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Editori al

The range and variety of articles included in this and previ ous newsl etters shoul d
go far towards denonstrating to even the nost conpl acent or cynical of divers that
our upstart speciality of Diving Medicineis not only of use when di ver danage occurs
but i s the only source of expertisetowards understandi ngt he physi ol ogy and pat hol ogy
of those who venture underwater. The nmerely nechani cal problens can be sol ved by
any conpetent engi neer once the protocol s have been stated, but the highly conpl ex
systemof checks and bal ances in the body is still little understood. It should be
apparent that a purely mechani stic approach is not only too sinplistic but downri ght
dangerous. The occurrence of “rogue bends” in association with strict use of non-
deconpressi on di ve schedul es denonstrates this fact. For far toolongthe generality
of divers have worked enmpirically, equating survival with correctness of procedure,
while the majority of experts gave blind belief totheory as witten, regardi ng what
t hey wi t nessed as evi dence of diving techni que fail ure al ways and never as i ndi cative
of inperfection in their understanding of matters. The nmi nd-bl ocks that hamstring
Scientific progress are as well developed in our infant speciality as in the nost
anci ent of Royal Colleges. Anyone who reads the DCI EM 1973 report on deconpressi on
sickness wi Il suffer an acute case of deja vu if they have previously read t he bri ef
revi ewof the subject by Dr Charles Shilling (USNMed Bull 39.367376, 1941). Therein
he not ed t he opi ni ons of hinsel f and ot hers that DS was rmuch nore t han a si npl e bubbl e
ef fect, that heliumcoul d be used by di vers, that bone damage occurred and t hat oxygen
therapy was highly useful. The commonly used texts for non-specialist diving
physi ol ogi sts still, over 30 years later, keep to the sinple old time faith of the
founding fathers of diving of discrete reconpressible bubbles as explaining
deconpressi on si ckness. While the finer details of the charges are of no i nportance
to the practicing diver there are serious and observable ill effects flowing from
the belief that if one cheats a little and gets a bubble trouble the conplete and
sinmple answer is to squash it flat with a quick blast of pressure. Wuld that it
were so easy. This leads to the well known demand by abal one di vers, for exanple,
for bigger and better reconpression chanbers rather than an educated approach to
di vi ng prophyl actic procedures. Surely there has been enough tal k now about “bone
rot” to persuade divers that “Doc may know best”, at any rate in this matter. But
in truth our understanding is still inconplete.

Progress inthe refinenent of know edge can only be firmy basedif a sufficient fund
of accurate information is available. It is also a great help to have a few cl ues
as to the problemthat one is seeking to renedy. For such reasons the newsletter
wel cones papers on observati ons of a general (surveys) or specific (case notes) type.
The articl e by Crockford and Dyer i ndi cates that the smal |l nunber of deat hs associ at ed
wi t h professional divers may conceal an unacceptably high nortality rate. It isto
the shane of all parties involved in the North Sea oil rig diving activities that
the nortal ity anong di vers, guessed by sonetorunat ayearlyrate of 1%of rigdivers,
was ignored until a newspaper started to run the story. Then everyone started to
get inonthe act. It is hoped that the newfound though belated interest in diver
trai ning and diving safety procedures will be naintained and spread world wide. It
i s hoped, though this is less likely to occur, that co-operation will evolve and
i nformation sharing becone areality. There is a real danger of “Enpire building”
producing frictions between the different groups involved in diving safety in the
North Sea area al ready. A paper dealing with the need for an Undersea Life Support
Specialist, by W O Neill of Wstinghouse Electric Corporation will appear in the
next i ssue. Such people wouldin the future hold the bal ance between t he many f orces
ef fecting di vi ng deci si ons and coul d becone a source of vital information. But until
such i nformati on sources evolve there will be great dependence on clinical reports
such as we have Drs Cave and Hattori. The present day hoardi ng of clinical infornmation



about diving incidents is a crine insonuch as nedical opinions at present |ack
sust ai ned assessnent against results. The Editor will be pleased to receive al
of fered i nformati on under seal of continued confidentiality should readers not w sh
towite up details thensel ves for publication. The clinical observations by divers
of vertigo and post dive synptons will be welcone. It isthe Editor’s private opinion
that the occurrence of small air enboli is far fromrare but because nany think that
a cerebral air enbolus is necessarily fatal the non fatal cases are not correctly
ascribed. This is combined with a disinterest in reporting cases where cure occurs
wi t hout the doctor’s assistance.

Readers will be pleased to have the opportunity of reading another chapter of the
book by Ednonds, Lowy and Pennefather. They continue their effort to educate us
either slowy through these colums or nore rapidly (their preference!) should we
buy and read their book

Once nore we are nuch i ndebtedto the British Sub-Aqua C ub and t he i ndi vi dual experts
who spoke to the OCEANS 2000 neeting. There is much to stimnulate thought in what
they have to say. Sone final papers will be printed in the next newsletter dealing
wi th the cost efficiency of divingnodes and ot her probl ems. The Crystal Bal | approach
to advances in di ving i nvol ves areturn to basic principlesif any degree of accuracy
is to be expected. No nore distinguished experts than those whose papers are here
printed could be inmgined. W thank themfor allowing this use of their papers.

One sign of the questioning of diving shibboleths is the suggestion that the very
tabl es of depth/time for divers are therapeutic rather than prophylactic regarding
deconpressi on sickness. This has very inportant inplications in the field of the
preventi on of dysbaric osteonecrosis. It could nean a rush back to the conputers
by t he back-roomboys i f the Duke Uni versity workers are correct. The nodern ability
to noni t or asynptomati c bubbl es will be very useful intheinvestigationof the safety
of diving tables and the article by Dr Meckl enburg hel ps to understand what is
i nvol ved.

The report on the AGMi s not avail able but it is known that the nmenbers there present
declined the opportunity offered by the New Zeal and nenbers to do sone practica
hypot herm a research, suggesting in their turn areturnto the Isle of Pines. The
recent nmeeting at Mel bourne is reported briefly. Two papers given there are being
made ready for later publication in this newsletter

Yes, you are quite right. The Editor has given up the unequal struggle to produce
four issues of the newsletter this year. This issue is extra |large as sone sort of
reconpense for the shortfall. It would be easier to publish regularly if nmemnbers
contributedinlarger nunbers. Sincere thanks are offeredto all contributors, those
who choose to remai n anonynous i ncluded. To the others, a suggestion that your New
Year Resolutionis to produce a contribution and so join the ranks of the blest. It
really i s amazi ng how many t hings can be legitimtely included as relating to diving
medi cine. Perhaps it is the nost all-enbracing of Specialities.

Safe diving ... or wite it up

* * *x * * % * %
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DON T FORGET THE SHARK- O- GUARD, BEN

There is al arge and eager public awaiting anyone who can produce a ful |l y guar ant eed,
sure-fire, all-sharks repellent. The nost practiced, though still unintentional
deterrent appears to be the screen of pollution that exists off-shore near hunan
habi tati ons, |arge conurbations naturally being at a considerabl e advant age over
resort islands in this matter. Unfortunately there may exi st currents and gull eys
that allow sharks to come close to the shore, there to produce alarmthrough their
presence regardl ess of their actual aggressive activities. Naturally! So further
protectionis desired, andevennoresoisit necessary for plane or shi pweck victins.
An artificial pollution has been tried by neans of chem cals, dyes conbined with
copper conpounds becom ng popul ar during Wrld War 11. Unfortunately when sharks
get the feeding frenzy they ignore even their own partial destruction in their
i nsensate conpul sion to attack. Bubble walls, beside being ineffective for npst
sharks, are hardly practical onthe openseasituation. Simlarlyelectrical barriers
ar e unwor kabl e and t he sear ch f or acousti c devi ces appears to have found howto attract
them not to repel

On the premi se that preventionis better than cure a prom sing |line of investigation
has been the devel opnent of a plastic bag so that the shark remai ns unsti mul at ed,
the potential victimis many “It’s feeding time” chemical (and other) broadcast
nmessages bei ng retai ned wi thinthe bag he/ she wears. Al though Dr Walt Stark has shown
t hat sone sharks avoid a diver who wears a bright striped wet suit, at any rate near
Lord Howe | sl and and of f t he Sol omon | sl ands, ot hers have found t hat sharks have good
eyesight and are attracted by bright col ours. As shark behaviour i s not understood
and t hey have | abi |l e t enperanent on occasi on, caution is indicated before regarding
even the nost em nent of observers as a guide for oneself. The days when one was
told to bl ow bubbles and all sharks would flee seemto have thenselves flown. It
is therefore of interest to note that one group of fish seemto bear a charned life
when sharks are around.

Par dachi rus mar nor at us, the Mdses Sol e of the Red Sea, owes its protectionto a m|lky
secretion fromglands at the base of the dorsal and anal fin rays. The Australian
Peacock sol e apparently has a sinmilar protection. Anything that can stop a shark
fromshutting its nmouth nust really pack quite a kick! So if anyone sees Ben Cropp
rubbing a sole over his wet suit they will know they can safely bet on himin the
great est pi ece of showbi z pi scatorial may-be of the conming year. Qherwise, infair
fight, poor Ben ...
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LI QU D BREATHI NG
Prof. Johannes A Kylstra
(Cceans 2000, 1973)

As sone of you may recall, during the Second Wrld Congress of Underwater Activities
hel d i n London in 1962, Jacques Cousteau startled his audience with a vision of the
di ver of the future - honp aquaticus - a hunman creature with liquid-filled |ungs,
breathing like a fish, with a surgically inplanted gill. Honp aquaticus woul d be
free to roam the oceans from the surface to great depths, protected against
deconpr essi on si ckness by an i ncompressible liquidinhislungs. As all of you know,
one of the main hazards in diving is the presence of conpressed air in the |ungs,
whi ch prevents t he chest frombei ng crushed while, at the sane tinme, sustaininglife.
The pressure causes gases to dissolve in the blood, with potentially serious
consequences. At hei ghtened concentrations in the blood and ti ssues, nost gases are
toxi c: oxygen can cause | ung damage and convul sions; nitrogen can produce a state
of altered consciousness, and usually incapacitates a diver at a depth of 300ft or
t hereabouts. These conplications can be avoided by using helium which is not
narcotic at high partial pressures, and by ninimising the fractional concentration
of oxygenin the inspired gas m xture so that the partial pressure of oxygen renains
within safe linmts.

However, regardl ess of the gas nixture used, the inert gas dissolves in the bl ood
and ti ssues and, whenever a diver surfaces too rapidly fromdepth, rel eases bubbl es
that result in deconpression sickness. Theoretically, deconpression sickness and
gas toxicity coul d both be avoided by filling the diver'slungswithaliquidinstead
of conpressed gas. This liquid would resist the external pressure wi thout a change
inthe volunme of the chest and, at the sane tine, no gas woul d di ssol ve in the bl ood
fl owi ng-through the | ungs since there would be nogasinthelungsinthefirst place.

To supply the diver with enough oxygen and an avenue for the di sposal of the carbon
di oxi de that is continually being produced in his body woul d necessitate the use of
a device simlar to the ones now bei ng used by surgeons to keep patients alive while
repairing their hearts; an artificial lung, but this time fashioned after the gills
of fish, et voila - honp aquati cus.

The essential feature of honp aquaticus is the inconpressible liquidin his Iungs.
The artificial gill - a technical and surgical “tour de force” - is necessary to
protect himfromdrowning, or is it? Could not the diver’s liquid-filled |ungs be
made to functionlike gills? Asit turns out, the answer is “Yes”, and t he advant ages

over the surgically inplanted artificial gill are obvious.
Animal life on our planet began in the sea in an environment in which oxygen is
relatively scarce. Early forns of animal life, making the best of the conditions

i mposed by the environnment, evol ved breat hi ng organs such as gills that are capabl e
of extracting adequate anmounts of oxygen fromwater. Eventually the evolution of
lungs made it possible for aninmals to energe fromthe sea and to benefit fromthe
physi cal characteristics and advantages of an oxygen-rich gaseous environnent.
Thr oughout the span of evolution, however, the function of the respiratory organs
has remai ned basically the same: in both gills and I ungs oxygen diffuses fromthe
envi ronnent, across thin nenbranes, into the blood, and carbon di oxi de coni ng out
of the bl ood di ffuses inthe oppositedirectiontobedischargedintothe environnent.
Nevert hel ess, to reverse evol ution and to resune wat er breat hi ng presents form dabl e
problems for a manmal . | have al ready nmentioned one: the fact that under nornma
conditions, at ordinary atnospheric pressure, water contains too little dissolved
oxygen. Another problemliesinthe fact that natural water, beit fresh or seawater,
usual Iy has a conposition which is very different fromthat of blood. Hence, when



such water is inhaled it causes lung tissue damage and, provided enough of it is
i nhal ed, fatal alterations in the volune or conposition of the body fluid.

Now it is a sinple matter to prepare a liquid that overcomes both of these
difficulties. Suppose we take an isotonic salt solution that is Iike blood plasm
in conposition, and charge this solution with oxygen under greater-than-normal
pressure: the solutions’ simlarity to the blood will prevent any alterations in
t he vol ume or conposition of body fluid by diffusion or osnobsis. Under pressure,
t he sol ution can be charged wi t h about t he sanme concentration of oxygenasis normally
present in air at sea level. Could a mammal breat he such a sol ution?

Using a small pressure chanber partly filled with an isotonic salt solution, |

performed the first experiment, with a nouse, at the University of Leiden in 1961.

The nouse was i ntroduced at the bottomof the pressure chanber through a | ock like
t he escape hatch of a submarine; the chanber had transparent walls so t hat the nmouse
coul d be observed. Inthe first fewnonents after entering the chanber , the ani nal

tried to swimto the surface of the water, but was prevented fromdoing so by a grid
bel owthe water level. After a short period the nmouse qui eted down and di d not seem
to be in any particular distress; it nade slowrhythm c novenents of respiration -
apparently inhaling and exhaling the 1iquid. It noved about in the chanber
occasionally and would respond to a rap on the wall. Some of the mce so tested
survived for many hours, thel ength of survival dependi ngonthe particul ar conditions
of the experinment such as tenmperature and the chem cal conposition of the |iquid.

In each case, however, the nmpbuse eventually ceased his respiratory activity.

Fromthe results of variations of the applied environnmental conditions, it appeared
that the decisive factor, limtingthe survival of the m ce was not the | ack of oxygen
- which coul d be supplied in anple amounts sinply by increasing the oxygen parti al
pressure in the liquid - but the difficulty of elimnating carbon dioxide at the
required rate. The nousse that survived for the | ongest tinme - 18 hours was assi sted
by the addition to the solution of a small amunt of tris(hydroxynmethyl)-
am nomet hane, which is a substance that mininmzes the untoward effects of carbon
di oxide retention in animals and nman. Lowering the tenperature of the solution to
20°C, about half the nouse’s normal body tenperature, also | engthened the survival
time by cooling the animal and thus reducing his netabolic rate, and consequently
his rate of carbon di oxi de production.

Nowwi th miceinasmall pressure chanber it isdifficult to deternm ne hownuch oxygen
is actually taken up by the lungs, how well the arterial blood is oxygenated, and
how much carbon di oxide the animal retains. Consequently, ny associates and |
resortedto nore el aborate procedures using dogs in alarge pressure chanber provi ded
wi th additional equipnent.

The entire chanmber was pressurisedwith air and an anaest heti zed dog was | owered i nto
a tub of oxygenated saline. The ani mal was kept cool at about 32°Cin order to reduce
hi s oxygen requirement. Wil e subnerged, the dog continued to breathe, and jets of
water rising fromthe surface showed cl early that he was punpi ng the sol ution in and
out of his lungs. At the end of the observations, the dog was lifted out of the tub
and hi s lungs were drained of water and re-inflated with air. One of these dogs was
| ater adopted as a mascot by the crew of the Royal Netherlands Navy vessel HVS
Cer ber us.

