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sensation. With the latter there is usually loss of bladder
function and bowel action. But this chap was patchy. He
al so said that when he came up he coughed up blood which
made me very suspicious. You normally get this sort of
patchy loss of sensation asaresidual effect. | saidto him
“Have you been here before?’ and he refused to say very
much. Finally, after about half an hour my secretary
managed to discover that he was admitted to our placein
1977 onthe 27th May and when heleft after physiotherapy
he did have these areas of patchy numbness. We had
managed to convert him from complete paralysis back to
grade 4 or 5. He went back to work as a fisherman diver
because the money was good. Each time they come back
with aboatload of fish it isworth $60,000 which is good
money. Obviously there was something happening to his
lungs, so we sent him for an X-ray which showed
tuberculosis with haemorrhage. Y et another case where
by slowing down we find great returns. | have learnt to
slow down and apply a mental discipline to every case
because of the time factor, the delay in reaching us.

THE PRINCIPLES OF TREATMENT

Dr David Elliott

Itwaskind of the Chairmantointroducemeasthe Medical
Advisor for Shell, but one of the things that | am really
quite proud of isthat | was employed as diving adviser to
Shell, not as the medical adviser, advising on their
commercial contractsall aroundtheworld. Notthat | think
that makes any difference to this lecture.

Theprinciplesof thetreatment of decompression sickness,
pulmonary barotrauma and arterial gas embolism you all
know inside out. Y ou have got three thingsto play with,
pressure, oxygen and drugs.

Pressure

Pressure is obviously good at squashing down bubbles.
But to be a bit iconoclastic, an awful lot of bubbles are
cylindrical in shape and all you do is shorten them.
Nevertheless experience has shown that pressure is good
news for somebody who hasgot bends. Infact somelimb
bends are extremely pressure sensitive, so much so that it
is very, very difficult to believe that they can be so
sensitive. | amtalking of bends at as deep as 1,000 feet or
more, where 3 to 5 feet of difference in pressure can
actually make al the difference between pain and relief.
Pressure is definitely the important treatment.

| will say alittle more on the type of pressure. Do you go
tothedepth of relief, or do you goto somearbitrary depth?

Thedepth of relief isobvioudy thebest thingto do. If you
cancurethepainwith pressure, youhavenomoreproblems.
The problem is getting them back from that particular
depth. However, thedepth of relief isnot an easy end point
and there are some conditions where there is residua
bruising. If youarerunningan ENG (el ectronystagmogram)
on somebody with vertigo the ENG will not necessarily
revert to normal for 48 hours after you have in fact cured
hislesion. So depth of relief evenin skilled handsisnot a
good depth necessarily to go to. Certainly in unskilled
handsit isasking for problems. The depth of thediveisa
very useful treatment depth and indeed for blowupwefind
that the depth of the diveisthe depth of relief. A blowup
can befrom adepth deeper than your chamber goesto and
this can be embarrassing.

With 150foot diving, a165 feet chamber will be adequate.
But peoplewho go downto 250feet onair, could beinreal
trouble, because 165 feet would not necessarily be enough
pressure to cure them.

Oxygen

50 m or 165 feet of air has a surface equivalent of 120%
oxygen. The French Navy uses a 40% oxygen, 60%
nitrogen table. At 30 m, whichis 100 feet the PO2 of that
is1.6 atmospheres, whichisequivalent to 160% oxygen at
thesurface. Y ou can seethat by pushingtheoxygen partial

pressure up while applying the pressure you can deliver a
very good dose of oxygen to the patient. Comex, the
French Diving Company, use a 50/50 mixture. They can
even use that at 50 metres, which will give a partia

pressure of 3 atmospheres or 300% oxygen at the surface.
The 18 m oxygen Goodman and Workman tablesgiveyou
very nearly 3 ATA of oxygen. Oxygeniseasy to deliver.

Beforeweleave pressureand oxygen, let usnot forget that
thebalanceisaninert gas, usually nitrogen. Y ou may well

hear in coming months some di scussions as to whether or
not nitrogen isthe best treatment gasfor air bends. Asfar
as | am concerned, the hypothesis that helium may be a
good inert gas for treatment of air bends remains an
hypothesis until it has been further investigated. Thereis
one particular centre that is pushing helium treatment for
treatment of air bends. Asyet the case is unproven.

Recompression is the treatment of choice. It should be
given to any person who suffers virtually any condition
within 36 hours of adive. Thereare peoplewho have had
coronaries, acuteappendicitis, cerebral vascular accidents,
all of whom have been slung in the chamber because they
might he dlightly bent. Surprisingly, it did not do that
correct diagnosistoo much damage. They got through OK.
Thealternative, diagnosing bendsincorrectly asastrokeor
a heart attack or appendicitis, could leave the diver with
permanent damage. So, when in doubt recompress.

To re-emphasize the point which | made yesterday about
immediate recompression and no examination until you
get to depth.



