
Upsala J Med Sci 88: 81-94, 1983 

Fibrinolysis Inhibition and Fibronectin in the Blood in 
Patients with the Delayed Microembolism Syndrome 

Lars Bagge, Ulf Hedstrand, Magnus Hook, Staffan Johansson, Erik Lind, 
Jan Modig and Tom Saldeen 

Institute of Forensic Medicine, Uppsala University, Department of Anaesthesiology, 
University Hospital, Uppsala and Department of Medical and Physiological Chemistry, 

Veterinary College, Biomedical Centre, Uppsala, Sweden 

ABSTRACT 

Var ious parameters o f  f i b r i n o l y s i s  i n h i b i t i o n  and t h e  plasma c o n c e n t r a t i o n  

o f  f i b r o n e c t i n  (a2 -su r face  b i n d i n g  g l y c o p r o t e i n ,  c o l d  i n s o l u b l e  g l o b u l i n )  were 

measured i n  p a t i e n t s  a t  r i s k  o f  deve lop ing  acu te  p r o g r e s s i v e  r e s p i r a t o r y  i n -  

s u f f i c i e n c y  f o l l o w i n g  trauma o r  s e p s i s  - t h e  delayed microembolism syndrome 

(DMS). Most parameters measuring f i b r i n o l y s i s  i n h i b i t i o n  were s i g n i f i c a n t l y  

h i g h e r  i n  t h e  f i v e  p a t i e n t s  w i t h  DMS than  i n  f i v e  p a t i e n t s  who d i d  n o t  develop 

t h e  syndrome. Thus, t h e  p r imary  f i b r i n o l y s i s  i n h i b i t o r  (a2-anti plasmin) was en- 

hanced and t h e  a - fo rm o f  t h i s  i n h i b i t o r ,  w i t h  a f f i n i t y  t o  plasminogen, showed 

t h e  g r e a t e s t  increment  and m igh t  be o f  major  impor tance f o r  t h e  delayed e l i m i -  

n a t i o n  o f  f i b r i n  f rom t h e  l u n g s o c c u r r i n g  i n  these p a t i e n t s .  The f i b r o n e c t i n  

c o n c e n t r a t i o n s  were n o t  l ower  i n  p a t i e n t s  w i t h  DMS than  i n  those who d i d  n o t  

develop t h e  syndrome. 

INTRODUCTION 

I n t r a v a s c u l a r  c o a g u l a t i o n  w i t h  microembolism occu r r i ng  d u r i n g  a phase o f  

f i b r i n o l y s i s  i n h i b i t i o n  has been r e p o r t e d  t o  be a ma jo r  cause o f  acu te  p ro -  

g r e s s i v e  r e s p i r a t o r y  i n s u f f i c i e n c y  f o l l o w i n g  trauma o r  seps is ,  t h e  delayed 

microembolism syndrome (DMS) (23 ) .  A p r o t e i n  i n  t h e  b l o o d  which seems t o  be 

p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  f i b r i n o l y s i s  i n h i b i t i o n  has been i s o l a t e d  f r o m  

p o s t t r a u m a t i c  p a t i e n t s  (3 ,  4, 2 4 ) .  T h i s  i n h i b i t o r  has been named " t h e  p r imary  

f i b r i n o l y s i s  i n h i b i t o r "  (PFI)  and i s  immuno log ica l l y  i d e n t i c a l  w i t h  t h e  a,2- 

-p lasmin i n h i b i t o r  (18)  and a2 a n t i p l a s m i n  (28). When PFI i n  serum i s  f r a c t i o -  

na ted  by a f f i n i t y  chromatography on plasminogen-Sepharose@, a m ino r  p a r t  b inds  

t o  t h e  plasminogen, w h i l e  t h e  ma jo r  p a r t  remains unbound ( 5 ,  7 ) .  These two 

forms o f  t h e  i n h i b i t o r  have been c a l l e d  PFIa and PFIB r e s p e c t i v e l y .  
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A cor re la t ion  has been found between the  plasma depletion of an opsonic 
protein , f i  bronectin ( FN;a2-surface binding glycoprotei n , cold insoluble globu- 
1 in)and the  development of acute progressive resp i ra tory  insuf f ic iency  f o l l o -  
w i n g  trauma and seps is  (19,  2 2 ) .  In the  present inves t iga t ion  various paramet- 
e r s  cons t i t u t ing  measures of f i b r i n o l y s i s  i nh ib i t i on  (espec ia l ly  PFIa) and the 
plasma concentration of f ibronec t in  were studied i n  pa t ien ts  with a risk of  

developing DMS. The possible co r re l a t ions  between an increase i n  f i b r i n o l y s i s  
inh ib i t ion  and a decrease i n  FN, respec t ive ly ,  and the  development of t h i s  syn- 
drome were a1 so examined. 

