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Dysbarism is t\e term for the symptoms and signs 

resulting from all changes in barometric pressure. 

Decompression sickness is a syndrome, exclusive of 

hypoxia and airsic ness, resulting from a rapid reduc- � 

tion tn barometric pressure and characterized clinical+y 

by a variety of symptoms thought to be caused by two 

chief mechanisms, evolution of dissolved gases from 

solution, and the expanston of trapped gases. 

The symptoms of dysbarism are many. The follow.thg 

list excludes those symptoms presumably caused by the 

expanion of trapptd gases, for example, abdominal dis-

tension and painful paranasal sinuses. This is done 

so that attention can be focused on the su�ject of this 

thesis; namely, ;�percoagulability in dysbarism. 

The symptoms are: 

Joint pains, especially knees and shoulders, 

(the bends) 
. 

. 

Cough, chest pain, dyspnea (chokes} 

Skin disturbances such as rash r mottling, 

�aresthesia, and edem� (the itch) 

Various CNS symptoms; visual field defects, 

&phasies, paralysis, confusion, sensory 

iosses, vertigo (the staggers) 

' 
. 



In this ana lysis of the basic mechanisms respon­

sible for the syndrome associated with decompression, 

evidence will be presented to support the thesis that 

the pain and othe r symptoms, not directly accounted 

for on the basis of expansion of trapped gas in various 

tissue spaces of the body, are the result of a decrease 

in blood flow caused by altered blood coagulability 

rather than by s · mple gasseous emboli in the form of 

bubbles as currently believed. The more complete under­

standing of the nechanism of blood stasis in this syn­

drome provides a basis for new approaches to prophy­

laxis and therapy. 

LITERATURE REVIEW ON THE ETIOLOGY Of DYSBARISM 

l. Formation of Bubbles 

II. Changes in the Circulation 

l. ntrav scular Agglutinatfon Theory 

2. ngiospasm Theory 

3. lectrolyte Shift Theory 

I. Formatio of Bubcles. Very extensive evidence 

favors the conce)t that gaseous bubbles within the 

blood and tissue fluids of the body const i tute the 

primary etiologi· agen t of dysbarism. In general, but 

not always, there is a correlation between the symptoms 

of dysbarism and the presence of hubbies as seen by 

2 



x-ray. The higher the a titude attained, the greater 

is the incidence o f the oends, chokes, and other symp­

toms, and this is correlated with the fact that more 

and larger bubbles are formed in man and animals as 

2 higher altitudes re reached. 

Obese individ uals are mo~e susceptible to the 

symptoms of dysba ism. This finding is correlated with 

the fact that nitrogen is 5.3 times more soluble in 

fatty tissues than in other body tissues. 3 The impor­

tance of nitrogen needs to be emphasized. The main 

elements of air are oxygen, carbon dioxide, and nitrogen. 

However, oxygen in a bloodborn bubble quickly diffuses 

into surrounding cells to be metabolized and carbon 

dioxide is rapid y picked-up by adjacent ABC's. There~ 

fore, it is the nitrogen which is left in the bubble 

for lack of a transport system to eliminate it. Breath­

ing air at high p ressure during compression increases 

the plasma tensions of oxygen, carbon dioxide, and ni­

trogen, but it is only the metabolically inert nitrogen 

left dissolved i n the plasma to later bubble out of 

solution during decompression. Further, as nitrogen 

is very soluble in fat, the major proportion of body 

nitrogen is sto r ed in fatty tissue to be released and 

returned in large amounts to the blood stream upon 

decompression. Therefore, breathing 100$ oxygen before 



and during compr ~ssion to denitrogenate the body 

bubble formation and a fers excellent protection 

the bends in bot divers and pilots. 

The bubble theory is further supported by the 

widel~ observed effect · veness of recompression 

treatment of bends in caisson disease in divers, and 

also the relief ~f high altitude bends of aviators 

upon descent fro m from altitude. 1 

In 1955, a sympos i um on underwater physiology 

convened to discuss the cause of pain experienced in 

the bends. 19 There were ~wo main considerati ons. 

( l) Air, that is principall y· the metaboli.cal y inert 

nitrogen, is rel ased ' nto the various body tissues, 

hollow viscera, and body cavities. (2) Emboli in the 

blood stream, gaseous or of blood constituents, 

ischemic pain by either obstructing blood flow, or by 

producing vascular £rritation and vasospasm. Although 

phenomena number, (l) bas been demonstrated mast con­

sistently as a result of explosive 9ecompression of 

animals in a laborator setting, it is the p~~pose of 

the author in de eloping this thesis to stress number 

(2) as probably post important in divers and jet pilots. 