We had now shown in neasurable terns that under certain conditions a nmanmal could
i ndeed mai ntain respiration by breathing water for a limted period of tinme. The
bl ood pressure of the dog was slightly below normal while he was breathing the



oxygenated liquid, but it remained stable; his heart rate and respirati on were | ow
but regular and his water breathing kept the arterial blood fully saturated with
oxygen. However, the carbon dioxide content of the blood steadily increased

i ndicating that the dog’s vigorous respiratory efforts were not enough to rempve
sufficient anounts of carbon dioxide fromthe body.

| continued my studi es at the State University of NewYork at Buffal o, usi ng appar at us
that makes it possible to nmeasure the actual exchange of gases taking place in the
| ungs of water-breathing dogs. As before, an anaesthetized dog breathed the salt
sol uti on oxygenat ed under pressure. This time, however, the ani mal did not have to
nmove the water into and out of the lungs on his own, and it was possible to neasure
accurately the gas content of the inhal ed and exhal ed water. Oxygenated |iquid was
deliveredtothe dogviaatube fromareservoir, and was drai ned back i nto areservoir
under neat ht he dog. Anotor drivenval ve systemregul atedtherespiration. The anpbunt
of oxygen taken up fromthe liquid in the |ungs, and the amount of carbon dioxide
di scharged into it, was nmeasured by conparing the relative anounts of these gases
intheinspiredandexpiredliquid. Sanples weretaken, sowe knewthe oxygen cont ent
of theliquidgoingintoandout of thelungs; the dog was not cooled, andit extracted
about t he sane amount of oxygen fromwater as it normally woul d have fromair. However,
in spite of the nechanical assistance to its water breathing, the animal did not
elimnate sufficient amounts of carbon dioxide in the exhal ed water, so that the
partial pressure of carbon dioxide in the arterial blood gradually increased. At
the end of the period of water breathing, which |asted up to three-quarters of an
hour, the water inthe dog’ s | ungs was drai ned by gravity through atubeinthetrachea
and the animal’s lungs were inflated with a few breaths of air bl own into the tube.
Several of these water-breathing dogs | ater becane heal t hy and pl easant fam |y pets.

It was now abundantly clear that inadequate elim nation of carbon dioxide was the
mai n problemin water breathing. There are two reasons for this. First of all, we
now know t hat when a breath of fresh air or water is drawn into the air sacs of the
| ung, the oxygen nol ecules are at first concentrated in the centre of the sacs and
have to traverse a substantial distance by diffusion before they reach the walls to
enter the bl oodstream this distance is nany tines greater than the thi ckness of the
menbranes that normal |y separate air frombloodinthelungs. |f the breathing medi um
is air, the situationis of little consequence: oxygen diffuses in air so rapidly
that freshly inhaled oxygen is distributed honogeneously in a matter of mlli-
seconds. However, when the nmediumis water, in which the respiratory gases diffuse
about 6,000 tinmes slower than in air, a gradient of oxygen tensions persists over
the distance between the centre of the air sacs and the walls at the periphery.

Thr oughout the cycl e of each respiration the oxygentensionis greater at the centre
than at the walls; the sane being true of carbon di oxi de di scharged fromthe bl ood:

it is nmore concentrated near the transfer nmenbranes than at the centre of the sacs.

Thus, at a normal resting respiratory frequency, the average carbon di oxi de partia

pressure in exhal ed water is considerably |ower than in exhaled air, at the sane
partial pressure of carbon dioxideinthearterial blood. Furthernore, the situation
may be expected to get worse as the respiratory frequency increases and |less tine
is available for carbon dioxide to diffuse during each breath.

Secondl y, at normal body tenperature, the solubility of carbon dioxide in water is
lessthaninair, whichis to say that water contai ns fewer carbon di oxi de nol ecul es
t han an equal volune of air at the sane partial pressure. Hence, an increase inthe
partial pressure of carbon dioxide in the arterial blood, and consequently, in the
air sacsinthelungs, woul d eventual |y restorethe bal ance of t he producti on of carbon
di oxide i n the body and el im nation throughthe liquid-filledlungs. Unfortunately,
t he body tol erates only minor variations of carbon dioxide partial pressures inthe



arterial blood. Cbviously thenif we put all these factors together, we find that
inorder to maintain his arterial carbon di oxide partial pressure within tol erable
| evels - to prevent a sense of suffocation or even | oss of consci ousness - a water-
br eat hi ng di ver woul d have t o nove a substanti ally greater vol ume of water per mnute
in and out of his lungs than the air-breathing diver noves air. At first sight this
woul d not seemto be an i nsurnmount abl e probl em since a suitable notor-driven punp
couldrelievethe diver of the extra work of breathing, but unfortunately the maxi num
rate at which air or water can fl owout of the lungs is effort i ndependent: the flow
initially increases with the increase in expiratory effort, but only up to a point,
after which the flow no | onger increases no matter how nuch pressure is applied to
the lungs. The reason for thisisthe pliability of the walls of the airways so that
they col |l apse once the critical expiratory flow has been reached.

David Leith and Jerry Mead at the Harvard School of Public Health, Boston, have
measur ed t he maxi numexpi ratory fl owof water fromthe | ungs of dogs, and on t he basi s
of their findings predictedthat the maxi mumm nute ventil ati on of a sal i ne breat hi ng
di ver woul d be approximately 3.5 litres. |If one realises that a resting man nust
breathe normally al nobst twice this amount of air per mnute and nmuch nore when he
is performing work, then it becones clear that the water-breathing diver could not
possibly elimnate carbon dioxide at the necessary rate, even if he remained
absolutely at rest in the water.

Now does this nmean that we nust find other ways to elim nate carbon di oxi de fromthe
body such as, for instance, an artificial gill? Not necessarily. Theoretically,
t he probl emcoul d be sol ved by using a liquidin which carbon di oxide is nore sol uble
than in water, or by addi ng a substance which chem cally binds carbon di oxi de; the
ef fect of either of these neasures woul d be the same, nanely to increase the nunber
of carbon di oxi de nol ecul es present inthe exhal ed|iquidat agivenpartial pressure.

W are mainly interested in the solubility of carbon dioxide at a partial pressure
of 40mllimetres of nmercury; that is apartial COpressure nornmally foundinarteri al

bl ood. Under these conditions, one litre of saline contains approximtely 30
mllilitres of carbon di oxide, whil e FC80 - asynthetic fluorocarbonliquid- contains
84 millilitres (alnmost three tinmes as nmuch), whereas one litre of air at the same
partial pressure contains approximately 60 mllilitres. A solution of
tris(hydroxymnet hyl)-am nonmet hane in a 0.3 nol ar concentration and adjusted to a pH
of 7.4 contains 320 mllilitres of carbon dioxide per litre.

Since, in normal resting conditions a man produces about 250 mllilitres of carbon

di oxi de per minute, it would followthat carbon di oxide elimnation nmght not be a
problemif a diver were breathing atris buffer solution, evenif his maxi mumm nute
ventilation were no nore than 3.5 litres, as predicted by Leith and Mead. In fact
it can be shown that such a diver woul d be able to performwork requiring up to 1, 300
mllilitres of oxygen per minute - that is, approximtely four tinmes as nuch as under
resting conditions - and still have a normal partial pressure of carbon dioxide in
his arterial blood.

Unfortunately, the solubility of oxygen in a tris buffer solution is no different
fromthat innormal saline, thus aninspired oxygen partial pressure of approxi mately
18 at nospheres woul d be required to provide the diver with the 1,300 mllilitres of
oxygen per mnute. |If our diver were to breathe fluorocarbon liquid instead, his
maxi mumoxygen consunpti on at a nornmal arterial carbon di oxi de partial pressure would
only be about 300 mllilitres per mnute - barely enough to support him while
completely at rest. On the other hand, only one half of an atnosphere of inspired
oxygen pressure woul d be needed to provide hi mw th the necessary anmobunt of oxygen.



I n general then, the high carbon di oxi de-carrying capacity of atris buffer solution
woul d al | ow productive physical activity of a liquid-breathing diver but, with the
oxygen solubility being so low, prohibitively high partial pressures of inspired
oxygen woul d be necessary. The solubility of oxygenin a fluorocarbon liquidis high
enough to provi dethe diver with sufficient oxygenat safeinspiredpartial pressures,
but the solubility of COin fluorocarbon liquids is still not good enough: even at
conplete rest in the water and whil e breathing at his maxi num capacity, the diver
woul d barely be able to nmaintain a normal carbon di oxide partial pressure in his
arterial blood.

Wul d it be possible to combinethe advantages of a fluorocarbon liquidand of atris
buffer solution by mxing the two in suitable proportions? Fluorocarbon |iquids do
not mx with water and are in general very poor solvents for all but a few organic
subst ances. However, it is possible to nake stabl e enul sions of fluorocarbon |iquid
dropl ets in physiol ogical salt solutioncontainingtris buffers. Such enul sions have
been prepared as a blood substitute, the fluorocarbon Iiquid droplets functioning
as liquid blood cells to carry oxygen fromthe lungs to the tissues.

W can now estimate the maxi mum oxygen uptake through human lungs filled with
different liquids at various arterial carbon dioxide partial pressures. The
cal cul ati ons are based on t he known oxygen and car bon di oxi de sol ubilities of various
liquids, on an estimted maxi numeffective al veol ar ventilation of three litres per
mnute, a mninumarterial oxygen pressure of 100 mllinmetres of mercury and a gas
exchange ratio of 0.8. On the basis of such cal cul ati ons one can predict that the
maxi mum oxygen upt ake of a saline-breathing diver could be no nore than one third
of his resting oxygen requirenment at a nornmal arterial carbon di oxi de pressure, that
istosay, he couldnot survive under these conditions. Inorder to be ableto extract
the mninmumrequired 300 mllilitres of oxygen per m nute fromthe oxygenated saline
inhislungs, the partial pressure of carbon dioxideinhis arterial bl ood wuldrise
to 110mm of nercury and cause himto | ose consci ousness. As you may recall, these
predictions are in accordance with the experinmental findings in saline-breathing
ani mal s which | discussed earlier.

If a diver were to breathe FX80 Fl uorocarbon |iquidinstead of saline, the situation
woul d be sonmewhat better: the estimated maxi mum oxygen uptake woul d be slightly
greater than his mninum oxygen requirenment at a normal arterial carbon dioxide
partial pressure. However, the slightest ambunt of physical activity, raising his
demand for oxygen by no nore than about 60 per cent, woul d cause an increase in his
arterial carbon dioxide partial pressure to 60nm of nercury, and give rise to a
sensation of inpendi ng suffocation. For this reason a fl uorocarbon-breathi ng di ver
woul d not be of nuch use in the water.

If we estimate the maxi mum upt ake of oxygen through the | ungs of a diver breathing
an emul sion of fluorocarbonliquidinanisotonictris buffer solution, the prospects
bri ght en consi derably: the diver woul d be abl eto performwork that requires an oxygen
uptake of 1,100 millilitres per mnute, at a normal arterial CO pressure of 40nm
of mercury, and he coul d i ncrease his oxygen consunptionto alnost 1,500 mllilitres
per mnute before he woul d be so short of breath that he would have to stop. The
di vi ng wonren of Korea, who harvest abal one and oysters and other materials fromthe
seabed at depths of up to 60ft, require about 1,200 millilitres of oxygen per m nute
whi | e they are worki ng underwater. So this would seemto be a reasonable figure for
a reasonably active diver.

| have prepared a G aph showi ng the rel ati onshi p between oxygen uptake, effective
al veol ar ventil ati on, and oxygen and car bon di oxi de partial pressuresinthe arterial



bl ood of a hypot heti cal fluorocarbon emul sion-breathing diver. As you can see, the
effective al veolar ventilation increases linearly with an increase in the oxygen
consunption, while the arterial carbon dioxide and oxygen partial pressures at the
end of an expiration remain 40 and approxi mately 1, 300mmof mercury, respectively.

Once the maxi mum al veol ar ventilation of three litres per m nute has been reached
- whi ch occurs at an oxygen consunpti on of approximately 1,100 mllilitres per m nute
- afurther increase in activity and consequently in the oxygen consunpti on, causes
ariseinthe arterial carbon dioxide partial pressure and a drop in the arteria

oxygen partial pressure. An inspired oxygen partial pressure of approximtely 4
at nospheres was chosen to prevent bl ackout as aresult of arterial hypoxaem a before
the diver’s arterial carbon dioxide tension rises to a value that would force him
torest. Inspite of the highinspired oxygen partial pressure, the partial pressure
of oxygeninthe arterial blood remains within acceptablelimts, at |east for adive
that woul d not | ast rmuch | onger than an hour or so. Wth liquid-filled | ungs that
woul d be | ong enough to descend several thousand feet into the water, work at depth
for perhaps half an hour and return safely to the surface - all within an hour

Granted that it has been shown that ani nal s can breat he oxygenated salt sol ution or
fluorocarbon liquid; granted that ny estimate of the respiratory capabilities of a
hypot heti cal fluorocarbon emnul si on-breathing diver is approxi mately correct, what
evidence is there that a real diver could tolerate the sensations arising fromthe
presence of a liquid instead of air in his |lungs?

During the past six or seven years ny colleagues and | at Duke University Medica
Center have been treating patients suffering froma variety of lung di seases by
rinsing their lungs with a physiological salt solution in order to renove harnfu
secretions.

The patients are anaesthetised and a double tube catheter is inserted into the
trachea: one |ung breathes anaesthetic gas and oxygen while the other has its air
repl aced by physiol ogical salt solution at normal body tenperature. Once all the
gas in the lung has been replaced by liquid, the rinsing procedure, which nore or
| ess resenbles the normal breathing process, begins. A tidal breath of 500
mllilitres of saline is made to flowinto the liquid-filled |lung and i nredi ately
after this the sane volume of liquid is siphoned off. W continue this treatnent
for up to two hours and may use as nuch as 10 gal |l ons of salt sol ution on one | ung;
so far we have done this on about 200 occasions, and the patients have suffered no
harnful effects.

The sanme procedure was performed on a healthy volunteer whose w ndpipe was
anaest hetised to i ntroduce the cat heter; he otherw se recei ved no nedi cati on and was
wi de awake t hroughout the entire experinent. Hetold nme afterwards that the |iquid-
filled lung had not felt noticeably different fromthe gas filled one, and that he
had experi enced no unpl easant sensations arising fromthe flow of saline in and out
of his lung. O course, such atest is very different fromtrying to breathe |iquid
with both lungs, but it did at |east showthat filling the human body with liquid
wi | I not necessarily damage t he ti ssues or produce unaccept abl e sensati ons, provided
a suitable liquid is used and provided the proper technique is enployed.

Wth the advent of this volune-controlled |lung | avage technique it has al so becone
possi bl e to nmeasure accurately the rate at which a saline solution can fl ow out of
t he human | ung. W have been abl e t o drai n 500cc of salinefromonelungin 7 seconds,
so it should be possible to exhale twice that anpbunt, that is one litre of saline,
fromboth lungs inthe same time and, sinceinhal ati on and exhal ati on nornmally require
about the same anount of time, it should be possible to nove nore than 4 litres of
saline per minute into and out of both lungs. This is slightly better than Leith
and Mead' s estimate of 3.5 litres per mnute.
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The total amount of |iquidinhal ed and exhal ed per mi nute will al ways be greater than
the effective al veol ar ventilation since part of it iswastedinventilatingthe dead
space. Consequently, the maxi mumeffective alveol ar ventilation nay be expected to
be somewhat | ess than 4 litres per m nute, dependi ng upon the size of the anatom ca
dead space, therespiratory frequency, the distributionof the flowof inhaledliquid
and bl ood in the I ung, and t he presence of absence of partial gas pressure gradients
within the liquid-filled gas exchange units of the |ung.

During volunme-controll ed lung | avage in patients and again in a healthy vol unt eer
nmy col |l eagues and | found that diffusive mxing in the liquid-filled gas exchange
units of the human lung is complete, provided that the respiratory frequency is no
nmore than two or three breaths per mnute. In addition, we found no evidence of a
gross i nbal ance between the fl ows of inspired liquid and blood inthe saline filled
human | ungs which, by the way, is in conplete agreenent with observations in dogs
| ungs made several years ago by John West and his Cinical Research Physiol ogy G oup
at Hammrersmith Hospital in London

It seens therefore safe to conclude that at a respiratory frequency of two or three
breat hs per m nute t he physi ol ogi cal dead space in a |iquid-breathing man woul d not

be nmuch greater than the anatom cal dead space of sone 200 mllilitres. Thus, with
4 litres ventilation per mnute the effective alveolar ventilation of a liquid
breat hing di ver could be as high as 3.5 litres per mnute. As you will recall, ny

predi cti ons were based on the assunption of an effective alveolar ventilation of 3
litres per minute, so they are in fact a little bit on the safe side.

This is in essence what is known now - 12 years after it was first shown that mce
coul d be kept alive breathing on their own in oxygenated salt sol ution, instead of
ai r. Many questions remai n unanswer ed and nuch wor k remai ns t o be done. Nevert hel ess,
| ookingtothe future, it seens |ikely that some day - soon, perhaps - sone cour ageous
man will take a deep breath of specially prepared liquid and that, by the turn of
the century, divers with liquid-filled lungs will carry out critical rescue and
sal vage operations at great depths in the oceans, where gas-breathing divers woul d
have fail ed.

