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In flam m ato ry m e diato rs  in  re la tio n  to  th e  de ve lo pm e n t 

o f m u ltip le  o rgan  fa ilu re  in  p atie n ts  a fte r s e ve re  b lu n t 

trau m a

R u d i M . H . R o u m en , M D , P h D ; H e in z  R ed l, P h D ; G ü n th e r  S c h la g , M D ; G e r tru d  Z ilo w , M D ;

W o lfg a n g  S a n d tn e r , M D ; W o lfg a n g  K o ller , M D ; T h ijs  H e n d r ik s , P h D ; R. J a n  A . G o r is , M D , P h D

Objective: T o  e v a lu a t e  t h e  p o s t t r a u m a t ic  

c o u r s e  o f  s e v e r a l  in f la m m a to r y  m e d ia to r s  o r  

m a r k e r s  (c o m p le m e n t  c o m p o n e n ts  C 3, C 3a , t e r 

m in a l c o m p le m e n t  c o m p le x , th r o m b o x a n e  B 2, 

C -r e a c tiv e  p r o te in , e la s t a s e , a n d  n e o p te r in )  in  

r e la t io n  to  t h e  d e v e lo p m e n t  o f  m u lt ip le  o r g a n  

fa ilu r e  a n d  m o r ta lity .

Design: P r o s p e c t iv e  s t u d y  o f  a  s e le c t e d  p a 

t i e n t  g r o u p .

Setting: S u r g ic a l in t e n s iv e  c a r e  u n it s  in  th r e e  

E u r o p e a n  tr a u m a  h o s p it a ls .

Patients: P a t ie n t s  (n  = 56 ) w ith  s e v e r e  b lu n t  

tr a u m a  (In ju r y  S e v e r it y  S c o r e  o f  ¡>33).

Interventions: A r te r ia l b lo o d  s a m p le s  w e r e  

s e q u e n t ia lly  o b ta in e d .

Measurements and  Main Results:  N o n 

s u r v iv o r s  (n  = 8) h a d  s ig n if ic a n t ly  h ig h e r  c ir c u 

la t in g  C 3a  a n d  e la s t a s e  c o n c e n tr a t io n s  o n  th e  

f ir s t  p o s t in ju r y  d a y , c o m p a r e d  w it h  s u r v iv o r s  

(n  = 48 ), N o  d if f e r e n c e s  b e t w e e n  t h e s e  g r o u p s  

w e r e  fo u n d  fo r  t e r m in a l c o m p le m e n t  c o m p le x , 

th r o m b o x a n e  B„, C -r e a c t iv e  p r o te in , a n d  t h e  

n e o p te r in /c r e a t in in e  r a t io .

F iv e  p a t ie n t s  d ie d  b e fo r e  d a y  5 . E ig h te e n  p a 

t ie n t s  d e v e lo p e d  m u lt ip le  o r g a n  fa ilu r e , w h ic h  

w a s  d ia g n o s e d  fr o m  d a y  5 o n w a r d , le a v in g  33  

p a t ie n t s  w it h o u t  m u lt ip le  o r g a n  fa ilu r e . T h e  

p a t ie n t s  w ith  s u b s e q u e n t  m u lt ip le  o r g a n  f a i l 

u r e  s h o w e d  s ig n if ic a n t ly  h ig h e r  m e a n  c ir c u la t 

in g  c o n c e n tr a t io n s  o f  C 3 a  (9 1 4  ± 1 9 0  [ s e m ]  n g /

F ro m  th e  D e p a r tm e n t  o f  G e n e ra l  S u rg e ry  (D rs. R o u m en , 

H e n d rik s , a n d  G oris), U n iv e rs ity  H o sp ita l  N ijm eg en , N ijm eg en , 

T h e  N e th e r la n d s ;  th e  L u d w ig  B o ltz m a n n  I n s t i tu te  fo r E x p e r im e n 

ta l  a n d  C lin ica l T ra u m a to lo g y  {D rs. R ed l a n d  S ch lag), V ien n a , 

A u s tr ia ; In s t i tu te  o f  Im m u n o lo g y  (D r. Zilow ), U n iv e rs ity  o f H e id e l 

b e rg , H e id e lb e rg , F R G ; th e  D e p a r tm e n t  o f A n a e s th  e s ia  a n d  In te n 

sive C a re  (D r. S a n d tn e r) , L o ren z  B ö h le r  H o sp ita l, V ien n a , A u s tr ia ;  

a n d  th e  D e p a r tm e n t  o f  A n a e s th e s ia  a n d  In te n s iv e  C a re  M edicine  

(D r. K oller), U n iv e rs ity  o f  In n s b ru c k , In n s b ru c k , A u s tr ia .

T h is  s tu d y  w a s  s u p p o r te d , in  p a r t ,  by  a  g r a n t  from  th e  L orenz  

B ö h le r F o u n d a tio n .
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m L ), t e r m in a l c o m p le m e n t  c o m p le x  (57  ± 17 U /  

m L ), a n d  th r o m b o x a n e  B 2 (2 7 5  ± 3 7  p g /m L ) a t  

t h e  f ir s t  p o s t in ju r y  d a y  t h a n  th e  p a t ie n t s  w ith 

o u t  m u lt ip le  o r g a n  f a i lu r e  (5 6 6  ± 1 1 0  n g /m L , 2 7  ±

2  U /m L , a n d  169 ± 14 p g /m L , r e s p e c t iv e ly ) . In  

p a t ie n t s  w it h  m u lt ip le  o r g a n  fa ilu r e , e la s ta s e  

c o n c e n tr a t io n s  w e r e  s ig n if ic a n t ly  h ig h e r  o n  d a y s  

2 , 3 , 4 , a n d  5 p o s t in ju r y . N e o p te r in /c r e a t in in e  

r a t io s , o n  t h e  o t h e r  h a n d , w e r e  s ig n if ic a n t ly  

h ig h e r  in  p a t ie n t s  w it h  m u lt ip le  o r g a n  fa ilu r e  

w h e n  th e  m u lt ip le  o r g a n  fa ilu r e  h a d  a lr e a d y  

b e c o m e  e s t a b lis h e d  (o n  d a y s  8 a n d  10).

