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Coagulation and Fibrinolysis in Exudative Pleural Effusions

Jeong Seon Ryu, M.D., Hong Lyeol Les, M.D.

Department of Internal Medicine, Inha University, College of Medicine, Inchon, Korea

Background : The intrapleural hypofibrinolysis is caused by mainly excessive concentration of pleural plasmin-
ogen activator inhibitor-1 antigen(PAI-1 Ag), which binds tissue type plasminogen activator. In pleural in-
flammation induced by sclerosing agents for pleurodesis, levels of pleural PAI-1 antigen increase in relation to
decreasing D-dimer levels. It has been known that the pleural mesothelial cells have the capability of secreting
PAI-1 Ag in response to inflammation in vivo. Therefore, we estimated whether pleural inflammation changes
the balance between fibrinolytic and coagulative properties in exudative pleural effusions.

Method : The thirty cases was included in our study. We determined the pleural levels of glucose, lactic dehy-
drogenase(LDH), pH and the counts of white blood cell(WBC), polymorpho leukocyte(PMN), lymphocyte as
the parameters of pleural inflammation and cellular components of pleural fluid. The plasma level of fibrinogen
in fluid and the neutrophil count in blood were determined. The levels of D-dimer, PAI-1 Ag and thrombin-
antithrombin 1l complex(TAT) were determined by ELISA (Behring, Marburg, Germany).

Result : The causes of pleural effusion were as following : tuberculous in 14 cases, malignant in 10 cases and
parapneumonic in 6 cases. The levels of pleural D-dimer, PAI-1 Ag and TAT was significantly higher than
that of plasma(p<(0.001). The severity of pleural inflammation did not correlated with pleural D-dimer, PAI-1
Ag, TAT and their plasma levels. But the level of pleural TAT correlated with pleural WBC and lymphocyte
count.

Conclusion : We found that the severity of pleural inflammations did not correlated with pleural D-dimer, PAI
-1 Ag, TAT and the possibility of local production of PAI-1 antigen is present. (Tuberculosis and Respiratory
Diseases 1998, 45 : 1214-1222)
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7357 dom v a by Fatdole 3EEU
9] 34& AV 1% BEA Xg EFoz F
g f2had Al Qlvk. FotlolA o) ¥
o Z3QIxte] FA% A A7 ko, F
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tubedl] 2& ¥ ZA] 2,000 rpmolA} 3087 YAl
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A2 Y9 x93, LDH, pH, & @9dg, ¢
FAEY A& F=E Jehis E2 oYY 9y
7, HEF % F BT E Z45197 Fyiele pH
£ pH meter& o]§3lo A3} dde] 45
Hehlis ABE 337, HEAxAE 333
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EEW-g =gy M £ %3 (thrombin - anti-
thrombin I complex, TAT)& ZAslgon M
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activator inhibitor-1(PAI-1) 98 23433}
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A o] 42 ELISA kit (Behring, Marburg, Ger-
many) & ©l|43la AR dAE ug/LE E
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Table 1. Clinical charicteristics of patients

Tuberculous Malignant Parapneumonic
N (=30) 14 10 6
Mean age 40.0+18.2 64.4+17.9 56.3+18.1
Table 2. Comparison between pleural and blood levels
Pleural fluid Blood

" LDH!' (U/L) 2483.5 +870.7 379.5+28.6
Protein’ (g/dL) 4.3%£0.2 6.4+0.1
Glucose? (mg/dL) 74.3+8.0 116.3+7.9
D-dimer' (ug/L) 1020.7 +43.6 413.1£61.7
PAI-1 Ag' (pg/L) 251.9 +40.7 61.8+10.1
TAT"' (pg/L) 119.3+£8.8 29.1+8.6

TAT : thrombin-antithrombin 1l complex, PAI-1 Ag : plasminogen activator inhibitor-1 antigen,
t :p value<0.001, § : p value<0.05

Table 3. Blood levels and count according to underlying etiologies of exudative effusions

Tuberculous Malignant Parapneumonic
Neutrophil' (/L) 4357.2+1433.4 8004.4 £4766.3° 10772.0 £2806.2°
Fibrinogen® (mg/dL) 608.2+:164.5 509.2 +120.6 553.3 £265.1
D-dimer* (pg/L) 449.5 +265.0° 219.2 £283.7 657.4 £394.7°
PAI-1 Ag* (ug/L) 39.7+36.5 72.6 £59.6 91.7+67.0
TAT?® (ug/L) 19.4£35.8 47.2+64.6 19.9£20.5