Surgeon Commpdore Raw ins: | think our | ast speaker gave an extrenely interesting
and erudite presentation, but | have al ways personally felt that hono aquati cus coul d
be equated with man-powered flight: extrenely interesting but not too practical, I
could be wong about that.

* * *x k% * % % %

Brief Profile

Johannes A Kyl stra, widely known for his |iquid breathing experinents, is Associ ate
Prof essor of Medicine and Assistant Professor of Physiology at America s Duke
University. Borninthe Netherlands - he recei ved a nedi cal degree fromthe University
of Leiden in 1952. From 1952 to 1954 he was an intern at Al bany, NY, and from 1955
to 1958 he was a Lieutenant in the Royal Netherlands Navy Medical Corps.

In 1958 he obtai ned his PhD in physiology fromthe University of Leiden, and after
three nmore years in the US, he served from1961 to 1963 as Assistant Professor of
Physi ol ogy at that University.
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DECOVPRESSI ON SI CKNESS
Extracted with permi ssion from Diving and Subaquatic Medicine (1975)
by Ednonds, Lowy and Pennef at her

Fol I owi ng t he devel opnent of the air punp by von Cuericke in 1650, Robert Boyl e was

abl e to expose aninmal s to deconpression. |n 1670 he reported t hese experinents and
i ncluded the first description of deconpression sickness - a bubble noving to and
fro in the waterish humour of the eye of a viper. Hoppe- Seyl er repeated these

experinments n 1857, and correctly expl ai ned the nechani sns concerned. Adnmiral Sir
Thomas Cochrane’s pneunatic techni que was used by Triger in France in 1839 in the
devel opnent of a caisson for the sinking of coal shafts through the wet soils of
Chal ons. This was foll owed by the wi despread use of the conpressed air environnent
to allow for tunnelling, mning and cai sson sinking. Trevessart and then Pol and
Watelle observed Triger's subjects and the physiological and pathol ogica
nmani f estati ons of deconpression.

Hoppe- Seyl er repeat ed t he experi ments of Boyle. 1n 1857 he descri bed the obstruction
of pul nmonary vessel s by bubbl es and the inability of the heart to function adequately
under those conditions. He also recomrended reconpression to remedy this.

Le Roy de Mericourt in 1869, and Gal in 1872, described an occupational illness of
sponge divers, which was also attributed to the breathing of conpressed air and
equated this with the cai sson workers’ di sease. A host of inmaginative theories was
proposed during the 19th century to explain the aetiology of this disorder. It was
followed by equally diverse mathematical nodels during the 20th century, also
purporting to explain the sane ill ness.

Paul Bert, in 1878, denonstrated in a nost conclusive nmanner that deconpression
sickness is primarily the result of aninert gas (nitrogenin the case of conpressed
air divers and cai sson workers) which had been di ssol ved according to Dalton’s and
Henry's Laws, and then rel eased during or foll owi ng deconpression

Hal dane, Boycott and Damant i n 1907 supportedthe concept of stage deconpressi on where
the diver ascends with a series of stops. It is based on the hypothesis of nmultiple
tissue saturationrates and a critical super-saturationratio necessary for bubbles
to form Most deconpression tables still in use have their basis in this work,
al thoughthesinglecritical ratiohas nowbeenreplacedwithnultiplecritical ratios
for the different tissues at different depths.

Leonard Hi I'l in 1912 produced bot h experi mental and theoretical evi dence questi oning
the val ue of stage deconpression over continuous deconpression, and this latter
technique is now applied to deconpression from saturati on exposures.

dinical Mnifestations

Gading: Aclassification was presented as an attenpt to di fferenti ate non-serious
and serious cases, so that identification prognosis and therapy could be nore
appropriately standardised. This clinical classification of Type |I and Type I
deconpressi on sickness is not wholly satisfactory. The classification was neither
defined nor appliedinthe sane spirit. Typel is defined as (nuscul oskeletal) pain
only bends. Type Il included those presenting with synptons other than pain, or with
abnormal physical signs. The central neurol ogi cal, cardi ovascul ar, respiratory and
gastrointestinal manifestations are potentially serious. Neverthel ess in nost
series peripheral nerve synptons are allocated to the sane group as spinal and
cerebral. Nor is there a differentiation nade between vestibul ar and cerebell ar
presentations.
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Al t hough the appell ation of Type | is reasonably clear when it is applied to acute
deconpressi on sickness affecting the rmuscul oskel etal system (“joint bends”), the
congl oneration of Type Il mani festations, rangi ng as they do froman i nner ear | esi on
to abdom nal cranps to patches of hypoaesthesia to cardi ovascul ar col | apse, is of
much | ess val ue. The classification is so commonly nodified, even by its own
proponents, that it appears to have lost any merit it originally had. The qualifying
designation of the organs affected appears to be the only |ogical approach, eg.
deconpressi on sickness affecting the inner ear and nuscul oskel etal systens.

nset. Deconpression si ckness devel ops after the subj ect has commrenced deconpr essi on
or ascent. Most cases present within 6 hours of the dive. 1In |ong or deep dives,
cases may comence during the ascent. The delay in onset between initiating
deconpressi on and devel opi ng synptons is influenced by individual and operationa
variations. The figures available nust only be interpreted with an appreciation of
t he popul ati on bei ng consi dered and t he di vi ng bei ng perforned. Some of the typica
figures are presented in Table 1.

TABLE 1
kOPULATION TIME OF ONSET FROM SURFACING
ICHARACTERISTICS (percentage incidence)
0-30 mins. 30 mins. 2nd 3rd 4-6th 7-12 13-24 >24 Unknown
to 1 hour hour hour hour hour hour
Royal Navy Divers 57 10 13 14 6 1
Canadian Navy Divers 62 12 9 6 9 3 1
US Navy divers (1) 54,7 12.1 19.5| 6.6| 2.3]0.3 | 4.5
US Navy divers (11) 43.9 27.4 3.9
Pawaiian Civilians 66 6 4 3 2 5 14

The Naval series were heavily wei ghted for saturati on exposures, whereas thecivilian
series was characterised by totally om tted deconpressions. Thus the latter had few
cases duri ng deconpressi on, the former had many. The civilian group was characterised
by rapid and uncontrolled rates of ascent thus the incidence of early synptons
attributable to intravascul ar bubbl es was greater. Wth an early presentation of
synptons, there are two diverging effects. The illness is potentially nore severe,
but treatment is nore likely to be avail abl e.
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Correl ation of Synptons

Although it is often stated that patients in the quoted series suffered fromnore
t han one synptom the correl ati on between the di fferent mani festati onsis not usually
given. |n sone series, especially fromcassi on workers, the cunul ati ve total s equal
100% this suggests that not only the major synptomis docunmented. The two diver
series whi ch do show correl ati ons between synptons are fortunately the two extrenes
- one with US Navy controll ed divers often in reconpression chanbers, and the ot her
with uncontrolled diving civilians. The Navy divers represented a | ess severely
af fected group, the civilians nore affected.

TABLE 2
N = 935
SI GN OR SYMPTOM NO. OF % OF NO. OF % OF
| NSTANCES | NSTANCES | NSTANCES | NSTANCES
MANI FESTED MANI FESTED
I NI TI ALLY I NI TI ALLY
Local i sed Pain 858 91.8 744 79.6
Numbness or Par aest hesi a 199 21.2 41 4.3
Muscul ar Weakness 193 20. 6 8 0.8
Skin Rash 140 14.9 42 4.4
Di zzi ness or Vertigo 80 8.5 24 2.5
Nausea or Vomiting 74 7.9 8 0.8
Vi sual Di sturbances 64 6.8 14 1.4
Paral ysi s 57 6.1 2 0.2
Headache 37 3.9 5 0.5
Unconsci ousness 26 2.7 6 0.6
Urinary D sturbances 24 2.5 0
Dyspnoea (*“Chokes”) 19 2.0 4 0.4
Personal ity Changes 15 1.6
Agitation or Restlessness 13 1.3
Fati gue 12 1.2 2 0.2
Muscul ar Twi t chi ng 12 1.2
Convul si ons 11 1.1
I nco-ordination 9 0.9
Equi l'i bri um Di sturbances 7 0.7
Local i sed Cedemn 5 0.5
Intestinal Disturbance 4 0.4
Audi tory Di sturbance 3 0.3
Crani al Nerve Invol venent 2 0.2
Aphasi a 2 0.2
Haenopt ysi s 2 0.2
Emphysema - subcut aneous 1 0.1
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Cut aneous

These manifestations range from being |ocal and innocuous, to generalised and
om nous, with a conplete spectrumin between. They have been variously descri bed
as follows:

1. Pruritis A common complication of “diving” in conpression chanbers. It
isoftenatransient effect, presenting very soon after deconpressi on, and
is not considered a system ¢ manifestation of deconpression sickness.

It is noticed nostly after short deep exposures, often with only one or
two deconpression stops. The areas affected are the forearnms and wists
and hands, the nose and ears, and the thighs. The synptons are transient
and there is usually no objective sign available. 1In other cases there
may be a slight folliculitis observed as red punctate areas, when this
presentation nmerges with the next. The synptons are attributed to smal
gas bubbles in the superficial layers of the derm s, and especially near
its entry through the epiderm s and the sebaceous gl ands.

2. Scarl atiniformrash This is an extension of the above manifestation. It
is associated with pilo erector stinmulation and perhaps a tissue hi stam ne
rel ease and appears as a red punctate rash. The distribution is

predonm nantly over the chest, shoul ders, back, upper abdomen and t hi ghs,
in that order. The duration is frommnutes to hours.

3. Erysi pel oi d rash Thisis an extension of the scarlatiniformrash and occurs
over the sanme distribution, but with the involvenent of endogenous gas
interfering with venous drainage, it is a definite sign of systemc
deconpressi on sickness. Sone of the skin appearance is thought to be a
refl ex vascul ar reaction. The lesions are collections of papul es which
may nerge to formlarge plaques with flat and firmborders. Coughing or
perform ng the Val sal va nmanoeuvre will accentuate the venous nmarKkings
(Mellinghoff’s sign).

4. Cutis Marnorata Marbleization This comrences as a snall pale area with
cyanotic nmottling. It may spread peripherally becom ng erythematous with
extensi on of cyanotic nottling. The area is warner than the surroundi ng
skin. Swelling and oederma result in a nottl ed appearance. Reconpression
gives dramatic relief. The area may becone tender to pal pation in a few
hours, but the other signs nmay have di m ni shed or disappeared by then
Marbling of the skin is a cutaneous manifestation of what is occurring
el sewhere inthe body, andthus is a serious sign of deconpressi on si ckness.
Gas bubbles are present in both tissues and bl ood vessels.

5. Subcut aneous enphysena This has the typical crepitus sensation on
pal pation, either in |localised areas or al ong tendon sheaths. It can be
veri fiedradi ol ogi cal | y and shoul d not be confused wi th the supracl avi cul ar
subcut aneous enphysena ext endi ng fromt he medi asti numand due t o pul nonary
bar ot r auna.

6. Lynphatic obstruction This presents as a | ocalised swelling which may be
associ ated with an underlying deconpression sickness nmanifestation. |If
it involves hair follicles, a peau d orange or pigskin appearance with
brawny oedema i s characteristic. It is commopn over the trunk, but is also
seen over the head and neck.
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7. Counter diffusion of gases There have been occasi onal reports of skin and
nmucosal swellings due to counter diffusion of gases. This results in
bubbles form ng at the interface between 2 gases diffusing at different
rates, but with the total gas pressure at the interface exceeding the
environnental pressure. This is only likely when the subject’s body is
exposedto alight readily diffusible gas, whil e breathing a heavier sl ower
di ffusing gas. The result is that the |ight gas noves rapidly through the
body surface fromthe environnent, while the inhal ed gas maintai ns high
tissue pressure and is reducing this slowy.

8. QO hers Form cati on may be the presentationin any of the skin nmanifestation
descri bed above, or due to involvenent of the peripheral nervous system
or the spinal cord. The neural involvenent may al so result in nunbness,
hypoaest hesi a, paraesthesia and hyperaest hesia of the skin. These signs
of inflanmati on may al so occur over affectedjoints. Bruisingis sonetines
descri bed over the chest and abdonen i n serious cases, but this is not due
to genui ne tissue haenorrhages, as it blanches on | ocal pressure.

Muscul oskel et al

This is also terned “joint bends”, “Type I”, “pain only bends”, “deconpression
arthralgia”, etc. First, there is an ill-defined disconfort or numbness poorly
localised to a joint, periarticular or nuscular area. The subject may protect or
guard the af fected area, althoughinthe early stages he may get sone rel i ef by noving
the linmb. Over the next hour or so the disconfort develops into a deep dull ache,
thenapainwithfluctuationsinintensity, sometines throbbing and occasionallywth
sharp exacerbations. Limtation of novenent is due to pain, and the linb is placed
in a position which affords the nost relief. The duration of painis often related
to the severity of synptonms. The shoul der i s the commonest joint affected in divers,
in approximately one third of cases. Oher joints, about equally affected, are the
el bows, wrists, hands, hips, knees and ankles. Oten, when two joints are invol ved,
t hey are adj oi ni ng and frequently the |l ocalisationis betweenjoints over the scapul a,
on tendon insertions etc. Rarely is the invol verent symmetrical. The application
of | ocal pressure by neans of a sphygnomanoneter cuff, may result in considerable
relief and may be of diagnostic value. 1t has been clained that the site pain can
sonetinmes be transferred by massage of the area.

Inthe m!|d cases, fleeting synptons are referred to as “niggles”, and may only | ast
a few hours. The pain of the nore severe cases usually increases over 12-24 hours
and, if untreated, abates over the next 3-7 days to a dull ache. Local skinreactions
may occur over the affected joint.

Al t hough t he nmuscul oskel etal synptons are the conmonest presentation of deconpres-
si on sickness i n humans, the pathol ogy of this is not well understood. Radiol ogical
evi dence of gas both in joint spaces and periarticular |lesionsis available, but this
i s not necessarily the causative | esion. Extravascul ar bubbl es i n the subperi ost eal
area, tendons, liganents, joint capsula tissue, fascia and nuscles are thought to
cause the pain of “bends”. Bubbles in the articular vascul ar supply and referred
neur ol ogi cal pain have al so been incrim nated.

15



Neur ol ogi cal

These present ati ons have produced a great deal of the past interest in deconpression
si ckness. The areas affected can be subdi vi ded according to the | evel of the nervous
system af f ect ed.

The follow ng clinical subdivisions of neurol ogical presentations are:

Cerebral Any cerebral vessel may be occluded by gas bubbles, and this result in a
great vari ety of manifestati ons, anal ogous tot hose of the cerebro-vascul ar acci dents
of general nedicine. Especially noted are the honmonynous scotomata, unil ateral or
bilateral, singleor multiple. Oher manifestations include hem pl egi a, nonopl egi a,
focal or generalised convulsions, aphasia, alexia, agnosia hem sensory or
nmonosensory di sturbances and confusional states. Raised intracranial pressure has
been noted, and this may be associ ated with severe headache. 1n cases of honmonynous
hem anopsi a el ectroencephal ographic slow waves have been reported over the
i psilateral occipital cortex. Repeated EEG s are wusually indicated during
conval escence.

Serial, non-cultural, psychonetric assessnents of cognitive functi on may be of val ue
if given before, during and after treatnent. They provide measurenent of menta
i mpai rment and response to treatnment. Pernmanent nental inpairment has been cl ai med
as sequel ae of cerebral deconpression sickness. Brain steminvolvenent may al so
result in cranial nerve and pupillary abnormalities.

Cerebel lar This results in ataxia, inco-ordinationwth typical neurol ogical signs
of hypotoni a, di m ni shed or pendul ar tendon refl exes, dysnetria, asynergia, trenor,
dysdi adokoki nesi s, rebound phenonenon, scanning speech and nystagnus. The
“staggers” whichis variously described as vesti bul ar, posterior columm, spinal cord
and cerebral deconpression sickness, is probably nore often due to cerebellar
| esi ons.

Spi nal 1nvol venent of the spinal cordis nost conmon in the | ower thoracic or upper
| unbar segments, although cervical |esions are by no means uncommon. It is often
preceded by girdl e pains, and commonly results in a paraplegic state. It is nore
common in patients who al so have respiratory synptons (“chokes”). The synptons and
signs are those of paraplegia or paraparesia, and include urinary retention with
overflow incontinence. Oten there is sparing of some sensory long tracts.

Peri pheral nerve Bubble formation in the myelin of peripheral nerves will result
in a patchy sensory deficit predomnantly involving the lower |[inbs. The
differentiation between this and an inconplete spinal lesion is inmportant.