MATERIALS 

- - - _ -  Pat ien ts :  Pa t ien ts  with la rge  so f t - t i s sue  i n j u r i e s ,  multiple f r ac tu res  o r  
seps is  and postoperative pa t ien ts  a f t e r  extensive surgery,  run a r i sk  of deve- 
loping DMS, e spec ia l ly  when these conditions a r e  combined w i t h  shock. The stu- 
dy was made on 10 pa t i en t s  ( four  women and six men) aged 19-78 yea r s ,  who were 
admitted consecutively t o  the  Intensive Care U n i t  (ICU) a t  the  University Hos- 
p i t a l ,  Uppsala. The pa t ien ts  had already developed o r  were considered t o  run a 
r i sk  of developing DMS. Six pa t ien ts  had sustained trauma; i n  four  of them t h i s  
was mainly i n  t he  form of major f r ac tu res ,  and  two had undergone major surgery. 
The remaining four pa t ien ts  were admitted t o  the  ICU i n  various s tages  of shock- 
- three  suf fer ing  from septicaemia and one from panc rea t i t i s .  

Plasma and sera  were sampled da i ly  f o r  6-10 days. Day 1 i n  the f igures  i s  
the f i r s t  day of observation in the  ICU. In most pa t ien ts  t he  traumatic event 
had occurred the  day before and in a few pa t i en t s  even e a r l i e r .  Five pa t ien ts  
f u l f i l l e d  our c r i t e r i a  of DMS (see  below). One pa t i en t  in the  DMS group d ied ,  
though not from pulmonary insuf f ic iency  but from progressive renal f a i l u r e  and  
uraemia, 15 days a f t e r  admission t o  the ICU. 

_ _ _ _ -  Chemicals: Human fibrinogen (Grade L )  , Human plasminogen, Human plasmin and 
t r ans  4-aminoethyl-cyclohexane carboxylic acid (AMCA) ( A B  Kabi , Sweden) ; Chrano- 
genic subs t r a t e  f o r  plasmin (S-2251, Kabi Diagnostica, Sweden); CBNr-activated 
Sepharose@4B and Lysine Sepharose@4B (Pharmacia Fine Chemicals , Sweden); Uro- 
kinase (Leo, Denmark); Thrombin ("Topostasine@)", 
Rabbit antibodies aga ins t  human a l - an t i t ryps in ,  a2-macroglobulin and plasmino- 
gen (DAKOPATTS, Denmark); Rabbit antibodies aga ins t  PFI (own product o r  "RaHu/ 
Apl", Nordic Immunological Laboratories,  The Netherlands); Rabbit antibodies 
aga ins t  bovine plasma f ibronec t in  which were shown t o  c ross - reac t  with human 
FN ( 2 1 ) ;  Immobilized plasminogen: human plasminogen pur i f ied  by the  method of 
Deutsch & Mertz was coupled t o  CNBr-activated Sepharose@4B a t  a concentration 
of 10 mg/g gel. FN was pur i f ied  from human plasma by a f f i n i t y  chromatography 

Hoffman-LaRoche, Switzerland); 
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on gelat in-Sepharose@ (13)  f o l l o w e d  by an i o n  exchange chromatography and gel  

chromatography. 

- Blood - - - f r a c t i o n s :  - - - - Human normal serum (HNS) and normal plasma, pooled f rom 

30 a p p a r e n t l y  h e a l t h y  persons and k i n d l y  s u p p l i e d  f rom t h e  b lood  bank, Un ive r -  

s i t y  H o s p i t a l ,  Uppsala, were used as re fe rences .  A l l  b l ood  f r a c t i o n s  ( r e f e r e n -  

ces and samples) were s t o r e d  a t  -7OOC u n t i l  analysed. 

METHODS 

Reference l e v e l s  o f  t h e  v a r i a b l e s  a r e  g i ven  as Mean +_2 SD based on i n d i v i -  

dual  de te rm ina t ions  a t  o u r  l a b o r a t o r y  i n  more than  30 b lood  donors o r  on t h e  

r e f e r e n c e  range used a t  t h e  C e n t r a l  Labora to ry  o f  C l i n i c a l  Chemistry, Un ive r -  

s i t y  H o s p i t a l ,  Uppsala. 

gen, thrombin,  plasminogen and u rok inase  (7, 20,  27 )  was employed. FIA i s  ex- 

pressed i n  d i l u t i o n s  o f  AMCA (mg / l )  g i v i n g  t h e  co r respond ing  d e l a y  i n  c l o t -  

l y s i s  t i m e  o r  i n  p e r  c e n t  o f  plasminogen-depleted normal serum (100 ? 18 %) .  

F a s t - r e a c t i n g  a n t i p l a s m i n  (AP): The i n h i b i t i o n  o f  p lasmin was measured by 

an - - - - -  enzymatic assay, u s i n g  a chromogenic s u b s t r a t e  (S-2251) f o r  p lasmin  and i s  

expressed i n  p e r  c e n t  o f  t h a t  i n  HNS (100 f 13 %) .  The end-po in t  d e t e r m i n a t i o n  

method desc r ibed  i n  t h e  manual o f  S-2251 (Kabi D iagnos t i ca ,  Sweden) was used. 

Th is  method has been r e p o r t e d  t o  measure a 2 - a n t i p l a s m i n  ( 2 6 ) .  

PFI, a l - a n t i t r y p s i n  (alAT) , az-macrog lobu l i n  (ap) and plasminogen ( p l g ) :  

These c o n c e n t r a t i o n s  were assayed by - immunodi f fus ion - - - - - - - (17 )  and a r e  expressed 

i n  p e r  c e n t  o f  t hose  i n  HNS (PF1:IOO ? 12 %, alAT: 100 ? 23 %, a2M:100 i 7 % 

and p1g:lOO ? 9 %). 

