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Adverse Changes in Fibrinolysis, Blood Coagulation and 
Platelet Function in High Altitude Pulmonary Oedema and 

their Role in its Pathogenesis 

by 

I. Singh*and I.S. C h o h a n  

IN TRODUC TION 

In high-altitude pulmonary oedema evidence has been previously brought fo r -  
ward (Nayak, Roy and Narayanan, 1964; Singh et a l . ,  1965a) of widespread 
sludging of RBCs and formation of thrombi within the alveolar  capi l lar ies ,  venules 
and some branches of the pulmonary a r t e r i e s  in the lungs, the g lomerular  and 
the peritubular a r t e r i e s  in the kidneys, the sinusoids of the l iver ,  and the in- 
testinal blood vesse l s .  Investigations involving fibrinolytic activity, blood coag- 
ulation factors and platelet function which were undertaken to elucidate the pos-  
sible causal connections have shown that fibrinolytic activity is reduced, plasma 
fibrinogen and factors  V, VIII and X a re  increased, factor XII is decreased, and 
platelet adhesiveness and platelet  factor 3 are  increased.  It seems that irItra- 
vascular  sludging of RBCs and formation of thrombi possibly resul t  f rom these 
changes. Details a re  described and discussed.  

MATERIALS AND METHODS 

The subjects were  32 Indian soldiers .  All were normally residents  of plains. 
Eight soldiers  who developed high-altitude pulmonary oedema on the f i rs t  day 
when air l i f ted to 3,692 m served as patierrts; another 8 who had not developed 
high-altitude pulmonary oedema when air l i f ted to the same location under s imi la r  
c i rcumstances served as high-altitude controls:  16 soldiers  stationed throughout 
at sea level served as sea level controls.  Blood coagulation studies were done in 
16 sea level coutrols at sea level .  Comparative studies were done in 8 high- 
altitude eorrtrols, who had not received oxygen or any other form of treatment,  
on days 1, 3, 7 and 14 of a r r iva l  at high altitude to allow the study to cover the 
period during which new ar r iva l s  a re  most l ikely to develop high-altitude pulmo- 
nary oedema, and in 8 patients on f i r s t d a y  of a r r iva l  before any t reatment  was 
given and repeated on days 3, 7 and 14 after  t reatment  with oxygen, morphine 
and Frusemide (Singh, 1967). 

The methodology involved was as has been described previously (Singh and 
Chohan, 1972a). 

RESULTS 

Differences and their  significance obtained from comparison of the means, 
standard deviation of means, and the resul ts  of t t e s t  for haematocrit ,  f ibrinoly- 
tic activity, blood coagulation factors and platelet function in 16 sea level  controls 
and 8 high-altitude cor~trols on days 1, 3, 7 and 14 of a r r iva l  at high altitude a re  
given in Table 1. 

*) Emeri tus  Scientist (Medicine), Office of the DGAFMS, M-Block, Church Road, 
New Delhi- l l0001,  India. 
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T a b l e  2 c o m p a r e s  t h e s e  d i f f e r e n c e s  in  8 h i g h - a l t i t u d e  c o n t r o l s  and  8 pa t i en t s ,  
and  Tab le  3 in s ea  l eve l  c o n t r o l s  and  8 p a t i e n t s .  