Pat hol ogi cal | esions in the neurol ogi cal systemincl ude perivascul ar haenorrhages,
oedema and denyelination in the cortex and subcortex, cerebellum brain stem and
spi nal cord. The spinal cord changes are predom nantly inwhite matter, and are nost
of ten observed i n the md-thoracic, upper |unbar and | ower cervical areas, with the
| ateral, posterior and anterior columms suffering in that order

The neurol ogi cal manifestations of deconpression sickness are explained in the

fol |l owi ng sequence of events. Gas bubbles forminthe circul ating bl ood after a short
| atent period after deconpression. Mst bubbles are filtered out by the |l ungs; sone
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bubbl es, however, pass through the | ungs, either by small arteriovenous anast onoses,
or through the capillary | akes of § 6strand. These bubbles are small, about 25p in
di ameter. They pass throughthe heart and reach the central nervous syst emand occl ude
arterioles of |esser calibre. The clinical manifestations, depending on the site
of vascul ar obstruction and collateral supply are largely a matter of chance.

The nultiple pulmonary gas enboli have secondary detrimental effects by raising
pul monary arterial pressure, and this may predispose to paradoxical cerebral
enbol i sms through a patent foramen ovale, atrial septal defect or intra pul nonary
arteriovenous shunts. Also of relevance is the interference with venous drai nage
of the spinal cord and subsequent damage to the cord. Sone spinal cord and anteri or
horn damage may be due to spinal artery obstruction froman enbol us. More i nmportance
i s placed on t he pul monary hypertensioninterfering with venous drai nage t hrough t he
anastonoses of the spinovertebral-azygos system subsequent engorgenent and
thronbosis in the vertebral venous system and oedema and infarction in the
conpar atively poorly vascul ari sed area of the spinal cord - the m d-thoraci c segnment.

THOUGHTS ON RECORDS

“The Australian” recently quoted sone recent additi ons and changes in the great w de
wonder ful world of record shattering achi evements, where non-events become Gui nness
Crowned. Lest youarestill awaitingtheinformation, hereitis. InVictoria, Texas,
at the annual Armadill o Confab and Exposition, Elyira Rose Hunt has earned thetitle
of M ss Vacant Lot of the Worl d by stuffing 264 pennies into her mouth. As she wore
a two piece purple hot pants outfit the spectators didn't object to her speechl ess
condition. M Joe Penafilled, licked and rolled 42 cigarettesin five mnutes. The
results of the belching, yelling and spitting conpetitions are not yet avail abl e,
regrettably. However, the All-China Nationw de Peoples Liberation Arnmy Ganes
(Peki ng) hand- grenade t hrowi ng record of 63 netres, held by 16 year old Ma Li-Li was
not equalled. The only Australian entry for the useless records section was the
successful breaking of the Manly Marinel and Underwat er Endurance record, now hel d
by their chief instructor and shark feeder. Few of the fish who shared the record
attenpt are thought to have suffered ill effects.

For the benefit of anyone seriously wi shing to establish sone sort of record for
getting air through a hose it may be an advant age to know what the present state of
the market is. In 1946 an American “hard hat” diver aged 26 set what could be an
i nvol untary record, though his tinmes may have been exceeded. The conditions are as
foll ows: without any warningthe diver isinprisonedinanudtunnel, unable to nove,
in 40 ft water beneath a sunken barge. The only surface contact is by the air hose
and tel ephone. Duration of dive nust exceed 3 days and ni ghts and no food or drink
is allowed. The cold and a know edge that there was a constant risk of the weck
settling harder onto the trapped nman are factors i ncl uded by seri ous contenders for
t he Record.

I ntendi ng contestants should contact “Project Stickybeak” first.
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Gastro-Intestinal Manifestations

Patients m|ldly affected may present only wi th anorexi a, nausea, retchi ng, abdom nal
cranps and di arrhoea. When the condition is severe, |ocal ischaenia and infarction
of bowel, with secondary haenorrhages, may result.

Cardi o Respiratory

I ntravascul ar bubbl es are nore common i n the venous system and are associated with
sudden or severe deconpression sickness. Although nany of these bubbles my be
trapped in the pul nonary capillaries, sone may pass into the arterial circulation,
either through a patent ductus arteriosus, septal defects, or via the pul nonary
pl exuses. The clinical manifestations may be arbitrarily divided into three types
as follows:

i Local ischaem c effect. This may foll owcerebral, coronary, renal or splenic
occlusion, etc. The result of these occlusions may be tissue i schaem a and
infarction. The clinical manifestations will vary according to the organs
i nvol ved. Specifically, aninfrequent but troubl esone cardi ac mani festation
of deconpression sickness is the devel opment of a ventricular arrhythm a,
whi ch may not respond to reconpressiontherapy. It is not clear whether these
all represent coronary enboli, or whether they result from extravascul ar
bubbl es interfering with the myoneural conducting nmechani sns of the heart.

ii. Pul monary invol verent (“chokes”). Cinical manifestations are noted when
approxi mately 10% or nore of the pul nonary vascular bed is obstructed.
Tachypnoea and hyperpnoea are observed. The initial synptomis chest pain
aggravated by inspiration, withanirritating cough precipitated by cigarette
snoki ng. Interference with the pulmonary circulation can result in
circulatory collapse in severe cases. Pulnmonary effects appear early, and
are followed by either rapid resolution or a progression of synptons.
I nvestigations are often not possible, but ECG evidence of right axis
devi ati on, hi gh peaked p waves and ri ght ventricul ar strain may be obt ai ned.

iii. Post deconpression shock. In very severe cases, eg. in explosive
deconpression or following grossly onitted deconpression, there may be a
generalised liberation of gas into all vessels, resulting in rapid death.
The presence of gas bubbles in the circulating blood results in a bubble/
bl ood i nteracti on which leads to all grades of vessel wall and haemat ol ogi cal
reactions fromhaeno-concentration di ssem nated i ntra-vascul ar coagul ati on.
Even i n subjects w thout clinical evidence of deconpression sickness, there
i s observedto be anincreasein packedcell vol une (haematocrit), haenogl obin
concentration, plasma free fatty acids and prothronmbin time; decrease
pl atel et counts, plasma cortisol, conplenent activity and prothronmbin
consunptiontine. Those with synptons al so had i ncreased fi brin degradati on
products.

The effects of hypotension, especially with air platelet and lipid enboli cause
secondary hypoxic damage to capillaries, increased capillary perneability and
extravasation of fluidinto tissues. The signs and synptons of hypovol aem ¢ shock,
such as haenoconcentration, postural hypotension, syncope, | owurinary output, etc.
are not uncommon, but |ike the pul nbnary manifestations, they are either resol ved
qui ckly or proceed om nously. Once the cycle | eading to dissem nated intravascul ar
coagul ati on has commenced, it does not necessarily respond to reconpressiontherapy.
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Thus such cases nay deteriorate even whilst at an initially adequate reconpression
dept h. Attention to intravenous replacement, heparin usage, correction of
coagul ation defects, etc. foll ows general nedical principles, and may succeed where
t he reconpression has not.

TREATMENT

Pol and Watellein 1854 recorded i nprovenment of patients whoreturnedto a conpressed
air environment, ie. they were reconpressed. This has renai ned the mainstay of
t herapy, but does need to be suppl enented by general nedical support. Treatnent is
likely to be nore readily avail abl e under operational situations when the synptom
occurs during deconpression or soon after. Alternately, theillness is potentially
nore severe. This may be explained by the continuing tissue to bubble pressure
gradient, the nmore likely presence of intravascular bubbles as opposed to the
extravascul ar bubbles from slower desaturating tissues, and the consequent
haemat ol ogi cal conplication of dissem nated intravascul ar coagul ation. The |late
devel opnent of synptons heralds a relatively sinple therapeutic reginme, as
exenplified by joint bends near the term nati on of a uniformand | i near deconpr essi on
froma saturation dive. In both early and del ayed cases of deconpression sickness,
the | onger the synptons are all owed to persist and extend the nore difficult is the
t herapeuti c procedure.

Reconpressi on Ther apy

The vol ume of intravascul ar and extravascul ar gas bubbl es decreases in proportion
to the absolute pressure applied, in accordance with Boyle’s Law. Thus at a depth
of 165 feet or 50 netres, the pressure is 6 ATA and the volune of the bubble will
be reduced to one-sixth of its size at the surface. This may be sufficient torelieve
t he synptonms and si gns of deconpression sickness and restore circulation. In this
particul ar exanple the surface area to volunme ratio is al nost double, thus aiding
t he resol ution of the bubble by increasing the nitrogen gradient. The standard air
t herapeuti c tabl es have as their nost useful depth, 165 feet or 50 netres. This was
rationalised as being a depth at which further volume change would becone
i nsignificant, and at whichtheincreaseinnitrogensaturationof tissuesis beconi ng
prohi bi tive by i ncreasi ng subsequent deconpressi onrequirenments. That dept h was al so
consi stent with the working nedical attendants not being i ncapacitated by nitrogen
narcosis. The air tables, 1to 4 of the US Navy D vi ng Manual , had the counterparts
i n most other Navies, and they varied mainly in their duration, from7 to 43 hours.

Reconpression fol l owed by a sl ow deconpression is the basis for treatnment. There
are three problens to consider in deciding the necessary formof the reconpression
therapy. These are the depth required for therapy; the gas mi xtures used; and the
rate of deconpression. The gas m xtures and deconpression rate are partly reliable
on the depth of reconpression
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In deciding this there are three different approaches which may be nmade, and t hese
are as follows:

A

Reconpress to a pressure (depth) dependent upon the depth and duration of
the original dive.

Reconpress to a predeterm ned fi xed depth - ie. according to standard tabl es
of reconpression therapy.

Reconpress to a depth which produces a clinically acceptable result.

These are now el aborated further.

A

Reconpress to a pressure (depth) dependent upon the depth and duration of
the original dive. This not a particularly satisfactory technique, as it
isdesignedtocopewiththetotal quantity of gas di ssolved inthe body during
the original dive. Because deconpression sickness is the clinica
mani f estati on of a gas bubble | odged in a vulnerable area, it is necessary
to reconmpress in order to reduce the size of that particular bubble,
irrespective of the total quantity of inert gas dissolved in the body. This
approach was best typified by the now defunct concept of treating aviator
bends by descent to ground |evel

The one advantage of this approach is when a diver devel ops deconpression
si ckness soon after surfacing froma deep dive. Under those conditions a
prompt return to the original depth will ensure that there is no tissue to
bubbl e pressure gradi ent whi ch coul d assi st bubble growt h at a | esser depth.

Reconpress to a predeterm ned fi xed depth - ie. according to standard tabl es
of reconpression therapy. The standard tabl es of reconpressionclearly state
the gas m xture to be used (usually air or oxygen). The application of the
standard reconpression tabl es produces relief in 90%of cases, if treatnent
commences wi t hin hal f an hour or the onset of synptons. This proportionfalls
to 50%if the delay exceeds six hours. After a 12 hour delay, the results
are poor.

As a general rule the short air table, taking just under seven hours, is only
used for the Type | cases and the | onger tables, needing over 42 hours, are
used for the nore difficult cases. As npbst series deal with navy divers who
have only marginal |y exceeded deconpressi on requirenments, the value of the
air tables was not adequately quantified. They seened of nore value to the
m | der Type | cases than the others.

The i ntroducti on of standardi sed oxygen t abl es usi ng 100%oxygen i nt er sper sed
with air breathing (Table 5 and 6 in the US Navy Di vi ng Manual ) gave far nore
flexibility and inproved results. They are able to be extended and
i nterchanged with the air tables at certain depths - mainly 30 feet and 60
feet. These tables becane popul ar because of the inproved results and the
econony in time, needing only 135 m nutes and 285 nmi nutes respectively. The
physi ol ogi cal advantages are i n the speed of bubbl e resol uti on and i ncreased
oxygenation of tissues in countering the pul monary arteriovenous shunting
effects. D sadvantages include a fire hazard, oxygen toxicity, and the
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occasi onal intol erance of a distressed patient to oxygen, or a mask, and the
| ess imedi ate reduction in bubble size, ie. to less than half the volune
achieved with the 165 foot standard air tables. Al t hough the pressure
gradi ent of nitrogen fromthe i ntravascul ar bubble to the bl ood is increased
wi t h oxygen breat hing at 60 feet, if the diver has previously dived in excess
of 60 feet, thenthere could well be a positive pressure gradient fromtissue
extravascul ar bubbl e still in effect duringthe early phase of reconpression.

Despite the above qualifications, the use of oxygen has received world w de
acceptance as a supplenent to the air tables.

C. Reoonpressi on to a dept h whi ch produces a clinically acceptable result all ows
a nmore flexi ble approach. The gas mi xture whichis likely toresult in the
maxi mumsaf e i nert gas and oxygen pressure gradi ents may t hen be adm ni st er ed.
For exanple, if the diver requires reconpression to a depth of 100 feet, a
50% oxygen m xture may be used, and the oxygen percentage may be increased
on reaching the shall ower depths. In these circunstances, the rate of
deconpression nmust initially be decided arbitrarily - eg. 1 foot ascent per
4 m nutes using 100%oxygen, and i ncreasing the tine by one m nute for every
10% decrease of oxygen in the inspired mixture. The percentage of oxygen
to be used may be cal culated on the depth of the patient.

When admi ni stering oxygen m xtures the inert gas will usually be nitrogen
but this should be avoided in three circunstances. The first is with depths
i n excess of 180 feet due to nitrogen narcosis. The second i s when t he subj ect
has respiratory distress. Under this condition either 100% oxygen or an
oxygen/ hel i um m xt ure shoul d be adm ni stered, depending on the depth. The
third is during the “off oxygen” periods, when it is customary to del ay the
onset of pul nonary oxygen toxicity by intermttently admnistering a | ow
oxygen gas for an arbitrary time, eg. 5 mi nutes each half hour. |In the case
of deconpression sickness due to air diving, at these tinmes 20% oxygen/ 80%
hel i ummay be given to the patient who is in a good clinical condition. This
helium m xture could tenporarily aggravate the clinical condition of a
seriously ill patient.

Deconpression is halted at any stage if synptons recur or others devel op
Furt her reconpression may be needed until an acceptable clinical result is
achi eved. The rate of deconpression can be varied according to the response
in the individual cases, and this my need to be slowed by up to 50% for
saturation dives

The value of this flexible formof therapy is that it is orientated towards
the individual patient, and that it does not limt the medical officer by
the inposition of standard tables which may be wholly inadequate for the
severity of the case. The disadvantage is that it can only be used by
experi enced nedi cal personnel and that constant attention to the clinica
state of the patient is required.

All three approaches have sone validity and may be relevant in different
Ci rcumst ances.
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An addi ti onal techni que of consi derabl e val ue whenthereisnnosignificant tinefactor
i nvol ved, andif the patient is severely affected, isthe 12 hour or “overni ght soak”.
It may be of benefit for many reasons to halt all deconpression for this prol onged
time. Bubbles have a chance to resolve before Boyle’'s Law conmes into effect with
deconpression. Also, tissue supersaturation of gas will become equilibrated with
t he anbi ent pressures. Oxygen toxicity may be relieved. Last but not | east, nedi cal
and chanber personnel will be able to regroup and reorganise

The administration of 100% oxygen during the short termtransport of patients to
reconpression facilities is recommended for 3 reasons: to increase nitrogen bubble
resolution, to inprove oxygenation to i schaem c areas, and to reduce the hypoxic
ef fects of arterio-venous shunts. For any recurrence of synptons after conpression
t herapy, the adm ni stration of 100% oxygen by mask al so may prove beneficial. The
post therapy intermttent use of 100% oxygen is likely to considerably reduce the
requi renent for further reconpression treatnment irrespective of which of the above
reginmes is applied.

Whenever oxygen i s used at atnmospheric or greater pressures, attention nmust be paid
to the problens of respiratory oxygen toxicity. It is strongly suggested that the
oxygen paraneters should not exceed those likely to result in neurological or
pul monary toxicity (ie. pQ2 of 2.0 ATA, and the vital capacity measurenents shoul d
not be pernmitted to decrease by nore than 20%.

Supportive Therapy.