P l a t e l e t s  ( P l ) :  P l a t e l e t s  were counted by a C o u l t e r c o u n t e r  S+. Reference 

range 150-400 x 109 / l .  

- FN: The c o n c e n t r a t i o n s  o f  FN were determined by - radioimmunoassay. - - - - - - Ant iserum 

a g a i n s t  human FN was r a i s e d  i n  a r a b b i t  as desc r ibed  by Rubin et.aZ. The IgG- 

- f r a c t i o n  o f  t h e  ant iserum, i s o l a t e d  by chromatography on P r o t e i n  A-Sepharose@, 

y i e l d e d  one p r e c i p i t a t i o n  a r c h  when t e s t e d  a g a i n s t  human plasma o r  p u r i f i e d  

human FN by crossed immunoelect rophores is .  An t ibod ies  i n t e r a c t i n g  w i t h  FN were 

p u r i f i e d  by a d s o r p t i o n  on FN-Sepharose@, coupled t o  CNBr-act ivated Sephadex 

6-25, and used as an immunoadsorbent i n  t h e  radioimmunoassay ( 1 5 ) .  The amount 

o f  FN i n  t h e  plasma samples (mq / l )  was determined r e l a t i v e  t o  p u r i f i e d  human 

FN. Reference v a l u e  > 300 mg/ l .  
S t a t i s t i c a l  c a l c u l a t i o n :  Convent ional  s i g n i f i c a n c e  a n a l y s i s  was performed. 

F i b r i n o l y s i s  i n h i b i t i o n  a c t i v i t y  ( F I A ) :  _ _ - _ _ _  A c l o t - l y s i s  method u s i n g  f i b r i n o -  

As t h e  number o f  obse rva t i ons  ( n )  was.always more than  20, t h e  p va lues were 
c a l c u l a t e d  f rom t h e  d i s t r i b u t i o n  o f  A. 
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EXPERIMENTAL PROCEDURE 

Fractioning of se ra  by a two-step a f f i n i t y  method: 1.5 m l  of the serum was 
mixed with 0 . 5  ml of l y s ine  Sepharose@(l h a t  +4OC) and centrifuged (5.000 x g ,  
20 m i n .  a t  +4OC). The supernatant (S I )  obtained, cons is t ing  of plasminogen- 
-depleted serum, was examined i n  respect t o  FIA, AP and PFI. One ml of the  su- 
pernatant was mixed w i t h  1 ml of immobilized plasminogen ( 1  h a t  +4OC) and cen- 
t r i fuged  (5.000 g ,  20 m i n  a t  +4OC). The amounts of FIA, AP and PFI in the su- 
pernatants ( S I I )  were determined. The amount of PFI adsorbed t o  the plasminogen 
matrix (PFIa) was estimated as t he  d i f fe rence  between applied PFI and non-bound 
PFI (PFIB). The recoveries of the  biological and immunological parameters were 
calculated f o r  each s t ep .  On ca lcu la t ions  of the  d i l u t i o n s ,  a l l  gel volumes 
were estimated as the  l i qu id  phase. Reference range: PFIa = 100 f 1 1  %; PFIB = 

100 f 18 %. 

- - _ _ _ - - - _ _ _ _  

RESPIRATORY MEASUREMENTS 

Blood gases were measured by the  conventional e lec t rode  technique. 
The a b i l i t y  of the  lungs t o  oxygenate the  blood. The resp i ra tory  r a t i o  ( R R )  

was calculated from the  formula: 

Pa02 

'A02 
R R  = - x 100 % where Pa02 = a r t e r i a l  oxygen tension 

PA02 = a lveolar  oxygen tension 

This sjmple t e s t  (8) makes i t  possible t o  compare the  pulmonary function 
between d i f f e r e n t  l eve l s  of inspired oxygen concentration, and was employed by 
us in an e a r l i e r  study ( 9 ) .  A r a t i o  range of 50-60 % was regarded as the  lowest 
t o l e rab le  border zone f o r  normal l u n g  function and values below t h i s  l i m i t  were 
considered t o  ind ica te  pulmonary insuf f ic iency .  O u r  c r i t e r i a  f o r  DMS are :  

1 .  R R  below 50 % in t he  absence of o ther  causes such as a sp i r a t ion ,  broncho- 
pneumonia o r  l e f t  hear t  f a i l u r e  with pulmonary oedema; together with 

areas of i n f i l t r a t i o n  spread over both lungs,  and giving a "snowstorm" 
pa t te rn ,  a t  chest  radiography. 

2 .  
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PREVENTIVE AND THERAPEUTIC MEASURES 

Every e f f o r t  was made t o  combat shock i n i t i a l l y  w i t h  t he  a i d  of dextran 70 
and/or balanced e l e c t r o l y t e  so lu t ions  and blood according t o  requirements. Par- 
t i c u l a t e  matter introduced by transfusion was avoided by the  use of micropore 
f i l t e r s  in the transfusion l i n e  when  multiple un i t s  of s tored  blood were i n -  
fused. 