That iswhat onedoesif the patient reportsimmediately he
hasasymptomandit can betreated thenandthere. Incases
wherethereisamorethan5to 6 hour delay, | agreethat one
would want to examinethe patient and to put up adrip and
do dl the other things that will be necessary, or in Tony
Slark’ swords, to consider him as a hospital patient.

TREATMENT WITHOUT A CHAMBER
First Aid

Perhaps the most important thing is knowing what you do
if you have a patient and you have no chamber. | will run
through thelist in case there are one or two which may be
new to you or may trigger a distant bell in your heads.

The first thing is to put the patient in the head down
position and on one side if conscious.

The second thing to do is to arrange for transport to the
nearest chamber, preferably a helicopter flying below
1,000 feet or an aeroplane pressurised to 1,000 feet. Bear
in mind that commercial aircraft are normally pressurised
to 8,000 feet and also bear in mind that going over
mountains can quite definitely make a patient worse.
Altitude does not help at al. Nevertheless arrange for
transport by the most rapid means possible.

Provide oxygen by atight fitting mask. Itisimportant to
give as much oxygen as you can.

Avoid analgesics at this stage, even if the patient has got
pain. Pain is a useful management guide. In particular
avoidthemixturecalled Entonox. Itisusedinambulances
and by midwivesasananalgesicagentintheUK. Itisa50/
50 mixture of oxygen and nitrous oxide. It has been very
well shown that nitrous oxide can be used as a bubble
amplifier. SoEntonoxiscontraindicated. | managedtoget
the British Oxygen Company to put a note about this
danger intheir detailedwarninglist for theanal gesic agent.
Thesamewarning hasbeendistributedtoall UK ambulance
services.

The next important thing isfluids. Oral fluidsif the man
will takeit. The person is going to be dehydrated due to
plasmashift. Lotsof oral fluidsare needed to keep thered
cells flowing round smartly. At least a litre an hour.
Setting up adrip even for somebody with alimb bend will
not do himany harm. If youwant to usedextran takeblood
for haematocrit first. For academic reasons dextran 70 if
preferred to dextran 40 because it has a dlightly better
tapered effect. Itdoesnotlast quitesolongbutitisnot such
astrong solution. 500 ml hourly appearstobetheconsensus
view at themoment, what themajority of peoplein Europe
would do for such cases. The other problem ishydration.

Soif heisnot having oral fluids, push them in aslactates,
5% dextrose, normal saline, plasmaor whatever you have
got. Try tomaintain acolloid osmotic pressure of greater
than 20 mm Hg to prevent oedema.
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Drugs

There is tremendous scope for discussion about steroids
which | shall avoid. The function of the steroids is to
stabilize the vascular endothelium and to reduce the CNS
oedema. | would personally giveitincord decompression
sickness. | give a large star dose of hydrocortisone or
dexamethasone and then a heavy maintenance dose, but
not for more than two or three days, so that you can cut it
off without tapering. | would giveit to anybody who has
got CNS problems following gas embolism even if it
proved in retrospect to be unnecessary, because of the
fataitiesthat | have seen.

Other drugs to consider are the osmotic agents. Glycerol
tastesabsolutely foul andisbest given by nasogastrictube.
0.8mi perkgin50%flavouredwater i stherecommendation.
The maximum effect is in one hour and lasts up to six
hours. Mannitol hasal so been given successfully but there
isarebound after about 20 minutes or so, so it is a pretty
desperatemeasure. Therewasonecasewrittenup by aguy
from Guernsey, who managedto get apparently acomplete
relief, which did not relapse, using just mannitol.

Valium is very useful if you have got a problem with
staggers, alabyrinthine hit. But bear in mind that it will
suppress the manifestations. So it is going to make
subsequent management rather difficult. | wouldwithhold
it unless| found it absolutely necessary, so that when we
get to the recompression chamber we can see whether or
not the recompression is working. If you do give it the
chamber receiving the case must be informed. They
should then give the patient the maximum recompression
they can possibly manageonthegroundsthat thesymptoms
have been masked. Having no symptoms to guide them
they had better assumethat the patient isnot responding to
recompression and give him the maximum treatment.

Heparin is still mentioned. | regret to say that |
recommended it in the first edition of the book. That was
based onthelipaemiacl earing activity of heparin. However
Joe Farmer of Duke University has persuaded usthat even
in sub-anticoagulant doses of 2000 units there could
nevertheless be ahaemorrhagic effect. If thereisany sort
of problem in the labyrinth, heparin is contraindicated.
Thetroubleisthat evenif you get alot of casesyou really
cannot ever conduct adecent trial. So heparinisabit of a
myth.

Aspirin, which has a very useful platelet effect, is aso
contraindicatedfor thesamereason, inthat it may exacerbate
[abyrinthine haemorrhage.