O her forms of treatnment have been used for deconpressi on si ckness. Heparin has been
advocat ed because of its lipaemc clearing activity and its preventative effect on
pl at el et cl unpi ng. It may be indicated in cases of dissenminated intravascul ar
coagul ati on whi ch have no evi dence of systenic infarctions and bl eeding. Correction
of coagul ati on defects seens a nore | ogi cal approach to the probl emof di ssem nated
i ntravascul ar coagul ati on i n deconpressi on si ckness. Low nol ecul ar wei ght dextran
has al so been used i n t hese cases and nay be i ndi cat ed when t he haenmat ol ogi cal changes
beconme marked. Vasodilatation has been attenpted by drugs and refl ex stimulation.
Manni t ol has been used to reduce cerebral and spi nal oedena, as has the adm ni strati on
of steroids. Dexanethisone 10 ngmI1V and 4 ngm|Mevery 6 hours, is often used in
neur ol ogi cal cases. It nust be discontinued within 72 hours unless maintenance
steroids are to be used. Hyperbaric oxygen therapy, repeated daily, may al so be of
val ue i n t hese cases. Hypot herm a has been proposed for persistent cerebral oedena.
Hypovol aem ¢ shock will require intravenous fluid replacenent, with appropriate
clinical nonitoring. Synptomatic therapy is also required, eg. urinary catheteri-
sation, adm nistration of anal gesics, etc.

It is essential to realise that general medical treatnent is required during the
reconpression regines. Patients should not be left unattended in reconpression
chanbers, and especially whil st breathing increased oxygen concentrations. First
aid and resuscitation techniques are often required as are accurate clinical
assessnents, and for thesereasons it is desirabletohave atrained nedi cal attendant
in the chanmber. It may be necessary to consider the possibility of deconpression
si ckness occurring in the attendants, especially when the patient is subjected to
oxygen or oxygen-enriched m xtures. The deconpression regi nes are based on the gas
m xtures being breathed by the patient, and not the air being breathed by the
attendants.
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DI VI NG 2001
Hannes Kel |l er
(Cceans 2000, 1973)

It is agreat privilege and pleasure for ne to run through some of the probl ems of
the future of man in the sea. | will concentrate on three topics: the scuba diver,
t he underwat er sea quest and hono aquati cus.

Many of us are nowchiselling at thelimting factors of diving; we dreamof extended
no- deconpressi on diving. The problem of deconpression lies in the fact that one
cannot dive deep with oxygen al one because it is a very poi sonous gas that nen can
only support in small quantities. |In diving, one nust mx this powerful oxygen wth
har m ess gases such as nitrogen, heliumand so on. These gases diffuse i nto the body,

stay there |i ke blind passengers acconpanyi ng one on the dive, and do not react with
t he body chemically. But, when one returns to the surface, these sl owwi tted non-

reacti ng gases cone out of the body, and if one is not naking a slow and tiresone
deconpressi on, formdanger ous bubbl es inthe body. This very nuchlinmitsthe freedom
of the diver.

There are four hypothetical nethods of getting rid of the need for deconpression:
drugs preventing bubble formation; non-inert breathing gas mixtures which are
chemically absorbed by the body; |iquid breathing m xtures instead of gases, and
extra-corporal blood circuits (the lungs being filled with a liquid).

Drugs Preventing Bubbl e Formation: Wen the gas pressure in the body tissues versus
anbi ent pressure exceeds a ratio of approxinately 2:1, we get bubbles. This limts
di ving wi th scuba to between 100 and 200 ft. For greater depths one needs i ndustri al
di ving techni ques such as deconpressi on chanbers and subnari nes but drugs may now
change the critical ratio. Today, | believe that some 20 per cent inprovenent coul d
be realised, and in the future, super-effective drugs m ght double or treble the
rati o, but at this point one certainly reaches the limts of what chenistry can do
for you.

Dept hs for scuba diving coul d be doubl ed or trebled, but one would be forced to use
hel i uminstead of nitrogen for breathing. However, heliumsaturates the body 2. 64
tinmes faster than nitrogen, and this woul d agai n t ake us back to short deconpression
di ving at shal | ow dept hs.

W can estimate, therefore, that a suitabl e drug appliedto aheliumnitrogen nm xture
woul d all ow t he scuba diver to go to depths of between 200 and 400 ft. This does
not sound terrific for the nagical year 2001, but it would nmean that really bl ack
dept hs woul d be open to everyone, and that certainly woul d be a nobvi ng experience.

However, if there were a gas that would ni x with oxygen and whi ch coul d be absor bed
by t he body wi t hout poisoningit, it woul dgive us diving w thout deconpression. Very
hypot hetical 'y, such athing would | ook |ikethis: at 300 ft, we woul d have a m xture
of 5 per cent oxygen, 45 per cent xx, 45 percent UUpl us 5 per cent corrector-catal yzer
m xture (whatever that neans!). The bl ood plasma would forman xx plasma, and WU
plus tissue fat would make U fat. Then the xx plasna plus the UU fat would forma
green liquid! The green |iquidwoulddissolveinthe blood, befiltered by theliver
and | eave the body with the urine.

The 5 per cent corrector-catalizer nixture would do sone very odd jobs indeed.
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Whenit caneto ascendingtothe surface, all the gases woul d have di sappear ed; not hi ng
woul d be | eft for bubble formati on and no deconpressi on woul d be needed. W coul d
expect the gases |like xx and UU, being non-toxic, to have nol ecul ar wei ghts of 60
or nore. Such gases have critical points of 500 psi maxi mum therefore, we cannot
expect to be at depths greater than 1000 ft.

Breat hing Li qui d: Thi s has been di scover ed by Prof essor Kyl stra. It isfantastically
sinmpl e: one just drowns in physiol ogical salt water which is saturated with oxygen,
but instead of saying “Farewel| beautiful world” one stays alive. It nust be done
at depths i n excess of 300 ft, or the farewel |l woul d be final, sincetheliquid cannot
hol d sufficient oxygen at a |l esser depth. Maybe newliquids will overcone this, but
for anybody who can beat his psychol ogi cal barriers against it, it is a great way
to solve all diving probl ens!

Extra- Corporal Blood Grcuit: The technique for thisis, inaway, simlar to the
liquid breathing method. One fills the lungs with a suitable Iiquid and one may or
may not continue to breathe. An artery or vein is cut and interrupted, the bl ood
bei ng gui ded t hrough an appar at us whi ch one may carry under the arm The apparat us
does the lungs’ work by getting oxygen into the bl ood and carbon di oxi de out of it.
So, after joining adiving club, the diver sees his surgeon, gets his plugs installed
and has no further diving problenms. Wenever he feel s |ike goi ng underwat er he j ust
pays his electricity bill, connects the apparatus and drowns alittle bit! The diver
could nowreach the absolute limts for diving - the depths coul d be as nmuch as 5000
ft. But then the body chem stry coul d becone upset - under the extrene pressure the
met abol i smwoul d change delicate equilibriumw th fatal results. Such changes of
met abol i smoccur when one changes body tenperature. Very roughly, one can say that
each 1000 ft. i s equi val ent to a degree Fahrenheit body t enper at ure change. The ef f ect
is much too conmplicated to be conpensated by drugs, so | believe that the limt of
diving i s between 3000 and 7000 ft. Naturally, one day sonme crazy chap wll make
it 7043 ft.!

For the scuba diver, descent and ascent rates will be a big problem (I once nade
a descent from300 to 1000 ft. in two mnutes, but | adnmt that | did not feel too
great). Today, one understands that pressure changes cause specific probl ens that
limt ascent and descent rates to between 100 and 300 ft. per hour at depth.

For the properly equi pped sports scuba diver of the future, | would expect dive
durations of six to eight hours, the one big probl embei ng t hat of openi ng t he energy
gap. To heat a swinmng diver, a suit nmust generate approximately 500 watts; with
propul sion and rapid water velocity cooling him the diver needs 1000 watts.
Propul sion (if only we could think of a small torpedo that could be carried on the
belt or between the | egs) requires another 1000 watts. We want about ei ght hours
duration - and here we have a trenendous battery problem W can nmanage with 1000
| bs of lead acid battery, or with 200 | bs of silver zinc battery, or with 40 | bs of
I iquid oxygen and hydrogen plus a fuel cell, or with atom c power - if atom c power
can be provided and if the small isotope battery is ever constructed.

A diving suit nust give protection w thout hindrance; thermal, mechanical, optical
and | ogi stical protection. The materials of the futurewill be strong enough to make
you | augh very loudly when a white shark tries to chew you, but the point is that
the suits will be strong enough to be bl own under pressureif you surface accidentally
and need pressure for the prevention of a deconpression accident. Then, naturally,
the suits will allow efficient buoyancy control in conjunction with the breathing
apparatus and el ectronic bl ack box.
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At present | amworking on a suit which conpletely protects a diver fromthe hazards
of drowning: if the diver |oses consciousness, he will continue to breathe and
automatically drift to the surface i nstead of being | ost at depth. Rescue will then
be easy. Such dry suits will even beat the wet suit for confort.

El ectronics: Today, Hew ett Packard markets a pocket conputer which has forty
t housand transi stors, taking care of all basic mat hemati cal functions of trigononetry
and so on. Very soon sonebody will make such a thing for divers and your dive wll
becone al nost automatically controlled. The box will provide a conti nuous di ve pl an
including return to base, control of vital body functions, supervision of overal
saf ety and precautions, conputation of optimal procedures in case of failure and
trouble, control of breathing apparatus, automatic control of ascent in case of
unconsci ousness, conmuni cation to other divers and base, and navigationrelativeto
base, divers, target, surface and bottom Sone of this data will be recei ved by the
di ver via the apparatus.

Al aser beamprojected onto the faceplate will give a three-dinmensional hol ographic
di splay of the navigational situation, including one’s own path underwater, the
positions and novenents of other divers and the position of base, surface, bottom
and target.

Maybe ultraviolet Iight will penetrate depthanddirty water, and providevisibility.
The navigation systemw ||l be provided by neans of ultra sonics, nmaybe el ectro-
magneti c waves, and probably inertia systenms as those in subnmarines and junbo and
fighter planes, only nuch | ess precise and costly.

The future belongs to a variety of breathing apparatus, and al though nothing will
ever beat the sinple aqualung, we will have miniature conpressors silently filling
our cylinders over-night, and a small scuba set fitted with 8 | bs of air will weigh
approxi mately 20 | bs, including the air vaporizer

In the closed-circuit deep-diving apparatus, CO; and other contam nants will be
frozen out of the circuit; no filters will be needed, and buoyancy will be easily
controll ed.

So, what | predict is this. The oceans are not dead. In 2001 | hope still to have
t he choi ce of junping nude into the water and pl aying with the mask, fins and snorkel
| bought in 1960, but the mliatary divers will swimaround silently with an extra-
corporal bloodcircuit, and sone enthusiastsw |l breathliquidfar down at 3000 f eet.
Naturally, it will be great to be able to nove hundreds of feet up and down, with
propul si on, navi agati on, comunications and, |ast but not least, |iquid gases.

Living Underwater: The earth is becom ng somewhat crowded; there is a trenendous
energy-gap, and there is a contam nation problem |In the 19th century, people had
great problems in protecting thenselves from contam nation inside the house -
out side, nature was healthy. Today it is different. Last week | was in New York
- | amtold that breathing air in a New York street is equivalent to snoking 40
cigarettes a day, and that one cigarette shortens |ife by 15 m nutes; one day i n New
York therefore shortens nmy life by half a day. However, | was in a hotel which
advertised filtered air, so | spent as much tinme as possible in nmy hotel roomso t hat
| was safe from contani nation!

| believe that the future bel ongs to three-di mensi onal structures, towns which are

completely closed shells. Inside such shells one would be able to keep the air
conditioned and to filter out all contam nants.
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A sociologist told ne that the ideal city has one mllion inhabitants. Such acity
coul d be designed as a cube, as a sphere, or other three-di nensional shape. AO0.6
X 0.6 x 0.6 mle cube woul d gi ve each person - child or adult - one thousand cubic
nmetres of space, which anpbunts to about tw ce the volune of a conplete six-roonmed
apartment, including a garage. In such a cube people would live and work and
conmuni cat e.

The first advantage - elim nation of the energy gap: whatever energy the industry
inthe centre woul d use woul d heat the apartnments. Secondly, people could conmmute
easily with elevators and nechanical stairs - everyone could wal k anywhere in 15
m nutes. Thirdly, climte and contam nati on woul d be under control, with m nimum
t echnol ogy needed. Fourthly, Nature woul d be within 10 m nut es wal ki ng di stance and
coul d be kept intact for agriculture andrecreationandjoy - nonorefences and houses
anywhere - all woul d be onereally nice biggarden. Fifthly, it would be econom cal .
Lastly, social contact would be optinmal: one would have all the human contact one
want ed, plus roons for privacy for, naturally, to be happy, one needs a roomin whi ch
to he alone - without acoustical or optical contact with the outside.

It has been proposed that we build such structures underwater. | amafraidthisis
not possible. It would be econom c nonsense because of a sinple physical law a
city underwater has to be of the sane density and wei ght as the water it displ aces.

If a structure is made of concrete, then 40 per cent of its volume woul d have to be
of solid concrete; aroom2l1 ft wi de woul d have concrete walls 3 ft thick. If nmade
of steel, 13 per cent of the entire volune would have to be of steel: a room 25ft
wi de would need solid steel walls 1 foot thick. For buoyancy reasons alone, an
underwat er city woul d require several tines nore building material than a sky-scraper
structure on | and, which nakes a nonsense of the whol e idea. |f one thinks of heavier
materials, of the costs and quality of this nmagnitude, it is inpossible

Floating cities - Yes! If one needs cooling, the water under acity would inevitably
carry away heat energy. In ahot clinmte this is wanted, not soin acoldclimate.
So, certainly, Mam 2001 will float, while Oslo 2001 will be on solid ground where
m ni mrum heat is |ost.

To Swi ss peopl e, the thought of athree-dinmensional cityfillingalittlevalleywth
| ots of people, all withtheir little bank accountsinthe country, appeal s very nuch.
Actual Iy, such structures have al ready beentried. The Egypti ans once made bi gt hree-
di mensi onal structures, but the architects only dared to nove the dead inside. 1In
Babyl on, an architect tried, and when he failed because of an error in the
cal cul ations, found the greatest excuse | have ever heard. Si nce Babyl on all
architects have had their splendid excuses.

If underwater cities are inpracticable, perhaps there is even | ess need for humans
to acquire gills and cold bl ood and beconme hono aquaticus. Cousteau has predicted
that selection and nutation will create newforns of human bei ngs, capabl e of Iiving
fish-1ike underwater, for instance. But the human and his donestic ani mals have
escaped the selection process fromNature - it is known, for exanple, that Eskinos
are not hairier than Africans.

When trying to predict the future of manki nd, we can certainly anal yse sonme trends.
Onew Il trytopernit the maxi numnunber of individual s the experience of life. That
means a big crowd! This crowd will certainly have to live in three-di nmensional
structures; the cities of the future. There is no need for humans to fly like birds
as honoaer onauti cus, or sw munder t he sea as hono aquaticus; if acity has 5001 evel s,
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its three di nensions are enough. The factors limtinglife will therefore be the
energy-gap; waste of prime materials and contani nation.

Q her Trends: Each individual will seek maxinmum ‘life fulfilment’ which nmeans a
maxi mum of brain stinuli. Brain stunuli can be realities naking an inpression on
nerves whi ch t hen act onthe brain, for i nstance, London Tower, or drugs, or el ectrical
i mpul ses - a conputer could be connected to the brain to make it ‘see’ the Tower.
But humans want not only a maxi mumof stinmuli on the brain but al so a maxi numvariety

of stinuli. The brain wants to be able to choose its stinuli; it wants the freedom
to choose and change. But the concept of honp aquaticus is profoundly opposed to
t hese needs; aquaticus would have a very dull and one-sided animal life.

Anot her strong argunment agai nst aquaticusis thedifficulty of maintaini ng body heat.
The human net abol i smi s set at a very preci se constant tenperature, and hono aquati cus
woul d need hi ghly conpl i cated cheni cal nechani sns to conpensate for such tenperature
effects. The netaboli smwould need to be at | east three times nore conplicated than
itisalready, and woul d probably bethreetines norepronetoillness and mal functi on.
Nat ure dislikes such inpracticable constructions.

I f humans really want the nmaxi mum nunber of individuals surviving for the maxi mnum
time, then sonething else is needed.

Humans will not live in the sea, but they nust beconme snaller - very nmuch smaller.
People only 3 ft tall could be as intelligent, sensitive, beautiful and as sexy to
each ot her as people who are 6 ft tall. If humans coul d stop grow ng when ei ght years
ol d, they would be easier to feed and to transport; |ess energy and prinme materials
woul d be used up, and nore people could find a place on earth. Muiscul ar effort coul d
be inplemented with tools. It could already be done today w th hornobnes.

Finally, if by 2001 all the big fish have been shot, then at least a 3in fish, wll
be a great experience for a 3in diver!

* * *x k% * * % *

Brief Profile

Hannes Kel l er fromSwi tzerl and was the first man successfully to dive to the record
depth of 1000 feet, and he did it as far back as 1962. Sadly, this achi evenent was
marred by the tragic death of his diving conpanion, Peter Small.

