRV-Th LA DRRED
L, RlEABLh.

% =

EMEETOEOHABF >\ TIREEDS FHLENS
W CrF EEERRIER W X A MEORIE R LIS T o
EREmOELE MO A 20 L D EREBEHEATILD L

according to severity of

Fibrinolytic factors
in hematomas

Slightly disturbed
group

Severely disturbed
group

PLN-A2PI complex (ug/ml)
A2PI (zg/ml)
t-PA (ng/ml)

PLG (mg/dl)
FDP (ug/ml)

4.4£2.5 (n=6D 1
10.3+4.8 (n=59) *
11.5%7.8 (n=62) 1
4.04+2.4 (n=59*
6544248 (n=41*

6.8£2.8 (n=1Dt
11.1+4.8 (n=1D*
18.0+9.8 (n=1D1
4.6£2.3 (n=1D*
5374186 (n=10) *

Values are means & SD; n, number of hematomas; 1, Significantly different
(p<0.01 by pooled t-test); I, Significantly different (p<0.05, by pooled
t-test). ; * Not significantly different; PLN-A2PI complex, plasmin-a,-plasmin
inhibitor complex; A2PI, a;-plasmin inhibitor; t-PA, tissue-type plasminogen

activator; PLG,

plasminogen ;

FDP,

fibrin and fibrinogen degradation

products ; Pooled t-test is performed in PLN-A2PI complex and t-PA after a
logarithmic transformation of values.; Mann-Whitney U test is performed in
PLG.; The consciousness level in slightly disturbed. group is alert, disoriented,
or drowsy and that in severely disturbed group is stuporous or comatose.

Table 3. Fibrinolytic factors in hematomas according to moter paresis

Fibrinolytic factors
in hematomas

Patients with motor paresis

Patients without motor paresis

PLN-A2PI complex (ug/ml)
A2PI (ug/ml)
t-PA (ng/ml)

PLG (mg/dl)
FDP (ug/ml)

4.5%2.7 (n=5Dt
10.8+5.1 (n=49) *
12.148.0 (n=5D*
4.0+2.6 (n=48)*
598215 (n=39) *

5.5+2.4 (n=2Dt
9.7+4.0 (n=21) *
13.5£9.3 (n=22) *
4.2£2.6 (n=22)*
709+281 (n=18)*

Values are means + SD; n, number of hematomas, Significantly different (p<0.05 by
pooled t-test); *, Not significantly different; t-PA, tissue-type plasminogen activator; PLG,
plasminogen ; PLN-A2PI complex, plasmin-a,-plasmin inhibitor complex; AZPI, a,-plasmin
inhibitor ; FDP, fibrin and fibrinogen degradation products; Pooled t-test is performed in
PLN-A2PI complex and t-PA after a logarithmic transformation of values.; Mann-Whitney

U test is performed in PLG.

Table 4. Fibrinolytic factors in hematomas according to X-ray absorption value on CT scan

Fibrinolytic factors Layering High

Iso Low Mixed

PLN-A2PI complex (ug/ml) 7.3%£3.5 (n=8)
A2PI (ug/ml)

t-PA (ng/ml) 20.8£11.6 (n=8) 11.8£4.3 (n=20)
PLG (mg/dl) 6.4+1.6 (n=8) 5.1%£2.3 (n=19)
FDP (ug/ml) 668-=£231 (n=5) 674+221 (n=17)

5.0+£2.4 (n=19)
15.246.0 (n=6) 12.0£3.6 (n=19

3.9£1.9 (n=23)
8.5+4.5 (n=23
11.548.5 (n=23)
2.942.0 (n=23)
5974262 (n=19)

3.4%1.4 (n=86)
10.2+5.5 (n =6)
16.5%15.3 (n =6)
2.6+£0.6 (n=4
756225 (n=3)

5.0£3.0 (n=16)
9.9+4.3 (n=16)
9.3+3.4 (n=16)
3.7+2.2 (n=16)
5934255 (n=13)

Values are means + SD: n, number of hematomas; Layering type tends to have highest means in PLN-A2PI complex, t-PA, PLG,