After haemodynamic r e s t i t u t i o n ,  t he  pa t i en t  was kept ''on the dry s ide" .  
T h u s ,  careful gradual dehydration was i n i t i a t e d  t o  draw any surplus f l u i d  from 
the  pulmonary i n t e r s t i t i a l  space w i t h  a minimal decrease i n  in t ravascular  vo- 
lume. Further preventive measures included chest  physiotherapy, high c a l o r i c  
n u t r i t i o n ,  e f f ec t ive  analgesia and da i ly  administration of dextran 70 and a l -  
bumin. I f ,  i n  s p i t e  of these measures, there  was a progressive decrease in R R ,  
ind ica t ing  impending pulmonary insuf f ic iency ,  volume-controlled mechanical ven- 
t i l a t i o n  was begun, with a pos i t ive  endexpiratory pressure ( P E E P )  of 8 t o  15 cm 
H20. Disseminated in t ravascular  coagulation (DIC) was manifested by combinations 
of decreased p l a t e l e t  count, pos i t ive  ethanol ge la t ion  tes t ,  f i b r i n  degradation 
products in serum (FDP) over 10 mg/l and shor te r ing  of ac t iva ted  thromboplastin 
time ( A P T T ) .  I f  so,  heparin i n  doses adequate t o  prolong APTT t o  values w i t h i n  
i t s  upper normal range (35-39 s )  was given. The r e su l t i ng  concentrations of he- 
parin in the  blood should not influence the  f i b r i n o l y s i s  inh ib i t ion  assays 

CASE REPORTS 

Negative DIC var iab les  and APTT d u r i n g  hepa r in  therapy a re  not commented. 
Five pa t i en t s  with DMS: 
(Fig 2 )  A 44-year-old man. T ra f f i c  accident.  
_ _ _ _ _ - _ - _ _ _ _  

1 .  
S t a t e :  Ruptures of diaphragm ( l e f t  s i d e )  and spleen; l i v e r  l ace ra t ions ,  pe lv ic  
and femoral f r a c t u r e s ,  pa r t s  of the  abdominal organs were transposit ioned in- 
t o  the  l e f t  pleural space. 

500 ml of dextran. The pa t i en t  was admitted t o  the  I C U  and a r t i f i c i a l l y  ven- 
t i l a t e d  f o r  t he  following 16 h postoperatively with a normal RR. 

I n i t i a l  treatment:  Adequate surgery and haemodynamic r e s t i t u t i o n  including 

Day 1 in our s t u d y  represents the  f i r s t  posttraumatic day. 
Two days a f t e r  the  trauma, when spontaneously breathing progressive pulmo- 

nary insuf f ic iency  developed with a low R R  and chest  radiography revealed small 
symmetrical dens i t i e s  over both l u n g s ,  cons is ten t  with DMS 
P l a t e l e t  count: 105 x 10 / l .  APTT: 29  s. 

PEEP-ventilation s t a r t e d  simultaneously with heparin therapy. 

9 
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The p a t i e n t  was s u c c e s s f u l l y  weaned f rom t h e  v e n t i l a t o r  13 days a f t e r  t h e  

acc iden t .  

2. ( F i g  2 )  A 78-year-o ld  man. Urosepticaemia. 

S t a t e  on admission (day 1 ) :  S e p t i c  shock. Low p l a t e l e t  coun t  (94 x 10 / 1 )  b u t  

normal APTT (33 s ) .  
I n i t i a l  t r ea tmen t :  Haemodynamic r e s t i t u t i o n  (no dex t ran )  , h e p a r i n  and a n t i -  

b i o t i c  therapy. A f t e r  14 h p r o g r e s s i v e  pulmonary i n s u f f i c i e n c y  occurred and c h e s t  

rad iog raphy  revea led  f a i r l y  l a r g e  d e n s i t i e s  spread o v e r  b o t h  l u n g  f i e l d s ,  con- 

s i s t e n t  w i t h  DMS. P l a t e l e t  count  were even lower  (64 x 10 /1 )  and APTT was 

shor tened (26 s )  , i n d i c a t i n g  D I C .  Hepar in  the rapy  and PEEP-ven t i l a t i on  begun 

and con t inued  f o r  10 days. 

9 

9 

An improvement i n  pulmonary f u n c t i o n  was no ted  a f t e r  s i x  days and t h e  p l a t e -  

However, t h e  p a t i e n t  d e t e r i o r a t e d ,  developed p r o g r e s s i v e  r e n a l  i n s u f f i c i e n -  

9 l e t s  were no rma l i zed  ( 2 5 7  x 10 /1 )  a f t e r  e i g h t  days. 

cy  w i t h  uraemia and d i e d  15 days a f t e r  admiss ion t o  t h e  I C U .  

3. ( F i g  2 )  A 42 -yea r -o ld  man. P a n c r e a t i t i s  due t o  a l coho l i sm.  

S t a t e  on admission (day 1 ) :  Hypotensive and o l i g u r i c .  Ext remely l ow  p l a t e l e t  

coun t  (14 x 10 / l ) i n d i c a t i n g  D I C .  APTT: 33 s.  9 

I n i t i a l  t he rapy :  Haemodynamic r e s t i t u t i o n  (no d e x t r a n ) .  

P e r i t o n e a l  l avage  was s t a r t e d  on t h e  second day. 

Hepar in  the rapy  was begun on t h e  t h i r d  day and con t inued  f o r  s i x  days. 

P rog ress i ve  pulmonary f a i l u r e  had developed on day f o u r  and c h e s t  r a d i o -  

graphy revea led  d e n s i t i e s  spread ove r  b o t h  l u n g  f i e l d s ,  c o n s i s t e n t  w i t h  DMS. 

a f t e r  s i x  days. 