TAT : thrombin-antithrombin II complex, PAI-1 Ag: plasminogen activator inhibitor-1 antigen,
Kruskal-Wallis test( 1 : p value<0.05, } : p value-not significant), Mann-Whitney U test(a : tuber-
culous vs malignant, p=0.01 ; b : tuberculous vs parapneumonic, p<0.001 ; ¢ : tuberculous vs malig-
nant, p=0.02 ; d : malignant vs parapneumonic, p=0.01)

A o) Yuizke] Aule 18 : 1202t} FElel
29 Aoz AYA Futol 1 14 o, Hddl A&
obad Futed : 10 of, FdAAY FLA:6 o oA
(Table 1). F+e§z} FAo)Ae] D-dimer, plasmin-
ogen activator inhibitor-1 (PAI-1) &4, EZN-
geZ8 [ E34 (thrombin-antithrombin [
complex, TAT)E Futdold ¥ ®}t 47 9
JUA Egton (p<0.001), Fo}oHe] LDH, %
vhld, 3ERE FoeidA Fgnct oJolgiA =
och(p<0.05)(Table 2). 424 Foteo] A

o opg Yool ¥F F=E vehls FYAE 3F
F7t o dA FodolA A ggken, HExA
& 99l Ao W Aol HolA Attt T ¥
% D-dimere Fu@4 FurelelA A wgton
a vheos g4, dEge] eolgley ¥ PAI
-1 g3 ESN-FESN 1 S 4749 d
Q1Ag 7ol 2polE HolA| Y3krh(Table 3). F4Y
o) 93¢ vehls Ax2 Foie] 59, LDH,
pH, & 9uAg A F& A= Hehle
AF2 oRY HYT, d=7 4 F NETE 538
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Table 4. Pleural levels according to underlying etiologies of exydatuve effysuibs

Tuberculous Malignant Parapneumonic

WBC* (/L) 1912.2+1646.8 1070.0 £708.8 14429.4 +28294.0

PMN?* (/) 286.8+243.3 264.1 +£400.9 11707.4 £23995.8

Lymphocyte?® (/) 1490.5+1693.2 576.8+419.6 2544.0 £4427.5
LDH?® (U/L) 948.8 +552.8 1492.8 +1147.8 7294.6 +8725.2
pH! 7.44+0.10 7.37+£0.19 6.81 +0.16%¢
Protein' (g/dL) 5.00£0.69*® 4.17 +£1.00 3.20+1.49
Glucose® (mg/dL) 86.9+29.1 64.5+36.8 55.0+71.1
D-dimer?* (ug/L) 1034.3 +227.8 1064.7 +£107.2 915.5+396.9
PAI-1 Ag?(mg/mL) 331.3+239.3¢ 199.0 +232.1 154.9 +90.8
TAT?* (ug/L) 127.1+41.5 114.7 £48.7 108.5 +66.1

TAT : thrombin-antithrombin Il complex, PAI-1 Ag : plasminogen activator inhibitor-1 anti-
gen Kruskal-Wallis test( t : p value<0.05, { : p value-not significant), Mann-Whitney U
test(a : tuberculous vs malignant, p=0.03 ; b : tuberculous vs parapneumonic, p=0.003 ; ¢ :
tuber-culous vs parapneumonic, p=0.01 ; d : malignant vs parapneumonic, p=0.01 ; e : tu-

berculous vs malignant, p=0.01 ; f : tuberculous vs parapneumonic, p=0.02)

Table 5. Balance between fibrinolysis and coagulation in pleural effusion according to severity

of pleural inflammation

Group A Group B

(n=14) (n=16)
D-dimer' (ug/L) 1014.24 +278.87 1026.3+206.91
PAI-1 Ag' (ug/L) 305.82 +285.26 204.7 £143.73
TAT' (1g/L) 107.51 £45.48 129.6 +49.64

TAT ! thrombin-antithrombin I complex, PAI-1 Ag : plasminogen activator inhibitor-1 anti-
gen, Group A : pH-below 7.2, LDH-above 1,000U/L or glucose-below 40mg/dl, Group B : pH
-above 7.2, LDH-above 1,000U/L or glucose-above 40mg/d]l, 1 : p value-not significant

