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ABSTRACT 

The lack of evidence for the tissue-factor dependent activation of the coagulation system and the release of thrombin on one hand, and a decreased 
concentration of factor XII after short term air, saturated air and heliox exposures, as well as an increased concentration of the plasmin-antiplasmin complex 
(PAP) after short dives indicate that diving and decompression possibly affect fibrinolysis. The aim of our research was to verify the assumption that diving 
and decompression activate the system of fibrinolysis and the clarification of the pathomechanism of this activation. 
The study involved 50 healthy volunteers who were subjected to short-term, air hyperbaric exposures at 400 kPa and 700 kPa, which correspond to 30m 
and 60m dives. Decompression was applied in accordance with Naval tables of decompression. Before hyperbaric exposition and after decompression the 
following factors were determined: activity of factor XII, concentration and activity of t-PA, concentration and activity of PAI-1, concentration of alpha2-
antiplasmin, concentration of PAP, concentration of neutrophil elastase. 
The following observations have been made: a statistically significant increase in the factor XII activity, increase in the PAP complex concentration and  
a simultaneous significant decline in the α2-AP activity. No measurable t-PA activity or significant changes in t-PA concentration have been observed. In 
addition, a statistically significant decline in both the activity and concentration of PAI-1 has been observed, which was more pronounced after the 
expositions that corresponded to 60 m dives. The concentrations of granulocyte elastase did not differ significantly before and after decompression. 
Conclusions: People qualified for diving should have the following risk factors examined: risk factors of increased fibrynolytic activity – haemostasis 
abnormalities that increase the risk of haemorrhage, possibility of parietal blood clots/thrombi.  
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INTRODUCTION 

Decompression sickness (DCS) and avascular 

necrosis (AVN) still remain significant problems of 

underwater medicine regardless of all the progress made 

in pursuit of improving safety in diving in the last century, 

continual improvement of diving equipment, application 

of breathing mixtures, correction of decompression tables 

and the use of visual techniques to monitor the gas 

bubbles appearing in blood vessels. More sensitive and 

specific safety evaluation parameters of decompression 

are yet to be found.  

Observable changes in the number and 

activation of platelets and the occurrence of blood clots 

and platelet aggregation in the blood vessels of the spinal 

cord and femoral veins of divers who had died in the 

course of DCS, attracted attention to a possible role of 

homeostasis in the DCS pathomechanism and avascular 

necrosis [1,2,3]. The assumption of one of the theories is 

that the closure of nutrient vessels of bones with blood 

clots is the cause of AVN in divers [4,5].  

The validity of the theory was corroborated by 

tests of animal models [6-9] and observations made in 

humans when diving, which confirmed ([10,11] the 

decline in the total number of platelets, as well as their 

activation and increase in the number of platelet 

aggregations and micro platelets after diving. The 

activation of blood platelets is considered to take place on 

the surface of gas bubbles forming during decompression 

[12-14]. This is corroborated by in vitro tests which prove 

the formation of platelet aggregations on the surface of 

gas bubbles in the course of their flow through platelet-

rich plasma [15-17].  

Further evidence for assuming the thrombotic 

mechanism of DCS and AVN was provided by Goad et. al. 

in the 1970s, who described the shortening of 

prothrombin time and partial thromboplastin time after 

activation in people following 70 and 40 m dives [18], and 

Hart [19], who observed an increased concentration of 

fibrin/fibrinogen degradation products. Also Boussuges 

et al. interpreted the obtained test results as an activation 

of blood coagulation [20]. These observations were not 

confirmed by Eckenhoff and Hughes who examined divers 

exposed up to 50 m, yet they established a statistically 

significant decline in fibrinogen concentration [21].  

In other tests where divers were subjected to 

saturation dives with air, a decline in factor XII and X, as 

well as fibrinogen concentrations were observed [22]. 

Saturation hyperbaric expositions with the use of heliox 

produced the same effect to factor XII and fibrinogen 

[11,22]. Short term dives also contributed to the decline 

in factor XII and fibrinogen concentration. On the other 

hand, Goad et al. in their tests did not observe any 

changes in the concentration of coagulation factors: II, V, 

VII, X or fibrinogen [18]. Even though Gris et al. suggested 

a possibility of activating blood coagulation by a route 

that would be dependent on the tissue factor existed, 

based on the recorded increase in factor VII concentration 

after dives, their opinions do not seem to be corroborated 

[23]. 

