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THE PHYSI OLOGY OF DECOVPRESSI ON SI CKNESS

Charl es Brown M

THI'S PAPER WAS ORI G NALLY PRESENTED AT A PADI
VIORKSHOP AND VE ACKNOW.EDGE W TH PLEASURE PERM S-
SION TO PRINT I T IN QUR JOURNAL.

Deconpression is reduction of anbient
pressure, and deconpression sickness is any
ail nent resulting thereby, except for sone. We
don’t count reverse squeeze, |ung overpressure,
or hypoxia of altitude. DS (deconpression
si ckness or bends) i s essential ly bubbl etrouble.
I nnuner abl e other factors enter in, but bubble
formation is the primary event, and bubble
behavi our i sthe prinme source of grief. Therefore
this talk i s concerned nostly with how and where
bubbl es form how t hey nake mi schi ef, and how we
get rid of them

The answers seened reasonably clear after
t he excel | ent work of Bert and Hal dane nany years
ago. Bubbl es formed because of a 2:1 super-
saturation ratio was exceeded. They distorted
tissues and bl ocked bl ood vessels. They were
bani shed by reconpressi on. Experience has shown
those answers overly sinplistic. There are too
many things they don't explain. Divers get hit
whi | e obeying Navy rules: others don’t in spite
of flagrant violations. Many divers with proven
bubbl es have no synptons, while others are bent
in the absence of detectable bubbles. Sone
serious DS cases recover wthout treatnent;
ot hers do not evenif reconpressed. Bendsis nore
likely after two 40 m nute di ves t hree hours apart
than after one 80 minute dive, in spite of out-
gassing during the surface interval. Yet
frequent diving confers partial imunity. It’s
plain that we're tal king about a very conpl ex
di sorder. Today, after thousands of studies by
hundreds of investigators, we're nore confused
than ever, but we have |earned a few things.

How Bubbl es Form

First, you’ve got to have micronuclei, or
so it seenms. Put a glass of water into a chanber
and run it to 20 ATMs. |If you then deconpress
it rapidly, it bubbles. But if while still
saturated at 20 ATMthe water is poured into a
cylinder that has no air space, and is further
conpressed by a piston to 2,000 ATM when
deconpressed to the surface it won't bubble at
all. W infer that water contains nicro-bubbles
that are nornal |y stabl e, but can be di ssol ved by
i mrense pressure. We call themgas m cronuclei.
Wt hout them wat er tol erates huge supersaturation
stress without bubbling.

How do peopl e get micronuclei? The stuff
we drink is one source. Scientists say that
cosnic rays fromspace, and radi oactive decay of
trace elements in our diets cause nicro-explo-
sions that make nmore. And statistical analysis
of the randomnovenent of di ssol ved gas nol ecul es
shows that frequently some of them cone close
enough together to crowd out other nol ecul es and
so find thenmselves out of solution. What
stabilizes mcronuclei is not known. Surface
tension forces, huge at snall dianeters, would
inhibit their growth, but would also tend to

squeeze them back into solution. Maybe t hey
escape surface tension by hiding in tiny tissue
crevices. O maybe they’'re really sonething

ot her than m crobubbl es.

Anyway, real bubbles can formin the body
in a nunber of ways even without reduction of
ambi ent pressure. Pull afinger till the knuckle
pops. The pop announces sudden gas in the joint,
caused by t he vacuumyou made i n pul I i ng. Let go,
and the gas goes away in 20 m nutes.

Exerci se generates cavitati onforces al ong
muscl es and tendons that produce bubbles. And
bubbl es can formin the skin by a process known
as counter-diffusion. |f you breathe nitrogen
whi | e surrounded by helium(as commerci al divers
of ten do) the two gases di ffusingthroughthe skin
i n opposite directions cause | ocal super-satura-
tion and bubbling - a conmon formof skin bends.
A simlar mechani smmght hel p explain the high
incidence of vestibular hits in deep diving.
Theoretically bubbles could form in tissue
saturated with gas while cold, and then quickly
war med, because gas solubility falls as tenpera-
ture rises. Strong sound waves can al so cause
bubbl es.