Those participati gin the underwater phys ~ology 

symposium genera~ly feit that the vascular bubbles and 

4 



clinical dysbarism go hand-in-hand. However, other 

theories such as the agglutination of erythrocytes, of 

the clotting of blood, may not necessarily contradict 

the "bubble" theory, but may complement it ~ith a mare 

detailed explana ion of why the gas bubble does not 

pass through the vessel. 

11. Changes n the Circulation. 

{l} Intravascular Agglutionation Theory. 

Swindle decompressed kan~aroos while observing 

pouch blood vessels under a microscope and saw hon­

gaseous emboli ir the arm of a fragil coaguium ~cclude 

the blood vessel s . when · a vessel was so occluded, the 

injection of lnd~a ink did not stain the area peripheral 

to this emboli. 3 

Knisely, ho lever, in observing human circulating 

blood, states th3t he had never seen decompression 

t . 't• t . t l t' t' 23 o ini 1a e in r3Vascu ar agg u 1na ion. On the 

other nand, Ant□ al states that he found several in­

stances of rouleaux formation in decompressed geneti-

9 cally obese mice Jacobs and Stewart, working with 

albino rats, fou d no evidence of rouleaux formation 

or increased sed i mentation rate, but did observe blood 

platelets to form aggragates about small gas bubbles 

and later to appear as free aggregates in the blooa. 20 

Gersh and Catchpole, using a freeze-ory technique which 



should have demons rated such aggregates, failed to 

f . d 17 in any. Blood sludging related to ischemic hy-

poxia due ·to vascu ar occlusion has been postulated 

l . t· t 27,28, 29,30,31 severa inves iga ors. 

(2) Angiospasn Theory. 

Knisely studied the scleral vessels of humans 

at altitude with a binocular-dissecting microscope 

and saw no bubbles in these vessels, but did observe 

arteriospasm in all subjects above 30,000 feet. In 

those with overt bends pa i n the arteriospasm was suf­

ficient to oblite=ate arteries. Return to ground level 

resulted in the r turn to normal-sized vessels in a 

variable period o time 23 

Knisely used nail bed and arm vein refilling tests 

and found that subjects with the bends pain had a no­

ticeably slower refilling time than those without the 

23 pains. In add i tion, he had 36 subjects at altitude 

raise their hand to decrease blood flow to the ex­

tremity and found that this either initiated the pain 

or, if already p~esent made the pain more severe. 

However, pretreatment with aminophylline prevented 

• h. . . t t 4 
pain int is arm raising es • 

Apparently, aminaphylline increases tissue per­

fusion by blood. It is well documented that the bends 



are associated ith a decrease of circulation in the 

affected limbs. for example, temperature is lowered, 

pulse volume in fingers is decreased, and the digital 

blood flaw, as measursd by an impedance technic, is 

4 decreased. factors causing the most severe decrease 

in local blood low in the extremities during the bends 

are exercise and failure to prophylactically desaturate 

the body of nitrogen. The reduced blood flow often 

occurred before any symptoms of decompression sickness, 

and did not retu rn to normal immediately after return 

4 ta ground level. 

(3) Electrolyte Shift Theory. Larkin and Watts 

proposed a theo y which ascribed bends to a shift of 

electrol~tes in the body so that water was also shifted 

to the intercellular fluid. This, in effect, produced 

a syndrome similar ta surgical shock presumably be­

cause of the lass of circulating volume. The syndrome 

also resembled 'miner's cramps" which are associated 

with loss of ions and the shift of water into the 

t . 25 issues. 

By forcing fluids in those quite susceptible ta the 

bends, the incidence of bends was decreased, and by with­

holding fluids rom those highly resistant to the bends, 

the incidence o bends increased. However, a second 

7 



group of investi ators tried to duplicate the above 

findings and cou_d not do so. 5 The evidence from forcing 

and with-h~lding fluids supports a resemblance to shock 

but not really to "miner's cramps". 

Dl5CREP NCIES IN THE BUBBLE THEORY 

Man~ invest~gatars have recognized that a simple 

bubble-embolus t eory fails to account for some of the 

experiences rela~ed to the bends. If symptoms are 

caused by bubbles, then wh~ is there often a considerable 

delay in the appearance of symptoms after decompression? 