On a r r i v a l  a t  h igh  a l t i tude ,  in h i g h - a l t i t u d e  c o n t r o l s ,  t h e r e  was  s ign i f i can t  in -  
c r e a s e  in F a c t o r  X, F a c t o r  XII and  t h r o m b o t e s t  ac t iv i ty ,  and  s ign i f i can t  d e c r e a s e  
in p r o t h r o m b i n  ' t ime.  In suppor t ,  t he  b l eed ing  t i m e ,  c lo t t ing  t i m e  in g l a s s  and  
s i l i cone  and  s typven  t i m e  showed a t r e n d  t o w a r d s  d e c r e a s e  which  h o w e v e r  was 
not  s ign i f i can t .  T h e s e  changes  we re  a s s o c i a t e d  wi th  a s ign i f i can t  d e c r e a s e  in 
c lo t  l y s i s  t i m e  wi th  p r o l o n g a t i o n  of t h r o m b i n  c lo t t i ng  t i m e  and  f a c t o r  VIII, and  
s o m e w h a t  be l a t ed ly  in f a c t o r  V on the  t h i r d  day.  Subsequent ly ,  f a c t o r  VIII s t a r t -  
ed i n c r e a s i n g  on the  t h i r d  day and  the  i n c r e a s e  was  s ign i f i can t  on the  s e v e n t h  and  
f o u r t e e n t h  days .  F a c t o r  V a l s o  showed a n  i n c r e a s e  on the  s e v e n t h  and  f o u r t e e n t h  
days  but  the  i n c r e a s e  was  not  s ign i f i can t .  F a c t o r  X f luc tua t ed  wi th  i n s ign i f i c an t  
d e c r e a s e  on t h i r d  and  f o u r t e e n t h  days  and  s ign i f i can t  i n c r e a s e  on the  s e v e n t h  day. 
F a c t o r  XII r e m a i n e d  s ign i f i c an t l y  i n c r e a s e d  t h rough o u t .  T h r o m b o t e s t  a e t i v i t y  
f luc tua ted  wi th  i n s i g n i f i c a n t  i n c r e a s e  on the  t h i r d  day  an d  s ign i f i can t  i n c r e a s e  
p e r s i s t i n g  on the  s e v e n t h  and  the  f o u r t e e n t h  days .  The  d e c r e a s e  i n  b leed ing  t i m e  
was s ign i f i can t  on the  t h i r d  day, in c lo t t ing  t i m e  in g l a s s  and  s i l i cone  on the  
s e v e n t h  day and  in s typven  t i m e  on the  tMrd ,  s e v e n t h  and  t h e  f o u r t e e n t h  days .  
P r o t h r o m b i n  t i m e  f luc tua ted  wi th  i n s ign i f i c an t  d e c r e a s e  on the  t h i r d  day, s i gn i f i -  
can t  d e c r e a s e  on the  s e v e n t h  day and  i n s ign i f i c an t  i n c r e a s e  on the  f o u r t e e n t h  day. 
No s ign i f i can t  change  was  found in c a l c i u m  t i m e  througho~xt. No a b n o r m a l i t y  in  
f a c t o r  VII was  d e t e c t e d  on day 1, 3, 7 and  14. A b n o r m a l i t y  in  p l a s m a  was  
de t ec t ed  in 3, 2 and  1 out of 8 h i g h - a l t i t u d e  c o n t r o l s  on f i r s t ,  t h i r d  and  s e v e n t h  
day r e s p e c t i v e l y  bu t  not  found in any  of t h e s e  on day  14. C i r c u l a t i n g  a n t i c o a g u -  
l a n t s  w e r e  p r e s e n t  in 3 out of 8 h i g h - a l t i t u d e  c o n t r o l s  on f i r s t ,  t h i r d  and  s e v e n t h  
days  but  in none  on t he  f o u r t e e n t h  day.  E x p r e s s e d  on t h e  b a s i s  of a n u m e r i c a l  
s c o r e ,  0 for  no change ,  1 for  a n  i n s ign i f i c an t  change ,  2 fo r  change  s ign i f i can t  a t  
5% leve l ,  and  3 fo r  change  s ign i f i can t  a t  1% leve l ,  t h e  n e t  coagu la t ion  s t a t e  a s  
Obtained f r o m  the  d i f f e r e n c e  of t he  t o t a l  s c o r e  of f a c t o r s  i nd ica t ing  i n c r e a s e  in 
coagu la t ion  m i n u s  t he  t o t a l  s c o r e  of f a c t o r s  i n d i c a t i n g  d e c r e a s e  in coagu la t ion  
was + 11 on the  f i r s t  day, + 9 on the  t h i r d  day, + 28 on  day 7 and  +17 on day 14. 