Any or all of the above may contribute to
DS, but there’s no doubt that the nost effective
way to get a lot of bubbles in a hurry, short of
boiling a diver, is to rapidly deconpress him
How much supersaturation a diver will tolerate
bef or e bubbl es f or mi s not known. Hal dane t hought
the total tension of dissolved gases woul d have
t o be nor e t han doubl e t he anbi ent pressure before
bubbl es woul d form- hence hi s exhortation not to
exceed a 2: 1 supersaturationratioduringascent,
and his stipulation of 33 feet as the no-
deconpression limt.

He was wong. How do we know? Wi ghing a
di ver underwat er before and after deconpression
shows t hat he gai ns buoyancy, i nplyi ng a gas phase
separation. Also, dives to 33 feet or even |l ess
have on occasi on produced DS. The connectionis
confirmed by Doppl er noni tors which, placed over
the vena cava, sound off upon deconpression.

Si nce Hal dane, ot hers have hel d t hat super -
saturationtol eranceis properly expressed not as
aratio, but as a pressure differential - so many
feet seawater I essthantissue gas tension. Both
met hods for buil ding tabl es share a conmon faul t
- they really aim at defining how nuch super-
saturation stress can be tolerated without
produci ng synpt ons, not bubbles. More recently,
Brian Hills came up with the astounding notion
that divers can count on little or no super-
saturation tolerance. A glass of 7-Up sitting
still tolerates considerable super-saturation,
but stir it and bubbles burst forth. Adiver is
nmore like 7-Up being stirred than sitting still.
What he tol erates i s not so nuch a specific super-
saturation stress as a certain silent bubble
| oad.

Wher e Bubbl es Form

In practice, bubbl es are conmonl y det ect ed
in veins and in fat. The electron nicroscope
reveal s bubbl esinfat breakingthroughcapillary
wal I's to reach the bl ood, and sone t hi nk t hat nay
be a main source of venous bubbles. Another
source i s |lynph, which drains tissue fluid into
veins. Wth increasing provocation, we'd expect
bubbling in other tissues. Last to bubble would
be arterial blood. It's fresh fromthe |ungs,
whi ch swept out excess nitrogen, and it's at
hi gher hydrostatic pressure than obtains el se-
where in the body. This is fortunate, since
bubbles in arteries are particul arly dangerous.



How Bubbl es Make M schi ef

Bubbl es do indeed distort and disrupt
ti ssues and bl ock bl ood vessel s. But this doesn’t
necessarily hurt. |f you place your hand into a
little chanber that seals around the wist, and
punp the air out, your hand swells with the
bubbl es, yet you feel no pain. To feel pain, you
need pain nerves, and nost tissues don't have
t hem

Painful DSis nostly |linb bends. The site
of the bubbleinalinbbendhas | ong been debat ed.
Recently, bubbles have been seen in tendons.
Maybe they ari se fromsmal | fat inclusions, which
tendons have. Oher factors fit.

Tendons have poor circul ation, sothey | ose
gas slowy. They have a structural pattern which
a grow ng bubbl e woul d def orm and t hey have pain
nerves to conpl ain about it. Exercise, known to
favour bends, creates a relative vacuumin a
tendon by stretching it, and generates shear
forces by sliding it; both favour bubbling. And
finally, injecting salineinto atendon produces
bends-1i ke pain. O course other tissues such as
liganent, cartilage, and periosteum have not
been ruled out as sites of |inb bends pain.

Pai n can al so be a feature of serious DS.
When bubbl es bother pain fibres in the spinal
cord, painis felt wherever the fibres originate
- usual ly the | ower |inbs, and often t he back and
abdoren.