AT F94Y L FYY Fopdolr o B 7
Ed 4 2ot ool Estew, FHY pH
T FuEA FHdoA dYst by FHY RO o
AUA gttt oY WP, Y f F YT
o] FEAe FoHG FhAoN 2N o4 Foho
Hrp gtout ¥ Aolg Holx] dstch. Fehey
9] D-dimer<} EEHI-FEFH 1 B 90
g Aol7t gigient Futl PAI-1 ¥¥& ZYy
FhiolA otg % FoFY FoY 2ok J9UA

F3H(Table 4). F9 €93 A& pH 7.2,
LDH 1,000 U/L %+ glucose 40 mg/dl& 71&2.
2 UrE ° d4%F<] #Fe] @& D-dimer(p=0.
85), PAI-1 3&9(p=0.35) ¥ EZU-FEFY I
B84 (p=0.66)2] Aol gitH(Table 5). Fu}
49} D-dimer, PAI-1 #¢, EEQ-JEEY I
B 4e] ¥R Al g(r) -.02, .05,
252 fo§ 4EBAE Holx| fston], Yol o
Z A= E JeEhE NEE AMEIYE FHaxa)
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Table 6. Correlation between the pleural fibrinolytic or coagulative parameters and the para-

meters of blood

— J.S. Ruy, et al —

Pleura
D-dimer PAI-1 Ag TAT
Blood

Fibrinogen -.04 .24 13
Neutrophil .10 -.12 -.25
D-dimer -.02 .06 -.33
PAI-1Ag -23 05 -.32
TAT .10 -.06 .25

TAT : thrombin-antithrombin I complex, PAI-1 Ag : plasminogen activator inhibitor-1 antigen

Table 7. Correlation between the pleural fibrinolytic or coagulative parameters and the para-

meters of pleura

Pleura
D-dimer PAI-1 Ag TAT
Pleura

wBC .10 -.01 .38*
PMN .10 -.00 .36
Lymphocyte .25 .03 40*
LDH ~-57** -.00 -.26
pH .18 20 -.01
Protein -11 .18 .30
Glucose .18 -.26 .09
D-dimer 1 19 .32
PAI-1 Ag 19 1 -.05

TAT : thrombin-antithrombin Il complex, PAI-1 Ag : plasminogen activator inhibitor-1 antigen,

*p<0.05, **p<0.01

3Z2T74E foF AuTA itk (Table 6). &
oo o] D-dimer, PAI-1 4], EEQ-FEEH I
289} Fute] g4FAEele] AUBAE A F
gt D-dimer, PAI-1 #¢& Fot oy 3y
F, g7 g F WPy 9 folF AATAU fL
dout ot EEV-FEEY I A= r @t
o] Z}2+ .38, .36, 4002 HEHQ fo3 YU
2 gt F9d D-dimers FoH) LDHS} 99
e ARBAE B4 23y F9 D-dimer,

PAI-1 34, EEV-FEEY I s 99
pH, @93 g E=FX]9} {28 FRRAE HolA|
%9kt (Table 7).

o #
g2y e Mea SAEE 424 FHAIA

Hr} goin dAUL 424 FLAA 2 A
& 8859 A F4 AR F F9 /3] 8
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7Fs/del A& A3} AD. I Yol ofste]
F 93] 4714 A A4 34, s 34,
Afrd 3 A To coz AYsn], Fua A
Fra F3E AAA] R3PH ARaAe] A= o
© 9% AR fU HRoEI} ZAs = Fav)
so] FoR-ato] WAHETED, ojd #FHEE 7He
2 AxoiAg Z1ds e B4 € A 27y
o &% 7|d To2 A= ofF 8 r)1AL AY
=ojolA] & Aol

FHA HRA F3eo 27 L AAld] B3k
@ aQloz AXE diyiyg 1Mol AAEHL U,
minocyclin®} tetracyclin®] Fvhy 3¢ Futaly
337 FUS ATstn 48417 ¥ Fut oM x
¢t =79 F7HE ZA¥vin 0. ojuf tiN X
oA fibronectin, tumor necrosis factor(TNF),
transforming growth factor-8(TGF-§£), macro-
phage derived growth factor 52| A4 FapA
A} MfotAEe] Hgel, YETNA Rulsle Y
1L Afotxe] Aol 588 JEE Jn
gopo, T Al oA 7)Ae] g3l ofF B
& F¥o] HHANA %o old A& 4IP3 ¢
slo] Fatoo] Hi-4 Salie} §aof Tde oA
X ojgje] M Ee} 3FTF it A7) de ¥
Ro2 Pztjct.