The  m a i n  d i f f e r e n c e s  in  t he  coagu la t ion  s t a t e  in  p a t i e n t s  and  h i g h - a l t i t u d e  
c o n t r o l s  on the  f i r s t  day  w e r e  s ign i f i can t  i n c r e a s e  in c lo t  l y s i s  t i m e ,  p l a s m a  
f i b r i n o g e n  and  f a c t o r  VIII, i n s ign i f i can t  i n c r e a s e  in f a c t o r  V and  f a c t o r  X, and  
s ign i f i can t  d e c r e a s e  in f a c t o r  XII.  A b n o r m a l i t y  in  f a c t o r  VII, in  p l a s m a ,  and  in 
c i r c u l a t i n g  a n t i c o a g u l a n t s  was  consp icuous  by  i t s  a b s e n c e .  On the  b a s i s  of a 
s i m i l a r  n u m e r i c a l  s c o r e  a s  u s e d  in c a s e  of h i g h - a l t i t u d e  c o n t r o l s  (vide supra )  
t he  ne t  coagu la t ion  s t a t e  in pa t i en t s  was  + 10 on the  f i r s t  day  (before  t r e a t m e n t ) ,  
and  - 2 on t he  t h i r d  day, - 15 on day 7 and  - 11 on day  14 (a f t e r  t r e a t m e n t ) .  Whi le  
the  p lus  s c o r e  on day 1 i n d i c a t e s  the  s e v e r i t y  of a b n o r m a l i t y  in  the  blood c o a g u -  
l a t i o n  s t a t e  in  p a t i e n t s  in  c o m p a r i s o n  wi th  t he  h i g h - a l t i t u d e  c o n t r o l s ,  t h e  nega t i ve  
s c o r e s  in p a t i e n t s  on days  3, 7 and  14 m a y  be  t a k e n  a s  a m e a s u r e  of r e c o v e r y .  
Thus ,  be tween  p a t i e n t s  and  s e a - l e v e l  c o n t r o l s  t he  n u m e r i c a l  s c o r e s  w e r e  ÷ 25 
on day 1, + 3 on day 3, + 2 on day 7 and  - 2 on day 14. 

H i the r to  t h e r e  h a s  b e e n  s o m e  ev idence  to  sugges t  t h a t  al ' t i tude e x p o s u r e  m a y  
a l t e r  b lood coagu la t ion  (Garvey,  Dennis  and  Conrad ,  1958; G r o v e r  and  Alexander ,  
1970; Hurtado,  1932; Kemp,  1902; Kingma and  De Langen ,  1955).  M o r e  c o n -  
v inc ing  ev idence  of a h y p e r c o a g u l a b l e  s t a t e  deve lop ing  in c a l v e s  on e x p o s u r e  to  
h igh  a l t i tude  ha s  b e e n  r e c e n t l y  b rough t  f o r w a r d  by  Genton  e t  a l ,  (1970) wi th  t u r n -  
o v e r  s tud ie s  of p l a t e l e t s  and  f i b r i n o g e n  in  con junc t ion  wi th  coagu la t ion  t e s t s .  In 
our  e x p e r i e n c e  wi th  t r o o p s  s ' ta t ioned be tween  3 ,692  and  5 ,538  m in t h e  H i m a l a y a ~  
c l i n i ca l  m a n i f e s t a t i o n s  ind ica t ing  t ha t  a n  a b n o r m a l  s t a t e  of b lood  coagu la t ion  m a y  
deve lop  a t  h igh  a l t i t ude  have  b e e n  venous  t h r o m b o s i s  invo lv ing  t h e  p e r i p h e r a l  and  
sp l en i c  ve ins ,  and  a r t e r i a l  t h r o m b o s i s  involv ing  the  c o r o n a r y ,  c e r e b r a l  and  
m e s e n t e r i c  a r t e r i e s .  M o r e  Obtrusive,  bt~t s e e n  in n e c r o p s y  s tud ie s ,  was  ev idence  
a l s o  of an  a b n o r m a l  s t a t e  of b lood  coagu la t ion  in  h i g h - a l t i t u d e  p u l m o n a r y  o e d e m a  
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(Singh et a l . ,  1965a) and in high-altitude pulmonary hypertension (Singh et a l . ,  
1965b). In high-altitude pulmonary oedema, the abnormal state of blood coagula- 
tion occurs within the f i rs t  few days of a r r iva l  at high altitude. Manifeshations of 
venous thrombosis,  a r te r ia l  thrombosis  and pulmonary hypertension a re  usually 
delayed and may occur weeks or months after a r r iva l  at high altitude. In some 
eases  of high-altitude pulmonary oedema the concurrent  pulmonary hypertension 
may continue to pers i s t  without a break (Singh et a l . ,  1965b). Abnormali t ies in 
blood coagulation found in high-altitude pulmonary hypertension have been 
described elsewhere (Singh and Chohan, 1972b). 