A2PL

There are no significant differences among five types in values of FDP (by analysis of variance).; PLN-A2PI complex,

p_lasmin-a,-plasmin inhibitor complex : A2PI, a,-plasmin inhibitor; t-PA, tissue-type plasminogen activator; PLG, plasminogen; FDP,
fibrin and fibrinogen degradation products; Analysis of variance is performed in PLN-A2PI complex and t-PA after a logarithmic

transformation of values.
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BRI S h s, BUHEE FuENER ERO FDP, tPA 28 {E
LT bmh, BHEGERT mEPZ RIS AEE M T L
TOREBIL BB Z L RIS B0,

BBEEIBERT LAGBRTOAS VATRES. 75
A vE XU PLG, t-PA XFi#E D, 7o APl REEDER

i3

HFTas (F4). 7723 VT AZPL &1 1 1 DESTHS
L, BLbRAFBINTEE LEEH PLN-A2PI complex #
DB, TS A vORFEIFEECEL (BLF1003y
), 747V VERAS LEBHNEE LTS A T v TT ]
BThHrhd? F5A I VEEENETSZ EIXRETHS,

Table 5. Fibrinolytic factors in hematomas according to recurrence

Fibrinolytic factors Healing Recurrence
in hematomas group group
PLN-A2PI complex (ug/ml) 4.6+2.6 (n=67) 6.4+3.5 (n=15)
A2PI (ug/ml) 10.6+4.7 (n =65) 9.2+6.3 (n=5)
t-PA (ng/ml) 12.4+8.5 (n =68) 14.7+£7.9 (n=15)
PLG (mg/dl) 4.1£2.3 (n=65) 4.0£2.9 (n=5)
FDP (ug/ml) 640245 (n =52) 573+203 (n=15)

Values are means £ SD; n, number of hematomas; There are no significant
differences between healing group and recurrent group on any factor.;
PLN-A2PI complex, plasmin-a-plasmin inhibitor complex; A2PI, a,-plasmin
inhibitor. ; t-PA, tissue-type plasminogen activator; PLG, plasminogen; FDP,
fibrin and fibrinogen degradation products; Paired t-test is performed in
PLN-A2PI complex and t-PA after a logarithmic transformation of values.;
Mann-Whitney U test is performed in PLG.
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Fig.3. Levels of the fibrinolytic factors in the fluid drained
from the subdural cavity after the operation. (A)Plasmin-
arplasmin inhibitor complex (PLN-A2PI complex). (B)
ay-plasmin inhibitor (A2PI). (C) Tissue-type plasminogen
activator (t-PA). (D) Plasminogen (PLG). (E) Fibrin and
fibrinogen degradation products (FDP). The values on
postoperative day 0 represent the values in hematomas.
Levels of the fibrinolytic factors in healing cases ( )
are shown by average. Numbers in parentheses indicate
the number of samples. Recurrent cases are case 4
(|- ), case8 (B——) and case8 after reoperation
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—% , PLN-A2PI complex Q¥ IIB I F ¥ HTH S -
»®, PLN-A2PI complex 34N DOREEMET DIEEIC
pwe SRR INhIcE/  se—r itk HOG-BEEAE
IEREY 1 & h, PLN-A2PI complex, #BE A2PI OJIE T
i in oo, TOHKIZE D PLN-A2PI complex #& L1z
A2PL i3l A2PT LIXBILCRIET A &ENA[EL 2 b,
A2P] 2B A2P] MR E %2 L, PLN-A2PI complex i
PLN-A2PI complex U E#HZ LT\ 5. ZOFEICLAFF
Affi#eE D PLN-A2PI complex, A2PI 1%, % 4 0.8ug/ml Ll
T, 60.5£16. lug/ml®CH%.