Fogoll SAH= gnUAl dEte g A7}
slol gtomy, Futoe o gIAxES] FAHES}
UFol BnFHUR, FLYe] &3 A= SR
VI, tissue factor ¥ $1¢lzl X<o] §A37 Wast
i @i Aok, Fode] a1 2 9
A Az oA QA (extrinsic pathway inhibitor), %
EEY M 22 oA Eda 23 W, tis-
sue factor F €& QAHE 2te] @Yol Futhuy
AR 230 g f9o2 AR Y. £
ZZEFNIVoA] 2 EEY Aol tiEe] Fui
A FAEA] e o2 At X9} EF]
g A EHe] FoA EAe] ¥, FE
9 & 28 FHgA SAs EERT B¢

A& YA Hed EEN-SEEY I BN
Foelol EEY Y49 489 B2 ol8H &
god & d7oq EBN-FER I 2PAE §
ojs) $2 Y& Vel EX B2 A8
E}.’),IZ). |

Foe FUMEE AN FHAUHR wAL
3 FLELEI eIt AR HHE Fidol ¥
Adoz FEARst Fie] gaupgo] Azt
= Zadel YY", FoMEE 193 3y Fa}
A g 3579 Moz digt sat3ad B9
ozl d&d U4 Hze A4E 53 ¢
P& Z3E & UFo] A, A4 Fubg
dA &4 F9Y Bk His S8 dAlE B
ol olfE 1. EFAAE HQ AP Bz A%
& #4319 £3$ plasminogen activator inhibi-
tor-1(PAI-1, ng/ml) 33} tissue type pla-
minogen activator antigen(t-PA Ag, ng/ml)<]
FET 247 26.7¢ 1.340102 A =AM E Z
z} 0%} 1.02010k2 3] Al FEMEE t-PAS
7R oy #9 EF 02 A3 ZMIE &AM
dFe] PAI-1 #¢& vt 2. 424 Foodd
A A& Fute Bt 80w ~4,0008 AT &S B
o] PAI-1 &4lo] EAgo] &l F9ode] PAI
-1 #glo] A4 ST Ao TAfo] w3z
A HJG 0. e FodA & PAI-1 &4
Fxo] 7i1gog FuM X o7 I FUt 7
AT e vAEE T Bl o dRgoew
FE Y 7FeAd Fol welsn g, B 47
A4 Fute PAI-1 49 s 8420 9]
Al Zkow foF JHBAE BolA] ggoamn A
2} -8 Futeo] & PAI-1 3ol 5= F24
Aol 718 Ao At

od Fo FANA F R fdE FUY
o oJgted PAI-1 g4le] WM& F71e} ool vjsh=
D-dimer9} ZrA7} €eiAgla, ol #9% #2t&e
el Bojdhe ado] Boh. FHE EAA 8438l
B ZAZd 93 PAI-1 39 44L& t-PA9
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7158 A3 ol Futilu M e faise da
3 e ez oA Yok, =3 gEEa 5
& ¥ 357] ddA Hid S8l 95 Axe)
FRdAZY dom F AMed S5 A9
PAI-1 399 Fvles 28 B B, B o
TollA plasminogen activator(PA) 2 PAI-1 3
ol 7 F dAa f8lse] 7 2 oA #
& WE3) 915t D-dimers} PAI-1 48 24
3t D-dimere 9o Ha4 4alo) HE4
22X Afd S5 38 NER ARHT 9
o}, & £3)9] D-dimerts & ¥4 fdllse
el AY S48 02 AAE D-dimer?] A A7} o}
21 AEE udsle] FA o). Fo 3use @
#3l7] 3t EEV-FEFY W BFANE 23}
ek & ArollA 1. Fatlo]A x93, LDH, pH,
F didz 58 /b F9Y 9% s Aea
439 23 & AJAo| Fejd= D-dimer, PAI-1
1 EEN-FEEN M EAele] AABAE
At Fo 939 Al F9 e g%
o m]X= Fee duAt AL 2. Fuol oy
3 gy, Y= g F WHF 5201 D-dimer, PAI
-1 47 ESV-FEFY I E3A9}te] FBH
£ 243l F9 dha FHo Aosle AE o)
A 718 g FE0] 7Hsd A& YolruA 3}
At & A4 F49Y 9% F=E pH 7.2, LDH
1,000 U/L =+ glucose 40 mg/dlE& 7)1&o =2 v}
e oW EFe AFY wE FY4 D-dimer,
PAI-1 &4 9 EEV-IEEY Il E3H9 3o
= ¢t F9doM ¥x9, pH, & wids} D-
dimer, PAI-1 34 € EZV-FEEN M 29
o]l ALHAE Bo)x] ¢gkor}t D-dimers} LDH
7l frolet AHBAE 2o ofdflthg - o] 7
S8 Aoz Jzdct. FodoA oy 9YT, g
=4 d F WY¥F 4291 D-dimer, PAI-1 &3}9]
ABdAE e, Uy wEr, gy ¢ 2
HHT 5= EBN-FEEY I BAS} r gho) 2
Z} 0.36(p>0.05), 0.40(p<0.05), 0.48(p<0.01)