Doubts as to the validity of the theory which 

postulates that diving and/or decompression cause the 

activation of blood coagulation, which may lead to the 

formation of blood clots, were raised by the research 

conducted by Olszański et al. where the influence of 

hyperbaric exposition and decompression on APTT, PT,  

TT, tissue factor concentration (TF), TFPI, AT, III, 

the TAT complex, F1+2 fragment or the concentration of 

factor VII were not observed [5,22].  

The lack of evidence for the tissue-factor 

dependent activation of the coagulation system and the 

release of thrombin on one hand, and the decreased 

concentration of factor XII after short term air, saturation, 

air and heliox exposures, as well as an increased 

concentration of the plasmin-antiplasmin complex (PAP) 

after short air and trimix dives, focused attention on the 

possibility of fibrinolysis activation [2].  

An additional argument that points to the 

necessity of testing the influence of diving and 

decompression on the fibrinolytic system were the 

reports of haemorrhage cases in airways, within the inner 

and middle ear and the mastoid process, as well as the 

haemorrhagic stroke of the central nervous system, or 

haemorrhages in the subperiosteal area of the orbital 

cavity that occurred in the course of diving but not as  

a result of injuries or coincidence of other diseases [24-

29]. 

The aim of our research was to verify the 

assumption that diving activates the fibrinolytic system 

and the clarification of the pathomechanism of this 

activation. 

MATERIAL AND METHODS 

Persons 

The study involved 50 healthy volunteers 

experienced in diving. These people were qualified for 

tests on the basis of an interview and a physical 

examination. After decompression, every diver 

underwent a Doppler examination of the subclavicular 

veins in order to detect the presence of gas bubbles in the 

circulatory system. For this purpose a Doppler Bubble 

Monitor (DBM9610 by Techno Scientific Inc. from 

Canada) ultrasonic detector was used. The intensity of the 

appearing gas bubbles was expressed as a 3-digit code in 

Kisman-Masurel classification.  

Hyperbaric expositions were conducted in the 

DGKN - 120 habitat of the Department of Diving 

Equipment and Underwater Works Technology of the 

Polish Naval Academy in Gdynia. The use of the 

hyperbaric chamber allowed the creation of comparable 

exposition conditions for all the respondents by taking 

into account factors that affect the haemostatic system 

such as the breathing mixture used, physical effort and 

ambient temperature. All respondents breathed air and 

were not subjected to physical exertion.  

Short term simulated air expositions which 

corresponded to 30 and 60 m dives were performed by 

25 divers in each group. 

The pressure used in the hyperbaric chamber 

was 400 kPa (which corresponds to 30 m dives) – group I, 

and 700 kPa which corresponds to 60 m dives – group II 

and remaining under this pressure (plateau) for 30 min. 

(table 1).  

Next, gradual decompression was used 

according to Naval tables. For safety reasons, after the 

exposition to the pressure of 700 kPa the decompression 

profile that was used corresponded to that of diving at 63 

metres, which in turn corresponds to the pressure of 735 

kPa, and after the exposition to the pressure of 400 kPa 

the decompression profile used corresponded to diving at 

33 metres, which was equal to the pressure of 440 kPa,  
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(table 2). During the dives in the hyperbaric chamber, air 

was used for breathing. The exposition to 60 m was 

selected as it is maximum allowable diving depth with the 

use of air, whereas 30 m was chosen as it is half of the 

allowable depth.  

Tab. 1. 

Expositions run in the DGKN-120 habitat. 

Pressure 

(kPa) 
Relevant depth (m) 

Breathing 

mixture 

Number 

of expositions 
Plateau time 

Decompression 

time 

Number of 

people 

400 30 Air 5 30 min 35 min 25 

700 60 Air 5 30 min 3 h 41 min 25 

Tab. 2. 

Decompression profile implemented after diving at 30 m and 60 m according to Naval tables. 