Sometimes these symptoms do not appear until 8 hours 

f d . 15 a ter ecompress i on. In addition, subjects at al-

titude have experienced the bends in an extremity when 

no bubbles could be seen by x-ray ~ Conversel~, x-ray 

has demonstrated large calLectians of bubbles in an 

extremity when no pain was experienced. 2 

Differences in susceptibility to bends between 

different individuals and even in the same individual 

on separate exposures, are often very marked. it is 

d i fficult to exp ain t 1is fact on the basis of ph~sical 

factors such as t he salubility constant of nitrogen in 

the body tissues, circulation times, and so forth. 1 

In 1908, Ha d ane recognized the small animals 

immunity to the oends, and attributed this to their 



shorter circulat on time which might allow for more 

efficient bubble removal. Kindwell repeated these 

experiments and.•ound hat the goat aQd dog react to 

decompression si1ilarl~ to the human, and that the rab­

bit is indeed im~une to the bends. Kindwall, on the 

otner hand, showed that the susceptible goat required 

less time to rid itsel f of excess nitrogen tha~ the 

. bb"t 21 immune ra i. 

finally, th s aut · or has injected bubbles into the 

arteries of dog extremi ties and visualized the bubbles 

returning in the venous stream. for this reason it is 

conjecture to sa~ that bubbles are always emboli. 

FACT A5 WHICH AFPECT DY5BAR15M 

I. Unexplainable Factors. It is i~portant to note 

that the effect of certain factors to increase the 

incidence of benas can not be entirely explained. 

These are age, previous injury to a joint, previous 

symptoms in a jo i nt, exercise, repeated exposure, and 

apprehension. Increasing age correlat es with more 

frequent and more severe bouts of dysbarism. If a 

particular joint of an individual has been injured or 

previously suffered the pain of dysbarism, it has a 

greater likelihood of be i ng painful upon r uture de-

9 



compression. Assistance to bends usual l y decreases on 

repeated exposu e to decompression, although some be­

come more resis t ant. Exercise during decompression is 

not only associated with greater bubble formation, but 

also with an increased incidence of the bends. finally, 

apprehension decrease s the tolerance to symptoms and 

6 pain. 

II. Discussion of Hypercaagulabilit~. It is 

purpose of this paper to view the bubble theory in 

conjunction with hypercoagulability. 

S . dl d E d16 . · · t ~ win e an n using m~arocinema agrapr~, 

ualized erythroc tes agglutinating upon decompression. 

Davl.·s13 feels th t d . . t h' h . a ec mpression ~s as ress w ic ~n 

turn produces hyJercoagulability. This stress is con­

ceptualized by Hans Sel ye as a single phenomenon re­

sulting from a mJltitude of factors; bacterial toxins 

to anxiety, and · n the case of decompression sickness, 

a factor of the lhysical environment. 

In regards Mo the state of hypercoagulability, 

ones thinking mu t not be muddled by the belief that 

blood is always iquid until clotted and that the clot 

is irreversible. Plasma itself is a solution of pro­

tein macromolecu ~es wh ch behave according to the col­

loidal physical aws. The largest of the molecules is 



the negatively charged ibrinogen, about 350 microns 

long, which exists in t he blood stream in a sol phase. 

Any positively charged ion, for example H~ and hist­

amine i , will part ally neutralize the fibrinogen's ~· 

charge, thus destabiliz i ng it and allowing fibrirogen 

molecules to clump together. The fibrinogen is now in 

a gel phase. 

This mechanism of fibrinogen exist · ng in equili­

brium between sol and ~gel phasis is thought to be con­

tinually going on in the body. The state . of hyper­

coagulability is then a shift of the equilibrium to­

ward the gel phase. The idea is expounded upon by 

McKay, Dissemina:9Sd In11ravascular Coaqulation. 28 

Please note that the fibrinogen gel referred to is not 

the same as a fibrinogen polymer (fibrin) existing in 

an insoluble, ir~evers i ble state, Ryan and Godel have 

done fascinating work an what they call a fibrinogen A 

to fibrinogen B o fibrin react~on, in which the "B" 

is a soluble and reversible substance which may cixcu-

late . th b d . h 1 b'l't 18, 27, 31 ~n e o yin ypercoagu a 1 i y. 

Returning t decom~ression sickness, th~re is 

little doubt tha blood born bubbles frequently occur 

during decompres oion, but there is a poor correlation 

between bubble formation and the symptoms of dysbarism 

11 
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suggesting a more complicated etiology tHan bubbles 

per se. The bubble's gas-liquid interface may be an 

excellent gathering place for the hydrophobic blood 

constituents such as lipid-rich platelets and protein 

macromolecules. Thus a bubble in the vascular system 

might initiate a gel phase surrounding itself, greatly 

impeding its travel through the vessel until stopped. 