Weir, Gordon HIXEMEE FiffEhd API B L US55 A 3
)= VERRAELREY. LhLEELOHEIIR A0 HEE s Riv
h73Ax 3 vEfEd Lic A2PI (PLN-A2PI complex) & ¥
AP X T &AL\,

BHEE TOEREOMEANSR L+ o PLN-A2PI
complex B4 CIEH MRMHE HIRMED 0.8ug/ml LA ETH D,
¥l AP (EREFMBEOYSUTOBRETH . BHE
BEThEREHFCKT 2EETOEASK EBEPOBRBRT LR
BB ORERFICIIMHEEMEL 2. SEIONZEAFTLY
HoHMmER%Z Ld Lcdh ORERMC O MEREFRR LD 1
AlbEDIer e, ZhLDFEM»CEEER FLEEH R
WL S DRREEYE & BB ¥ MR T N OSBRSS
B AT LTV 5 &R S i, BT 0 O RFTREATR M T
HERAERLTHB,

BUHERTLECMEECRSVWTT 5 A I vABBHRELS
&, MEROER 2 REFRERTF CTHD APl BHEIHE
Be7ebhZ LIk D MBROKBEB A ETECERTS. Zhic
FhEHmAMERECEZ 5 & A2P] 0 « DBER 3 Hin
BifIc X p MBS I AT s AR &S, 2D
&, Wi, BE, oW A 21 X 0 I8HEE T mE
BRAKKEL LB LD LRI S,

BERBEEOD2BOMBENAR - O PLN-A2PI
complex ¥ X% t-PA fHiZ, BEBESEERCHEEELS
maote, —F, #HEIKEOEE I X A g Tk PLN-A2PI
complex I EBIBE 2 RO HETHL LAK L FOMDOBEBRHRF
AZPL t-PA, PLG, FDP XM BRI HE L 70 - 1o ffE

t-PA

/ PAI

PLG g Plasmin
PLN-A2PI complex

<@+ AP
Fibrin »-FDP

Fig. 4. Regulation mechanism of fibrinolysis. t-PA, tissue-
type plasminogen activator; PAI, plasminogen activator
inhibitor; PLG, plasminogen; PLN-A2P] complex,
plasmin-a,-plasmin inhibitor complex; A2PI, a,plasmin
inhibitor ; FDP, fibrin and fibrinogen degradation products.
Fibrinolytic activity is balanced by fibrinolytic factors and
antifibrinolytic factors. t-PA, PLG, plasmin are essential
for the former, and PAI, A2PI are essential for the latter.
Plasmin is readily inactivated by A2PI, and forms a stable
complex with A2PI (PLN-A2PI complex).
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BEHITiL t-PA 2 PLN-A2PI complex 7 & DB RFILIEEY
IRTEHRAZINS. tPARPLGR TS5 A I VICEXL B Z LI
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% PLN-A2PI complex A\EBIC X AHMAYHRETEDL L 15E
Eiesh, EHAOIMmMAF A2P] OYERNIIH2.68TH D5 Dt
L, veadr—Bl L 5@BRELZTRBAETIITS A v
12k %5 A2PL OBEM O IR MENZ0.58 L7 b, A2PI ©70%
BELATFAIVEEEEEFELLRVD, BEL VGO BAR
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BRTOYFEPITHTHS . BBRELZHBEOM+HD
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MERD A2P] oY ER L TV AL S5 . 1BHE
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Lick v THECER S A b L&D,

B CT Br R CT3 @ MR T mEE S+ 6 i< LBER
i, TRERNRL 9B LRES . BERMLY R
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WS MBEASBD T I A VICL ) —HKICBIT ARDICB IS
Heni Ll

18RI T (MR o0 A RHARE B D%k & & IS oD 76 45 70 Uk
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DI B DN DWTIRS EF TR BT REN T
UAe . IMBERE O e 4 7o Aotk CRESS 2o b i i AV L o if i
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#HEF PLN-A2PI complex, A2PI, t-PA, PLG, FDP »#llE L
FEERIER & BB AR L. BOMAERIUTOE TS
5.

