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FIBRINOLYSIS CAUSED BY CARD IO-PULMONARY BYPASS AND SHED 

MEDIASTINAL BLOOD RETRANSFUSION - IS IT OF CL IN ICAL RELEVANCE? 

W. D i e t r i c h 1 , A. Barankayl, P. Wendt 2, A. stemberger 2, 
G. Blume! 2, M. Spannagl 3, M. Jochum 3, and J.A. R i c h t e r 1 

1 I n s t i t u t e f o r Anesthesiology, German Heart Center, Munich 
^Technical U n i v e r s i t y , Munich 
^Ludwig Maximilian U n i v e r s i t y , Munich 

INTRODUCTION 
The impo r t a n ce of b lood s a v i n g methods d u r i n g c a r d i a c s u r g e r y 

is we l l a c c e p t e d . I t i s commonly known t h a t , i n s p i t e of h e p a r i n 
t r e a tmen t , s ys t em i c c o a g u l a t i o n a n d f i b r i n o l y s i s w i l l be a c t i v a t e d by 
c a r d i o - p u I m o n a r y b y pa s s (CPB) . Whether t h i s a c t i v a t i o n is of c l i n i c a l 
r e l e vance was many t imes a po i n t o f d i s c u s s i o n ( 1 ) . S i m i l a r c hanges 
were f o u nd i n the shed m e d i a s t i n a l b l ood p o s t o p e r a t i v e l y ( 2 ) , w h i c h 
was r e t r a n s f u s e d to reduce homologous b l ood r e q u i r emen t ( 3 ) . I t is 
g e n e r a l l y accep ted now, t h a t t h i s method leads to a r e d u c t i o n of 
homologous b l ood r e qu i r emen t i n c a r d i a c s u r g e r y ( 4 ) , bu t some r e s e r 
v a t i o n s were made because of the low q u a l i t y of the chest t u be b lood 
( 5 ) . 

The a im of ou r s t u d y was to i n v e s t i g a t e the deg ree of f i b r i n o 
l y s i s i n the shed b l ood and i n p a t i e n t s ' c i r c u l a t i o n , the i n f l u e n c e of 
lysosomal enzymes of des i n t e g r a t e d o r a c t i v a t e d g r a n u l o c y t e s upon 
f i b r i n o l y s e s , a nd to answe r the q u e s t i o n , whe t h e r r e t r a n s f u s i o n of 
shed med i a s t i n a l b l ood causes c l i n i c a l l y r e l e v a n t changes i n p a 
t i e n t s ' h emos t a s i s . 

METHODS 
In twen t y a d u l t p a t i e n t s u n d e r g o i n g c a r d i a c s u r g e r y p a r ame t e r s 

of f i b r i n o l y s i s were a n a l y s e d a t the f o l l o w i n g i n s t a n c e s : 1 . be fo re 
o p e r a t i o n , 2 . a f t e r CPB ( c ompa r i n g the d a t a o b t a i n e d at these two 
i n s t ances the e f fec t of CPB on f i b r i n o l y s i s can be e s t i m a t e d ) , 3. in 
the i n t e n s i v e c a r e u n i t be fo re a n d 4 . 20 m i nu t e s a f t e r r e t r a n s f u s i o n . 
Samples were t a ken f r om p a t i e n t s ' c i r c u l a t i o n as we l l as f r om the 
chest tube d r a i n a g e . The a p p l i e d a n a l y t i c a l methods f o r measu remen ts 
of p l a s m i n o g e n , a n t i p l a s m i n , D - d ime r , e a r l y f i b r i n ( o g e n ) d e g r a d a t i o n 
p r o du c t s ( N - t e r m i n a l Bß-fragments 1-42 a nd 15-42) a n d e l a s t a s e f r om 
PMN g r a n u l o c y t e s comp lexed w i t h a ^ - p r o t e i n a s e - i n h i b i t o r ( E - a ^ P I ) a r e 
shown in Tab l e 1 . Re t r ans f u s i on was o n l y pe r f o rmed when a t leas t 
250 cc b lood were co l l e c t ed a nd when i t was i n d i c a t e d by the p a 
t i e n t ' s c i r c u l a t o r y s t a t e . 
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Tab l e 1 . Methods 

p l a sm i nogen 
a n t i p l a s m i n 
D-d imer 
N - t e rm i n a l Bß-fragments 
E-a PI 

ch romogen i c s u b s t r a t e 
ch r omogen i c s u b s t r a t e 
monoc lona l a n t i b o d i e s 
monoc lona l a n t i b o d i e s 
PMNE (EL ISA /Me rck ) 