End points Qut that toe bubbles alone do not 

adequately expla-n all the clinical signs seen in de­

compression sick ess. 15 But the concept of stress­

hypercoagulability added to the bubble theory might 

more fully expla n w~y such a variety of drugs and 

chemicals act to prevent or relieve decompression. 

III. Dysoarism in Humans. A. Recompression. 

The standard treatment of dysbarisrn is recompression 

fo l lowed by a slower decompression. 1 Seemingly, this 

reduces bubble ize until dislodged and removed. Pre­

viously in this paper it was noted that bubbles may 

travel from art6rial to venous blood, and that the 

blo □d-bub wle in erface may be an excellent gathering 

place for plasma proteins. Therefore, it is possible 

that removal of a bubble by recompression may not 

remove a bubble emboli, but may remove a surface for 

12 
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a plasma-gel emboli to form on. 

E. Non-nitr gen Atmospheres. Obvi3usly, using 

a non-n i trogen a~mosph re such as pure oxygen or an 

oxygen-helium miKture crevents forma t ion of the bubble 

in t he first pla - e. Helium is much less soluble i~ 

the body tissues than nitrogen and therefore does not 

saturate the tis6ues to be release~ later as bubbles. 

However~ breathi ri g pu·r,e sxygen for 8 hours followed 

by air for 2 hou ~s seems to offer protection from t h e 

bencts. 7 Either this procedure has e2iminated nitrogen 

from the t i ssues without allowing time iar a second 

build-up a~ tissJ e nitrogen, or it has alte r ed some- 1 

thing else without preventing bubble formation i n t he 

blood stream. 

C. Decreasiig Blood pH. Decreasing the pH of the 

blood increases t ~e incidence of the bends. A possible 

explanation tor t ~is is that by lowering the fibrino­

gen's negative c h arge, •nd thereby reducing its col­

lo i dal stability, favors hypercoagulability. 

Keeping in mind t h e factors wnich are pro~oagu­

lant in the blood, such as the lowering of pH, it is 

interesting that prolonged compression decreases t he 

CO2 combining pawer of bl-0od, and that eventually blood 

pH falls. 15 •10 In line with this, a well constructed 

13 



test was perf□ rijed where NH4 Cl was given to produce 

metabolic acidosis and blow off CO
2

• Some were pro­

tected from the bends, but others were not. Then, 

subjects deliberately hyperventilated to the point 

of tingling and numbness to produce respirato~~ al­

kylosis. This decreased the symptoms of bends and 

chokes from 56 to 44 . However, h~perventilation may 

have decreased body gases and may have lessened the 

sensitivity to pain. Because of the immediate reversal 

of symptoms an recompression, it is hard to believe 

that the pain is due ta acid metabolites.
8 

D. Heparin in therapy. laborit in 1958 used high 

doses of heparin on individuals in a severe accident 

resulting in the bends. He was very encouraged by the 

i d . 1 t d th f th. th 24 ncrease survive ra e an e success o is erapy. 

Heparin is an anticoagulant, probably by several mech­

anisms. One mechanism is imparting a negative charge 

to the negative! charged fibrinogen thereby increasing 

fibrinogen's co l loidal stability. 

E. Obesity and Cholesterolemia. Both obese in­

dividuals and those with high serum cholesterol levels 

have a higher incidence of dysbarism.
6 

It is well 

known and insurance tables will verify th~t the obese 

have a greater propens i ty to those diseases associated 

14 



with ~ypercoagulabi! ity. P0ssibly more bubbles are 

formed in fat tissue as N2 is 5 times more soluble 

fat than in other tissues, but is it possible that 

lean individuals with High serum cholesterol co4ld 

also · form more bubbles in the blood stream? 

f. Diet. A high protein diet increases symptoms 

of the bends and a hig h carbohydrate diet decreases 

symptoms of bend . 6 

The obligatory glucose burners (brain, lens, ger­

minal epithelium) can only utilize glucose, thus wheo 

blood glucose falls several hours after eating, protein 

must be degraded, undergoing gluconeogenesis. Howeve~, 

gluconeogenesis oes not maintain a ~igh enough glucose 

level to suppiy all the body cells. fortunately, the 

non~obligatory g ucose burning cells can obta i n their 

energy from fatt) acids (at body ptt exist as ionic 

fatty acids, or fA's). IFA's are surfactants and 

reduce the colio "dal s t ability of f i brinogen, thereby 

produc i ng a state of hypercoagulabi11ty. 

episode will cause mob lfzation of IFA's.) 