4. 

c i o n i d )  was a d m i t t e d  t o  t h e  I C U  on t h e  f i f t h  p o s t o p e r a t i v e  day. B lood gases 

were f a i r l y  normal d u r i n g  t h e  f i r s t  t h r e e  p o s t o p e r a t i v e  days b u t  d e t e r i o r a t e d  

l a t e r .  

S t a t e  on admission: P rog ress i ve  pulmonary f a i l u r e  w i t h  a l ow  RR and c h e s t r a d i o -  

graphy r e v e a l i n g  smal l  d e n s i t i e s  ove r  b o t h  l u n g  f i e l d s ,  c o n s i s t e n t  w i t h  s igns  

o f  DMS. P l a t e l e t  coun t :  334 x 10 /1, and APTT: 34 s.  Ethanol g e l a t i o n  t e s t  was 

p o s i t i v e  and FDP v a r i e d  between 40-80 mg/l,  i n d i c a t i n g  D I C .  

I n i t i a l  t r ea tmen t :  PEEP-ven t i l a t i on  was s t a r t e d .  No dext ran.  No hepar in  

was g iven.  

5. A 19-year-o ld  woman. Ma l i gnan t  lymphoma. 

S t a t e  on admission: Septicaemia. shock and r e s p i r a t o r y  d i s t r e s s  w i t h  a low RR. 
Chest rad iog raphy  r e v e a l e d  small  areas o f  i n f i l t r a t i o n  spread ove r  b o t h  l u n g  

f i e l d s ,  c o n s i s t e n t  w i t h  DMS. P l a t e l e t  coun t  were l ow  (29 x 10 / l ) , i n d i c a t i n g  

s i g n s  o f  D I C .  APTT: 32 s .  

PEEP-ven t i l a t i on  was i n i t i a t e d  and t h e  p a t i e n t  was s u c c e s s f u l l y  weaned o f f  

A 30-year-o ld  woman who had undergone r i g h t  l ower  l u n g  l o b e  r e s e c t i o n  ( c a r -  

9 

The p a t i e n t  was s u c c e s s f u l l y  weaned f rom t h e  v e n t i l a t i o n  a f t e r  two days. 

9 
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I n i t i a l  t r ea tmen t :  PEEP-vent i 1 a t  i o n  , Haemodynami c r e s t i t u t i o n  (no d e x t r a n  ) 
and a n t i b i o t i c  t he rapy  was begun. 

A f t e r  two days t h e  p a t i e n t  was ex tuba ted  and b rea thed  spontaneously. 

- F i v e  - - p a t i e n t s  - - - - - wi thguLFM2:  - 

6. A 56-year-o ld  man. B u i l d i n g - s i t e  acc iden t .  

S ta te :  V e r t e b r a l  l u x a t i o n s  L5 - S l y  

and femora l  f r a c t u r e .  

dex t ran ) .  

I n i t i a l  t r ea tmen t :  Adequate su rge ry  

Day 1 i n  o u r  s tudy  rep resen ts  t h e  f 

f r a c t u r e d  L1 - L5, s o f t - t i s s u e  i n j u r y  

and haemodynamic r e s t i t u t i o n  (500 m l  o f  

r s t  p o s t t r a u m a t i c  day. 
9 9 P l a t e l e t  coun t :  151 x 10 /1  (day 1 ) .  Minimum 119 x 10 /1  (day 2 ) .  Normal i -  

zed (247 x 1 0 9 / l ) o n  day 6. 

7. A 39 -yea r -o ld  man, T r a f f i c  acc iden t .  

APTT: Minimum 28 s (days 1-3). 

S t a t e  Femoral f r a c t u r e  and c r a n i a l  f r a c t u r e s .  

I n i t i a l  t r ea tmen t :  Adequate su rge ry  and haemodynamic r e s t i t u t i o n  (no dex 

t r a n )  . 
Day 1 i n  o u r  s tudy  rep resen ts  t h e  f i r s t  p o s t t r a u m a t i c  day. 

P l a t e l e t  count :  

zed on day 5 (183 x 10 /l). 

8. A 39-year-o ld  man. T r a f f i c  a c c i d e n t .  

9 200 x 109/1 (day 1 ) .  Minimum 115 x 10 /1 (day 3 ) .  Norma 
9 

APTT: Minimum 29 s (day 1 ) .  30-33 s (days 2-6). 

S t a t e :  Femoral f r a c t u r e .  C r a n i a l  and f a c i a l  f r a c t u r e s .  

i- 

I n i t i a l  t r ea tmen t :  Adequate su rge ry  and haemodynamic r e s t i t u t i o n  (1000 m l  

o f  dex t ran ) .  

Day 1 i n  o u r  s tudy  rep resen ts  t h e  f i r s t  p o s t o p e r a t i v e  day. 

P l a t e l e t  count :  Minimum 44-85 x 10 /1  (days 1-5). Normal ized on day 8 (257 

APTT: 34 s (day 1 ) .  27-29 s (days 2 - 5 ) .  Minimum 25 s (days 6-7). 

9 

x 109/1). 

9. A 58 -yea r -o ld  woman. Septicaemia. 

S t a t e  on admiss ion:  S e p t i c  shock, hyper thermia (41OC). 

o f  d e x t r a n )  . 
Day 1 i n  ou r  s tudy  rep resen ts  t h e  day o f  acu te  shock. 