S 2251 ( Kab i ) 
S 2251 ( K ab i ) 
(EL ISA /MabCo) 
(EL ISA /N IH ) 

For s t a t i s t i c a l a n a l y s i s the p a i r e d t - t e s t c ompa r i n g the mea 
su remen t s be f o re a nd a f t e r r e t r a n s f u s i o n was a p p l i e d . A p - v a l u e 

^ 0,05 was c on s i d e r e d to be s i g n i f i c a n t . Resu l t s a r e g i v e n as mean 
+ SD. 

RESULTS 
The mean amoun t of the f i r s t ches t b l ood r e t r a n s f us i on was 325 

+_ 77 cc ( r a n g i n g f r om 250 - 520 c c ) . The mean hemog l ob i n con ten t of 
the ches t d r a i n a g e was 69 g / l , t he mean hema t o c r i t 21 % ( r a n g i n g 
f r om 13 - 29 %) , the p r o t e i n con ten t 40 .1 _+ 5 .4 g / l . 

F i g u r e 1 shows the cou rse of p l a sm i nogen a n d a n t i p l a s m i n a c t i 
v i t y , the do t t e d l i n e r e p r e s e n t i n g the v a l u e c o r r e c t e d f o r p r e o p e r a 
t i v e p r o t e i n . When u s i n g t h i s c o r r e c t i o n f o r h emod i l u t i o n no 
s t a t i s t i c a l l y s i g n i f i c a n t i n f l u e n c e of CPB on these p a r ame t e r s was 
f o u n d . Howeve r , a n t i p l a s m i n a c t i v i t y i n the d r a i n a g e f l u i d was 
s i g n i f i c a n t l y r e d u c e d . No d i f f e r e n c e of a c t i v i t y i n the p a t i e n t s ' b l ood 
c o u l d be demons t r a t e d be fo re a nd a f t e r r e t r a n s f u s i o n . The s u r p r i s i n g 
f a c t t h a t no r e d u c t i o n of p l a sm i n ogen a c t i v i t y in the ches t d r a i n a g e 
was measu red m i gh t be e x p l a i n e d by the i n f l u e n c e of f i b r i n a nd 
f i b r i n ( o g e n ) s p l i t p r o d u c t s on the measurement of p l a sm i nogen ( 6 ) . 
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plasminogen 

antiplasmin 

corrected for 

preop protein 

drainage 

preop end of before r e -
ECC transfusion 

20 ' after r e - * + SD 
transfusion 

1 Course of p l a sm i nogen and a n t i p l a s m i n . The 
do t t ed l i n e r e p r e sen t s the v a l u e c o r 
r ec t ed f o r p r e o p e r a t i v e p r o t e i n . 
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ng/ml 
5000 

l a,b 

4000 

3000 

2000 

1000 
drainage 

a=p<0.01 vs preop. 

b=p<0.01 vs bef. retr. 

preop end of 
ECC 

before r e -
transfusion 

20' after r e -
transfusion 

x + SEM 

F i g . C r o s s - l i n k e d f i b r i n f r a g m e n t s . R e t r a n s -
f u s i o n of of shed b l ood caused a s i g n i f i 
c an t (p ^ 0 ,01) i n c r ea se of the c o n c en 
t r a t i o n in p a t i e n t s ' c i r c u l a t i o n compa red 
to v a l u e s be fo re r e t r a n s f u s i o n . 

The c r o s s - l i n k e d f i b r i n f r a g m e n t s ( F i g u r e 2) showed a w i d e v a 
r i a t i o n a f t e r CPB. The c o n c e n t r a t i o n dec reased a f t e r o p e r a t i o n , bu t 
de ve l oped a t r emendous i n c r ease up to 5,000 n g / c c i n the d r a i n a g e 
f l u i d . The r e t r a n s f us i on caused a s i g n i f i c a n t i n c r ease of c r o s s - l i n k e d 
f i b r i n f r a g m e n t s i n p a t i e n t s ' b l o o d . 

pM/ml 

droinoge n.s. VS before retrons. 