(Any stress 

G. Fluids a r d Aminophylline. Both forcing fluids 

and administerin aminophylline decrease the incidence 

of dysbarisrn. 6 his a parently is because aminophyl l ine 

fascii i tates blo d perfusion through various tissues. 

15 



It is doubtf4l tat t h" s drug has any action on the 

bubble. And f□ r-ing f uids may prevent shock-like 

states, and deer ased perfusion of blood with blood 

siugging, al l of which can favor blood coagu l ation. 

IV. Animal ~xperimen±s. for the mast part, dys­

barism experimen s reported in the literature use an­

imals as the sub ·ects. A smaller number of experiments 

are carried out on man. This means that two types of 

decompression ar being used and tMat the information 

collected is oft n dif icult to interpret and sometimes 

contradictory. 

The first t pe is slow decompression on humans 

simulating the d~ver .surf acing or the pilot ascending 

t:o altitude. The second mllthod involves explosive de­

compression, use on most animal tests, and which usual ly 

produc e-s death. 

These facts bring up two important quest i ons in 

the analysis of ~he fo lowing data. 

First, the symptoms of dysbaris n are mostly sub­

jective and ther f fore expressed verbally. A human 

be ing, slowly de·ompressed, can express pain. One can 

not say for sure that an animal undergoing slaw decom­

pression is experiencing pain. The rate of decompres­

s i on can be acce erate d so that the animal. dies, but 

16 



is this really m~asuriny an exaggeration of the dys­

bar i sm syndrome? 

Second, is he ph~siology of man wholl~ compar­

able with that o animals, and is one an i ma l compar­

able with anothex7 far example, rabbits and goats 

both acquire int avascular buobles upon decompression, 

but only the goa suffers from dysbarism. The serum 

and histo-chemi s ry and blood clotting parameters have 

not been studied adequ a tely enough in one species, let 

alone in a varie ~ of species to adequately compare 

these parameters . Las iy, autopsy material is readily 

available from a , imal ources, but humans rarely die 

from dysbarism. 

A. Methysilaxane. One group of iAvestigators 

treated rats wit~ Methy siloxane (fillerless Dow Corning 

Antifoam A). 26 hese £ats were rapidly decampressed­

recornpressed in a manner whic h produced a 36% mortality 

rate in the control group. The test group had an 8% 

mortality rate. The pathology in both groups was the 

same. Methysiloxane lowers resistance to flow in the 

50pprn range, theoret i cally, but it may also prevent a 

"coagulavelum" at the gas-liquid interface. Langmuir 

stated that protein films at a gas interface undergo 

denaturation resulting in a strong surface film (caag-

17 



ulavelum?. 5il cones also tend to prevent blood from 

clotting. 

B. Chlorp ~mazine. Chlo i promazine subcutaneously 

has decreased e plosiuely decompressed fatalities in 

rats and rabbit from 90% in the controls ~o 30~ after 

tHe drug. Blooa stud es showed a marked decrease in 

clot times oft e controls and clpse to normal clot 

time in chlorpromazine treated animals. 

can not prevent bubble formation, thus it may either 

alter an enz~me acting on blood coagulation, or inhibit 

h f . d d . 32 5 f t e stress □ rap1 ecompression. tress o. any 

variety is known to decrease blood clot times. Ag~in, 

the state of hypercoagulability is implicated in the 

pathogenesis of dysbarism. 

C. Heparin and PLJHA. Philp and 6owoa:y have done 

an elaborate study of the protective effects of hepar i n, 

partially depolymerized hyaluronic acid {PDHA), and of 

30 bishydroxycoumaDin in decompressed rats. This study 

is notable in several ways. first, a slaw stage-d~­

compression from 5.5 atmospheres to a simulated altitude 

of 10,000 feet is used instead of an explosive decom­

pression. Sec □ d, the rats were placed on a motor­

driven treadmill so that progressive diffi6ulties of 

l □ com0tion were charted as increasings - verity of the 

bends. The scoring system is as fol l ows. 

1B 



0 No isibl signs 

1 Ind finite and transient disturbances of gait 

2 ::,ti fnass of hind limbs 

3 Dra ging of hind limbs 

4 Com lete paresis of hino quarters 

5 Corn lete 13aresis 

6 lJBB h 

Third, potentia protective agents were either admin­

istered before compression or at the end of. stage­

decom pression a a ti~e when the animals contained ab­

normal amounts of nitrogen bwt before the onset of al­

titude induced bends. 