Conclusion: In  m u lt ip le  tr a u m a  p a t ie n t s , e x 

c e s s iv e  t r ig g e r in g  o f  t h e  in f la m m a to r y  c a s c a d e —  

a s  e x p r e s s e d  b y  c o m p le m e n t  a c t iv a t io n  a n d  

s t im u la t io n  o f  n e u tr o p h ils  p r o d u c in g  e la s ta s e —  

p la y s  a n  im p o r ta n t  a n d  e a r ly  r o le  in  t h e  d e v e l 

o p m e n t  o f  m u lt ip le  o r g a n  fa i lu r e . (C r it  C a re  

M e d  1995; 2 3 :4 7 4 -1 8 0 )

K e y  W o r d s : c o m p le m e n t  p r o te in s ;  th r o m b o x 

a n e ;  C - r e a c t iv e  p r o t e in ;  n e o p t e r in ;  m u lt ip le  

tr a u m a ; m u lt ip le  o r g a n  fa ilu r e ;  c r it ic a l  illn e s s ;  

in f la m m a t io n ;  n e u t r o p h ils ;  a d u lt  r e s p ir a to r y  

d is t r e s s  s y n d r o m e

D e a th  a fter  m u ltip le  tra u m a  occu rs e ith e r  im m ed i

a te ly  a t  th e  sc e n e  o f  th e  a cc id en t, or w ith in  h ou rs after  

th e  e v e n t w h e n  p a tie n ts  a re  h o sp ita liz e d  (1). T h ese  

fa ta lit ie s  are  m a in ly  d u e to  th e  se v e r ity  o f  in ju ry  or to 

d irect co m p lica tio n s from  th e  p r im a ry  in ju ry . A  th ird  

p o ss ib ility  is  la te  d e a th  a fte r  d a y s or e v e n  w eek s, 

b eca u se  o f  co m p lica tio n s in  rem o te  organ  sy ste m s not 

n e c e ssa r ily  a ffected  b y  th e  p r im a ry  tra u m a . In  the  

la tte r  grou p , m o st p a tie n ts  d ie o f a d u lt resp iratory  

d is tr e ss  sy n d ro m e (A R D S ) a n d  m u ltip le  organ  fa ilure  

sy n d ro m es th a t  a re  th o u g h t to  h a v e  on e com m on  

p a th o p h y sio lo g ic  b a ck g ro u n d  (2 , 3). T h is  group is  o f 

sp ec ia l in te r e s t , n o t o n ly  b e c a u se  o f  th e  effect th a t  

th e se  p a tie n ts  h a v e  on  in te n s iv e  care u n it  (IC U ) u tili 

z a tio n , b u t a lso  b e c a u se  th e  m e c h a n ism s le a d in g  to 

A R D S /m u ltip le  organ  fa ilu r e  a n d  su b se q u e n t d eath  

a re  u n clea r .
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In  m u ltip le  tr a u m a  p a tie n ts , h e a d  in ju ry  a cco u n ts  

for ~50%  o f d e a th s; h em o rrh a g e  a cco u n ts for ~10%  to  

15% o f d ea th s; a n d  A R D S , m u ltip le  organ  fa ilu re , an d  

se p s is  a cco u n t for -3 0 %  to  35%  o f  d ea th s  (4, 5). T he  

occurrence r a te  o f  m u ltip le  organ  fa ilu re  a fter  m u lti 

p le tr a u m a  v a r ie s  from  21%  to  47%  (4 -7 )  a n d  th e  

m o rta lity  r a te  w ith in  th is  grou p  v a r ie s  from  2 0 % to  

30% , d e p e n d in g  on  th e  p a tie n t  p o p u la tio n s stu d ied  

an d  d e fin itio n s  u se d . U n fo r tu n a te ly , th e r e  is  s t ill no  

g en era l c o n se n su s  a b o u t th e  d e fin itio n  o f  th is  sy n 

drom e. T h erefore , co n c lu sio n s o f  v a r io u s rep orts are  

d ifficu lt to  co m p a re  a n d  ca n  lea d  to  co n tra d icto ry  

fin d in g s.

I t  r em a in s  p u z z lin g  w h y , in  tw o p a tie n ts  w ith  eq u iv 

a le n t p r e e x is t in g  co n d itio n s  a n d  s im ila r  tra u m a  an d  

tre a tm e n t, o n e  p a t ie n t  reco v ers w ith in  a  few  d a y s  an d  

th e  o th er  p a t ie n t  d e v e lo p s  A R D S  an d  m u ltip le  organ  

fa ilu re  an d  su b se q u e n tly  d ie s . O n e h y p o th e sis  on  th is  

p arad igm  is  t h a t  a  v a r y in g  in fla m m a to ry  rea ctio n  to  

tra u m a  m a y  le a d  to  a  se q u e n tia l a u to d estru c tiv e  pro 

c e ss  in  v a r io u s  o rg a n  sy s te m s  (2 ).

T h e p r e se n t s tu d y  on  m u ltip le  tr a u m a  p a tie n ts  w a s  

p erform ed  to  in v e s t ig a te  th e  ro le  o f  m ed ia to rs an d  

m ark ers o f th e  in fla m m a to r y  ca sca d es in  re la tio n  to  

th e  d ev e lo p m e n t o f  m u ltip le  o rg a n  fa ilu re  and  m o rta l 

ity . T h e fo llo w in g  p a r ts  o f th e  in fla m m a to ry  ca sca d es  

w ere stu d ied : co m p lem en t a ctiv a tio n ; a cu te -p h a se  

p rotein  sy n th e s is ;  th ro m b o x a n e  production; an d  n e u 

trop h il a n d  m a cro p h a g e  a c tiv a tio n .

Complement Activation. C o m p lem en t a c tiv a tio n  

p la y s a  c e n tr a l ro le  in  th e  in fla m m a to ry  ca sca d e , 

b eca u se  o f  th e  r e le a s e  o f  a n a p h y la to x in s  th a t  tr ig g er  a  

ser ies  o f  o th er  b io lo g ica l e v e n ts  (8 ).