What initiates the blood coagulation changes on a r r iva l  at high altitude is not 
c lear .  During *the f i rs t  few days of a r r iva l  the total blood volume and the haema-  
toer i t  a re  not significantly a l tered (Singh et a l . ,  1969) and the total protein con- 
ce~tration and the percentage distribution of albumin, a lpha- l ,  beta and gamma 
globulins remains  uninfluenced. Hence the increase in plasma fibriuogen and the 
coagulation factors  is probably the resul t  of abnormal synthesis. The differences 
between the high-altitude controls and patients a re  probably determined by the 
difference in sever i ty  of hypoxia in the two groups. 

In high-altitude controls the platelet  count increased significantly on the f i rs t  
day and this increase  pers is ted on the third, seventh and the fourteenth days. 
There was no significant change in platelet  adhesiveness throughout. Platelet  
factor 3 showed an insignificant increase  on the f i r s t  and third days, significant 
increase  on the sever~th day which pers is ted  on the fourteenth day. Clot re t rac t ion  
was significantly decreased on the f i r s t  day, fluctuated with insignificant decrease  
on the third day, significant decrease  on the seventh day and insignificant in- 
c rease  on day 14. The cause of decreased clot re t ract ion during the f i rs t  week is 
not obvious. During this period the haematrocit  and plasma fibrinogen showed no 
significant changes. Therefore,  there  is a possibility that decrease  in clot r e -  
t ract ion may have been related to alterations in the platelet surface in spite of in- 
c rease  in their  numbers.  In patients, it has been found that decreased clot r e -  
traction is associated with decreased eleetrophoret ic  mobility of platelets;  we 
have not done this study in controls.  

In comparison with high-altitude controls,  on the f i r s t  day, the patients showed 
a numerical  decrease  in platelet courrt, a significant increase in platelet  adhesive-  
ness and platelet factor 3. It thus seems platelet aggregation is increased and 
ir~travascular clotting is favoured in patients at the onset of the disease.  De- 
creased  fibrinolytic activity would i tself  be associated with increased platelet 
adhesiveness (Poplawski, Skorulska and Niewiarowski, 1968; Prokopowicz et al., 
1967). There was a significant decrease  in clot re t ract ion.  As there  was no 
significant difference in platelet numbers in high-altitude controls and patients, 
the significant decrease  in clot re t ract ion in patients may have been associated 
with higher plasma fibrinogen levels  in them. 

Several factors  seem to be involved in the al terat ion of platelet adhesiveness,  
aggregation and mobility. Platelet  adhesiveness may be based on rapid lipid mo-  
bilisation (Haslam, 1964; Hoak, Warner and Connor, 1967; Shore and Alpers ,  
1963; Whitten and Janoski, 1969) and increased sympathetic activity (Cunningham, 
Becker and Kreuzer ,  1965; Mitchell and Sharp, 1964; O'Brien, 1963; Pace, 
Griswold and Grunbaum, 1964; Surks, Beckwitt and Chidsey, 1967) on a r r iva l  at 
high altitude. Possibly in some cases  epinephrine is inactivated by hypoxia before  
its full action takes place or that hypoxic t issues  are  less  sensit ive to epinephrine 
(Surtshin, Rodbard and Katz, 1948; Van Loo, Surtshin and Katz, 1948). When 
such inactivation does not occur platelet  cyclic 3 ' -5 ' -adenos ine  monophosphate 
may be diminished (Salzman and Levine, 1971; Sntherland, 1965) and platelet 
aggregation may be promoted.  Local deflbrination and platelet aggregation (Born, 
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1968; Salzman and Neri, 1969) may be associated with increased re l ease  of 
catecholamines and decreased inactivation of serotonin in the lungs. 

The electrophoret ic  mobility of platelets in plasma and of washed platelets was 
decreased in patients as compared with sea level  eo~trols.  The corresponding 
plasma fibrinogen levels  were  increased in patients as compared with sea level  
controls (Table 4). 