Male white rats of selected ages and weights were 

os~d. Normal saline, bishydroxycoumarin, heparin and 

partially depol~merized hyaluronic acid (PDHA} were 

ali injected intraperitoneally in a total volume of 

1-2 m.l. 

The var i ous agents were studied as follows. The 

effect o f heparin and PDHA was determinec by _, the lee­

White clot time on whole infer i or vena cava blood. 

The Quick prothrombin time on infe rior vena cava blood 

determined the effect of bishydroxycoumarin. The 

lipasmia clearin g actio n of PDHA was assessed by the 

optical fensity of pla~rna from rats wbo were either 

19 



receiving a standard diet, or from rats ~hich Aad ·been 

made lipat 1 ic by subjecting them to a 36 hour fast and 

then feeding them a lipid-rich meal. 

The first stud~ shows the effect of heparin, PD~A, 

and saline, inj ~cted into old, heavy (•450 g) rats 

before the 2 hour decompres ~ion, The data from the 

96 rats in this tudy vere pooled and a chi-square 

analysis was con ucted on the treated versus the con­

trol rats. Neit er heparin lD.S-1.0 mg/kgm) nor P~HA 

(50 mg / kgm) prod ced any significant increase in the 

incidence or the sever · ty of the bends. 

"When hepar i n (l.0-3.0 mg/ kgm) and PDHA (50 mg / kgm} 

were given to s · milar heavy rats following the stage­

deco~pression, but before the ex~osu~e to alt i tude, 

again there was no significant lowering of either the 

incidence or se erity of bends •.•• " 

"The admi n · stration of PDHA (50 mg / kgm) to mod­

erately heavy r ts ( ♦ 85 g} after the stag e - decompres­

sion did result in a significant lowering in the inci­

dence of the beds ••• ut not of the severity •.•. " 

Heparin anj PDrlA given to lighter rats(• 350 g) 

after stage-dee mpres ion were much more ef f ective. 

Heparin significc ntly lessened the incidence of bends, 

and significantly reduced the severity. ~DHA was not 
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effective at 2 mg / kgm either in reducing t he incidence 

or the severity of the bends. However, at 10 and SO 

mg / kgm PDHA signi ficantly lowered both the incidence 

and the severity of the bends. 

Increasing the d~se of heparin did not further 

reduce either the incidence or the severity o f the 

bends, whereas i cr~ases in the dose of PDHA led to a 

significant reduction 1 n the incidence and severity. 

Pooling and comparing the data from the heparin exper­

iments with that of the PDHA experiments, and stud.ied 

by chi-square analysis revealed that the PDHA was sig­

nificantly more oenef i cial than heparin in lowering the 

incidence and severity of the bends. 

The effects of various doses of heparin and PDHA 

on the whole-blood clotting times were studied. Hep­

arin pr6longed tne clotting time whereas PDHA did not 

significantly al t er the clotting time. 

The intrape r itoneal injection of 5.0 ml/kgm of 

bishydroxycoumar i n after stage-decompression did not 

significantly ql t er either the incidence or severit.-y 

of the bends as compared wi~h controls, although this 

dose caused a significant increase in prothrombin times. 

Administering bishydroxycoumarin 13 hours before com­

pressi6n als6 did not significantly alter the incidence 
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or severity of he be nds. 

Next, the effect of PDHA upon the optical density 

of plasma was s udied. PDHA significantly lowered the 

optical density of the plasma from normal rats and also 

lowered that of lipa~mic rats to below normal levels. 

Philp cone uded that three mechanisms of action 

existed as p □ ss · ble explanation of the results: anti­

coagulation, lipaemia-clear i ng, and surface activity. 

''Our results indicate that the effects of the compounds 

tested can not be s~plained completely by anticoagulant 

activity for the following reasons: (i) rats whose 

prothrombin time$ were markedly prolonged by bishydrox~­

coumarin were not protected against the bends; (2) rats 

whose whole-blood clotting times were elevated on ly 

slightly and transiently by heparin were somewhat pro­

tected; (3) rats whose whole-blood clotting times were 

markedly elevated by heparin were well protected, but 

(4) even greater protection was afforded by PDHA which 

did not alter the whale-blood clotting times signi­

ficantl~." 