C3 is  th e  in it ia l k e y  co m p o n en t th a t  is  a c tiv a ted  

e ith er  b y  th e  c la s s ic a l or th e  a lte r n a tiv e  p a th w a y , th e  

la tte r  b e in g  th e  m a in  ro u te  a fte r  tra u m a  (8 ). F rom  th e  

a ctiv a ted  sp lit  p ro d u cts , w e  ch o se  C 3 a for m ea su re 

m en t, b eca u se  o th e r  p ro d u cts are  m ore rap id ly  c lea red  

from  th e  c ircu la tio n  (9 ). C 3a  an d  its  ra tio  w ith  C3 

(C 3a/C 3) h a s  b e e n  sh o w n  to  co rre la te  p o sitiv e ly  w ith  

outcom e in  p a t ie n ts  a fte r  tr a u m a  or sep tic  sh o ck  (8 -  

10). In  a d d itio n , w e  m e a su r e d  th e  te r m in a l com p le 

m en t co m p lex , w h ic h  is  a  co m p lex  form ed  by C5 b, C 6 , 

C 7, C8 , a n d  C 9 a n d  w h ich  in d ic a te s  th e  a c tiv a tio n  o f  

th e  te r m in a l c o m p le m e n t p a th w a y  ( 1 1 ). S in ce  th e  

g en era tio n  o f  te r m in a l co m p lem en t com p lex  req u ires  

a ctiv a tio n  o f C 5 to  C 5 a  an d  C 5b , th e  term in a l com p le 

m en t com p lex  c a n  b e  u se d  a s  an  in d irec t in d ica to r  o f  

C5 a form ation  ( 1 2 ).

C-Reactive Protein. T h e  a c u te -p h a se  rea ctio n  is  a  

g en era l a n d  n o n sp e c ific  re sp o n se  to  m o st form s o f  

in fec tiv e  a n d  n o n in fe c tiv e  in fla m m a to ry  p ro cesses , 

trau m a, t is s u e  n e c r o s is , an d  n eo p la sm s (13). C -reac- 

tiv e  p ro te in  is  a  fa s t-r e a c tin g , a cu te -p h a se  p ro te in ,

sy n th e s iz e d  b y  h e p a to c y te s  u n d er  th e  in flu en ce  o f  

h u m o ra l m ed ia to rs, su ch  a s  p ro sta g la n d in  E L or, e sp e 

c ia lly , in te r le u k in -6  (14). C -reactive  p ro te in  m a y  p la y  

a v ita l ro le  a s  a n  op son ic  p ro te in  in  th e  im m ed ia te  

p o stin ju ry  p eriod , w h en  co m p lem en t is  co n su m ed  (16). 

C -rea ctiv e  p ro te in  p rob ab ly  a c ts  p r im a rily  a s  a  protec 

t iv e  m ech a n ism , b u t in  so m e c ircu m sta n ces , C -reac 

t iv e  p ro te in  m a y  a lso  in it ia te  or ex a cerb a te  in fla m m a 

tory  le s io n s  (13). S om e stu d ie s  (1 6 ,1 7 )  sh ow ed  a  p ositive  

co rre la tio n  b e tw e e n  th e  se v e r ity  o f  (su rg ica l) tra u m a  

a n d  co n cen tra tio n s o f  C -rea ctiv e  p ro te in .

Thromboocane B2. E ico sa n o id s, w ith  a  broad  sp ec 

tru m  o f  b io lo g ica l a c tiv it ie s , r e p r e se n t a  c la ss  o f  lip id  

m ed ia to rs th a t  a re  d er iv ed  from  p o ly u n sa tu r a te d  fa t 

ty  a c id s  (18 ). T h e  m ajor n a tu r a l sou rce is  arach id on ic  

acid . E n zy m a tic  c a ta ly z a tio n  o f arach id on ic  acid  le a d s  

to  e ith e r  p ro sta g la n d in s  a n d  th ro m b o x a n es b y  th e  

cy c lo o x y g en a se  p a th w a y , or to  le u k o tr ie n e s  b y  th e  

lip o x y g e n a se  p a th w a y . In  th e  p r e se n t s tu d y , th rom 

b o x a n e  B 2— w h ich  is  th e  in a c tiv e  m e ta b o lite  o f th e  

m a in  b io lo g ica lly  a c tiv e  p rod u ct th rom b oxan e A^, w ith  

stro n g  v a so a ctiv e  an d  p la te le t-stim u la to ry  e ffects (18)—  

w a s ch o sen  for e v a lu a tio n  o f  th e  cy c lo o x y g en a se  p a th 

w a y . M a n y  d ifferen t in fla m m a to ry  tr ig g ers (e .g ., a l 

le r g ic  rea c tio n s, to x ic  o x y g en  ra d ica ls , en d o to x in ) and  

e sp e c ia lly  se p tic  or c ircu la to ry  sh ock  are a sso c ia ted  

w ith  en h a n ced  e ico sa n o id  fo rm a tio n  (1 8 ,1 9 ) .

Elastase. T h ere  is  m u ch  ev id en ce  th a t  n eu tro p h ils  

p la y  a  m ajor p a rt in  tr ig g e r in g  co m p lica tio n s in  sep tic  

or p o sttr a u m a tic  p a tie n ts  (6 ,9 ) .  T h e  en zy m e e la s ta se  

is  r e le a se d  from  s tim u la te d  n eu tro p h ils  a t  th e  s ite  o f  

in ju ry , in fec tio n , or in fla m m a tio n  an d  can  c a u se  t is 

su e  d a m a g e  a n d  su b se q u e n t organ  d y sfu n ctio n . B y  

m e a su r in g  th e  com p lex  o f  e la s ta s e  w ith  it s  in h ib ito r  

« j-p r o te in a se  (e la sta se -o q  p r o te in a se  in h ib ito r  com 

p lex ) in  p la sm a , th e  d eg ree  o f n eu tro p h il a c tiv a tio n  

ca n  be q u a n tified  (2 0 , 2 1 ).