P l a t e l e t  count :  296 x 10 /l. 

APTT: 26 s.  FDP:80-160 mg/ l .  

10. A 27 -yea r -o ld  woman who had undergone Caeserean s e c t i o n  because o f  a b l a t i o  

o f  t h e  p lacen ta  ( b l e e d i n g  1000 m l ) .  
S t a t e  on admiss ion:  Anur ia .  Sicjns o f  a t r a n s i e n t  D I C .  P l a t e l e t  coun t :  

I n i t i a l  t r e a t m e n t :  A n t i b i o t i c  t he rapy  and haemodynamic r e s t i t u t i o n  (500 m l  

9 

37 x 109/1. 
APTT 38 s.  FDP: 160-320 m a / l .  
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I n i t i a l  t r ea tmen t :  Haemodynamic r e s t i t u t i o n  (700 m l  o f  d e x t r a n ) .  Hepar in .  

Day 1 i n  o u r  s tudy  rep resen ts  t h e  o p e r a t i v e  day. 

9 P l a t e l e t  coun t :  42-60 x 10 /1 (days 1 - 3 ) .  

RESULTS 

The mean va lues  f o r  t h e  d i f f e r e n t  parameters i n  p a t i e n t s  w i t h o u t  and w i t h  

DMS a r e  g i ven  i n  Table 1 .  The va lues f o r  t h e  l a t t e r  group o n l y  i n c l u d e  those 

o b t a i n e d  on days when RR was below 50 %. Observat ions made i n  these p a t i e n t s  i n  

p e r i o d s  when t h i s  r a t i o  was above 50 % a r e  i n c l u d e d  i n  those f o r  t h e  f i r s t  

group ( w i t h o u t  DMS) i n  t h e  t a b l e .  

Table 1 .  Values f o r  t h e  measured parameters ob ta ined  i n  t h e  absence 
%)  and presence o f  DMS (RR < 50 %) .  FIA = c l o t  l y s i s  i n h i -  

b i t i o n  (mg AMCA/l). FIA ( S I )  = FIA i n  p e r  c e n t  o f  t h a t  i n  normal p l a s -  
minogen-depleted serum. PFI, PFIa, alAT, a2M and p l g  = c o n c e n t r a t i o n  i n  p e r  
c e n t  o f  t h a t  i n  human normal serum (%HNS); AP = enzymatic d e t e r m i n a t i o n  
o f  p lasmin i n h i b i t i o n  (%HNS) ;  P1 = number x IO-g/ l ;  FN = c o n c e n t r a t i o n  
(mg/ l )determined by  radioimmunoassay; RR = r e s p i r a t o r y  r a t i o  (%I; p = 
l e v e l  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  

No DMS 

Mean 112 154 820 199 111 173  7 3  73 112 180 72 
k S.E. 8 18 360 33 10 1 1  4 6 18 20 2 
n 22 23 22 23 23  22 22 22 20 22 23 

DMS 

Mean 159 261 1 ,120  380 166 269 83 8 4  149  260 31 
i S.E. 9 18 160 39  10  16  3 6 20 20 2 
n 21 23 20 23  21 21 21 21 24 20 24 

P <0,001 <0.001 >0 .1  <0.001 <0.001 <0.001 <0.1 >0 .1  >0 .1  <0.001 

Whi le  most parameters o f  f i b r i n o l y s i s  i n h i b i t i o n  were i nc reased  a f t e r  t r a u -  

ma and s i g n i f i c a n t l y  i nc reased  i n  DMS, t h e  FN l e v e l s  were decreased p o s t t r a u -  

m a t i c a l l y  b u t  d i d  n o t  show t h e  expected l o w e s t  va lue  i n  DMS. Regarding t h e  

f i b r i n o l y s i s  i n h i b i t i o n  parameters, t h e  l a r g e s t  i nc rease  was found i n  PFIa. The 

inc rease  i n  FIA i n  serum was n o t  s i g n i f i c a n t ,  whereas FIA i n  plasrninogen de- 
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p l e t e d  serum was s i g n i f i c a n t l y  r a i s e d .  The p l a t e l e t  counts  were low i n  DMS b u t  

s l i g h t l y  h i g h e r  than  i n  p a t i e n t s  w i t h o u t  t h i s  syndrome. 

I n  F i g .  1 va lues f rom consecu t i ve  days a r e  g i ven  f o r  t h e  f i v e  p a t i e n t s  w i t h  

DMS and t h e  f i v e  p a t i e n t s  w i t h o u t .  Values f rom days when RR was n o t  measured 

a r e  excluded. FIA i n  plasminogen-depleted serum and PFIa showed much g r e a t e r  

increases i n  t h e  p a t i e n t s  w i t h  DMS than  i n  those w i t h o u t .  
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RR '1. 

F i g .  1 .  

V a r i a t i o n  o f  mean va lues  f o r  v a r i o u s  
parameters i n  p a t i e n t s  1-5 ( l e f t  se- 
quence) w i t h  DMS and t h e  f i v e  p a t i e n t s  
w i t h o u t .  F I A  ( %  HNS) and AP ( X  HNS) 
were determined i n  p l  asmi nogen depleted 
sera. Values o f  RR below 50 % i n d i c a t e  
DMS. The dashed cu rve  o f  RR rep resen ts  
t h e  mean o f  p a t i e n t s  1 and 3 who d e v e l -  
_ _  oped DMS d u r i n g  t h e  o b s e r v a t i o n  pe r ioa .  
Fo r  a b b r e v i a t i o n s  see t e x t .  

