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L i b e r a t i o n  of  K i n i n s  D u r i n g  E x t r a c o r p o r e a l  C i r c u l a t i o n  ? 

In  pa t i en t s  undergoing  open hea r t  surgery by  means  of 
ex t racorporea l  c irculat ion the  f ibr inolyt ic  po ten t i a l  of the  
p lasma  is increased (Flsc~tER ~, FISCHER et  a l ) ,  YON 
KAULLA and  SWAN ~, MAMMEN 4, 5, MARKGRAF 6, 7, MATIS S, 
THIES 9, TICE et  al.l~ ~1, T s u j I  et  al.l~). Al ready  EISEN*S 
suggested t h a t  the  ac t iva t ion  of f ibr inolysis  is re la ted to 
kinin format ion .  

Severe h y p o t e n s i o n  and  shock occurr ing in t he  course 
of open hea r t  opera t ions  were bel ieved to be due pa r t l y  
to the  l ibera t ion  of vasoac t ive  subs tances  in to  t he  cir- 
cu la t ing  blood (HOLLENBERO et aI.l*). Dur ing  ext ra-  
corporeal  c i rculat ion a decrease of p la sma  kininogen was 
measu red  and  accordingly  l ibera t ion of kinins was sug- 
ges ted (WlEGERSHAVSEN et a1.~5). But  f rom the  decrease 
of k in inogen  in plasma,  t he  conclusion t h a t  kinins are 
t iberated is no t  to  be d rawn  (BERRY et al.~% HABER- 
MANN17). Therefore  t he  p rob lem of kinin l ibera t ion  as- 
sociated wi th  ex t racorporea l  c i rculat ion has  been newly  
inves t iga ted .  

Methods.  The  s tudies  were carried out  in 10 pa t i en t s  
aged f rom 35 to 64 years  (6 females,  4 males), who under-  
went  opera t ions  w i th  ex t racorporea l  c i rculat ion for dif- 
fe rent  reasons (mitral  valve rep lacements  (5), aort ic  va lve  
r ep lacemen t s  (4) and combined  aor t ic -mi t ra l  valve replace- 
m e n t  (1)). Dur ing  var ious  phases  of these  operat ions ,  the  
concen t ra t ion  of p ro te in  and kininogen in p l a sma  and  the  
concen t ra t ion  of kinin in whole blood were measured.  
A bubble  oxygena to r  according to RYGG-KYVSGAARD and 
a roller  p u m p  according to DE BAKEY were used. The 
average  per fus ion  vo lume was 2.2 1/m 2 body  surface area 
x rain. The b o d y  t e m p e r a t u r e  was n o r m o t h e r m  dur ing  

ex t racorporea l  circulat ion.  The oxygena to r  was p r imed  
wi th  1000 ml of a l ac ta t ed  Ringer  solut ion and 1000 ml 
of 5% dext rose  solution.  

Blood samples  were ob ta ined  before and  af ter  induc t ion  
of anaesthesia ,  following in ject ion of hepar in  and  at  
var ious  phases  dur ing  the  course of ex t racorporea l  
c i rculat ion and,  finally~ a f te r  the  t e r m i n a t i o n  of bypass .  
Blood was d rawn  th rough  a c a the t e r  p laced in the  radial  
ar tery ,  excep t  dur ing  bypass ,  when  it was t aken  f rom the  
oxygena to r  af ter  be ing arterial ized.  

P l a sma  kininogen was de t e rmined  according to  FREY 
et al. ts, k inin in whole  blood according to ZACEST and  
MASH~ORD ~9. In  our h a n d s  the  m e t h o d  of ZACEST and 

o 

22 
0,2 

14 

10 0,1 

6 

0.02 

A 9 ']0 I"I 1'2Time 
Narcosis He ~arin Extracorporeal 

Beginning of operation circulation 
Fig. 1. Protein in g/100 ml (0), kininogen in lag bradykinin equivalents 
/mI plasma (O) and hradykinin in ng/ml blood (A) of a patient 
during various phases of open heart surgery. 