Bubbl es can cause pain with or without
doi ng nuch danage, and t hey can cause damage with
or without pain. Bubbles in the spinal cord or
a coronary artery cause both pain and damage.
Bubbl es i n the i nner ear can cause ri ngi ng noi se,
hearing | oss, dizziness, staggering, and nausea,
all without pain. Bubbles inthe brain can cause
stroke synptoms - no pain. Bubbl es bl ocki ng
vessels in various |arge organs cause no pain.
They don’t even cause damage if collateral
circulation is good enough that blood flow
bypasses the block. If it doesn’t, damage must
result. Evidence for it is a feeling of great
fatigue several hours after diving. A bl ood
sanpl e taken then wil| show el evati on of enzynes
rel eased fromdanaged cells. Inthislatter case,
heal i ng seens t o be pronpt and conpl ete el se al ot
of us here today woul dn't be functional.

Fi nal | y, bubbl es (or other enboli) in bone
cortex may cause silent damage that erupts in
pai nful disability nonths or years later. W're
t al ki ng about aseptic bone necrosis, or as it is
now ternmed, dysbaric osteonecrosis. Wen such
areas of bone death occur near a mgj or joint, and
eventual l y thejoint surface coll apsesintothem
it’s sudden crippling. Dysbaric osteonecrosis
correl ates poorly with linmb bends, and not at all
wi th serious DS. Nobody knows why. Anintriguing
hypot hesis is that uraniun?38, which tends to
concentrate near the ends of | ong bones, insures
a plentiful supply of gas micronuclei toinitiate
bubbl e formation in those areas.

The Pul nonary Bubbl e Trap

Si nce ordi nary di ves produce bubbl es capa-
bl e of bl ocking bl ood vessels, why isn't DS far
more common? Recall that npst bubbles either
arise inveins or are delivered to venous bl ood.
Venous bl ood goes to the ri ght heart, which punps
it through the lungs. A lung happens to be a
superb bubbl e trap. Bubbl es big enough to bl ock
vessels are filtered out, and remain stuck till

their gas diffuses out to the alveoli.

Isn’t this hard on the lungs? |t appears
that a diver won't notice synptonms until 25-60%
of his pulnonary circulationis blocked, depend-
ing on howactive heis, and on whose figures you
read. Near thelinmt, there are warnings. G eek
sponge divers learned that when a drag on a
cigarette sets off a fit of coughing, it’'s time
to pack inthe day’s diving and t ake an under wat er
deconpression stop. Even a deep breath may
provoke the coughi ng.

Chokes

If the lung’s capacity to trap and scrub
bubbl es is exceeded, a lot of bad things can
happen - like the chokes, spinal hits, and
arterial gas enboli. The chokes is a syndrone of
pain, shortness of breath, and coughing. The
I ungs get water-logged and still - it’'s harder to
breathe. Reflex or chenically induced bronchos-
pasm further reduces air delivery. Al veol i
wi t hout bl ood fl owcan’t exchange gas, so oxygen
upt ake goes down. Yet these alveoli are still
ventilated, so part of the work of breathing is
wasted. All this bl ockage causes hi gh resi stance
to fl owof bl ood throughthelungs. Back pressure
builds up in the pul nonary artery, and the right
ventricle nmust work harder to punp the blood it
gets fromthe system ccirculation. Wienit can't
mai ntain the pace, circulation slows and back
pressure builds up in the systemc veins.
Nitrogen delivery fromtissues to lungs falls
of f, and this sl ows outgassing and favours nore
bubbl i ng. When the capillary beds feel the back
pressure, thereis ashift of water frombl ood to
tissue, reducing the bl ood volume - a prelude to
shock.

Spinal Hits

Serious DS can occur wel | before the bubble
loadinthelungsislarge enoughto cause chokes.
Spi nal bends is a special case. It is often due
to bl ockage of the veins that drain the spinal
cord - the vertebral venous plexus. It is nost
apt to occur when circulationis slow, and it’'s
ai ded by an anatom c peculiarity. Mst veins have
one way val ves to prevent back flow. The veins
of the azygous system whi ch drai ns the vertebral
pl exus, do not. If anything increases the
pressure in the chest, |ike say a cough, or
exhal i ng agai nst ai rway obstruction, there could
be a tenporary back flow of blood through the
azygous systempushi ng bubbl es j ust energed from
the vertebral plexus backintoit, wherethey hang
up. Indeed, venous bl ockage isn’t unique to the
spi nal cord. Studies of other tissues have shown
bubbl es first apparent in venules to grow back
intocapillaries. Andspinal hits canalsoresult
fromarterial enboli.