TABLE 4. Electrophoret ic  mobility of platelets and plasma fibrinogen levels  
of patier~ts in comparison with sea level corrtrols 

Sea level  controls 

Patier~ts 

Significance of 
difference 

Platelets  in 
plasma 

Washed platelets 

p / ( see .  V. em) 

0.882 + 0.045 

0.635 + 0.044 

< 0. 001 

0 . 8 9 1  + 0 . 0 4 5  

0.779 + 0.03 

<0.01 

Plasma fibrinogen 

(rag/100 ml) 

325.2 + 48.3 

6 1 9 . 6 + 5 5 . 3  

< O. 001 

With increasing concentrations of plasma fibrinogen the eleetrophoret ic  mobility 
decreased in both patients and ton'trois. Reduction in the eleetrophoret ic  mobility 
of platelets in patier~ts therefore  seems to be related to increased plasma f ibr i -  
nogen levels .  However, in both patier~ts and cor~trols the electrophoret ic  mobili ty 
is perhaps optimal when the plasma fibrinogen level  is 300 mg/100 ml.  Whether 
there  is any relationship of reduced electrophoret ic  mobility of platelets with in- 
c reased  plasma coagulation factors remains  to be determined. Since factor XII 
is a sialo-glyco protein (Schoenmakers et a l . ,  1965) and is easi ly adsorbed on 
the platelet  surface (Iatridis and Fergnson, 1965) it can al ter  the charge on the 
platelet  membrane.  As factor XII is diminished in high-altitude pulmonary 
oedema (vide supra) diminished platelet  mobility could be the resul t .  

Immunoglobulin levels  Of IgG, IgA and igM were ra ised  in high-altitude controls 
as compared with sea level  controls and in patients as compared with high-al t i -  
tude controls (Table 5). 

TABLE 5. Comparative immunogl0bulin levels  of high-altitude controls versus  
sea level  controls and patier~ts versus  high-altitude controls 

High-altitude controls 

Sea level controls 

Significance of 
difference 

Patier~ts 

High-altitude controls 

Significance of 
difference 

IgG 
(mg/lO0 ml) 

4285.0 + 139.7 

1139.0 + 253.9 
1 

0.01 

6975.0 + 1014.0  

4285.0 + 139.7 

0.01 

IgA IgM 
(rag/100 ml) (mg/100 ml) 

369.0 + 74.4 

204.8 + 48.6 

0.01 

754.0 + 240.0 

369.0 + 74.4 

0.01 

207 .0+  65.4 

156.3 + 50.4 

0.05 

689.0 + 247.0 

207.0 + 65.4 

0.01 
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It i s  possible that on account of thei r  increased levels,  IgG and IgM get adsorbed 
on to the platelet  surface, al'ter the i r  mobility and increase  aggregation (de Gae- 
'tano, Vermylen and Verstraete ,  1970a). IgG is also known to promote r e l ease  of 
ADP (de Gaetano, Vermylen and Verstraete ,  1970b) which in turn can re lease  
platelet  factor 3 (Hardisty, 1968; Horowitz and Papayoanou, 1968; Mustard and 
Paekham, 1968). 

In high-altitude eor~trols the ADP levels  were higher in a r te r i a l  blood than in 
venous blood. In patients both a r t e r i a l  and venous blood ADP levels  were de- 
c reased  (Table 6). 

TABLE 6. Showing the means, standard deviation of means, difference of 
means, and t values of ADP levels  in a r te r i a l  and venous blood 
in high-altitude controls and patients 

Ar ter ia l  

Venous 

ADP levels  mg/100 ml blood 

High-altitude controls 

Mean SD 

4.6 1.3 

3.3 0.9 

Patients 

Mean SD 

2.5 0.3 

2.6 0.5 

Difference t value(* 
of means 

- 2.1 3.62* 

- 0.7 1.48 

t value at 1% level  
* p< 0.01 (* degree of f reedom 15 2.95 

It thus seems probable that in Mgh-altitude controls blood from the right vent r ic le  
is replenished wfth bt~t not deprived of ADI ~ whereas in patients blood f rom the 
right ventr ic le  is deprived of ADP as well as replenished with it during its 
passage through the lungs. 