MASHFORD worked  wi th  a 73% yield. Total  p ro te in  in 
p l a sma  was e s t ima ted  by  the  b iure t  react ion.  

Resul ts  and  discussion.  One p a t i e n t ' s  course of p l a sma  
kininogen,  whole  blood kinin and p l a sma  pro te in  in 
absolute  values  is shown in Figure  1. As th is  f igure 
i l lustrates,  the  p l a s ma  level of k ininogen decreased,  
however  the  p l a sma  p ro te in  and blood kinin did, too. 

E s t i m a t i o n s  of kininogen,  kinin and  pro te in  carried out  
r epea ted ly  fol lowing induct ion  of anaes thes ia  did no t  
show d i f fe ren t  values  as dur ing  bypass .  For  th is  reason 
only  1 t r ias  of columns for a par t i cu la r  phase  of the  
surgical  p rocedure  was used in the  graph.  The analy t ica l  
values  in each case were re la ted  to  t he  s t a r t ing  level 
( =  100%). 

Up  to the  beginning of the  bypass  kininogen,  kinin and  
pro te in  seemed obviously  to  be Unaltered (Figure 2). 
Ne i the r  the  anaes thes ia  itself, which  should be responsible  
for haemodi lu t ion  and cor respondingly  decreased pro te in  
levels in p l a sma  (BOND and  PARSONS 20, RUDOLPH et al. 2I) 
nor  the  in jec t ion  of hepar in ,  which  can act  agains t  an 
inh ib i to r  of p lasminogen  ac t iva t ion  and migh t  ease the  
ac t iva t ion  of f ibrinolysis  (BULUK and JANUSZKO 22), caused 
a s ignif icant  change  in p l a sma  kininogen.  

Af te r  t he  hea r t - lung  mach ine  h a d  been connec ted  to  the  
pa t ien t ,  p l a sma  kininogen decreased to 48 4- 12% (S. D.) 
of t he  s t a r t ing  level, b u t  p l a sma  pro te in  did fall in the  
same di rec t ion  to 57 -~ 5% (S.D.) of the  s t a r t ing  level. 
Kin in  also fell to about  the  same degree, n ame l y  to 64 • 
25% (S.D.) of the  s t a r t ing  level. 

Obviously  ne i ther  the  con tac t  of blood wi th  foreign 
surfaces in the  hea r t - lung  machine  nor  the  e n h a n c e m e n t  
of f ibr inolysis  or coagulat ion,  respec t ive ly  (BLoom 2a, DE 
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VRIES et  al. 24, ~VIAMMENS), are associa ted wi th  increased 
k in in  format ion .  

Obviously  all changes  in p lasma  kininogen and blood 
kinin dur ing  d i f ferent  phases  of open hea r t  surgery are 
caused by  haemodi lu t ion .  In  fact  the  average values 
(in %) of p ro te in  (pr) are h ighly  corre la ted to kininogen 
(kg) and kinin (kn) : rpr-kg : 0.96, rpr-kn = 0.98; p < 0.01. 

I t  has  a l ready  been  shown t h a t  ac t iva t ion  of endoge- 
nous p lasmin  by  s t rep tok inase  in h u m a n  p l a sma  led to  
kinin fo rmat ion  only, if t he  pro tease  inhib i tors  are widely  
e l imina ted  (SXlDXL et alTO). A comparab le  s i tua t ion  
does no t  exis t  in vivo. P robab ly  p lasmin  once ac t iva ted  
is inac t iva ted  so rap id ly  (FISCHER1), t h a t  i t  does no t  
cause an increase of kinin l iberat ion.  Indeed  HAMBERG s~ 
and HAUSTEIN and MARKWARDT 27 found  a p lasmin  
d e p e n d e n t  fo rmat ion  of kinins in h u m a n  plasma,  b u t  
HAMBERG des t royed  protease  inhibi tors  by  acidifica- 
t ion for a cer ta in  per iod of t ime  and HAUS~EIN and 
MARKWARDT p u t  addi t iona l  p lasminogen  into the i r  
p l a sma  incubates .  A l though  BULUK et al3 s found all 
ac t iva t ion  of the  f ibr inolyt ic  and the  kinin sys tem dur ing 
venostasis ,  these  results  do no t  p rove  a sys temic  forma- 
t ion  of kinins in the  course of e n h a n c e m e n t  of the  fibrino-' 
lyric potent ia l .  