Arterial Enbolism

Bubbl es gain access to the arteries when
al | owed t o by-pass the pul nonary trap, or whenit
i s somehow rel eased. An unborn baby has a hole
inthe wall between the upper heart chanbers, so
that bl ood can flowdirectly fromtheright tothe
| eft side, by-passingthe non-functioninglungs.
Thi s opening (the foranen ovale) is supposed to
close after birth, but doesn’t always. Up to 50%
of adults retain at | east a pin-hole defect, and
the vast majority don't know it. Normally it
doesn’'t matter. But when lung circulation is
bl ocked and back pressure in the right atrium
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builds up, a significant amount of blood and
bubbles will take the short cut to the arterial
side of the circulation.

Lungs themsel ves have shunts that bypass
their own capillary beds. These seemto be cl osed
nmost of the time, but they open as the bubbl e | oad
i ncreases. In one experiment, tiny beads of
various sizes wereinjectedintravenously. Afew
beads wi t h di aneters |l arger thanlungcapillaries
al ways got through. As the rate of injection was
increased, nore beads of larger sizes got
through. What opens the shunts is uncertain -
maybe i ncreased pressure, hypoxi a, el evated COp,
or all three. O concei vably, bubbles could
rupture pul nonary arterioles and break directly
into venules, to by-pass the trap.

Finally, arepetitivedivecouldspringthe
bubbl e-trap by squeezi ng sone of the bubbl es down
smal | enough to pass through. Mre nitrogenis
t aken aboard during the dive, and upon ascent it
diffuses into those pre-existing bubbles and
enl arges themto nore than ori gi nal di ameter. Any
that happen to be in the arteries at the noment
they become too big to transit the mcro-
circul ati on becone arterial enboli. As nmentioned
before, the harmthey cause depends upon where
they happen to lodge. This hel ps explain the
randomi nci dence of DS for a given provocation -
the fact that i f you pl ot theinci dence on a graph,
you get the bellshaped curve that reflects pure
chance.

Si nce sone bubbl es do reach the arteries,
the question arises why brainhits aresorarein
DS, while so common in the air enbolismof |ung
over-pressure accidents. There is disturbing
news. Maybe brain hits are not so rare. After
lung tear, alot of air enters the carotidartery
al | at once. DSbubbl es are much smal |l er, but they
keep comi ng. They woul d tend t o bl ock much ti ni er
vessels in nore scattered areas. It has been
reported that very careful neurol ogi cal exam na-
tion of DS patients often does show evi dence of
subtl e brain damage. It has al so been casually
observed that sone commercial divers of |ong
experience seemto undergo personality changes.
Fi nal | y, autopsies of goats exposed to frequent
deconpressi on stress showed unequivocal brain
damage. The pathol ogi st opi ned that one of the
brains couldn’t have been norethanfifty per cent
functional. Yet none of the goats had denon-
strated abnormal behavi our.

Bi ocheni cal Di sorders

So far, we’'ve been looking at DS as a
mechani cal disorder - the gas laws in action.
There’ s anot her side - biochenistry inactionand
it’s awhole newball gane. It’'s tenpting to say
t hat bl ood recogni zes bubbl es as forei gni nvaders
and counter-attacks. That's probably nonsense,
since the counter attack does nore harmthan the
bubbl eswoul dif | eft alone. Mrelikely, bubbles
trigger the damage control systemfor pl uggi ng up
| eaks invessels, but at the wongtine andinthe
wrong pl aces.