Philp specu l ates that the well known 1ipemia­

clear~actian of neparin might be involved in the bene­

ficial effects of using heparin in the treatment of 

bends. He further states that PllHA also has been re-
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ported to have li~emia-c l earing pro~erties, which he 

confirmed in his study. Philp sugjests that th~ rat 

has the ability to rapidly clear lipids from the blood 

and that thi~ may be partly responsible for the rat 1 ti 

inherent resistance ta he bends. his f inal conciusion 

is that body fat ay be for more importa nt in the etio­

logy of decompres ion s.ckness than by act i ng sole ly as 

a nitrogen reservJir. 

This author Nishes to make three points in reg rds 

to Phil~'s study. Firs t, t his endeaver was of the 

finest design. Jecond, some inv stig~tors content1 that 

bis !i ydroxycoumarin is a poor anticoagulant. Third, 

this author cons ' ders lipids as proC Jagulants, and 

therefore clearing the blood of lipids does not n ces­

sarily contradic the uthor 1 s thesis th ~ c the pain 

sy~ptoms of dysb rism re the result of altered blood 

coagulability. 

D. Endogenous Che icals. Many investige tors have 

felt that bloud- orn bub ~les can trigger the release 

of enoogenous ch ~micals which pru~ uce the symptoms of 

j ysb - rism. Bra kinin, s ~rotonin and h i stamine have 

been stud i ed the most. 

Bradykinin blood levels are incr~a ued in a nimals 

f~l-owing rapid decom~ressio 11 . A Erodykinin a ntag-
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onist, 2-(4-phen~l-l-,;i pe:i;azylrnethyl)-cycl ohexanone, 

Miles-Am~s, in rapidl~ decompressed mice decxeased 

morta:lity rate, increased survival time, and prevented 

histological changes,(incressed perivascular space; 

in the lung, folding o f bronchial mucosa, and t,.ypere mia 

in bone marrow). 12 

Bradyk&6in i s an octaµeptide which produces slow 

contraction o f smoot~ mu -, cle, ~ncreases capillary perm­

eability, and increases vasodiiatation. Vasod i l ~tat i on 

and incrtilased ca il l ar_y permeab i lity favor blood 

amd an increased tendency to blood clotting. 

Various "anti-his tamines" have been tried with no 

significant resul ts. Kindwsll could find no change in 

rat tissue ~i starn ine or serotonin fol l ow i ng rapid de-
. ;;14 

com1-- :.cession. 

EF FECT or f:lUBELtS ON B 00.J VE~ ELS 

It is pert i nent to this discussion to d i scuss the 

ef f ect of gaseous bubbles on blood vessels. 11 Chase 

(1934, rabbits) found that air bubbles produced an im­

mediate transient vasoconstrict i on of muscular arteries, 

which later fat i gued and dilated, resulting i n stasis 

of the blood. ~e observed that conglutination and 

rapi<l and extensive agglutination always occurred in 
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areas of stasis. Duff, Greenfield, and Whelan14 

humans) did corr sppna.ng experi ments and observed 

vasodilation in ·orearm ~essels following brachial 

artery injection of v r i ous gases. They concluded: 

l) dilation was not reactive hyperemia, oar dep-endent 

increased tissue me t abolism, 2) was present in chron­

ically sympathec omize 1 and chronicallj denervated 

limbs, 3) the ac~ion o the gas upon first entering the 

vessel, rather t1an the continued presence, produced 

the dilation, 4) the d "latian was unaltered by effective 

amounts of antih "stamines, (tripelennamine HCl). 

McGovern29 tudied blood vessel irritation i n re­

latlon to mast cell de 3ranul ation. "The en~othelium 

of the peritoneum, pleura, and blood vessels hds a very 

similar structure. Th re is a surface layer of argy­

rophilic prbtein mater i al and arg~rophi1ic cement lines 

separating the individual endothelial cells. Under­

neath the epitbeliurn and closely attached to it are the 

MCs. When the peritoneum of the rat is mildly irritated 

by topical applicat i on o f 1 per cent acetic acid or 

4B / B0, there is i ncreased production of the surf ace 

protein film and irnbibition with metachramatic substance 

of both the cement lines and the surface film, this 

being associated with degranulation of the subendoth­

elial MCs." 
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The bubbl theory per se, not oniy f ails to ex­

pla i n the clin cal manifestations of dysbarism, it 

also fails to explain why such a variety of "drugs" 

bene f icial in he disease. But the bubble hypersoagu­

lable theory m"ght offer a better explanation for all 

facets of dJsbarism. 