o2 FEAHQ fo@ JAVAE Bo FI 34
FHZ FY€ 9% A¥E PAL-L 99 23
A A g3 2 33 Ao Bodite Jehy
= 4aZos Yz

& dPolA F9Y D-dimers} Futod PAI-1 &
4 FBBAE HolA gL og D-dimers} PAI-
1 g9 =4 HHE Yold Aoz A4Hy o=
Philip-Joet %-'9¢] A7 A9} Z}. ol Fut &
e g AEE AR BBl e 34 FY
FoollA PAI-1 4o 2g3tn, FA47IE Ad #
% @FelMe PAI-1 g4 ol9le] tE agle] A&
A &8 % &30 BA3E UAE PABAFE &
o2 A% & glod, &% Fode N Ao
A D-dimers} PAI-1 41e] W3l 33 g o
7t Ea% Aoz HzE.

2 o

AR :

Plasminogen activator inhibitor-1(PAI-1) &%
2 R4 £ Bodsl tissue type plasmingen
activator(t-PA) & A3l Futolo] EAjsh= A
Fart BallEe AL JA S AT Fohje) 08
AT B ¥F Bxle] @FolA PAI-1 43
TAE ARA S8l 84 939 A= A}
A dgor & A7olA FUAY 9F A=
FHde did 43 ¢ a5 7o JuuAds ¢
ofr. 11z} &ct.

L

A FoEA F dojle AAe Al 3Y WA ¥
< 3.8% citrate tubed] 22 F ZA] 2,000 rpm9j
A 30837 94 FEENa 43dE Bty Hap
o d74A] g3t 20 Col Bt FHaY 9%
veblie A#2 Fotdle] ¥=9, LDH, pH, & ¢
HAE, QFAEY A& A= Yele AE2 o
Y Y7, Y7 9 F YETE ST ¥y
9] 45E& JEiE AER 537, yHIgxAE 2
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Azt FAe Mdia 43 € $1%g &%st
71 913} D-dimer, PAI-1 &4, EEV-ZFEESH
I BN 243l 4auAE 4
# o
ARAR= 30 o o] T AH-L 51.44 o]t}
Furlie] fol APo e AMA Fue: 14 o,
obgd F 1 10 of, RoEA F24 1 6 of o3
D-dimer, PAI-1 3¢, EEY-ZEEY 1 5%
A Fardola A wvot oA gk 8%
Ao} frold AuA s sl €% PAI-1 &4
ESV-FESY 1 E2EAE AJAAY T Aelg
Bolx] gkgtth. Fute] D-dimerst EEV-FEE
W B 4] BE Aolvt gley FEe
PAI-1 31& 234 FodeM o4 9 FugA
Futo) mo} oofglA =t
FU gZ9] AFo] W& D-dimer(p=0.85),
PAI-1 349(p=0.35) ® EgY¥-FJEEY I g
A(p=0.66)<] ztol= gt Fo H¥Y 9
F, g g F WYFyel Fo EEN-YPE
9 I E3AE FEFHoz {of JuuAdE
Bgid.
i3 2
F9 934 PAI-1 99 343 B4 7Fsdel &
gted, F4d 43 A=t F4 D-dimer, PAI-
1 34 9 EEVN-FEEN 1 FEH 9 FE& 20|
& Bo|x gston] Fot 454 FHZ A7lE 4
% AZe PAI-1 g9as 288 di4 43 ¢
<3 B gt AzEct. F94Y D-dimer
o} Fute PAI-1 g9 fodt JATAE HolA
oo} ol PAI-1 4l o]9]e] ThE a%le] A4 &
& R g @3 A& AT 202
Azpgrt.
AR 2
B d7d B8 =8 FA JEegnd H3Y
ApdA Qe A =dydh
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