It all starts with bl ood gl obulins - |arge,
conpl ex, biologically potent nolecules. These
have one pol e that attracts to water, and anot her
that attracts to fat, and typically arrange
thensel ves in groups with the fat |oving poles
inward. Bubbles change this. For reasons best
known t o bi ophysicists, the bl ood-bubble inter-
face generates an electro-kinetic force that
makes the nolecules flip. They re-align with
their fat loving poles at the interface. This

sonehow activates them to do strange things.
Near by blood platelets beconme sticky. They
adhere to bubbles and to each other, whereupon
they too becone activated. The result is the
rel ease or the induction of a witch's brew of
hi ghly bi oactive substances with odd nanes |ike
serotonin, bradykinin, kallikrein, histamn,
SMAF, prostaglandins, etc. Then things really
l'iven up.

The bl ood cl otti ng nechani smi s cranked up.
Li pids split off |ipoproteins and coal esce into

gl obul es of fat. Capillary pernmeability is
i ncreased, and fluid|eaks frombloodintotissue
spaces, decreasing blood vol une. Arterioles

constrict intensely, reducing and sonetines
shutting off circulation to capillary beds. By
the tine waste accunul ati on and hypoxi a make t he
arterioles relax, the capillaries have been
damaged. Sone of their liningcells peel off and
are swept into the blood stream Plasma | eaks
through the danmged capillaries into tissue
spaces, so blood | oses nore vol une, and becones
further concentrated. Thisincreasesits viscos-
ity, which slows circulation, favours nore
clotting, and makes red cel|ls sl udge together in

cl unps.

How far all this goes depends upon the
bubbl e | oad. Wien the body’'s conpensatory
mechani sms are overwhel med, the victim slides
into shock. This is one reason why it's so
important to get potentially serious DS into a

chanber fast. Wait till the victims in bad
shape, and the results of reconpression will be
di sappoi nti ng. You can’t squeeze out the

pl atel et masses, fibrinclots, fat gl obul es, red
cell clunps, and other cellular debris clogging
up his circulation. He needs a |ot of medical
intervention- intravenous hydration, anti coagu-
lants, etc.

In practice of course the nechanical and
bi ochemi cal effects of bubbl esinteract. Bubbles
m ght hang up where tiny arteries branchintotwo
smal | er ones because surface tension opposes
deform ng a sphere into two wieners. But why
shoul d bubbl es hang up i n smal | vei ns? Doubt| ess
because they attract platelets, which becone
sticky.

Pr edi sposi ng Factors

Some t hi ngs predi spose to DS, and we may now
ask how. The npst inportant seemto be obesity,
age, exertion, and illness. After a |long dive,
fat holds al ot of nitrogen which, because of poor
circulation, it can't unload. So it Bubbl es.
Al so, overweight people tend to have el evated
bl ood i pidlevels, whichfavours the bi ocheni cal
derangenent in DS. Incidentally, fatty neals
tenmporarily rai se blood |ipids and so favour DS.

Esti mat es of the i nportance of age vary, up
to an 11%annual increase in bends liability for
young nmen. All agree that the risk increases
sharply at m ddl e age and beyond. The sinpl est
explanation is increase in body fat and, nore
inportant, in arteriosclerosis, which reduces
circulatory efficiency.

Exercise during a dive speeds up circul -
ation and, therefore, nitrogen uptake. It also
generates | ots of CO; which, because ventilation
isinpairedat depth, resultsinelevationof the
CO; tension. W don’t know why, but CO; seens
qui cker than nitrogen to pronote early bubble
growt h. Once bubbles form any excess CO;
enl arges them faster. Upon ascent, exercise



pronotes bubbles by cavitation and shearing
forces, and by generally shaking up the body.

A fewyears ago, aspirin got an undeserved
reputation for causing bends. The real culprit
turned out to bethe conditionfor whichthediver
had taken the aspirin. Though the mechanismis
not understood, illness seens to predispose
especially to serious DS. In this context,
illness includes al cohol abuse and ot her condi -
tions that | ower metabolic efficiency. Dehydra-
tion predi sposes at | east in part becauseit’'s a
head start to haenoconcentrati on. Divers shoul dn’t
be thirsty.