Table 2 shows data from Naval decompression 

tables regarding the profile of gradual decompression for 

a diver with the use of air, at 33 m and 63 m respectively 

when the duration at this depth is 30 min. The table 

presents a minimum time of reaching the first 

decompression stop (for a 33 m dive it is 9 metres and for 

the exposition at 63 metres – 24 m), the following 

decompression stops and duration of stay at each of them, 

as well as general decompression time. 

Laboratory tests 

Venous blood samples for tests were taken 

before hyperbaric exposition and after the decompression 

completed. 

The activity of factor XII was measured with the 

use of the coagulation factor XII deficient plasma (human) 

(Dade Behring, Germany) and partial thromboplastin 

time after activation. The results were presented as  

a percentage of correct values. 

Fibrinolytic system 

Labelling: concentrations and activity of t-PA 

were performed with the use of the t-PA Combi Actibind 

ELISA Kit (Technoclone, Austria), PAI-1 concentrations 

were performed with the use of the PAI-1 Antigen ELISA 

(Technoclone, Austria), PAI-1 activity was performed 

with the PAI-1 Actibind ELISA (Technoclone, Austria), 

concentrations of alpha2-antiplasmin were performed 

with the use of the Unitest α2AP (Unicorn Diagnostics, 

Great Britain), concentrations of PAP were performed 

with the Enzygnost PAP micro kit (DadeBehring, 

Germany). 

Elastase 

The measurements of neutrophil elastase 

concentration were made in accordance with the method 

by Yoshimur et al. (30). 

RESULTS 

None of the exposed divers were diagnosed with 

a decompression sickness or had gas bubbles detected 

with the Doppler method. The level of haematocrit did not 

vary significantly in either of the studied groups before or 

after the expositions, which excludes the influence of 

blood composition changes on the concentration of the 

tested parameters in plasma.  

As a result of short term hyperbaric expositions 

which corresponded to the 30 and 60 metre dives,  

a statistically significant increase of the factor XII activity 

was observed. 

Diving depth 

[m] 

Time of 

staying at a 

given depth 

[min] 

Elevation time to the 

first stage of decom-

pression [min] 

Depth of the compression stage [m] 
General 

decompression 

time Time of staying at stages of 

decompression [min] 

33 35 3 

9 6 3 

35 min 
6 10 

1

6 

63 35 6 
4 1 8 5 2 

3 h 41 min 

3 6 8 2 2 7 8 
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Tab. 3. 

Laboratory tests results. 

  Tested parameters Expositions of 400 kPa p Expositions of 700 kPa 

Before After Before After 

Factor XII activity (%) 120 130 <0

.05 

113 124 

0.05 

PAP (ng/ml) 60.35±25.40 69.18±28.63 <0

.05 

57.19±18.0

5 

76.75±43.06 

0.05 

Activity of α2-AP (U/ml) 1.06±0.23 0.64±0.19 <0

.05 

1.06±0.25 0.94±0.19 

0.05 

Activity of t-PA (U/ml) 0 0 >0

.05 

0 0 

0.05 

Concentration of t-PA (ng/ml) 9.46±5.59 8.45±4.68 >0

.05 

9.12±5.01 8.84±4.75 

0.05 

PAI-1 activity (U/ml) 8.57±4.86 5.67±2.99 <0

.001 

10.36±8.03 5.56±2.63 

0.00

1 

PAI-1 concentration (ng/ml) 3.92±2.05 2.75±2.56 <0

.01 

5.14±3.28 2.68±2.0 

0.00

1 

Elastase concentration (ng/ml) 30.1±13.5 29.9±11.7 >0

.05 

28.7±13.7 29.7±15.9 

0.05 

A statistically significant increase of the PAP 

complex concentration was observed, which was more 

pronounced after the exposition to the pressure of 700 

kPa, together with a statistically significant decline of α2-

AP at the same time.  

In the measurements made both before and 

after expositions that corresponded to the 30 and 60 m 

dives no measurable activity of t-PA was observed, and 

the observable changes of t-PA concentration were not 

statistically significant. 

After the hyperbaric expositions that correspond 

to the 30 and 60 m dives, a statistically significant decline 

of both the activity and concentration of PAI-1 was 

observed, which was more pronounced after the 

expositions corresponding to the 60 m dives.  

The concentrations of granulocyte elastase did 

not differ significantly in either of the groups before and 

after decompression. 