Since then, he has concentrated on the technical devel opment of safe and efficient
underwat er equi pnent for industrial deep diving, principally producing a

prof essi onal suit and new chanber systens. He has al so produced two-man and five-
man portabl e reconpression chanbers.

* * *x k% * * % %
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A FATAL DI VE
Dr FM Cave

This diver *V spent the day before he di ed getting his hookah and ot her gear ready.
He may have had sone beer before tea |late that afternoon but certainly did not go
out after his tea.

He left his home at about 5.15 amin conmpany of two others, ‘A and ‘B . The boat
was | aunched about 7.15 amand they arrived at the dive site off an island an hour
| ater. Diving was conmenced wi t hout del ay usi ng two hoses fromt he hookah equi pnent
in the boat. ‘V dived to the bottom and was followed by ‘B using the other
nmout hpi ece, the latter waiting till he saw 'V reach the bottom ‘B glinpsed 'V
occasional ly for about two m nutes, |ost sight of hi mfor about two m nutes then saw
hi mswi mpast about 20 ft away, com ng f rombehi nd hi mon a 45 degr ee angl e and swi mni ng
level within a couple of feet of the bottom He then swamout of ‘B's sight. ‘B
continued | ooking at coral until about two minutes | ater when he saw ‘ V' s speargun
standi ng vertically, spear down, with the point of the spear resting on the bottom
He swamover to the gun and found al so a flipper on the bottomnearby, so he picked
up both articles and surfaced. At the surface he dropped them and peeled off his
own flippers.

‘A" had remained in the boat with the nmotor. He estimated that ‘V was submerged
for about 8-10 m nutes before he saw hi msw macross and check the boat anchor and
then swmto the end of the line. Soon after 'V canme up and called, apparently in
di stress though the engi ne’ s noi se prevented his words being heard. ‘V went under
again for a moment, then resurfaced and cal | ed agai n. He probably had hi s mout hpi ece
out and his mask on his forehead the first tinme he surfaced and it was certainly out
when he went under the second tinme. ‘A pulled himto the boat with the hose. He
pr obabl y becanme unconsci ous about 8-10 ft fromthe boat. ‘A couldnot lift himinto
t he boat unai ded (he wei ghed about 12 stone). His eyes were half open and turned
back. There was clear froth spurting fromhis nose and nmouth but no unusual snell
or vomt. He was pale.

‘B’ swamover and triedto helplift himinto the boat fromthe water but had to cone
aboard hinmsel f before ‘V could be lifted in. The purge button of the nouthpiece
was tried and found to work normal ly. Muth-to-nouthresuscitationwas tried. There
was sone difficulty in getting the boat’s engine started before they could take 'V
ashore to the island’ s resort. There a nurse confirnmed that death had occurred.

| interviewed the victim s father and the two conpani ons on t he di ve, al so exani ni ng
t he equi pnrent, establishing the follow ng facts: -

. “V' was in very good health, physical and nmental. He had been diving for
at |l east six years and started to use scuba about six years ago. He bought
t he hookah new about two years before this accident.

. V' had told *B “never hold your breath while using hookah, always breath
normal ly, don’t rise faster than your bubbles”, he had taught himto cl ear
his mask and to renove and repl ace his nout hpi ece underwat er.

. ‘B’ does not renmenber being instructed in free ascent but may have been tol d
“if you have to ditch, breath out before comng up”. | amtold that ‘V had
attended | ectures on these subjects given by nyself. Such is the only
i ndi cati on we have as to the extent of ‘V s know edge.

‘B’ had been shown how to use hookah equi pnent in a sw nmm ng pool but had never
previously divedinthe seaeither with snorkel or hookah. Heisintelligent, healthy
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and in his early twenties. ‘V was 29 years old. ‘A, the man left in the boat,
had never dived.

Equi pnent was ordi nary petrol driven conpressor with air intake froma fl exi bl e pi pe
about 10 foot | ong placed over the front wi ndscreen of the boat. The boat engine’'s
exhaust was a two foot pipe extending vertically fromthe engi ne to reach any breeze.

The hookah supplied air through a hose that | tested and found to be very difficult
to ki nk, resisting kinkingunless usedtwo hands totwi st it. This went to the wei ght
bel t where was an adaptor, thence by a short tube to t he nmout h pi ece. The nout hpi eces
were tested after the acci dent and found to work satisfactorily. The only abnormality
found on taki ng the nmout hpi eces apart was a twi sted coil spring at the valve; this
was one used by ‘B'. They were See-bee with tilt type up streamval ves with a non-
return valve. There was a snmall ampount of verdigris in 'V s valve.

Bot h di vers had t hei r wei ghts ont he sanme belt as t he hookah adapt or was on, and nei t her
carriedasnorkel. Though unwi se, such factors di d not appear to bear onthe acci dent.
‘B’ had no difficulty with air supply at any tinme, though the same source supplied
both divers.

Conditions on the day were a cal msea, light north-east wind, the boat was on the
sout h- east side of asmall island, and underwater visibility was good. The sea bottom
could be seen fromstanding in the boat. Neither diver wore a depth gauge. Water
depth wi Il have been not nore than 20 feet at the time of diving. The equi pment was
recovered the day follow ng the incident and showed no danage narks.

The post nortemreport was: brain swollen andthe overlying cerebral vessel s contain
air. The lungs are di stended and pale and there is underlying air in the pul nonary
veins. The heart shows two areas of fresh haenorrhage from capillaries over the
external surfaceandthereisair inthe coronary veins. Cause of death- Air Enbolism

Concl usi on: It seens alnobst certain that 'V ascended to the surface w thout
exhal i ng. Wy he di d so cannot be known. There is no evidence of any natural ill ness,
there i s no evidence to suggest that his nout hpi ece val ve stuck, no sharks had been
seen in the area and he woul d be too used to seei ng sea snakes to becone al arned by
their presence.

* * *x k% * * * *

RI SKY JOBS

The Metropolitan Life Insurance Co. recently conpleted a study of hazardous
occupations and cane up with sone interesting statistics. They found that probably
t he nost danger ous j ob possi bl e i s sponge di vi ng, t hough only 25 persons make a living
inthis occupationinthe USA because artificial sponges are taking over the narket.
Fol | owi ng sponge diversinthe highrisklist are aerialists, notor cyclists and auto
racers, |unberjacks, bank guards and, interestingly enough, deep sea and Great Lakes
fishernen.

Ski ndi ver Magazi ne, Novenber 1974
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A REVI EW OF Al R EMBOLI SM AMONG SCUBA DI VERS | N THE MONTEREY PEN NSULAR
Takashi Hattori, M

The controversy over whether the novice scuba diver shoul d be taught “free ascent”
before receiving his diving certificate will always remain. Personally | feel that
t he di ver shoul d not attenpt a free ascent until his or her third ocean di ve and t hen
only after practice under supervision in a pool. A second, though sonetines
i mpossi bl e condition is that no free ascent shoul d be taught where a reconpression
chamber is not available nearby with an MD and operating personnel at inmediate
r eadi ness.

Besi des enphasis on the need to expel air as one ascends, the fact that severe and
forced expiration before starting the ascent should be avoided al so needs to be
expl ai ned. Last sumer | had two cases of air enboli smwhich could only be expl ai ned
onthe basisthat initial forced expirationclosed off sone of the | ower | obe terni nal
bronchi ol es which then renuai ned closed resulting in over expansion and rupture of
al veoli and subsequent enbolism

From1971 t hrough 1974 a total of ten cases of air enbolismor possible air enbolism
were treated on the Monterey Peninsular, California. O these, three were enbolized
during the practice of “free ascent” as a part of their |ast ocean dive to qualify
for the novice certificate. Known cases were 1971 - one, 1972 - two, 1973 - two and
1974 - five cases.

Cases incurring Air Enbolismwhile practicing FREE ASCENT

Case 1 (1972) Male, age 21

On first ocean dive, panicked during free ascent from25 feet. Did not exhal e for
the last 15 feet of ascent. Became unconscious within 2 nminutes of surfacing
Conpressed to 165 feet approx. 20 minutes after | osing consciousness, regaining it
after 10 minutes at 165 feet. Flown to San Diego on Table 4 (in 1-nman chanber).
Treatment was finished up on Table 6 with O from60 feet at San Di ego. Victi mwas
blind for three days after treatnment but sight returned spontaneously. Psychonetric
exam nation at UC Medi cal School showed no neurol ogic deficit.

Case 2 (1974) Male, age 30

Conpl ai ned of weakness after second “free ascent” from25 feet. Buddies in class
removed hi s wei ght belt and tank and entire cl ass started for shore. His wfe | ooked
back t o see howhe was and f ound hi mfl oati ng unconsci ous and dr owni ng. He was br ought
ashore, and then to hospital by anbul ance.

He required 1 hour of intensive resuscitation fromsevere drowning before | could
pl ace himin our chanber. He was taken down to 165 feet whil e barely consci ous and
then transported to San Di ego on Tabl e 4. Treatnent was conpl eted on nodi fi ed Tabl e
6 on . Recovery was conplete

Case 3 (1974) Fenuml e, age 25

Conpl ai ned of chest pain after free ascent practice from25 feet. She was brought
to shore where she al so devel oped di zzi ness. Examination at hospital reveal ed no
nyst agnmus but there was | oss of vibrationsenseintheleft ankle. There was no nuscl e
weakness and the renmai nder of the neurol ogi c exanmi nati on was negative. Chest pain
had di sappeared.
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Si nce our chanber had not been returned fromSan Di ego, she was pl aced i n Tr endel enber g
position 10°, IV Saline was started and 100% Oxygen gi ven whil e being flown to San
Di ego at 500 feet altitude. She entered their chanmber approximately 3 hours after
t he acci dent.

It isinteresting to note that her headache was slightly worse on reachi ng San Di ego
and she devel oped severe nystagnmus on sitting up to enter the reconpressi on chanber.
Vertigo, nystagmus, |oss of vibration sense, and headache all cleared within 10
m nutes after reconpression to 165 feet. She remmi ned asynptomatic after |eaving
t he chanber.

O her causes of Air Enbolism

Case 4 (1971) Male, age 28

On his third ocean dive, with an instructor, he was down at 75 feet when he cane to
a rock about 25-30 feet high. He was excited and thinks he forgot tolet his breath
out as he cane up over the rock. He becane henipl egi c as he passed over the rock
Hi s i nstructor sawthat he was “in trouble” and assisted himto the surface and then
to the shore. He was disorientated, unable to talk and unable to nove his right
extremties so was taken to the Pacific G ove Fire House. There he was found to be
orientated as to time and place, able to tal k and had recovered ability to nove al
extremties. However, there was residual weakness in his right armand | eg. Tongue
did not deviate. Right biceps and knee showed hyperactive refl exes. Babinski was
negati ve.

He was taken to 100 feet in our single-lock chanber and treated on Table 1A. He was
compl etely asynptomatic at the end of treatnent.

Case 5 (1972) Ml e, age 19

On his first ocean dive with the cl ass he was down at 60 feet with his instructor,
who | ater descri bed how he took his eyes off the victimfor a couple of m nutes and
when he | ooked back he saw the victimon the bottomw th his nmouthpiece out. The
i nstructor panicked and pulled himto the surface without forcing air from the
victims lungs. Haenoptysis was observed on surfacing. It took 30 minutes to get
himto shore fromthe dive site, during which time he was unconsci ous and remnai ned
so when placed in our chanber. He was transported by air to San Di ego on Tabl e 4.
Deat h occurred after the small chanber had been placed within the | arger San Di ego
one, before pressure was equal i sed.

Case 6 (1973) Male, age 28

This uncertificated diver with 2 years di ving experience was found unconscious in
30 feet of water. He was pulled to the surface by his buddy wi t hout forcing air out
of his lungs and reached the hospital approximately 30 m nutes after the accident.
Pupils were barely reactive, there were no deep tendon refl exes, he was breathing
spont aneousl y and bl ood pHwas 6.8 with arterial O2 saturation 48%on arrival there.
He required 1 hour of intensive resuscitation nmeasures before | thought he could
survive the usual three hours before he would reach the San Diego chanber for
treatment. Such therapy was chosen because air enbolismcould not be excl uded by
the case history obtained. He was air transported on Table 4. He was treated on
Table 6 three tines in three days at San Diego Naval Hospital, being discharged
apparently conpletely recovered 6 days after the accident.
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Case 7 (1973) Muale, age 16

Regul ator trouble was encountered at 90 feet depth, necessitating an emergency
ascent. Intermttent | oss of consci ousness occurred over the next 20 minutes. The
patient received 500cc |V saline, 20 mgm decadron, and oxygen while awaiting the
arrival of our chanber by air transport fromMonterey to Eureka. He was then pl aced
inthis on Tabl e 4 schedul e and taken to San Di ego, treatnent being conpleted there
on Table 6 on O,. Recovery was conplete.

The portabl e one-man hyperbaric chanber is single lock, air or oxygen capable,
manufacturedinltaly, 800 1bs, 64" | ength, 28 dianeter (32" at hatch). It is kept
at the Pacific Gove Fire Departnment for emergency use by the Marine Rescue Patrol.
It can be transported by helicopter, the one used being a USOGH 3 (large). It can
be placed within the | arge chanber at Catalina through the 29" door by di nt of great
| uck, much angul ati on and | ess than 1/64th inch “cl earance”. An article about the
operation of our Rescue Patrol and some of the probl ens we have encountered will be
printed at a |ater date.

* * *x k% * * % %

Drugs fromthe sea

M Richard Helnms, former director of the US CIA told the Senate conmttee on
Intelligencethat i ncl uded anong poi sons stockpil ed there was | et hal shellfishtoxin.
(The Australian, 19 Septenber 1975)

The new Physi ol ogy (1)

According to the director of the Sydney Human Performance Laboratory, the Parramatta
pl ayers “had performed beyond the limt of human endurance”. It just shows the val ue
of training!

( The Australian, 29 August 1975)

The new Physi ol ogy (2)

It as reported that M Frank Braun, 1968 president of the South African A ynpic
Conmi ttee, once gave as the reason for t he absence of bl acks i n Sout h African sw nm ng
team that “Sone sports the Africanis not suited for. In swimingthe water cl oses
their pores and they cannot get rid of carbon dioxide, so they tire quickly”. An
i nteresting observation!

[illegible]

The new Physi ol ogy (3)

Prof. Leston L Havena, Professor of Psychiatry at Massachusetts nental health centre
at Harvard Medi cal School has said that nost peopl e are psychol ogi cally dead by the
time they are 30. “They go on breathing for a lot longer than that but from a
psychol ogi cal point of viewit would be hardto find signs of life.” A Canberrateam
of academ cs and researchers has worked for nine nonths to reveal that human bei ngs
are limted in their capacity to learn. They observed that what a teamdecides is
the sol ution of a problemnmay be different fromthe solution that any single nenmber
of the group mi ght have arrived at. All things considered, it is |lucky that the ages
of the SPUMS conmittee are to be kept strictly secret!

(rewitten fromthe Daily Tel egraph, of 23 July and 14 Cctober 1975)

32



..DOPPLER ULTRASOUND FOR DETECTION OF “BENDS’
Robert L. Meckel nburg, M

Since the Doppler ultrasound was first introduced for bubble detection in
cardi ovascul ar work by the Japanese worker, Taratka in 1975, many different
appl i cations have been made of this technique. One of the earliest attenpts at the
use of the Doppler ultrasonic flowneter for the objective detection of circulating
bubbles in the blood stream of larger arteries and veins was done by Spencer and
Canpbel I in 1968. Since that tine refinements in electronics and instrunentation,
coupled with i mproved clinical application have produced a techni que of nonitoring
t he vascul ar systens for the presence of inert gas bubbles that hold nuch prom se
for the study and prevention of dysbarism

Basi cal ly the techni que of Doppl er ultrasonic detectionis appliedtranscutaneously
by means of a piezo-electric crystal of five toten megahertz applied at usually ten
mlliwatts per square centinetre of the body surface. UWilizing a pair of focused
quartz crystals in a contoured probe placed over the pul nonary arteries and veins
just to the left of the sternumat the third to fourth interspace, one can nonitor
the entire return of the vascular system Hence, bubbles arising in any portion of
t he body, and gai ning entrance into the vasculature will be sooner or |ater passed
in front of the view of the doppler transnmitter and result in reflections of the
ul trasound beamat the gas-water interface. Wth the i nprovenent in el ectronics,
t he use of larger crystals with reduced background-to-signal distortion have al |l owed
greater flexibility in placenent of the ultrasound probe over the chest wall. The
radi at ed area enconpassed by the quartz crystals then becones sufficiently |arge,
so that all of the significant blood flowis exam ned uponits returnto the heart.
The presence or absence of venous gas enboli can be determned with a fair degree
of accuracy. The arterial systemis not nonitored, sinceit has been determnined that
only under the nobst unusual circunstances do gas enboli ever appear on the arterial
side of the vascular system To date, a fairly consistent pattern of detection of
venous gas enboli prior tothe onset of any synptons of the bends, has been recogni zed
by nost i nvestigators using the Doppler ultrasound techni que. Since nany venous gas
enboli can be detected by the Doppler ultrasound techni que and no synptonat ol ogy
what soever devel opedinthe subject, it isquiteobviousthat the body has an extrenely
| arge tol erance of gas enboli before it produces any clinical signs or synptons.