Concerning t h e  i n i t i a l  haemodynamic r e s t i t u t i o n ,  t h e r e  was one i m p o r t a n t  

d i f f e r e n c e  between t h e  two groups o f  p a t i e n t s .  Thus, o n l y  one p a t i e n t  ( p a t i e n t  

1 )  o f  t h e  f i v e  i n  t h e  DMS group r e c e i v e d  dex t ran ,  w h i l e  t h e  o t h e r  f o u r  p a t i e n t s  

were g i ven  balanced e l e c t r o l y t e  s o l u t i o n s  i n s t e a d  as t h e  i n i t i a l  shock t r e a t -  

ment. Four p a t i e n t s  i n  t h e  group w i t h o u t  DMS rece ived  d e x t r a n  as t h e  i n i t i a l  
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shock treatment,  and i n  two of these  pa t i en t s  as much a s  1000 m l  of dextran 
was given. In the  l a t e r  posttraumatic course there  was no d i f fe rence  between 
the  groups regarding dextran administration. 

No d i f fe rence  in p l a t e l e t  count was found between the  two groups and the  
FN concentration was higher in the DMS group than i n  the  group without DMS. As 
t he  mean RR values were already low on the  f i r s t  day of observation in the  DMS 
group, no general conclusions can be drawn about the  time cor re la t ion  between 
the  various parameters and the  change in RR. 
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Fig. 2. 
Time course of various 
parameters in pa t ien ts  1-3 
w i t h  DMS. FIA (%HNS) and 
AP (%HWS) were determined 
in plasminogen depleted 
se ra .  For abbreviations 
see t e x t .  

/ , , . . . , , , , , , , l l l l , l i  
I 5 10 1 5 '  S Days 

Findings f o r  th ree  of the  pa t ien ts  showing decreased RR values during the 
observation period a r e  presented in F i g .  2 .  In pa t i en t  1 there  seemed t o  be a 
time cor re la t ion  between the  decrease in RR and the  i n i t i a l  decrease in p la te -  
l e t s  and increase i n  PFIa. The plasma FN concentration was already low before 
the  reduction of RR began. I t  then increased, whereas the  low RR pers i s ted .  In 
pa t ien t  2 the  small second d r o p  in RR was preceded by both an increase in the  
f i b r i n o l y s i s  inh ib i t ion  parameters and a decrease i n  the  FN concentration. In 
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t h i s  p a t i e n t  t h e  h i g h e s t  l e v e l  o f  FIA and t h e  l owes t  l e v e l  o f  FN occu r red  on 

t h e  same day. I n  p a t i e n t  3 t h e  r e d u c t i o n  o f  RR was accompanied by an i nc rease  

i n  PFIa, wh ich  reached i t s  maximum on t h e  same day as t h e  l owes t  v a l u e  o f  RR 

was noted. 

D I S C U S S I O N  

T h i s  i n v e s t i g a t i o n  has shown t h a t  t h e  f i b r i n o l y t i c  system i s  i n h i b i t e d  i n  

p a t i e n t s  deve lop ing  DMS and t h a t  t h e  most pronounced inc rease  among t h e  i n h i b i -  

t o r y  f a c t o r s  occurs i n  PFIa. T h i s  p r o t e i n  seems t o  be m a i n l y  r e s p o n s i b l e  f o r  

t h e  FIA i n  plasminogen-depleted serum (3,4). We have p r e v i o u s l y  shown t h a t  i n  

p a t i e n t s  w i t h  DMS t h e  e l i m i n a t i o n  o f  f i b r i n  f rom t h e  l ungs  i s  de layed (19)  and 

a good c o r r e l a t i o n  has been found between t h e  i nc rease  i n  FIA and t h e  de lay  i n  

f i b r i n  c lea rance  from t h e  l unas  i n  r a t s  (2). The p resen t  i n v e s t i g a t i o n  t h e r e f o r e  

suppor ts  t h e  hypo thes i s  t h a t  PFIa i s  o f  importance i n  t h e  development o f  DMS. 

A f a c t o r  wh ich  m igh t  have c o n t r i b u t e d  t o  t h e  l ower  grade o f  f i b r i n o l y s i s  

i n h i b i t i o n  i n  p a t i e n t s  n o t  deve lop ing  DMS i s  t h e  l a r g e r  a d m i n i s t r a t i o n  o f  dex- 

t r a n  i n  t h e  i n i t i a l  t r ea tmen t  o f  shock ( 1 0 , l l ) .  