ADP in varying concentrations had no significant effect on the mobility of pla te-  
lets  in sea level  controls .  On the other hand, the mobility of platelets in patier~ts 
was significantly increased even at lower concer~trations of ADP. The platelets  of 
patients therefore  seem to be more  sensi t ive to lower concentrations of ADP. 

In light microseropy of peripheral  blood smears  both large  and small sized 
platelets were seen in high-altitude controls as well as patients.  However, the 
l a rge r  ones were more numerous in patients.  While the platelets remained dis-  
t inct in high-altitude controls,  they were  found in aggregates in patients. 

Electronmicroscopie  studies of platelets in patients did not reveal  any gross  
abnormality.  The integrity of the plasma membrane,  capacity for pseudopodia 
formation and ability of degranula'tion were  intact. Platelet  factor 3 and the sub- 
s t rate for thrombin generation and fibrin formation a re  therefore  provided for 
abundantly. As platelet  factor 3 is a property of the platelet  membrane (Marcus 
e t a l . ,  1966), the membrane change associated with platelet  aggregation seems 
to provide an active catalytic surface for the interaction of plasma coagulation 
factors  which lead to thrombin formation followed by consolidation of the platelet  
plug, degranulation of platelets,  fur ther  re lease  of factor 3 and more  fibrin for -  
marion (Hardisty and Hutton, 1966). The ceagula¢ion process  is cut short by the 
patient 's  recovery .  

The possible in ter- re la t ionships  between the various abnormali t ies  in f ibrino- 
lytic activity, blood coagulation and platelet  function described above and the 
pathogenesis of high-altitude pulmonary oedema a re  summar ised  in Fig. 1 and 
Fig. 2. 
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fibrinogen, blood coagulation factors and platelet function predis- 
posing to intravaseular coagulation in high-altitude pulmonary 
oedema. 
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There is a t ime lag from 6 to 96 hours between ar r iva l  at high altitude and onset 
of pulmonary oedema. The majori ty  of cases occur within the f i rs t  4 days and the 
ehanees of developing pulmonary oedema become remote after 7 to 14 days (Singh 
et a l . ,  1965a). This incidence seems to run parallel  with adverse changes in 
fibrinolytie activity, blood coagulation factors and platelet function as reported. 
While other factors may be involved in the pathogenesis of high-altitude pulmonary 
oedema, i ,Itravascular sludging of RBCs and thrombus formation at the pulmonary, 
capil lary and venular level, with proximal congestion, seen in necropsy studies 
suggest that these changes impede the pulmonary blood flow and aggravate the 
disease.  
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ABSTRACT.-  Blood coagulation studies were undertaken in patients of high- 
al'titude pulmonary oedema at 3,700 m, comparable controls, and sea level sub- 
jeers to determine the possible causal connection between changes in fibrinolytic 
activity, blood coagulation factors,  and formation of thrombi within the a lveolar  
capil lar ies ,  venules and some branches of pulmonary a r t e r i e s .  The following 
changes have been Observed: Fibrinolytie aeit ivty was reduced. Plasma fibrinogen 
and factor VIII were  increased.  Factor  XII was decreased.  Platelet  adhesiveness 
and platelet factor 3 were increased and electrophoret ie  mobility of platelets 
reduced. The integrity of pla'telet plasma membrane and re lease  reaction r e -  
mained intact. Both a r te r ia l  and venous ADP levels  were low and there  was evi-  
dence of excess ive  utilisation of ADP in the pulmonary bed. The findings suggest 
that sludging of RBCs and formation of thrombi possibly resul t  f rom these 
changes, impede the pulmonary blood flow, and aggravate the disease.  