The resul ts  p resen ted  are m con t ras t  to  WtEGERS- 
HAUSEN et  al. ~. U nfo r tuna t e ly  it is no t  possible  to  
discuss the i r  communica t ion  in deta i l  because t h e y  did 
no t  measure  the  degree of haemodi lu t ion  in the i r  pa t ien ts .  

Moreover,  t h e y  did no t  inform abou t  the  vo lume of per-  
fusion which,  be ing small,  leads to a larger ex t en t  of 
f ibr inolysis  ac t iva t ion  t h a n  being h igh  (voN KAULLA and  
SWAN ~). 

Possibly  the  controvers ia l  results  are due to d i f ferent  
t ypes  of oxygena to r s  used in ex t racorporea l  circulation.  
I n  WI:EGERSttAIJSEN'S s t u d y  a disc oxygena to r  was ap- 
plied, which  was observed  to cause a s t ronger  ac t iva t ion  
of f ibrinolysis  t h a n  a bubble  oxygena to r  (EKERT et a179). 
In  add i t ion  the  d e n a t u r a t i o n  of y-globulins in disc oxy- 
genators  (PRuITT et  al. a~ poss ib ly  leads to l ibera t ion of 
kinins (IaoREHAM and GOODWIN al, MOVAT 82, 33). 

Zusammenfassung. Bei 10 Pa t i en ten ,  die sich einer Ope- 
ra t ion  am offenen Herzen  unterzogen,  verl iefen die Plas-  
makin inogen-  und  Blutkininspiegel  paral lel  zum Plasma-  
protein .  Das spr ich t  gegen eine exzessive Akt iv ie rung  des 
Kin in -b i ldenden  Sys tems  im P la sma  w~ihrend ext ra-  
korporaler  Zirkulat ion.  
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Fig. 2. Total plasma protein (Pr), kinino~en (Kg) and kinin (Kn) 
during various phases of open heart surgery. Values before (start) 
and after induction of anaesthesia (narcosis), following beparin 
injection (heparin), during extraeorporeal circulation (HLM) and 
after termination of bypass (end). Average values 4- S. D. (n = 10). 
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S a c c h a r i n  P r e f e r e n c e  of  B u t y r a l d o x i m e - T r e a t e d  

Butyra ldox ime ,  chronical ly admin is te red  via the  drink- 
ing fluid, has  been shown to elicit the  following in C57BL 
mice:  1. marked  b lockade  of hepa t ic  a ldehyde  dehydro-  
genase, 2. accumula t ion  of subs tan t i a l  concen t ra t ions  of 
ace ta ldehyde  in blood following an e thanol  dose, and 3. 
p ronounced  decrease in the  na tu ra l  e thanol  preference  of 
these  an imals  1, 2. Since increased ace ta ldehyde  levels can 
produce  toxic  effects  3, we have  a t t r i b u t e d  the  s t rong and 
sus ta ined  decrease in e thanol  preference  of t he  C57BL 
mice during,  and  after,  bu ty r a ldox ime  ingest ion to  a learn- 
ed avers ion based upon the  noxious effects of increased 
ace ta ldehyde  levels ~. 

Recen t ly  •ACHMAN et al. 4 repor ted  t h a t  i.p. admin is t ra -  
t ion of bu ty r a ldox im e  following the  ingest ion of saccharin 

C 5 7 B L  M i c e  

is effect ive in producing  a condi t ioned  avers ion to saccha- 
rin, i.e., reducing the  sacchar in  in take  dur ing  a t e s t  run 
several  days  later.  They  concluded t h a t  'Since the  sub- 
s t an t i a l ly  lower dosages used in these  expe r imen t s  were 
suff icient  to  cause a learned avers ion to  solut ions o ther  
t h a n  alcohol . . . .  the  effects on the  self-selection of alcohol 
previously  repor ted  for ... [bu tyra ldoximel ]  ... are based,  
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