I n  exper imenta l  s t u d i e s  we have found t h a t  i n t r a v a s c u l a r  c o a g u l a t i o n  a lone  

cannot  induce DMS and t h a t  t h i s  syndrome o n l y  occurs khen t h e  f i b r i n o l y t i c  sys-  

tem i s  i n h i b i t e d .  These f i n d i n g s  a r e  suppor ted by t h e  p r e s e n t  o b s e r v a t i o n  t h a t  

t h e  p l a t e l e t  counts  were n o t  l ower  i n  t h e  DMS p a t i e n t s  than  i n  those w i t h o u t  

DMS. Several o f  t h e  p a t i e n t s  w i t h  l o w  p l a t e l e t  counts  and o t h e r  s i g n s  o f  i n -  

t r a v a s c u l a r  coagu la t i on ,  such as reduced APTT, d i d  n o t  have r e s p i r a t o r y  i n s u f -  

f i e n c y  un less  t h e  f i b r i n o l y t i c  system was i n h i b i t e d .  Thus, a woman who under- 

went an emergency Caesarean s e c t i o n  because o f  a b l a t i o n  o f  t h e  p lacen ta  ( p a t i -  

e n t  10) showed s i g n s  o f  severe i n t r a v a s c u l a r  coagu la t i on ,  w i t h  ve ry  l o w  p l a t e -  

l e t  coun t  and a h i g h  c o n c e n t r a t i o n  o f  FDP i n  t h e  immediate p o s t o p e r a t i v e  p e r i o d  

The f i b r i n o l y t i c  v a r i a b l e s  were normal and n e i t h e r  t h e  r e s p i r a t o r y  r a t i o  n o r  

t h e  ches t  rad iog raph  gave any i n d i c a t i o n  o f  DMS. 

On t h e  o t h e r  hand, even a l a r g e  i nc rease  i n  t h e  f i b r i n o l y s i s  i n h i b i t i o n  

a lone  was n o t  i n d u c i n g  DMS i n  t h e  absence o f  i n t r a v a s c u l a r  c o a g u l a t i o n  (e.g. 

p a t i e n t s  6 and 7, PFIa = 230-240 %).  P a t i e n t s  who developed DMS had b o t h  i n t r a -  

v a s c u l a r  c o a g u l a t i o n  and a l a r g e  i nc rease  i n  f i b r i n o l y s i s  i n h i b i t i o n ,  e s p e c i a l -  

l y  PFIa. As a l a r g e  i nc rease  i n  t h i s  i n h i b i t o r  was seen a l s o  i n  p a t i e n t s  w i t h -  

o u t  DMS, t h i s  i nc rease  should n o t  be a consequence o f  t h e  syndrome. 

Not o n l y  PFIa b u t  a l s o  t h e  o t h e r  measured v a r i a b l e s  o f  f i b r i n o l y s i s  i n h i -  

b i t i o n ,  namely alAT and a2M, were increased.  The two l a t t e r  a n t i p l a s m i n s  do n o t  

o r d i n a r i l y  a f f e c t  t h e  FIA assay ( 2 7 )  and may be o f  no ma jo r  s i g n i f i c a n c e  f o r  
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the  delay in f i b r i n  elimination. The AP assay seems t o  measure both P F I a  a n d  
PFIB,while the FIA assay, a f t e r  removal of the  endogenous plasminogen, i s  more 
spec i f i c  f o r  PFIa ( 6 ) .  Since PFIB seems t o  play a smaller ro l e  than PFIa in the  
increase in FIA a f t e r  trauma, measurement of AP might be of l e s s  importance 
t h a n  measurement of PFIa in these pa t ien ts .  

Recently Kluft ,  Los & J i e  (16) found tha t  serum contains l e s s  i nh ib i to r  
than plasma. In serum pa r t i cu la r ly  the a-form i s  reduced, suggesting t h a t  t h i s  
form i s  p re fe ren t i a l ly  bound t o  f i b r i n .  I f  so, the  l a rge  post-traumatic increa- 
s e  of the a-form found ( i n  serum) in the  present inves t iga t ion  may indica te  an 
even l a rge r  increase in vivo. Experiments a r e  in progress t o  evaluate t h i s  pos- 
s i b i l  i ty .  

The impact of phagocytosis on the  development of DMS i s  not c l ea r .  I t  has 
been reported t h a t  the  plasma f ibronec t in  concentration i s  decreased in pa t i -  
en t s  w i t h  r esp i ra tory  insufficiency a f t e r  septicaemia and trauma and t h a t  t h i s  
i s  of pathogenetic importance (19, 25) .  A conceivable mechanism underlying t h i s  
re la t ionship  i s  a decreased clearance of f i b r i n  and coagulation agents due t o  
impaired function of the  reticuloendothelial  system. In the  present investiga- 
t i o n  a generally lowered level of f ib ronec t in  was found following trauma. How- 
ever ,  the concentrations were higher in pa t i en t s  with DMS than in those who did 
not develop the  syndrome. This finding speaks aga ins t  a spec i f i c  connection be- 
tween low leve ls  of f ib ronec t in  and a tendency t o  develop DMS. Generally in 
severe trauma the  collagen in the  t i s s u e  will  be exposed t o  the  plasma, r e su l t -  
ing i n  adsorption of f ibronec t in  t o  t he  tissue collagen and a consequent de- 
p le t ion  of c i r cu la t ing  f ibronec t in .  I t  i s  a l so  possible t h a t  f ib ronec t in  may 
play a grea te r  pa r t  in longstanding low grade in t ravascular  coagulation ( 2 3 1 ,  

f o r  instance as i n  endotoxin shock and  septicaemia,  than in posttraumatic pa t i -  
e n t s ,  where the  coagulation i s  probably of a higher grade and induced in a 
sho r t e r  period of time (23) .  
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