ZUSAMMENFASSUNG.- An Patienten mit Lungent~dem und vergleiehbaren Kon- 
t ro l len  in 3.700 m Hi,he und Personen in Meereshbhe wurden Blutgerinnungsstudien 
vorgenommen, um die m~glichen kausalen Beziehuugen zu best immen zwisehen 
den Ver~inderungen der fibrinolytisehen Aktivit~t, den Gerinnungsfaktoren und der 
Bildung von Thromben im a r te r ie l l en  und ven~sen Teil der Alveolarkapil laren und 
einiger ~s t e  der Pulmonalar ter ien.  Folgende ~nderungen wurden gefunden: die 
fibrinolytische Aktivltiit war verminder t ;  Plasmafibrinogen und Faktor VIII waren 
erht~ht; Faktor XII war vermindert ;  Pl~ittchenklebrigkeit und Pl~ttehenfaktor 3 
waren erht~ht und die e lektr ische Bewegliehkeit der Pl,~lttchen hera bgesetzt.  Die 
Plasmamembran der Pl,,ittehen und die Release-Reakt ion bleiben unbescl~digt.  
Der a r t e r i e l l e  und venbse ATP-Spiegel  waren niedrig und es zeigten sieh Hinweise 
auf ve rmehr te  ATP-Uti l i sa t ion in den Pulmonargef~tssen. Die Ergebnisse deuten 
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d a r a u f  hiu, d a s s  a l s  Fo lge  d e r  Ve r i i nde rungen  die  E r y t h r o z y t e n  t r ~ g e  w e r d e n  und 
s i c h  T h r o m b e n  b i lden .  Dies  h e m m t  den p u l m o n a l e n  Blu t s  t r o m  und v e r s t ~ r k t  d ie  
K r a n k h e i t .  

R E S U M E . -  On a m e s u r 6  l e s  d i f f~ reu tes  p r o p r i 6 t 6 s  de coagu la t ion  du sang  de 
pa t i en t s  a t t e in t s  d ' o e d ~ m e  p u l m o n a i r e  eL de gens  en s a l t 6  (coutrSle)  et  e e l a  a u s s i  
b ien  ~ 3700 m d ' a l t i t u d e  q u ' a u  bo rd  de la  m e t .  Ces  e s s a i s  out 6t6 e f fee tu6s  pour  
d ~ t e r m i n e r  les  r e l a t i o n s  de c a u s e  ~ effet  p o s s i b l e s  e n t r e  l e s  c h a n g e m e u t s  de 
l ' a c t i v i t ~  f ib r ino ly t ique  et  des  f a c t e u r s  de coagu la t ion  du s ang  d 'une  pa r t ,  l a  f o r -  
mar ion  de Lhromboses  darts l e s  c a p i l l a i r e s  a l v 6 o l a i r e s ,  l e s  v e i n u l e s  et  d i v e r s e s  
b r a n c h e s  des  a t t i r e s  p u l m o n a i r e s  d ' a u t r e  p a r t .  On a a l o r s  pu o b s e r v e r  l e s  m o -  
d i f i ca t ions  s u i v a n t e s  chez  l e s  p e r s o n n e s  du p r e m i e r  g roupe  (ma lades )  : l ' a c t i v i t ~  
f i b r i no ly t i que  e s t  r~dui te ,  l a  f ib r inog~ne  du p l a s m a  et  le  f a c t e u r  VIII sorer aug -  
mer~t6s, le  facLeurs  XII e s t  diminu~,  l ' a d h 6 s i v i t 6  des  p l aque t t e s  e t le  f a c t e u r  3 
des  p l aque t t e s  sour  a u g m e n t 6 s  et  la  mob i l i t 6  61ec t rophor~ t ique  des  p l aque t t e s  e s t  
r~du i t e .  L ' i n t ~ g r i t 6  des  m e m b r a n e s  p l a s m a t i q u e s  des  p l aque t t e s  et  la  r ~ a c t i o n  de 
d ~ c o n t r a c t i o n  sont  r e s t ~ e s  i n c h a n g 6 e s .  Le n iveau  de I ' A D P  a u s s i  b ien  a r t ~ r i e l  
que ve ineux  a 6t6 t r ~ s  b a s c e  qui  d ~ m o u t r e  une surconsomms~t ion  au n i v e a u  des  
p o u m o n s .  Les  r ~ s u l t u t s  ob tenus  l a i s s e n t  h p e n s e r  que,  p a r  su i t e  des  m o d i f i c a -  
t i o n s  m e n t i o n n 6 e s ,  l e s  6 r y t h r o c y t e s  p e r d e n t  de l e u r  v i t a l i t 6  et  que  des  t h r o m -  
b o s e s  se  f o r m e n t .  Ceci  a pour  eons(~quence de ra ler~t i r  le  r iot  s an g u i n  p u l m o n a i r e  
e t d ' a g g r a v e r  l a  m a l a d i e .  