Neopterin. T h ere  is  in c r e a s in g  ev id en ce  th a t  a c ti 

v a te d  m a c r o p h a g e s  p la y  a  k e y  r o le  in  th e  a u to 

d e s tr u c tiv e  in fla m m a to ry  r e sp o n se  to  tr a u m a tic  or 

se p tic  e v e n ts  (3 ). A fter  im m u n e  s tim u la tio n  (e .g ., by  

en d o to x in  or 7 -in ter fero n  a c tiv a te d  m a cro p h a g es pro 

d u ce a n d  ex cre te  th e  in a c tiv e  m eta b o lite  n eo p ter in  

(2 2 ). N e o p te r in  is  c lea red  from  th e  c ircu la tio n  in  a  

c r e a tin in e -lik e  m a n n e r  a n d  can  b e m ea su red  in  blood  

a s  w e ll a s  in  u r in e  (2 3 ,2 4 ) , T o correct for p o ssib le  

ren a l in su ffic ien cy , w e th ere fo re  u se d  th e  n eo p ter in / 

c r e a tin in e  ra tio  to  g ra d e  m a cro p h a g e  a c tiv a tio n .

M A T E R IA L S  A N D  M E T H O D S

D u rin g  a  2 -yr p eriod , d a ta  from  5 6  m u ltip le  tra u m a  

p a tie n ts  w ere  p r o sp e c tiv e ly  co llec ted  a s  p a r t o f  a
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m u lticen ter  tr ia l on  th e  e v a lu a tio n  o f  in fla m m a to ry  

m ed ia to rs an d  sco r in g  s y s te m s  (25 ). P a tie n ts  w ith  

b lu n t tr a u m a  w ere  a d m itte d  to  th r e e  tra u m a  h o sp i 

ta ls  in  E u rop e (U n iv e r s ity  H o sp ita l, In n sb ru ck , A u s 

tria; U n iv e r s ity  H o sp ita l, N ijm e g e n , T h e N eth er la n d s;  

L orenz B o h ler  H o sp ita l, V ie n n a , A u str ia ). P a tie n ts  

w ere in c lu d ed  in  th e  s tu d y  i f  th e  In ju ry  S e v e r ity  S core  

(26) ca lcu la ted  from  th e  H o sp ita l T ra u m a  In d ex  (27 ) 

w a s ¿ 3 3 , w h ich  r e p r e se n ts  a t  le a s t  tw o  sev er e  le s io n s  

in  d ifferen t b od y reg io n s  or o n e  se v e r e  a n d  tw o  m ajor  

le s io n s  in  th r e e  d ifferen t reg io n s .

E x te n s iv e  d a ta  co llec tio n  w a s  p erform ed  on  h o sp i 

ta l a d m iss io n  to  th e  h o sp ita l a n d  d a ily  d u r in g  th e  IC U  

a d m issio n , for < 2  w k s a fter  in ju ry . In form ed  co n sen t  

w a s o b ta in ed  from  th e  p a t ie n ts ’ r e la tiv e s  b efore th e  

s tu d y , w h ic h  w a s  a p p r o v e d  b y  th e  lo c a l E th ic s

C o m m itte e s .

B lood  sa m p lin g  a t  th e  IC U  w a s  d on e d a ily  in  th e  

fir s t w e e k  an d  ev ery  o th er  d a y  in  th e  secon d  w eek . 

B io ch em ica l m e a su r e m e n ts  w ere  p erform ed  u s in g  th e  

fo llo w in g  te c h n iq u e s . C 3 a  w a s  d e ter m in e d  b y  en zy m e-  

lin k ed  im m u n o so rb en t a s s a y  te c h n iq u e , accord in g  to  

Z ilo w  e t  a l  (2 8 ) . C 3  w a s  d e te r m in e d  b y  r a d io -  

im m u n o d iffu sio n  (N O R -P a rtig en , B e h r in g  D ia g n o s 

t ic s , M arb u rg , F R G ) a n d  te r m in a l co m p lem en t com 

p lex , accord in g  to  D ep p isch  e t  a l (29). C -reactive p ro te in  

w a s d e term in ed  b y  a n  im m u n o tu rb id o m etr ic  a ssa y  

(O rion D ia g n o stic a , E sp o o , F in la n d ). T h rom b oxan e B 2 

w a s d eterm in ed  b y  ra d io im m u n o a ssa y , a s  d escrib ed  

b y F ly n n  e t  a l (30). E la sta se-o tj p r o te in a se  in h ib ito r  

com p lex  w a s d e ter m in e d  b y  e n z y m e -lin k e d  im m u n 

o sorb en t a ssa y  (M erck , D a r m sta d t, FR G ). N eo p ter in  

w a s d e term in ed  u s in g  a r a d io im m u n o a ssa y  (H en n in g , 

B e r lin , F R G ), w ith  n e o p te r in /c r e a tin in e  r a tio s  e x 

p ressed  a s  p.m ol/m ol.

M u ltip le  organ  fa ilu re  a n d  m o rta lity  r a te  w ere  th e  

focus o f  ou r in fla m m a to ry  m ed ia to r  stu d y . S u rv iv o rs  

w ere d efin ed  a s  p a tie n ts  d isch a rg ed  from  th e  h o sp ita l 

a live; n o n su rv iv o rs w e r e  p a tie n ts  w h o  d ied  in  th e  

h o sp ita l b eca u se  o f  a n y  p o sttr a u m a tic  com p lica tion .

F or a ll p a tie n ts , A cu te  P h y s io lo g y  a n d  C h ron ic  

H e a lth  E v a lu a tio n  II score (3 1 ) a n d  m u ltip le  organ  

fa ilu re  score ( 2 ,3 2 )  w ere  c a lc u la te d  d a ily . F or d e ter 

m in a tio n  o f  th e  m u ltip le  o rg a n  fa ilu r e  score  an d  A cu te  

P h y sio lo g y  a n d  C h ron ic  H e a lth  E v a lu a tio n  II score, 

th e  m o st d era n g ed  v a lu e s  o f  th e  v a r io u s co n tr ib u tin g  

p a ra m eters  o f  ea ch  d a y  w ere  u se d .