De- di sposi ng Factors

Cai sson wor kers and peopl e who dive a | ot
acquire partial imunity to bends. This is said
to peak i ntwo weeks at al evel of 75%protection.
We think it results from subclinical bubbling,
since intravenous injections of air in animals
al soconfersimmunity. Afavoured explanationis
that silent bubble showers from repeated
deconpressi ons consune nicronuclei faster than
they can be repl aced. The curious fact that
immunity for one depth does not extend to deeper
depths is consistent, if we assume that sone
mcronuclei are nore stable than others and
require nore supersaturation stress before they
wi || commence expansion. Consunption of bl ood
clotting factors faster then replacenment m ght
further add to the protection. To avoid
unpl easant surprises, it is npst inportant for a
diver to remenber that inmmunity is lost in 2-3
weeks of not diving.

Qut - gassi ng

W' || now address our final question. How
do all these divers running around with silent
bubbl es ever get rid of then? Say for exanple
you' ve just conpleted a nice legal dive - 50
m nutes at 60 feet. Youhave silent bubbles. Wen
all of your excess dissolved nitrogen has
diffused either into the bubbles or into the
alveoli, and equilibriumis reached, what’'s to
keep those bubbles from becom ng permanent
guests? They’'re at anbient pressure, so why
shoul d any gas | eave then? One reason is that a
bubble is never really at anbient pressure.
Surface tension and tissue elastic recoil exert
at least a little conpressive force upon it.
Another and far nore inportant reason is the
i nherent unsaturation of living tissue.

| nherent Unsaturation

Full equilibration between tissue and
al veol ar air cannot be reached, but rather a
steady state in which tissue gas tensionis |less
t han anbi ent, and therefore | ess than bubbl e gas
tension. Thisis tricky tograsp, but it's very
important. Here's howit goes. W say that, by
the laws of Henry and Dalton, dissolved gas
tensions in the body are in equilibriumw th gas
tensions in alveolar air, which nust add up to
anmbi ent pressure. But it’'s not quite true.
Actually, only arterial blood equilibrates with
al veol ar air. When arterial blood gets into
capillaries, oxygenislost and CO; i s pi cked up.
Oxygen i s poorly solublein bloodplasma, and t he
smal | amount di ssol ved i s rapi dly soaked up by t he
ti ssues, so oxygen tensi on drops way down. True,
haenogl obi n unl oads nore to nmeet tissue needs,
but only at this |owtension. Conversely, the CO
pi cked up i s very sol ubl e, and nost of it is found
in chem cal conbinations anyway, so whil e oxygen

tension drops a lot, CO tension rises very
little. Therefore, the sumof all dissolved gas
tensionsislower invenous bloodthaninarterial
bl ood. Since tissues are in equilibriumwth
venous bl ood, their total gastensionis alsoless
than anbi ent pressure, and therefore |l ess than
gas tension in bubbles. Thus, a bubbleis always
super-saturated relative to the tissue it occu-
pies, and the tissue is unsaturated relative to
the bubble. So Bubble gas nust slowy dissolve
intotissue fluiduntil thereis no nore bubble.

The magni tude of inherent saturation has
been neasured in rabbits at the surface as 80-94
mm of mercury. At depth, breathing conpressed
air, arterial oxygen tension is very nuch
greater, but venous oxygen tension is not.
I nherent unsaturation, determ ned by the differ-
ence between them therefore becones very much
greater. This has surprising inplications for
deconpression practice. Take a cormerci al diver
who has put in four hours at 150 feet and wants
up. Hal dane woul d bri ng hi mup hal f way t o achi eve
maxi mal tol erable super-saturation, and thus
maxi mal out-gassing gradient. Hlls says that's

wr ong. People don't tolerate nmnuch super-
saturation, so you'll just produce a lot of
bubbl es. Once bubbl es appear, excess di ssol ved

nitrogen will diffuseintothem Gas tensionin
tissues and blood will therefore drop toward
ambi ent, and the out-gassing gradient in the
lungs wi Il becone | ow. The diver nust then wait
till inherent unsaturation and slow alveolar
diffusion renove a | ot of gas fromthe bubbles
bef ore he can safel y ascend to t he next stop. The
nor e shal |l owhe gets, the snaller is theinherent
unsaturation, so the stops have to be |onger.
What a drag!