Then do not forget some of the other practical procedures.
Catheterisation shouldbecons dered andisauseful monitor,
asyou want to keep the fluid intake such that the output is
about 1to 2 ml per Kg per hour. Pleurocentesis, using the
Heimlich valve may berequired. Do not forget, and | am
sureyou will not, but the people accompanying the patient
might forget, passive movement and pressure points for
anybody who is quadriplegic.
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I will not say anything about in-water re-compression,
except to say that we do not recommend it in Europe, for
the simple reason that thewater istoo cold. | think that in
water aswarm aswe have herein the Philippinesit would
be quite reasonable to give in-water treatment
decompression atry. | have no personal experience of it.
Somewhere between these waters and European waters
thereisthat water temperature at which I think it becomes
inadvisable.

Those are the things that you can do in the absence of a
chamber.

If the patient has got only chest problems, evidence of
pneumothorax or mediastinal air but no neurological
problems, there is no need to recompress the individual.
But you have to keep him by the chamber just in case he
doesget neurological symptoms. Thetreatment neededis
either pleurocentesisfor pneumothorax orif itismediastinal
emphysema, oxygen by mask to help get theinert gasout.

TREATMENT IN A CHAMBER

| havegot afew moreslidesand | havegot al thegen here
on treatment on bends in the chamber, treatment, the
conventional treatment, thenew treatmentsthat arecoming
up, theproblemsthat exist for thoseof uswhoareresponsible
for recompression chambers, selecting the right kind of
treatment for the particular casualty. | have got the
treatment of helium bendsfrom bouncediving, thehelium
bends that occur from saturation diving, excursion from
saturation diving, a copy of the world’'s deepest bend,
whichwasdeeper than 1,600 feet in onset whichisquitean
interestingstory, and somefurther thoughtsonthetreatment
of blowup, but in the interests of time | am going to scrub
thattonight. | prefertoleaveituntil laterintheprogramme.

DIVING ACCIDENTS

David Elliott

It is no coincidence that in the North Sea, although we
resented the advent of rules and regulations for diving,
they havein fact done alot of good. Here are the fatality
figuresfor commercial divingontheNorth-west European
Continental shelf. In 1971 there were three deaths in an
estimated total diver population of 200. The diver
population is estimated from the number of annual diving
medicals, which are required by everyone diving in the
North Sea. Itisonly an estimate because somepeoplehave
amedical and then go and work in other partsof theworld.
Thenregulationswereintroduced, firstinthe UK and then
virtually identical onesby Norway. Evensoin 1974 there

wereten deathsinan estimated diver population of 800. In
1975therewereninedeathsinan estimateddiver population
of 1,000. In 1978 and in 1979 the fatalities came down to
three and the population went up to 2,500. 1n 1980 there
was a record which we will be unable to beat, thank
heavens, therewasafatality rateintheNorth-west European
shelf of zero in 2,500 divers.

Thephilosophy of government regul ationsin Europeisnot
the American style of writing rigid regulations that you
will do this or that. It is a philosophy of allocating
responsibility and making sure if something goes wrong,
that the person who should have been responsible is
punished, if necessary in Court. Theresponsibility goesall
the way up from the diver himself, who after al is
responsiblefor saying whether or not on any given day he
isfittodive. If heconcealsthefact that he hasahangover,
or ison drugs, or any other condition which should have
stopped him diving it isfirmly his responsibility. It goes
on up through the chain of command, supervisors,
superintendents, the diving company as a whole and last
but not least, to the oil company whose responsibility it is
tomakesurethat itscontractorsarebehavinginaccordance
with the principles of Health and Safety at Work.

So my job includes reviewing al our diving contractors
around the world. For instancein North-west Borneo on
one diving contract we had three bids. One bid wasfor a
dive of up to 300 feet using aclosed bell system. Another
European company bid for bounce diving from a barge.
They of course were very much cheaper. The company
which actualy won the contract had an intermediate
technique. That was sufficiently dramatic to make me
insist when we call tendersfor diving contracts, that they
all bid to the same standards of safety. Throughout the
world Shell uses the North Sea Rules and Regulations
which have produced some useful effect, judging fromthe
crude fatality figures.

CAUSES OF DIVING ACCIDENTS

There are accidents specific to diving, those that occur in
thewater and the accidentsassoci ated with decompression.
Wecan subdividetheseinto those caused by compression,
the things that happen at maximum depth, and the
decompression illnesses (which we have aready dealt
with). Also we have the coincidenta illness or injury.
Commercial diversgointoadiveandthey liveat pressure
for aslong asamonth. So their pressurised environment
is dry as well as wet. For your purposes, coincidental
illnessor injury issuchthingsasblowing aholeinyoursel f
usingawater jet gun, or swimmingaround at 250 feet when
someidiot dropsaspanner off therigand it hitsyou onthe
back of the head. Those have both happened. Incidental
illnessincludesmyocardial infarction and cerebrovascul ar
accidents, both of which have happened to diversin the
water in the North Sea.

The causes of these accidentsarevery difficult to classify.
We can use the usual epidemiological approach of host
factors, environmental factors and the actual cause of