T h e m u ltip le  o rg a n  fa ilu r e  score, accord in g  to  G oris  

e t  al. (2 ), g ra d es organ  fu n c tio n  a s  n o rm a l (0  p o in t), 

m o d era te ly  d istu rb ed  (1  p o in t), or se v e r e ly  d istu rb ed  

(2 p o in ts), w ith  a  m a x im u m  o f  14  p o in ts  in  se v e n  m a in  

organ  sy s te m s  (T ab le  1). M u ltip le  organ  fa ilu re  w a s  

d efin ed  a s a n  a v era g e  m u ltip le  o rg a n  fa ilu re  score o f  

> 4  from  d a y  5 to  d a y  14  (25 ). S ta t is t ic a l a n a ly se s  w ere

T a b l e  1. M u ltip le  o rg a n  fa i lu re  (M O F ) sco re . M O F  sco re  is  to ta l  o f 

se v e n  o rg a n  fa i lu re  sco res , w ith  a  m a x im u m  o f 14 p o in ts

O rg a n

S y s te m

M O F  S co re

1 2

P u lm o n a ry M ech . v e n ti la t io n  w ith M ech . v e n ti la t io n  w ith

P E E P  <10 cm  H 20 , P E E P  > 1 0  cm  H aO,

Fio„ S0.4 Fio.. >0 .4

C a rd ia c H y p o te n s io n  >100
mU

H y p o te n s io n  ¿1 0 0

m m  H g; d o p a m in e m m  H g; d o p a m in e

<10 p g /k g /m in ; >10 p g /k g /m in ;

n itro g ly c e r in  £20  jag/ n itro g ly c e rin  >20 p g /

k g /m in kg /m in

R e n a l S e ru m  c re a t in in e  

£ 2  m g/dL  

(> 176 .8  pm ol/L )

D ia ly s is

H e p a tic S e ru m  b il iru b in S e ru m  b iliru b in
>2 m g /d L  (>34.2  p m o l/L ) >6 m g /d L  (>102.6

o r  SG O T  > 25 U /L pm ol/L ) o r  S G O T  ¿5 0

U /L

H em ato lo g ic P la te le ts  < 50  x  10® D is s e m in a te d  in tr a v a s -

ce lls /L  a n d /o r  W B C s c u la r  co ag u la tio n ;

£ 3 0  x  109 ce lls /L W B C s <2 .5  x  10» 

cells/L  o r >60 x 

10flcells/L

G I A ca lcu lo u s  c h o le c y s tit is P e r fo ra te d  g a llb la d d e r

S tr e s s  u lc e r B le e d in g  fro m  u lc e r  >2 

u n its  o f  b lood/24  h rs ; 

n e c ro tiz in g  e n te ro c o li 

tis ; p a n c re a t i t is

C e n tra l D im in ish e d S e v e re ly  d is tu rb e d

n e rv o u s re sp o n s iv e n e s s re sp o n s iv e n e s s  a n d /o r  

d iffuse  n e u ro p a th y

M O F  S co re  0, n o  fa ilu re ; M O F  S co re  1, m o d e ra te  fa ilu re ; M O F 

S co re  2, s e v e re  fa ilu re ; m e ch ., m e c h a n ic a l;  P E E P , p o s itiv e  en d - 

e x p i r a t o r y  p r e s s u r e ;  S G O T , s e r u m  g lu t a m ic - o x a lo a c e t i c  

t r a n s a m in a s e ;  W B C s, w h ite  b lood ce lls; G I, g a s tro in te s t in a l .

p erform ed  u s in g  th e  W ilcox o n  tw o -sa m p le  t e s t  for  

co m p a riso n  b e tw e e n  g ro u p s. A p < .05 w a s  con sid ered  

s ig n ific a n t.

R E S U L T S

F ifty -s ix  p a tie n ts  e n te r e d  th e  s tu d y  (ten  fem a le  an d  

4 6  m a le). T h e m ea n  a g e  w a s  33  y r s  (ra n g e  14 to  71). 

T h e m ea n  In ju ry  S e v e r ity  S core o f  a ll p a tie n ts  w a s 46  

± 1 0  ( s d ) (ra n g e  3 3  to  7 5 ). T h e  m o rta lity  ra te  w a s  14%, 

a s  e ig h t p a tie n ts  d ied . T a b le  2  sh o w s th e  ca u se  o f  

d e a th  a n d  th e  d a y  a fter  a d m iss io n  th a t  th e s e  p a tie n ts  

d ied . M ea n  In ju ry  S e v e r ity  S core o f  su rv iv o rs w a s  4 4  

± 1 0 ; th e  m e a n  In ju ry  S e v e r ity  Score o f  n o n su rv iv o rs  

w a s 55 ± 1 0  (p < .0 1 ). B e c a u se  fiv e  p a tie n ts  d ied  ea rly  

(w ith in  3 d a y s), w e  o n ly  p rov id e d a ta  co n cern in g  in 

fla m m a to ry  m e d ia to r s  in  r e la tio n  to  th e  m o rta lity  ra te  

o f  th e  f ir s t  d a y  o f a d m iss io n . D ifferen ces  b e tw een  

su rv iv o rs a n d  n o n su rv iv o rs for  th e  v a r io u s m ed ia to rs  

a re  sh o w n  in  T ab le  3 . O n d a y  1 , on ly  co m p lem en t  

a c tiv a tio n  (ex p ressed  b y  C 3a/C 3  ra tio s) an d  e la s ta se
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T a b le  2. In ju ry  s e v e r i ty  sc o re s  (IS S ), c a u se , a n d  d ay  o f d e a th  in  th e  
e ig h t p a t ie n ts  w ho  d ied

P a t ie n t IS S D ay C a u se

1 50 1 S e v e re  th o ra c ic  in ju ry , r u p tu r e d  lu n g s
2 38 3 B r a in  d e a th