The right way, by Hlls, is the opposite.
Start the ascent slowy, w th much deeper stops,
so any bubbl es starting to formwi |l be pronptly
bani shed by the high inherent unsaturation at
those depths. Thisisgreatly facilitatedif the
bubbl es are never permttedtogrow, for withtiny
bubbl es, you get much nore help from surface
tension, and the surface to volunme ratio is very
great, permtting rapid re-solution of gas.

Thi s approach has good experinental sup-
port, and is now being used in some comrerci al
operations. The Navy tables are based on the
Hal dane nodel, but extensively nodified through
experience. Let us enphasize that, as of now,
they are the only ones thoroughly tested and
currently recomended for sport diving.

Oxygen in DS Treat nent

Since inherent unsaturation results from
oxygen netabolism it is sonetines called the
oxygen wi ndowf or out-gassi ng. To openthe wi ndow
wi der for faster safe ascents (in conmercial
diving) or for treatment of DS, you need sinply
replace all or part of thediver’ s air supplywth
oxygen. This trick further inproves the out-
gassi ng gradi ent for nitrogen because it |owers
inspired nitrogen. Another advantage of oxygen
for treatment is that at three atnopspheres
absol ute, enough dissolves in plasnma to supply
basal tissue needs wi thout help fromred bl ood
cell's. At such hightensions, oxygenw || diffuse
through tissue fluid around blocked vessels
enough to keep sone of the deprived cells alive.

Q her Aspects

We’' re done wi t h bubbl es, but before we have
done with DS, we nust at |east consider the

25



26

possibility that other factors associated with
deconpressionmay play arole. Notableis osnotic
pressure - the tendency of water to flow (al ong
its own concentration gradi ent) fromareas where
the concentration of dissolved materials is | ow
towhereit is high. During ascent, fast tissues
| ose gas nore rapidly than slowtissues, and the
resulting osmotic gradients would tend to pull
water fromthe fast into the slow tissues. A
special case is blood, which is thought to
equilibratewithtissuesbythetimeit traverses
capillaries. In the arterial portion of the
capillary, up to where equilibriumis reached,
bl ood woul d | ose water to the tissue. As we've
seen, haenoconcentration favours DS.

Csnotic gradients created by the descent
phase of the dive could also be significant.
Di ssol ved gas i n wor ki ng muscl e and i n bone nmarr ow
woul d rise much faster than in the adj acent bone
cortex, tendingtodehydrateit. Haenpconcentra-
tioninthe cortex capillaries would favour red
cell sludging and blood clotting, and thus
osteonecrosis. If thisissignificant, as ani mal
studi es suggest it may be, dysbari c osteonecrosis
becomes, to that extent, conpression sickness.

UNDERWATER RECOVPRESSI ON OF BENDS

Charl es Brown M

(This articleis reprinted by kind perni ssion of
NAU and is from NAU News Cctober 1979).

Peopl e dive everywhere. Charl es Howel |
dived in Thail and, which is fine except that the
nearest reconpressionfacilityisfar anay inthe
Phi | i ppi ne Islands. Wen he got bent, he opted
for reconpression underwater instead of the 15-
pl us hour journey to Subic Bay. Here's how it
went .

The dive was the first of the weekend. It
was nostly at 60 to 70 feet, with a naxi numdepth
of 85 feet and a bottomtine of 23 minutes. Soon
after surfacing he noticed | oss of sensation in
hi s right hand, and t hen conpl et e paral ysi s of the
right armand leg. What to do? He could go to
hospital and hope for the best, or set out for
Subi ¢ Bay, or put on atank and go back down. None
of the options was attractive, so it became a
matter of deciding which was the | east bad.