The application of the Doppl er ultrasound, of course, would be nostly aptly applied
directly onadiver duringhisdive. Wth surface or self-nonitoring, onecoul ddetect
t he i mredi ate devel opnent of gas enboli in the bl ood vascul ar system and thus be
abletoshortenor termnatethe dive. Unfortunately, present equi pment andtechni que
do not allow nmonitoring of divers during their dive conveniently, except in the
chamber stimulations. Thusintheactual fieldwork, the best that can be acconplished
at this point is surveying the diver after he has conpleted his dive, and returned
to the surface vessel. Even with this nodified technique, it is quite inportant to
be abl e to detect those i ndividual s who do mani fest a significant amount of bubbling
intheir bl oodvascul ar system and who, therefore, shoul d be kept under surveill ance
for the possi bl e onset of bends synptomatol ogy. Al so, those individuals wishingto
performarepeat dive excursi on can be warned away fromt hi s endeavour i f their Doppl er
ul t rasound examni nati on shows a si gni fi cant nunber of bubbles in their bl ood vascul ar
systemfromtheir first exposure

Concomitantly, the ultrasound detector can also be utilized as a nonitoring system

for individuals undergoi ng therapeutic reconpression and staged deconpression for
the treatnent of their bends. The elimnation of the venous gas enboli can be used
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as a predictor of effectiveness of treatnment, and del i neate how rmuch treat nent nust
be admi nistered to the individual to produce therapeutic reconpression. Also, it
has been shown that in many instances of sinple bends, a shortened procedure both
intinme and depth of reconpression can be utilized as effectively as nore prol onged
met hods. Typi cal Doppl er ul trasound equi pnent can be made qui t e conpact and port abl e,
and easily utilized in the field. This nakes the application on shipboard quite
feasible, and Iimts it only by personnel and tine.

* * *x % * * % %
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A FOUR YEAR SURVEY OF MORTALITY IN BRITISH DI VERS
GW Crockford and Ms DF Dyer
(Paper given at Underwater Association (UK) Conference, Novenber 1974)

In July 1970 there were 250 divers on the National Divers Register which had been
started by Ms DF Dyer. As far as can be judged at that tinme all 250 were obt ai ni ng
t he whol e or a substantial part of their i ncome fromconmmerci al diving and wer e maki ng
or intending to make a career of diving. An attenpt is now being made to trace what
has happened to these nen over the past four years in ternms of death and retirenent
inorder todeterm nethe fatal acci dent rate of conmerci al divers. Thefatal accident
rate can be expressedinterns of deat hs per 1000 man year s of exposure and a conpari son
then made with other sectors of industry. It is assuned for the purposes of this
study that a man i s exposed to the hazards of diving as long as he is avail able for
wor k and has not made a definite decisiontoretire fromactive diving, irrespective
of the anount of diving he was doi ng over the four year period.

The period covered by the study was fromJuly 1970 to July 1974 i ncl usi ve, a period
of four years one nonth or 1021 man years of exposure. Due to the difficulty of
determ ning when a diver retires fromactive diving it was deci ded to assune that
all 250 were exposed the whole time although it is known that 63 are not now di vi ng.
A further 43 nmen have not been traced and are al so assuned to still be diving. Sone
i nformati on has been obtained on the rest of the group either by answers to
guestionnaires or word of mouth. As many of the fatal accidents reported to us were
by word of mouth it was deci ded t hat afatal acci dent woul d only be count ed as confirmed
if there were supporting newspaper reports, confirmation fromthe firmthe nan was
working for, or fromrelatives or fromresearch workers who are keepi ng nedi cal and
acci dent records of divers. Verbal or witten reports of accidents fromcol | eagues
for which a confirmatory source has not been found to dat e are count ed as “unconfirmed
acci dents”.

Toaidinthetask of matchi ng di vers to prospective enpl oyers the regi ster was di vi ded
into a group of 100 widely experienced divers who were prepared to travel overseas
and a group of 150 who were nore specialised in their underwater skills.

The results of the study to date are given in Table 1 and it nmust be enphasi sed t hat
these figures are only provisional until all 250 nmen have been traced.

TABLE 1
FATAL ACCI DENTS AMONG 250 DI VERS
Group 1 (100) Group 2 (150)
Deaths in the WK 5 (confirned) 7 (confirned)
Deat hs outside the UK 3 (unconfirmed) 1 (unconfirmed)

The distribution of the UK deaths was 7 in association with oil and gas i ndustry in
the North Sea, 1 crawfishing, 1inland, 1it is believedin a harbour or estuary and
2 in association with sal vage and i nspecti on.

Expressing the results in ternms of 1000 man years of exposure gives arisk rate for
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the UK of 11.7. If the overseas deaths are included this rate could be 15. 6.

The rel ati onship these figures bear to other industries is illustrated in Table 2.

TABLE 2
Fatal Accident Rate per 1000 man years of exposure (UK)

Manuf act uri ng 0.04 - 0.05
Coal M ning 0.3 - 0.4
Deep- Sea Trawl i ng 2.0 - 4.0
Deep- Sea Traw i ng 1968 9.0

Commer ci al diving 11. 7 - 15.6 (?)

These figures illustrate a nunber of inportant aspects of the hazardous nature of

di vi ng:

1. The mnimal confirmed fatal accident rate is higher than that of deep-sea
trawl er fishing in 1968 when the | oss of 3 ships pushed the rate up to 9 and
resulted in a full CGovernnental enquiry into trawl er safety.

2. Unconfirmed deaths indicate that the true rate may prove even hi gher

3. Comrercial divers are at risk and are losing their lives in a w de range of
diving activities inthe UK and are very much at ri sk when worki ng over seas.

4. Safety | egislation that deals with a restricted aspect of conmercial diving
isof limted value to the profession as a whole or to individual divers who
nove between different types of work, eg. North Sea, reservoirs, harbours.

5. As t he nunber of man hours spent by the group in the North Sea or other areas

is not available the figures do not indicate that the North Sea is any nore
dangerous than any other areas of diving activity.

Insunmary it can be saidthat comrercial divingis an extrenely hazardous prof essi on.
Conpr ehensi ve | egi sl ation at both the Nati onal and International |evel is required
if the fatal accident rate is to be reduced to a | evel conparable to that of other
dangerous industries. Legislation covering one particular type of diving, such as
of fshore installations, will have a limted inpact on the hazardous nature of the
pr of essi on.

* *x * *x * * *x *

UNSUI TABLE SPORTS

The Education Gazette |ists nobst sports as suitable for schools. Predictably, it
does not approve of boxing, karate, tae-kwong-do, rifle shooting, clay pigeon
shooting, spearfishing and flying. But just when you are thinking the Iist shows
admi rabl e concern for physical safety you conme across anot her of the forbi dden sports
- contract bridge.

(Sydney Morning Herald, 20 July 1974)
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| DLE THOUGHTS: “FILL ME UP, DOC”

It soon becones apparent to newconers to diving that their probl ens are consi derably
nore conplex than the nmere satisfaction of their keen interest in ensuring a
dependabl e source of air to breathe. The constraints that result fromthe operation
of the “Gas Laws” acquire a degree of reality when painin ears or sinuses reinforces
t he text book advi ce regardi ng the need to “equal i se” on descent. Unfortunately the
war ni ng di sconfort that shoul d acconpany the barotrauma of ascent is too diffident
a teacher for safety, pul nonary danmage occurring silently and on occasi on | eadi ng
tothe entry of air intothe arterial circulation and thereby by ill luck to a vital
area of the brain. As to the other problens that plague man underwater, even the
non-di ving public know about “the bends” and “narcosis”, thanks to film and TV
presentations of diving dranas. The possibility of oxygen toxicity and of bone
changes i s nowin the awar eness of many scuba divers whowill inall |ikelihood never
get within cooee of being at risk, and sone degree of awareness of the dangers of
hypot herm a and t hat t he use of special gas m xtures in place of air nmerely postpones
t he onset of deepdiving probl ens but does not obviate themis now accepted fact to
many nore than the snmall elite nost closely involved in such problenms. It is to
nm ni m se such adverse factors that diving routines have been desi gned and t aught and
the diving depth/tinme tables devised. Additionally, great thought has been given
to the concoction of special gas mixtures for use in place God’s good clean air for
deep di ves, al ways recogni sing that one buys exenpti on fromone probl emby accepti ng
sone alternative disadvantage charting a course between the conpeting risks of
deconpressi on sickness, inert gas narcosis, hypoxia, oxygen toxicity, HPNS, gas
density, carbon di oxi de probl ens and t he joker in the pack, human variability, keeps
many a mat henmati ci an happily and useful |y enpl oyed with his conmputer, tinkering wth
t he pros and cons of the advice to give that man-that-never-wll-be, the diver whose
tissue reactions fit the theories. Nevertheless, off the peg though they may be,
no di ver who values his health can afford to disregard the tables. Unfortunately
the theoretical basis of such advi ce | acks adequat e factual feed back fromthe users,
for divers are notoriously poor at giving accurate details of dive profiles where
synpt ons have occurred. They tend to sel ect out and report only those synpt ons t hey
think justify conpl ai ni ng about, the resultant |ack of reporting of m nor synptons
givingriseto anisleading belief inthe safety of present procedures. In a*“state
of the art” where it is still under dispute whether the initial or final portion of
the ascent is nost critical regarding the prevention of the onset of deconpression
si ckness, the lack of accurate informati on concerning whether the divers are truly
synptons free if they follow cal culated diving patterns i s becom ng recogni sed as
bei ng a brake on progress. Hownice it would be if one could do without air filled
spaces, elimnating all barotrauma, and avoid the use of any (so ill named) “inert
gases” and thereby obvi ate nost of the remaining problens. To reduce the problens
of diving to the avoidance of hypotherm a and the oxygen-in/carbon dioxi de-out
bal ance woul d be an i mense gain. Man woul d gain vertical freedomof the sea al so.
Naturally it was only a matter of time before sonmeone cane al ong deternined to put
theory to the test and starting with small manmal s began t he | ong sl og of redesi gning
Homo Sapiens into the nmould of a Hono Pisces.

One of the first to nake a scientific attenpt to solve the problens and to actually
“aquetise” a mammal was Dr Johannes Kylstra. Naturally our furry friends provided
the volunteers for thisfirst great steptowards joiningthe fishesrather thannerely
visiting them and their survival underwater under hyperbaric conditions led to
further experinments and the use of nore conpli cated conpounds thantheinitial sinple
i sotonic solutions of salts. The degree of progress nade will encourage further
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i nvestigations and offer the expectation that one day man (?) will enter into an
exciting and totally unchartabl e di nensi on of the environment. The only certainty
isthat the unexpected will occur and that hitherto non-existent problens will arise
to cause disability, di seases, and deaths. But think of the chances for undyi ng f ame
for those who are credited with first describing the eponynous troubles of this new
men!

No amount of w shing and flooding can convert lungs into gills, their respective
anatom cal structures dictating inverse relationships between tissues and the
respiratory fluid. Whilethe tidal ebb and flowof arelatively lowdensity gas with
good diffusing properties and m nimal eddy turbul ence at normal respiratory rates
t hrough t he Bronchi al tree provi des for good gas exchange function at | owener gy cost,

probl ens escalate imediately gas density or respiratory rate is significantly
i ncreased. Normal respirationis by noderate expansi on of the thoracic cage and t hen
elastic recoil, this being about the neutral point of thoracic size. The accessory
nmuscl es of respiration are “desi gned” for bursts of acti on and not for prol onged use,

consequently they tire easily and are unsuitable for indefinite ventilation of the
tract by dense fluids, be they gaseous or |liquid. The energy cost can rise such that
the oxygen requirements of continued forced respiration equal or exceed the
respiratory intake. The supply is limted because range of safe oxygen partia

pressures is narrow and at hi gh anbi ent pressures a m nor change i n gas composition
inthe m xture causes mar ked partial pressure change, with val ues bot h above and bel ow
t he al | owabl e range bei ng dangerous. Mechanical assistance to thoracic novements
woul d t heref ore beconme essential. So far no sol ution has been found for the problem
of efficiently renoving carbon di oxi de fromthe al veol ar capill ari es by way of intra-
al veol ar liquid, though “clearing” theliquidoutsidethe body of such carbon di oxi de
as has managed to cross over would be relatively sinple. The efficiency of the
pul monary systemfor fluid based respiration would be further reduced by the likely
circul atory preference for any areas of col |l apse or consolidationthat resulted from
such unphysi ol ogi cal dermands on its functioning. GlIls, by way of contrast, rely
onathroughflowof respiratory fluidover the gas exchange ti ssues. Such a mechani sm
woul d appear to be the nost rational one when using liquid, a conclusion reached by
marine life some time ago. It is therefore hoped that no benefactor of mankind will

finance human trials of this approach to produci ng a barotraunma-proof man

Even though the pul monary tract nmay be considered as unsuitable for |iquid based

respiratory exchanges it may still be advantageous to fill all the body spaces with
some liquid. It will have to be one that is not only inert but can never produce
any f orei gn-body, auto-i mmune or neopl asti c changes. There are enough graves al r eady
occupi ed by victinms of perfect drugs and inert inserts. It is essential that rapid

and conpl ete drai nage with uninmpaired return of function be possible, for fanme and
fortune woul d be dear i ndeed i f one hadtovisit | andbound friendsin akindof goldfish
bowl! Still, as all of us can claimto have | ogged abut nine nonths of “fluid tine”
before our first breath, it is not innately against nature to “nothball” our |ungs
for a tine.

This still |eaves the problem of what alternatives there are (besides the one of
forgetting the whol e matter), what ot her routes can be utilised. Any straightforward
gas exchange through the skin is definitely a non-starter because ambi ent pressure
woul d nmake oxygen toxic to the tissues of the exchange area even supposing that
adequat e absorpti on was theoretically possible, whichis extrenmely doubtful. There

woul d still then remain the probl emof renoving the carbon di oxi de, al nbst certainly
i npossi bl e t hrough any skin area though drugs coul d be considered to utilise rena
excretion, a last (sic!) resort. It therefore appears to be inevitable that some

liquid be used. The npbst obvious and at hand is, of course, blood.
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The use of sone adaptati on of a heart-lung machi ne at first sight appears attractive,
for the extra-corporal circulation wll require mechani cal assistance and there is
al ready consi derabl e expertise availableinits use. It is known that such nachi nes
cause damagi ng changes to the bl ood, both the cel | ul ar and non-cel | ul ar constituents
being altered. As a major artery and vei n woul d be necessary for such a machi ne t he
preparatory surgery woul d pose sone problens for the diver even if not daunting to
t he surgeon. It is accepted that the engineering and nonitoring hardware nade
necessary by any of the postul at ed changes can be desi gned, t he probl ens ari sing from
the attenpts to nake-over H Sap. into a nore fashi onabl e underwat er versi on. Al npst
certainly a multitude of parameters will need to be checked because t he normal body
functions depend on such al arge nunber of little understood and inter-rel ated checks
and bal ances and f eedbacks and cerebral cortical over-rides that a computer will be
necessary. As one exanple, the dive reflex reduction of peripheral circulationis

renoved by the action of breathing: but there won't be any “breathing”. Over the
ages manki nd has probably got buried in its psyche quite a firmdesire to breathe.
It will really be quite a game of spillikins, with such problens as the straws and

life and health as the stakes. Care for a gane?

An alternative approach would be either to | eave the blood to do its own thing and
let therespiratory liquidremin separate, or the bl ood coul d be renmbved and stored
and the liquid utilise the vascul ature made vacant. In the forner case the liquid
coul d make gas exchanges through specially prepared skin areas, either skin folds
or highly vascul ar skin surfaces, such being de-facto newgills, or theliquid could
be circul ated through the peritoneal cavity. The menbranes are here resistant to
infection to a high degree, require no preparation and of fer a consi derabl e surface.
O one coul d i mpl ant exchange nmenbr anes subcut aneously with plug attachment to al | ow
ready conversi on fromland to wat er nodes of |ife. The replacenent of the bl ood woul d
require much further investigation and possibly prove too anbitious and costly a
venture at the present tine, for the blood has very many functions in addition to
t hat of t he oxygen/ car bon di oxi de equati on. One shouldn’t be too anmbitiousw thfirst
st eps.