3 75 3 S e v e re  th o ra c ic  in ju ry  a n d  b ra in  d e a th
4 57 3 B r a in  d e a th

5 57 3 C o a g u lo p a th y , A R D S + a c u te  re n a l 

f a i lu re  (e a r ly  M O F )

6 57 6 A c u te  r e n a l  fa ilu re  a n d  b ra in  d e a th

7 50 9 M O F

8 57 37 M O F

ARDS, a d u l t  r e s p i r a to r y  d is t r e s s ; M O P
organ

T a b le  3 . In f la m m a to ry  m e d ia to r s  (m e a n  ± s d ) in  su rv iv o rs  (n  = 48) 
an d  n o n su rv iv o rs  (n  = 8), a s  d e te rm in e d  on th e  f i r s t  d ay  a f te r  in ju ry

M ed ia to r S u rv iv o rs N o n su rv iv o rs  p  V a lu e

C3 (m g/m L) 0.67 bfc 0.31 0.71 0.28 .32

C 3a (ng/m L ) 604 ± 571 1331 619 .01“

C 3a/C 3 x  1000 0.96 ± 0.79 3.23 dt 4.24 < .001 '’
TCC (U /m L ) 36 ± 34 53 28 .07

C R P (m g/L) 55 ± 51 33 24 .41

TxB,, (pg/m L ) 194 ± 92 237 b t 155 .19
E la s ta se  ( ng /m L ) 539 db 337 1006 ± 287 .03"

N eo p /c rea t

(pm ol/m ol) 837 488 906 ± 476 .71

C, c o m p le m e n t c o m p o n e n t; T C C , 

plex; GRP, C -re a c tiv e  p ro te in ; T x B a, 
n e o p te r in /c re a tin in e  ra tio .

"p < .05; l'p < .01, by  W ilcoxon tw o-

co m p lem en t com* 
B,,; neop/c:reat,

e te s t .

con cen tra tion s w e r e  s ig n ific a n tly  d ifferen t b e tw een  

su rvivors an d  n o n su rv iv o r s . T h e d ifferen ces for th e  

C 3a/C 3 ra tio s  w ere  m a in ly  ca u sed  by s ig n ifica n tly  

in creased  co n ce n tr a tio n s  o f  C 3a  in  th e  n o n su rv iv o rs. 

T erm in al c o m p le m e n t co m p lex  sh o w ed  a  ten d en cy

tow ard h ig h er n o n su rv iv o rs com -

su rv iv o rs  (p
2 1'.\  V b efore d ay  5, 51

w ere
£  i f f ;

for c la s s if ic a tio n

w ith ou t m u ltip le  o rg a n  

m u ltip le  organ w a s

F igure 1 sh o w s th e  m ea n  ±  s e m

2 51 p a tie n ts , 

in  18 ca ses .

3s o f  six  m ed ia to rs

during th e  2 -w k  s tu d y  p er io d  in  p a tie n ts  w ith  a n d  

w ith ou t m u ltip le  organ  fa ilu r e . O n d ay  1 , term in a l 

com p lem en t co m p lex , th ro m b o x a n e  B 2, an d  G 3a con 

cen tra tion s w ere  

m u ltip le  organ  fa ilu r e , w h ile  C -rea ctiv e  p rotein  con-

cen tra tion  w a s on 1 2 . m o st

protracted  d ifferen ces  b e tw e e n  p a tie n ts  w ith  an d  w ith 

out m u ltip le  o rg a n  fa ilu r e  w ere  fou nd  for e la s ta se .

C on cen tration s o f  e la s ta s e  w ere  si

in p a tie n ts  w ith  m u ltip le  organ  fa ilu re  for p ra c tica lly  

th e w h ole fir s t  w e e k  a fte r  in ju ry . N eo p ter in /crea tin in e

ra tio s  d id  n o t sh o w  a n y  s ig n ific a n t d ifferen ce  b e tw een  

b oth  grou p s d u r in g  th e  fir s t w eek . H o w ev er , s ig n ifi 

c a n tly  h ig h e r  n eo p ter in /crea tin in e  ra tio s  w ere  found  

in  p a tie n ts  w ith  m u ltip le  organ  fa ilu re  on  d ay  8  (p = 

.04 ) a n d  on  d ay  10 (p = .0 0 5 ), w h ile  th ere  w a s  an

in d ica tio n  o f  s ig n ifica n ce  on  d a y  1 2  (p .06).

D IS C U S S IO N

In  th e  p r e se n t rep ort, w e  p ro sp ectiv e ly  ev a lu a ted  

in fla m m a to r y  m ed ia to r s  in  r e la tio n  to  su b se q u e n t  

m u ltip le  organ  fa ilu r e  a n d  m o rta lity . W e s tu d ie d  a  

h o m o g en eo u s grou p  o f  se v e r e ly  tr a u m a tiz e d  p a tie n ts , 

w h o  h a d  a t  le a s t  tw o  se v e r e  or on e sev ere  p lu s  tw o  

m ajor le s io n s  in  d ifferen t b od y  reg io n s (In ju ry  S ev er 

ity  S co re  o f  ¿ 3 3 ). T h is  fin d in g  c o n tr a sts  w ith  th e  

r e su lts  o f  m o st o th er  rep o rts ( 7 ,9 ,1 2 ,  33), w h ich  ev a l 

u a te d  a  m u ch  w id e r  ra n g e  o f “m u ltip le ”-in ju red  pa 

t ie n ts , in c lu d in g  th o se  p a tie n ts  w ith  an  In ju ry  S ev er 

ity  S core o f < 1 8  p o in ts . In  th e  p r e se n t stu d y , a  sm a ller  

r a n g e  o f  In ju ry  S e v e r ity  S cores w a s  ev a lu a ted ; h en ce , 

th e  d ifferen ces b e tw e e n  g ro u p s in  th e  p r e se n t stu d y  

w ill b ecom e le s s  e a s ily  ev id en t. O n th e  o th er  h a n d , if  

d iffe r e n c e s  b e tw e e n  g r o u p s  o ccu r , th e y  c o u ld  be  

p a th o p h y sio lo g ica lly  m ore re lev a n t.