preop end of before r e - 20' after r e - x ± SD 

ECC transfusion transfusion 

F i g . 3 Bß-related p e p t i d e s . Note the i n t e r r u p t i o n 
of the Y - a x i s . Desp i t e the h i g h c o n c en 
t r a t i o n in the d r a i n a g e b l ood t he r e was 
- in c o n t r a s t to t he c r o s s - l i n k e d f i b r i n 
f r a gmen t s - no s i g n i f i c a n t i n c r ease i n 
p a t i e n t s ' c i r c u l a t i o n a f t e r r e t r a n s f u s i o n . 
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The Bß-related pep t i d e s ( F i g u r e 3) showed a c ompa r a b l e cou rse 
d u r i n g CPB w i t h an i n c r ease of t he 1-42 f r a gmen t s w h i c h was not 
s i g n i f i c a n t . In the ches t t ube d r a i n a g e a more p r onounced i n c r ease 
of Bß 15-42 p ep t i d e s was f o u n d . Howeve r , t he r e were no d i f f e r e n ce s 
of Bß-related pep t i d e s i n p a t i e n t s ' b l ood be fo re a n d a f t e r r e t r a n s -
f u s i o n . 

The PMN E-a^PI comp lex ( F i g u r e 4) showed a t e n f o l d i n c r ease 
in p a t i e n t s ' b l ood a f t e r CPB, b u t t he r e was an e x t r a o r d i n a r y i n 
c rease in t he d r a i n a g e f l u i d w i t h a mean c o n c e n t r a t i o n of 13,000 
n g / c c - more t h a n h u n d r e d f o l d t he p r e o p e r a t i v e v a l u e . Re t r a n s f us ion 
a l so caused a s i g n i f i c a n t i n c r ease of the E-a^PI comp lex i n p a t i e n t s ' 
b l o o d . These v a l u e s were s i g n i f i c a n t l y h i g h e r t h a n those o b t a i n e d 
p r i o r to r e t r a n s f us i on . 

No s i g n i f i c a n t c o r r e l a t i o n be tween e i t h e r b l ood loss o r t ime l ag 
between o p e r a t i o n a nd r e t r a n s f us ion a nd f i b r i n o l y s i s , r e p r e s en t e d by 
the a n t i p l a s m i n a c t i v i t y , c o u l d be f o u nd i n the shed b l o o d . A f t e r r e -
t r a n s f u s i o n b l ood loss d i d not exceed the a v e r a g e of no rma l r a n g e . 

before r e -
transfusion 

20' after r e -
transfusion 

x + SD 

F i g . PMN E-a^PI c omp l e x , 
a nd d i f f e r e n t s ca l e of 

Note the i n t e r r u p t i o n 
the Y - a x i s . The re 

was a t remendous i n c r ease in the shed 
b l o o d . Re t r ans f u s i on of shed b l ood caused 
a s i g n i f i c a n t l y i n c r e a sed leve l of the 
comp lex i n p a t i e n t s ' b l o o d . 

DISCUSSION 
Shed m e d i a s t i n a l b l ood is not c ompa r a b l e to au t o l ogous o r ho 

mologous (7) b l ood i n r e g a r d to hemog l ob i n c o n t e n t , h ema t o c r i t o r 
c o a g u l a t i o n p r o p e r t i e s . However , in f o rme r i n v e s t i g a t i o n s ( 8 ) , com
p a r i n g two g r o u p s of p a t i e n t s w i t h a nd w i t h o u t r e t r a n s f u s i on of shed 
med i a s t i n a l b l o o d , no d i f f e r e n c e i n the p o s t o p e r a t i v e b l ood loss c ou l d 
be o b s e r v e d . 
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In the p r esen t s t u d y an a c t i v a t i o n of the f i b r i n o l y t i c sys tem i n 
shed m e d i a s t i n a l b l ood was f o u n d . The m a g n i t u d e of f i b r i n o l y t i c a c t i 
v a t i o n i n shed b l ood was c ompa r a b l e to t h a t measu red d u r i n g CPB. 
T h i s a c t i v a t i o n of the f i b r i n o l y t i c sys tem was i n d i c a t e d b y c ompa r 
a b l e dec reases of a n t i p l a s m i n a c t i v i t y i n p a t i e n t s ' b l ood a f t e r CPB 
as we l l as i n the shed b l o o d . Howeve r , r e t r a n s f u s i on of shed b l ood 
d i d not cause an a d d i t i o n a l dec rease of a n t i p l a s m i n i n the p a t i e n t s ' 
c i r c u l a t i o n . 