1. BHEETHEREORKHOFOBRBERFIIVTRALIE
BHEEATH-7. BIRTOEAFK L D PLN-A2PI
complex (4.8+2.6uxg/ml, n=72), t-PA (12.5+8.4ng/mj],
n=73), FDP (634+241pg/ml, n=57) X EE% X L A2PI
(10.5+4.8ug/ml, n=70), PLG (4.142.4mg/dl, n="70) {Z{EfE
R LA, ZhbORRBEEET LB s nE0RT
REBEETTEREYRL TS,

2. BERSEENZBIT S ME PLN-A2PI complex (p<
0.01) 3 L O t-PA (p<0.05) R EEEHEEHCIEERLE
EERLIe. —HEBRKEY/R LAEEOME PLN-A2PI
complex IZKE L ADILH o L BECHERERECEL -2
(p<0.05). HICT A% » v I, BEREEZRTEER T OET
13, PLN-A2PI complex fEiXEEX R TEBENED iz,

3. BUEFETLEEEOMEEE THEEE v — vHHHK
EREFOSBERTOMEIL, REESTINE RSB LR
Lichs, BRELL 2EATIIEINE R LA, g Fr— vl
¥ D PLN-A2PI complex, AZPI DM DBERTF 2383 5
B, EETECET 85, Him, 8E, EhovA 2y
PERLLZ L2 REBTS.

# 2

BERz5dy, HBTDLMEELHRHMEBD ¥ LASRAER
FEHMPMAEAR, IUTHERSCEE L 2BBEEELET. TAHR
DFETC IV LEHEOHEE, HBE2HEE T LiclloXEEERNA
AR, FEERERBICERE L LT 2. BREOMBFNTITIC I
LELTHBEX W EE LASRAZER¥HE=ANORERK
#, FEETRE, T ENABICIVWLABE W E LE
RARFEFEDHEERZOMARN LB DO TRHP LET T,
RAREC IR NI E ¥ UcBERBi o EE T E<Hlea L &
FET.
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Abstract

As indicators for fibrinolytic activity, levels of plasmin- « ,-plasmin inhibitor complex (PLN-A2PI complex), «;-plasmin
inhibitor (A2P), tissue-type plasminogen activator (t-PA), plasminogen (PLG), and fibrin and fibrinogen degradation prod-
ucts (FDP) were determined in supernatant fluid of 73 chronic subdural hematomas of 63 patients. PLN-A2PI complex,
A2PI, and t-PA were determined by enzyme-linked immunosorbent assay, PLG by radial immunodiffusion method, FDP by
antibody coated latex turbidmetric immunoassay, respectively. The hematoma fluid contained high concentrations of the
PLN-A2PI complex (4.842.6 2 g/ml, n=72), t-PA (12.5£8.4 ng/ml, n=73), FDP (6341241 pg/ml, n=57) and low concentra-
tions of A2PI (10.54.8 x g/ml, n=70), and PLG (4.1+2.4 mg/dl, n=70), while all values in the peripheral blood of the patients
with chronic subdural hematomas were within the normal range. This represents local hyperfibrinolytic activity in the
hematoma. Tissue-type plasminogen activator and PLN-A2PI complex, A2PI and PLN-A2PI complex, PLG and A2PI, t-PA
and PLG, PLG and PLN-A2PI complex had significant mutual correlations. Stuporous or comatose patients had significant-
ly higher PLN-A2PI complex and t-PA levels in hematoma than did alert and drowsy or disoriented patients. Patients with
motor paresis had significantly lower PLN-A2PI complex levels in hematoma than did the patients without motor paresis.
The layering type of hematoma as seen on computerized tomography scans showed the highest PLN-A2PI complex levels
among five types of hematomas. There were no significant differences in any of the fibrinolytic factors in hematomas
between healing cases and recurrent cases. In the fluid drained postoperatively from the subdural cavities of chronic subdu-
ral hematomas, all fibrinolytic factors decreased gradually in healing cases. In two patients with hematoma reaccumulation
after surgery, levels of all fibrinolytic factors except FDP increased. The postoperative increase of the fibrinolytic factors,
especially PLN-A2PI complex and t-PA, represents the recurrence of intermittent cyclic process of fibrinolysis, bleeding,
coagulation, and hemostasis in the subdural space.