C o m p lem en t an d  n eu tro p h il a c tiv a tio n , ex p ressed  

b y C 3a  or C 3a/C 3  r a tio s  a n d  e la s ta s e  co n cen tra tio n s, 

r e sp e c tiv e ly , a p p ea red  to  b e th e  m o st s ig n ific a n t m ed i

a to r s  fo r  d if f e r e n t ia t io n  b e tw e e n  s u r v iv o r s  a n d  

n o n su rv iv o rs. T h is  fin d in g  is  in  a g r ee m en t n o t on ly  

w ith  th e  r e su lts  o f o th er  tr a u m a  p a tie n t s tu d ie s , b u t 

a lso  w ith  r e su lts  from  stu d ie s  in v o lv in g  p a tie n ts  u n 

d erg o in g  m ajor e le c tiv e  su r g e r y  a n d  p a tie n ts  w ith

se p s is  (8 ,1 0 - 1 2 ,  2 0 , 2 1 , 3 4 , 35).

T h e m o st im p o r ta n t fin d in g  o f ou r s tu d y  is  th a t

e w ere

tio n s  o f  co m p lem en t a c tiv a tio n  

c o m p le m e n t co m p lex ), a s  w e ll a s  th ro m b o x a n e  

co n cen tra tio n s , on  th e  fir s t  p o stin ju ry  d ay  in  p a tien ts
2

th o se  p a tie n ts  w ith o u t su b se q u e n t m u ltip le  organ  fa il 

u re. M oreover, e la s ta s e  co n cen tra tio n s w ere s ig n ifi 

c a n tly  in crea sed  p ra c tica lly  th e  e n tir e  fir st w e e k  in

th e  p a tie n ts  w ith  su b se q u e n t organ fa ilu re .

In  co n tra st, C -rea ctiv e  p ro te in  co n cen tra tio n s w ere

h ig h e r p a tie n ts  w ith o u t  

r is  n o t in  £ a p rev i-

m crea se  in

and w ith o u t m u ltip le  organ  fa ilu re  d u r in g  th e  

fir s t 4  d a y s  a fter  in ju ry , w ith  a  s ig n ific a n t in c re a se  in  

C -rea ctiv e  p ro te in  co n cen tra tio n s  in  

fa ilu r e  p a tie n ts  from  d a y  5 on w ard . W e a lso  cou ld  n ot 

d e m o n str a te  a  p o s itiv e  co rrela tio n  b e tw een  se v e r ity  o f



4 7 8 C r i t i c a l  C a r e  M e d i c i n e M a r c h , 1995

4 0 0

3 0 0
mmJ

.E

D>
CL

CM
DO

I—

200 -

1 0 0  -

0

1000

m h I

,E

j?  8 0 0

2 0 0 0

X
0)
Q .

E
o
o

CL

600  -

ü
i
0>
ay
cu

4 0 0  -

w

LU

20 0

0

1 5 0 0

1 2 0 0

co

' 9 0 0  ~
ro
0)
i _

O
Q .
OO)
C

600

300

0
1 2  3 4 5  6 8 10 12 14

d a y

£
o>

<0
CO

O

1000 -

0

20 0

£
3  10 0

o
oj .1rr

0

20 0

D)
E

1 0 0  -

ûu
cc
o

0 mt* n i M im m p n w 1 1 i

1 2 3  4 5  6 8 10 12 14

d a y

F i g u r e  1. M e a n  ± s e m  v a lu e s  o f  C 3 a , t e r m in a l  c o m p le m e n t co m p lex  (TCC), C -re a c tiv e  p ro te in  (CRP), th ro m b o x a n e  B a (TxliJ, e 
a n d  n e o p te r in /c r e a t in in e  (neoplcreat) d u r in g  a  2 -w k  in te n s iv e  c a re  u n i t  o b se rv a tio n  p e r io d  in  51 m u lt ip le  t r a u m a  p a t ie n t s  w ith  

o rg a n  fa i lu re  {solid line, n  = 18) a n d  w i th o u t  m u lt ip le  o rg a n  f a i lu re  (broken line , n = 33). T h e  p  v a lu e s  a r e  in d ic a te d  by a s te r i s k s  

¿ p  < .10; "jo < .05; a n d  **p < .01 , b y  th e  W ilcoxon  te a t .

in ju ry , a s  e x p r e sse d  b y  In ju ry  S e v e r ity  Score (d a ta  n o t 

sh ow n ), a n d  C -rea ctiv e  p ro te in  resp o n se , w h ile  o th er  

rep orts (1 5 -1 7 )  sh o w ed  th a t  th e  m a g n itu d e  o f (su rg i 

ca l) tr a u m a  co rre la ted  w e ll w ith  th e  co n cen tra tio n s o f  

C -reactive p ro te in  p rod u ction . A  p o ssib le  ex p la n a tio n  

cou ld  be th a t  th e  p a tie n ts  in  th e  p r e se n t stu d y  a ll h ad  

su ch  sev ere  tr a u m a  th a t  th is  s itu a tio n  led  to  s im ila r  

C -reactive  p ro te in  c o n c e n tr a tio n s  accord in g  to  th e  “a ll 

or n o th in g  p h e n o m e n o n ” th e o r y  o f C o lley  e t a l (36). 

O n th e  o th e r  h a n d , i t  r e m a in s  q u estio n a b le  to  w h a t  

e x te n t liv e r  d a m a g e  a n d  h e p a tic  in su ffic ien cy  m ay

c o n tr ib u te  to  th e  in it ia l  lo w e r  C -r e a c tiv e  p ro te in  

p ro d u ctio n  in  p a t ie n ts  d e v e lo p in g  m u lt ip le  organ  

fa ilu r e .