Bß-related pep t i d e s a r e a most s e n s i t i v e m a r k e r of t he e ndo 
genous a c t i v a t i o n of the f i b r i n o l y t i c s y s t em , w h i c h can r e v e a l s u b 
c l i n i c a l a c t i v a t i o n of f i b r i n o l y s i s ( 9 ) . A p r onounced i n c r e a se of f i 
b r i n o g e n ) s p l i t p r o d u c t s was f o u n d i n the shed b l o o d . A f t e r r e t r a n s -
f u s i o n o n l y the D -d ime rs showed a s i g n i f i c a n t i n c r e a se i n p a t i e n t s ' 
b l o o d , whe reas the c o n c e n t r a t i o n of Bß-related pep t i d e s showed no 
i n c r e a s e . T h i s can be e x p l a i n e d by the lower mo l e c u l a r w e i g h t a n d 
t h e r e f o r e f a s t e r c l e a r i n g r a t e of these p e p t i d e s . 

The c o n s t e l l a t i o n of i n c r ea sed f i b r i n ( o g e n ) s p l i t p r o d u c t s a n d 
s t a b l e a n t i p l a s m i n a c t i v i t y a f t e r r e t r a n s f us i on can be i n t e r p r e t e d as 
a was t e e f fec t of r e t r a n s f u s i o n . Tha t means , the enhanced f i b r i n o 
l y t i c o r p r o t e o l y t i c a c t i v i t y w i t h i n the shed b l ood is i n h i b i t e d by the 
p h y s i o l o g i c i n h i b i t o r s . Some of these comp lexes a nd the s p l i t p r o d u c t s 
o b v i o u s l y r ema i n i n t he c i r c u l a t i o n a f t e r r e t r a n s f us i on w i t h o u t 
i n d u c i n g f i b r i n o l y t i c a c t i v i t y w i t h i n the p a t i e n t . 

In t h i s s t u d y the e l e v a t e d l e ve l s of comp lexed e l a s t a s e a f t e r 
CPB c o r r e s pond to the r e s u l t s of o t he r a u t h o r s (10) i n d i c a t i n g an 
a c t i v a t i o n o r des i n t e g r a t i o n of PMN g r a n u l o c y t e s due to CPB. The 
e x t r a o r d i n a r y i n c r ease of E-a^PI i n the shed b l ood may be e x p l a i n e d 
by d e s i n t e g r a t i o n of g r a n u l o c y t e s caused by mechan i c a l a l t e r a t i o n 
due to p e r i c a r d i a l a n d / o r p l e u r a l movement i n the t h o r a x a n d i n the 
ches t t u b i n g . 

Which c on c l u s i o n s can be d r a w n f r om the r e s u l t s of t h i s s t u d y? 

The f i b r i n o l y t i c a nd un s p e c i f i c p r o t e o l y t i c a c t i v i t y i n the 
d r a i n a g e f l u i d does not i n duce f i b r i n o l y t i c a c t i v a t i o n a f t e r r e t r a n s -
f u s i o n . The i n c r ea sed leve l of f i b r i n ( o g e n ) s p l i t p r o d u c t s seems not 
to be c l i n i c a l l y r e l e v a n t , a t l eas t not w i t h the amoun t s h a v i n g been 
r e t r a n s f u s e d . I t can be con c l u ded t h a t r e t r a n s f u s i on of shed med i a 
s t i n a l b l ood is a save method of au t o l o gous vo lume s u b s t i t u t i o n i n 
the e a r l y p o s t o p e r a t i v e p e r i o d . However , i t has to be t a k e n i n t o 
a ccoun t t h a t r e t r a n s f us i on of g r e a t e r v o l umes , of shed b l ood may 
cause a c o n s i d e r a b l e impa i rmen t of c o a g u l a t i o n a n d / o r the f i b r i n o 
l y t i c s y s t em . T h i s d e t e r i o r a t i o n m i gh t be i n du ced by the i n f u s i o n of 
f i b r i n ( o g e n ) s p l i t p r o d u c t s a n d / o r t he re l ease of t he con ten t of 
des i n t e g r a t e d g r a n u l o c y t e s . In t h i s respec t t he pos s i b l e r o l e of 
p h a r m a c o l o g i c a l i n t e r v e n t i o n by p ro t ease i n h i b i t i o n s h o u l d be ob jec t 
of f u r t h e r i n v e s t i g a t i o n s . 
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