It is documented that gaseous bubbles inj e cted 

into arteries proouce vasodilatation with stasis and 

agglutination. The exact mechanism can not be stated 

but as i t occurred also in s ymµathectom±zed arteries, 

it it not possib l e that t he gas bubble acts as an ir­

ritant to the vessel endothelium? 

McGovern states that an irritation to the vascular 

endothelium results in degranulation of the su bendot e­

lial mast cells. Hurn n mast cells contain at least 

heparin, histam · na, a nd eleven enzymes, one of hich 

is trypsin. Hi tamin causes arteriolar d L .. atation, 

increase d capil ary p rmeability, may dilate the cap­

illaries or con trict tne small venules, and since the 

molecule is neg tivel charge □, may favor hypergoagu­

lability. 

The mast cells a r e found throughout the human 

body, up to f□ UI' ty pes have been identified, and tnose 
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in various tissu - s may discharge their contents by dif­

ferent s ~ecific stimul i . Numerous mast cells lie in 

close proximity to the blood vessels and are thought 

to play an impor ant role in maintain i ng tne clot-flow 

equilibrium. Hans ~el e states that there is good rea­

son to believe tat the mast cells individual active 

principles can be released selectively. 33 

One experiment concluded that an anti-bradykinin 

drug was benefic i al in decreasing decompression sickness. 

Bradykinin is formed from a nonapeptide subtitrate i n 

plasma by the action of trypsin. It produces slow 

contraction o smooth muscle, increased capillary perm­

eabili t y, and vasodilatation. It may also produce pain. 

Note that mast cells may release tripsin tG the blood 

stream. 

It is the author's belief that a gaseous bubble in 

a blood vessel irritates the endothelium which in turn 

allows for the ormation and . influx of agents which 

cause the vessel to dilate, {possibly c ~nstrict f irst; 

vasospasm). Associated hemoconcentration from increased 

capillary permeabil · ty, in combination with decreased 

blood flow and the collection of surfactants {proteins, 

platelets, and fA's) at the bubble surface would favor 

shift of the plasma gel-sol equilibrium to the gel 
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phase. This the1 might be a plasma gel smboli respon­

sible fox the is~hemic pain o f the bends. Th i s whol e 

process conce i va ~y couid be reversed by recampressing 

tfie individual t~ aecrease th~ bubbls sizeJ allowing 

flo~ to re-estab ish and aliowing the plasma gel to 

~eturn to the so phase. This process might be pre­

vent ed b • prior anti-coagul ant therapy. 

SUMMAR¥ Decompression under such conditions as 

divers surfacing often results in a syndrome of joint 

and muscle pains known most commonly as the bends. 

Popular belief is that metabolically inert nitrogen 

bubbles act as enboli n the smaller vessels thereby 

producing pain o ischemia in the muscles and joints. 

But the fornation of bubbles does not adequately 

explain the symptoms of dysbarism (decompression sick­

ness or the bends}. There is often a delay of time 

between decompression and appearance of symptoms. 

Subjects have ex erienced bends in an extremity when 

no bubbles could be visualized by x-ray; converse l y, 

bubbles have bee demo n strated by x-ray when the sub­

jects showed no sy~ptoms of the bends. And wit h the 

same controlled hysical conditions there is a marked 

difference in su ceptibility to the bends between in­

dividuals and even in he same individuals on separate 

exposures. 
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A variety of drugs which have no apparent action 

to decrease bubble formation tend to decrease the sym~­

~oms of dysbari m. These drugs include bradykinin 

antagonists, heparin, chlorpromazine, aminophylline, 

methysiloxane and PDHA. 

These drugs, while working differently, have one 

common action, which is to favor the sol phase of the 

plasma gel-sol equilibrium. It is postulated that this 

action may be ac ieved by preventing blood sludging, 

decreasing stres , decreasing the collection of sur­

factants at gas oubble interfaces, by clearing the blood 

of lipids, and b acting directly upon fibrinogen. It 

is suggested tha a hy ~ercoagulable state exists in 

dysbarism which at times may allow plasma gel emboli 

to form and to decrease blood flow to certain tissues 

thereby producing the pain of ischemia known as the 

bends. 

CONELLJ5ION: 

1. The postulate that gaseous emboli in the 

blood stream are the sole etiologic agent 

of d sbarism fails to explain all the clin­

ical manifestations of dysbarism. 

2. Deconpress on is a stress and any stress 

can roduce a state of hypercoagulability. 
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3. Drugs wh · ch counteract the state of hyper­

co3gulab · lity are beneficial in prophy­

la'tical y decreasing or therapeutically 

al eviat ~ng the symptoms of dysbarism. 
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