This idle chatter may have started you thinking of the points, so obvious to you,
that | have nmissed. So please wite in your suggestions. For nyself, I think I'1]
foll ow the advice of the “Beatles” and get a yell ow subnarine.

* * *x * * * % *
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SPUMS MEETI NG AT PRI NCE HENRY' S, MELBOURNE
ON FRI DAY OCTOBER 31ST 1975

Wth the President, Carl Ednonds, in the chair the neeting started within mnutes
of the advertised tinme of 9.30 am The first speaker was John Kni ght who spoke on
“Oxygen Toxicity”. He nanaged to baffle his audience with science and fiel ded all
t he questions with aplonb. Gavin Dawson t hen spoke about the clinical indications
for the use of hyperbaric oxygen in the treatnment of carbon nonoxi de poi soni ng and
gas gangrene. He briefly referred to | ess clear cut indications such as Raynaud’s
phenonenon, w th which he has had t he occasi onal success. Hi s reviewof the results
inhis90oddpatientstreatedinthe singlenanVickers oxygen chanber was i nteresting
and informative,.

During the tea break t he audi ence went inrelays towatch Bill Refish being a patient
under 2.5 ATA of oxygen. It nust be a noi sy experience being shut in that perspex
cylinder as a constant wi nd whistle cane over the intercom

CGor don Donnan descri bed t he radi ol ogi cal aspects of dysbaric osteo-necrosis and gave
a nost interesting clinical history as follows. Inthe early 1950s a nan was di vi ng
i n about 200 feet i n Lake Ei | don when hi s air hose broke. Naturally enough he surfaced
in a hurry. Soon after surfacing he got pain in his linbs and coll apsed semi -
consci ous. He was taken hone and remai ned sem - comat ose for sonme three or four days.
He had no treatnment for his bends. Uptill that time he had been quite well but after
t hat epi sode he had pai nin his shoul ders and hips, not all thetinejust occasionally.
Some years | ater he was deep diving on air in Bass Strait working on an oil rig when
agai n he had to ascend rapidly. Now he has obvi ous dysbari c osteo-necrosis of both
shoul ders and one hip, which joint is al nost conpletely destroyed. Geof Macfarl ane
t hen gave a fascinating resunme of the work of divers in Bass Strait. The nost hair-
rai sing job he described was the man who sits on the sting and gui des, through a
m crophone to the barge captain, the pipel aying barge onto the pi pe already on the
bottom The sting is a huge tubular scaffold hinged to the barge through which the
lifting cables attached to the already | ai d pi pe pass. The taut cables |ift the pipe
fromthe sea bed and the barge is backed onto the pipe by winching inonits stern
anchors. One mi stake and the sting can be torn |Ii ke paper although the sting is nmade
of 20" steel piping. Just imaginesittingontop of the stingwhilethe cablesvibrate
under the strain of lifting and visibility is about three feet. The whol e process
israther like the old story of the soldier with TB neningitis having his course of
intra-thecal streptomycin. H's usual doctor was on | eave and the substitute was
having terrible trouble finding the vertebral canal. After many tries the soldiers
sai d over his shoulder. “Sir, would it be easier if you held the needl e steady and
| backed onto it?”. Wien Geof had finished everyone had a nuch cl earer i dea of what
oil rigs look Iike at the various stages of their construction and the various jobs
that the divers have to do and the precautions, such as reconpressi on chanmber and
their back up facilities, needed to care for the divers.

Lunch was provi ded t hrough t he ki ndness of Prince Henry' s Hospital and t he those who
could spare the afternoon went out to the Mel bourne Metropolitan Board of Wrks
medi cal | ock (reconpressi on chanber) at Braesi de. Here we were nmet by Arthur Keech,
nedical officer to the MVBW and Laurie Brennan of the chanber attendants.
Consi der abl e confusi on ensued between tunnellers and divers. |ncreasing pressure
i s going down to divers and going up to tunnellers. Divers thinkinfeet of seawater
(but they should really think in netres) and tunnellers think in PSI Gauge. They
wi || soon have to convert to Pascals. The t herapeutic chanber makes any Navy chanber
| ook small. After a very wel cone afternoon tea during which tunnelling operations
were clearly explained and the need for conpressed air to stabilise sandy soil as
wel |l as to keep out water explained the party went off to visit a tunnel so to see
the progress at work. However there was no visit to a conpressed air working.
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LI ST OF FI NANCI AL SPUVS MEMBERS FOR 1975

ACOTIT Chri stopher, Dr BRENNAN J, M

29 Kennaway Street 6 Rosette Avenue
Tusnore SA 5065 Killera NSW 2071

Ph: 31-8932 Ph: 46-3549 (H)
ALLAM M chael , Dr Suite 701

PO Box 922 122 Castl ereagh Street
Civic Square ACT 2608 Sydney NSW 2000

Ph: 61-8527 (W
ANSELI NE Paul , Dr

4/ 93 Wl fe Street BROWN J, Dr

Newcastl e NSW 2300 BROMWN R, Ms

Ph: 2-4101 (H) 193 Deepwat er Road
Castl e Cove NSW 2069

Royal Newcastl| e Hospital Ph:  604-4990 (H)

Newcastl e NSW 2300

Ph: 2-0411 (W Royal Al exandra Hospital for Chil -
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80 Cross Street Canper down NSW

Bal ukham HilIls NSW 2153 Ph: 51-1131 (W

BAKER JT, Dr BREYNARD K, M

Roche Research Institute of 6 Reynol ds Street

Mar i ne Phar macol ogy Bl ackwood SA 5051

4-10 I nman Road Ph: 278-3151

Dee Wy NSW 2099
BUCHANAN Bl air, Dr
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22 Paul i ne Avenue Greenslopes QD 4120
Dingley VIC 3172 Ph: 97-4237

Ph: 551-1497
CAIRNS Barry, Dr
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3 Laundess Street Latrobe Vall ey
Panania NSW 2213 Conmmuni ty Hospital
Ph: 77-7456 Mbe VIC 3825
Ph: 63-3333
BORS Frank, Dr
28 Bucki ngham Road CANTAB, Dr
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Ph: 83-8830
193 Macquarie Street
Sydney NSW 2000 CHAN Gene, Dr
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Terror Canmp 11
BRAND, Victor Dr Whodl ands Garrison
396 New Street Si ngapore 27
Gardenvale VIC 3185
Ph: 96-1456 (H) CHEATHAM Janes, Dr
173 Sut herland Street
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East Mel bourne WVIC 3002 Ph: 328 1134

Ph:  41-2550 (W
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CHRI STIE MJ, Dr

30 Nepean Avenue
Penrith NSW 2750

Ph: (047) 21 0741 (H

183 W ndsor Street
R chnmond NSW 2753
Ph: (045) 78 1397 (W

COBURN Davi d, Dr
1244 Sout h H Point Road
Los Angeles California 90035

CULLEN Peter, M
PO Box 145
Jam son Centre ACT 2614

DAVIS G Dr

5 Moten Street
Canpbel | ACT 2601
Ph: 470 7037 (H)

Bl aney Pl ace
Canmpbel |  ACT 2601
Ph: 49 7533 (W

DAWSON Gavi n, Dr

37 Lotus Crescent
Mul grave WVIC 3170
Ph: 547 1396 (H)

Prince Henry’ s Hospital
Mel bourne VIC 3004
Ph: 62-0621 (W

DOAK W M
Box 20
Whangar ei
New Zeal and

DOCDI E Adri enne, Dr
23 W1l ona Avenue
Greenwi ch NSW 2005
Ph: 43 3773 (H

Mat er Hospit al
Crows Nest NSW 2065
Ph: 929 7022 (W

DOUGLAS W Dr

“Al exandr a”

201 W ckham Terrace
Bri sbhane Q.D 4000
Ph: 21 2437

DOUGLAS Barbara, Dr (Assoc)
c  “Alexandra”

201 W ckham Terrace

Bri shane Q.D 4000
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EDMONDS Carl, Dr

6A M stral Avenue

Mosman NSW 2088

Ph: 969 3463 (H)
960 0300 (W

EMVANUEL ER, Dr

70 Bal acl ava Road
Caulfield WVIC 3161
Ph: 52 1907

114 G ey Street
East Mel bourne VIC 3002
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FAGAN Paul, Dr

18 Hal e Road
Mesman NSW 2088
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187 Macquarie Street
Sydney NSW 2000
Ph: 221 3746 (W

FAI THFULL DK, Dr

5 Amesbury Avenue
St. Ives NSW 2075
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231 Macquarie Street
Sydney NSW 2000
Ph: 233 2715 (W

Fi TZZGERALD Bi I |, M
c/-, Hyperbaric Unit
Prince Henry Hospital
Little Bay NSW 2036
Ph: 661 0111

FOSTER H, Dr
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Carlton VIC 3053

Ph: 347 8710

FOX John, M
8 Foss Street
Hunters Hill NSW 2110
Ph: 896 2142 (H)
649 4962 (W

FRIENDSH P C, Dr
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GALLAGHER A, Dr

188 Cli veden Avenue
Corinda QD 4075
Ph: 79 3618 (H)

Ladhope
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Ph: 21 5641 (W

G LL Peter, Dr

17 Al't-Na-Craig Avenue
New Town TAS 7008
Ph: 28 2720 (H)

67 Hopkins Street
Moonah TAS 7009
Ph: 28 4659 (W

G LLIGAN J.E, Dr
17 Queens Avenue
Burnside SA 5066
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Dept. of Anaes. & Intensive Care

Royal Adel ai de Hospital
Adel ai de SA 5000
Ph: 2 230 230 (W

GRAHAM Les, M
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Terri gal NSW 2260

GRAY RJ, Dr

Joint Services Medical Centre
Dept. of Defence
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HALL Peter, Dr
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Ph: 74 740
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HAZEL JR, Dr
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KAY P, Dr
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1 Forest Road
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Ph: 43 1767

ROYDHOUSE Noel , Dr
11 Westbury Crescent
Renuera Auckl and
New Zeal and

118 Renuer a Road
Auckl and 5
New Zeal and
Ph: 54 6065 (W

RUBI NSTEIN Phillip, Dr
4 Highfield Crescent
KEW VIC 3101

Tel: 86 5656 (H)

SCHULTZ BG, Dr

PO Box 171

McLaren Vale SA 5171
Ph: 383 8725 (H)

SHEPHERD KF, Dr

7 Young Street
Brighton VIC 3186
Ph: 92 1231

SI LVER JH, DR
57 Electra Street
Wllianstowmn VIC
Ph: 397 6003

SLARK AG, Dr

5 Victoria Road
Devonport 9N
New Zeal and

Ph: 45 3483

SPURRETT B, Dr

Honorary Gynaecol ogi st
Nepean District Hospital
9 Tindale Street

Penrith NSW 2750

Ph: 21 2473 (W

57 Nepean Avenue
Penrith NSW 2750
Ph: 21 2697 (H)
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STILL RJ, Dr

27 Benson Road

Jervis Bay NSW 2540

Ph: 43 0201 Ext: 305 (H)

HVAS Creswel |
Jervis Bay NSW 2540
Ph: 43 0201 Ext: 223 (W

SUMVERS F, Dr
515 Hunter Street
Newcastl e NSW 2300

SUTHERLAND D, Dr

Royal Flying Doctor Service
PO Box 444

Kal goorlie WA 6430

Ph: 21 3150

TALBOT Frank, Dr

48 Kal | aroo Road
Lane Cove NSW 2066
Ph: 42 664 (H)

The Australian Museum
Col | ege Street

Sydney NSW 2000

Ph: 31 711 (W

TASKE JE, Dr
1 Mlitary Hospital
PO Box 36

Yeronga QD 4104 (H)
Ph: 40 0289 (H)

Mat er Hospital
South Brisbane Q.D 4100
Ph: 44 0141 (W

TEH John Dr

Box 389

Rabaul PAPUA NEW GUl NEA
Ph: 92 1867 (W

THOVAS Robert, Dr
12 Eversden Street
Kennore Q.D 4069
Ph: 78 7951 (H)
Ph: 21 2473 (W

THOMSON George, Dr
278 Burwood Road
Burwood NSW 2134
Ph: 74 9016



THORNE Davi d, Dr

Connor Bui |l di ng

Queen Elizabeth Hospital
Wodville SA 5011

Ph: (08) 45 0222

TUCKER W Dr

C/  Anaesthetic Departnent
Royal Brisbane Hospital
Herston Q.D 4006

UNSWORTH | an, Dr
22 McGowan Avenue
Mal abar NSW 2036
Ph: 66 6542 (H)

Hyperbaric Unit
Prince Henry Hospital
Little Bay NSW 2036
Ph: 661 0111 (W

UREN John, Dr

Box 320

Penrith NSW 2750

Ph: (047) 21 0349 (W

88 Let hbridge Street
Penrith NSW 2750

WALE G
1/ 14 Arkland Street
Cammeray NSW 2062

WALKER D. G Dr

58 Bungan Head Road
Newport NSW 2106
Ph: 99 1965 (H)

1423 Pittwater Road
Nar rabeen NSW 2101
Ph: 913 7239 (W

WATSON John, Dr

42 Oxford Street
Paddi ngton NSW 2021
Ph: 33 3943 (H)

Suite 17
The Mal |
MIler NSW 2168
Ph: 607 8167 (W

WEATE Robert, Dr
44a Rol and Avenue
Wahroonga NSW 2076

2 Hillcrest Road
Pennant Hills NSW 2120
Ph: 84 1649 (W
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WHAI TES Janes, Dr

56 Agnes Street
Rockhampton Q.D 4700
Ph: (079) 2 3179 (H

PO Box 439
Rockhampton QLD 4701
Ph: (079) 2 3571 (W

W LSON Charl es, Dr
Bri shane dinic

W ckham Terrace

Bri sbhane Q.D 4000
Ph: 21 9084

W LLI AVSON John, Dr
36 Al exandra Street
North Ward QLD 4810
Ph: 71 2214 (H)

At ki nson House

Stanl ey Street
Townsville QD 4810
Ph: 71 3181 (W

W NTER Fr ank, Dr

22/ 33 Kinberley Street
Vaucl use NSW 2030
Ph: 337 1599

YOUNG AW Dr
PO Box 65
Li ndi sfarne TAS 7015
Ph: 43 8754 (W
43 9426 (H)

YOUNGBLOOD Davi d, Dr

Cceaneering Australia Pry Ltd.

Ragl an Street
SALE VIC 3850
Ph: 44 2587

| MADE SUBRATA RATEP, Dr
Medi cal O ficer

I ndonesi an Navy

JL Sel aparang 99

Mat ar am

Lonmbor | ndonesi a

KEE PENG LEONG, Capt Dr
46 Tupai Road
Tai ping Perak Malaysia

TAI LUNG HO Dr

Arnmed Forces Sick Quarters
KD Mal aya

Whodl ands

Si ngapore 27



NEW MEMBERS

DR PHI LLI P ZLATNI K DR PETER GAY
“d yde” 24 Collins Street
O yde Court Mel bourne VIC 3000

Frankston WVIC 3199
DR ALEX JOEST

DR W& REHFI SCH Prince Henry' s Hospital
21 Hastings Road St Kilda Road
Frankston WVIC 3199 Mel bourne VIC 3004
DR R DEVERI DGE DR GEORCE GRAY

331 High Street 1 Reserve Road

Penrith NSW 2750 Hawt horn WVIC 3122

DR GEOFFREY WESTWOOD
23 Raynment Street
Fairfield VIC 3078

DR GEORGE M ADAMS
RFD 3 Box 208

Nor wi ch

Connecti cut 06360 USA

* *x * % * * *x *

continued from page 40.

The neeting attract ed about 35 peopleto Prince Henry's Hospital. A pleasant mixture
of SPUMS and ot her interested people. At | east four had come interstate specifically
for the neeting and a further contingent had renai ned i n Mel bourne foll owi ng the AGV
of the Australian Society of Anaesthetists to attend the neeting. A pleasant and
wel | worth repeating feature of the neeting was the buffet di nner (subscription) held
t he night before at John and G Il Knight's honme. The |ast guests |eft about 1 am

so they had enjoyed thensel ves.

As Carl saidin his opening remarks “It is not only Sydney that has enough expertise
to put on a neeting.” The success of the first non-AGM scientific neeting should
encourage other cities to try to outshine Ml bourne. Your reporter hopes that the
Editor will be able to persuade the speakers to forward their presentations for
publicati on.
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