T he ro le o f  th e  p ro sta n o id  th rom b oxan e B 2 in  th e  

d ev elo p m en t o f A R D S  an d  m u ltip le  organ  fa ilu re  re 

m a in s  u n clear . S om e a u th o rs (19 , 37) rep orted  a p osi

t iv e  correlation  w ith  su b se q u e n t A R D S , w h ile  o th ers  

(3 8 ) cou ld  n o t confirm  th is  fin d in g . W e cou ld  only  

d em o n stra te  a s ig n ific a n tly  h ig h er  co n cen tra tio n  o f  

th rom b oxan e B 2 on th e  f ir s t  p o sttr a u m a tic  d ay  in  

p a tie n ts  w ith  su b se q u e n t m u ltip le  organ  fa ilu re .
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N eo p ter in  co n cen tra tio n s in  blood an d  u r in e  h a v e  

b een  sh o w n  to  p red ict th e  ou tcom e o f p a tie n ts  w ith  

vira l in fe c tio n s  (in c lu d in g  acq u ired  im m u n od efic ien cy  

syn d rom e), a u to im m u n e  d ise a se s , an d  g ra ft v s . h o st  

r e a c t io n s  (3 9 ) . A ls o , in c r e a s e d  c o n c e n tr a tio n s  o f  

n eo p ter in  are  a sso c ia te d  w ith  poor ou tcom e in  m u lti 

p le  tr a u m a  a n d  s e p s is  p a t ie n ts  (6 , 7 , 3 9 ). S in c e  

n eo p ter in  is  e x c lu s iv e ly  e lim in a ted  by th e  k id n ey s in  a  

crea tin in e -lik e  m a n n er  (2 3 ,2 4 ) , p la sm a  n eo p ter in  con 

cen tra tio n s sh o u ld  b e  u se d  in  referen ce to  crea tin in e . 

N ast-K o lb  e t a l. (6) con clu d ed  in  th e ir  stu d y  on 69  

m u ltip le  tr a u m a  p a tie n ts  th a t n eo p ter in  w as a  re li 

ab le p a ra m eter  in  p red ic tin g  su b seq u en t organ  fa ilu re  

from  d a y s 2 to  5, b u t a fter  th is  p eriod , in crea sed  

n eo p ter in  co n cen tra tio n s w ere m a in ly  ca u sed  by re 

ten tio n  d u e to  r e n a l in su ffic ien cy  (6). In  th e  p r e se n t  

ser ies, w e th erefo re  u se d  th e  corrected  n eo p ter in  con 

cen tra tio n s d u rin g  th e  en tire  ob serva tion  period . W e  

could  o n ly  d em o n stra te  a  s ig n ifica n t in crea se  o f  th e  

n eo p ter in /crea tin in e  ra tio  in  m u ltip le  organ  fa ilu re  

p a tien ts  in  th e  seco n d  w eek . T h is fin d in g  is  in  a g ree 

m en t w ith  th e  fin d in g  o f  N a th a n  (40), w h o con clu d ed  

th a t i t  a p p a ren tly  ta k e s  sev er a l d ays for m acrop h ages  

after  a c tiv a tio n  to  fu lly  d evelop  th e ir  in fla m m a to ry  

cap acity .

T he p r e se n t d a ta  su p p o rt th e  v iew  th a t com p le 

m en t a c tiv a tio n  p la y s  a cen tra l an d  ea r ly  role in  th e  

in fla m m a to ry  ca sca d e , le a d in g  to  com p lica tion s an d  

poor ou tcom e in  m u ltip le  tra u m a  p a tien ts . C om p le 

m e n t  a c t iv a t io n  i s  f u n d a m e n t a l  fo r  b a c t e r ia l  

o p so n iza tio n  a n d  recru itm en t o f  in fla m m a to ry  c e lls  by  

ch em o a ttra c tio n . C o m p lem en t a c tiv a tio n  e lic its  th e  

re lea se  o f  ly so so m a l en zy m es, su ch  a s  e la s ta se , an d  

oxygen  ra d ica ls  b y  m ea n s o f  n eu tro p h ils , th u s  con trib 

u tin g  to  th e  d e fen se  a g a in s t m icroorgan ism s, b u t a lso  

lea d in g  to ce ll an d  t is s u e  d am age th a t u ltim a te ly  m ay  

resu lt in  o rg a n  fa ilu re  (1 1 , 34). E la s ta se  ap p ears to  b e  

n ot on ly  a m a rk er  o f  se v e r ity  o f in ju ry  an d  a m ed ia to r  

lea d in g  to  p ro teo ly sis  o f a g rea t v a r ie ty  o f n orm al 

t is su e  su b sta n c e s , b u t a lso  a  factor s ig n ifica n tly  corre 

la tin g  w ith  fin a l ou tcom e.

T he p r e se n t s tu d y  u n d er lin es  th e  im p ortan ce o f  th e  

co m p lem en t sy s te m  an d  n eu tro p h il a c tiv ity  in  th e  

ea r ly  p o sttr a u m a tic  p h a se , n o t on ly  in  term s o f  m or 

ta lity , b u t a lso  in  term s o f th e  m ajor co m p lica tin g  

syn d rom e, m u ltip le  o rg a n  fa ilu re . P rev en tio n  o f a  

co n tin u o u s a c tiv a tio n  o f  th e  co m p lem en t sy ste m  an d  

on go in g  tr ig g e r in g  o f  n eu tro p h ils  (e .g ., b y  a d eq u a te  

t r e a t m e n t  o f  h y p o v o le m ic  s h o c k  a n d  o p t im a l  

reo x y g en a tio n , th o ro u g h  ex c isio n  o f n ecrotic  t is s u e , 

p rev en tio n  o f  co m p a rtm en t syn d rom e, e tc .) are  k ey  

goa ls in  th e  ea r ly  m a n a g e m e n t o f m u ltip le  tra u m a  

p a tien ts . F in a lly , th e s e  d a ta  su p p ort th e  h y p o th es is  

th a t m u ltip le  organ  fa ilu re  is  th e  r e su lt o f a n  e x c e ss iv e ,

u n co n tro lled , a u to d e str u c tiv e  a c tiv a tio n  o f in fla m m a 

tory  c e lls  an d  m ed ia to rs (2).
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C on tact: S o c ie ty  o f  C r itica l C are M ed ic in e
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