Aqui ck i nvent ory of resources showed t hat :
1. Seven full tanks of air were avail able; 2. The
victimwas mental |y cl ear and felt confident that
he coul d manage his own air supply; 3. The water
t enper at ure woul d perm t several hours of exposure
wi t hout hypot herm a becoming a problem and 4.
There was present a very experienced di vemaster
who coul d acconpany and observe the victim All
t hi ngs consi der ed, underwat er r econpr essi on seemned
the best bet.

The profile elected was 20 m nutes at 60
feet, 10 m nutes at 50 feet, 10 mi nutes at 40 f eet,
20 minutes at 30 feet, 30 m nutes at 20 feet, and
60 minutes at 10 feet. It worked - M Howel |
regai ned the use of his linbs at 40 feet on the
way down, andfelt quitenormal after deconpression.
The fol | owi ng day, however, theright linbs felt
alittleweaker thantheleft, and ever sincethey
tire nore easily with exercise.

We | earnt of this case fromArthur Rhodes,
NAUI, in Thailand. Heis disturbed. Hetakesthe
US Navy vi ew t hat underwater treatnent of bends
i s dangerous and shoul d be condemed. He fears
that its success in the present case will entice
otherstotryit, with disastrous results, and he
asks for our comments.

First, we congratulate M Howell and the
peopl e who advi sed and assi sted him He had avery
serious probl emt hat needed a qui ck sol uti on, and
it was provided. It’s hard to argue against
success. Yet | ooki ngthrough our retrospectroscope
(the nedical equivalent of Mnday norning
quarterbacking) we can see possibilities for
i mproving the nanagenent. First, use of the
reverse slant position at the first sign of
troubl e mi ght or m ght not have been benefici al .
Second, newer theories of bubble resolution
suggest that sone of the tine spent at 10 feet
m ght have been better spent at the 30 and 20 f oot
st ops. Still, the schedule used was nmore in
keepi ng wi t h conventi onal practice and cannot be
faulted. Third, the 2 and a hal f hour treatnent
that was possible falls far short of any approved
schedul e. |f oxygen coul d have been obtained, its
use for sone hours after surfacing mght have
i mproved the outcone. Fourth, a neurol ogi cal
examafter the apparent cure m ght have reveal ed
subt| e residual defects andresultedinadviceto
get to achanber. Finally, sincecentral nervous
system synptons can occur after apparently
successful treatment, and since a recurrence is
best treated with hyperbaric oxygen, it would
have been wel | to get near a chanber for a day or
two of observation - assunming aflight with cabin
pressure near sea |evel and oxygen avail abl e.

And now that we’'ve gone on record as
agreeing wi th Howel | * s underwat er reconpressi on
- acontroversial opinion- we hasten to add t hat
we also agree fully with Arthur Rhodes. A
decision to treat bends underwater is alnost
al ways wong. Rarely is anyone present with the
expertisetoanal ysethe situationandinvent the
best possible treatnment schedule. For many
reasons, safe treatnment of adequate duration
woul d usual 'y be inpossible anyway. The victim
m ght be or become unabl e to hel p hinmsel f, or the
air supply i nadequate, or the water too cold, or
dar kness woul d set i n, or the weat her deteriorate.
The victims nitrogen burden would usually be
| ar ge enough t hat any f easi bl e under wat er schedul e
woul d hardly dent it. The depth required to
relieve synptoms would usually cause further
i ngassi ng, adding to the nitrogen burden. Unless
the ascent could be stretched over a great many
hours, it woul d produce | arger bubbl es and wor se
synpt ons t han beforetreatment. Finally, val uabl e
time would be lost. The victi mneeds hyperbaric
oxygen, and the longer he is deprived of it, the
less will be his chances of recovery. There are
horror stories of victins and rescuers dying
during prol onged underwater treatmnment attenpts.
In nost cases, the outcome will be better if all
efforts are directed towards reaching a chanber