DISCUSSION 

Test results unambiguously prove that diving 

causes the activation of platelets, activation of factor XII, 

plasmin generation and consumption of antiplasmin, as 

well as the decline in the activity and concentration of 

PAI-1. Factor XII belongs to the so-called contact factors 

whose activation is effected through the contact with  

a non-physiological surface such as kaolin or glass. In 

divers, such an alien surface may only be comprised of 

micro-bubbles of gas which are formed during 

decompression.  

The activation of platelets may also be explained 

by the contact with gas bubbles. However, establishing 

the possible pathomechanism of declining PAI-1 was  

a true puzzle. While the air bubbles were the only change 

which might have affected the activation of factor XII, the 

responsibility for an observable change of PAI-1 may lie 

with several mechanisms. One of them is the consumption 

of PAI-1 related to the inhibition of the tissue 

plasminogen activator (t-PA).  

The lack of t-PA concentration increase after 

hyperbaric expositions rather excludes this mechanism 

[31]. Yet another cause of decline in PAI-1 concentration 

could be its degradation by elastase released from the 

activated granulocytes [32]. The increase in granulocyte 

number was observed by Olszański et al. [33]. However, 

the conducted tests of elastase concentration did not 

demonstrate the influence of hyperbaric expositions on 

its changes. In the light of the above facts a new 

interesting question emerged about the relationship of 

the increased activity of factor XII and the decline in the 

activity and concentration of PAI-1. The research 

conducted by Tanaka et al. helped to answer this question 

as they demonstrated the results of in vitro tests that 

indicate PAI-1 inactivation through the active factor XII 

[34]. 

We are convinced that in the course of diving, or 

decompression to be more precise, gas micro-bubbles are 

generated, which comprise an alien non-physiological 

surface to which platelets and contact factors may cling. 

The increase in factor XII activity causes the lysis of PAI-1. 

A lower PAI-1 concentration and activity cause the PAI-1 

– t-PA imbalance in favour of t-PA, which leads to the

increase in the amount of generated plasmin as a result. 

Plasmin is in turn neutralised by antiplasmin which is 

proved by an increased number of PAP complexes and  

a lower antiplasmin concentration (Fig. 1). 
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Fig. 1. Pathomechanism of the increased fibrinolytic activity in divers. 

It is difficult to judge whether the increase in 

fibrinolytic activity may affect the incidence of 

decompression sickness in divers. However, it may 

explain the numerous reports of haemorrhage which 

occurred in people while diving, as well as cases of 

diagnosed strokes which may have been brought about by 

the lysis of the fragments of existing blood clots (e.g. 

within varicose veins or in the atrium in people with  

a diagnosed atrial fibrillation) and not by the activation of 

blood coagulation. 

Is the activation of factor XII and fibrinolysis as 

its consequence important from the point of view of 

diving safety? We are convinced that the answer is 

affirmative. One group of people in whom the activation 

of fibrinolysis may carry a true risk are the patients with 

varicose veins, atrial fibrillation, or other disease which is 

conducive to the formation of parietal blood clots.  

The plasmin, which is generated while diving, 

may release a blood clot or its fragment which may cause 

an embolus that may threaten the health or life of the 

diver. Another risk related to the fibrinolytic activity may 

be observed in patients who have experienced injuries or 

undergone surgical procedures with only just healed 

wounds, as the clots may be consumed bringing about the 

thrombin

fibrinogen 
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plasminogen 
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haemorrhage. The third risk group is constituted by those 

patients who have bleeding tendencies, including patients 

with haemophilia and other haemorrhagic diatheses. The 

increase in the generated plasmin may bring imbalance to 

haemostasis in such patients and bring about 

haemorrhages. 

An additional and convincing argument to 

attribute great significance to factor XII has been 

provided by nature itself. Mammals, for whom water and 

diving are their element, such as dolphins and whales do 

not suffer from decompression sickness, even though they 

do not use decompression tables. Maybe the key to their 

safe diving is the lack of factor XII or its activity in their 

blood coagulation system [35-37]. 

CONCLUSION 

People qualified for diving should have the 

following risk factors examined: risk factors of increased 

fibrynolytic activity – haemostasis abnormalities that 

increase the risk of haemorrhage, possibility of parietal 

blood clots/thrombi.  
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