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and brought to Fremantle Hospital quite quickly. | got the
messageover theambulanceradioinmy car and soarrived
at the sametime. He was confused and very shaky. His
speech was hesitant and respiration wasirregular. He had
anon-specificlossof sensation from hiselbowsdown and
odd feelings of coldness and numbnessin histhighs. His
haematocrit was a bit raised. There was nothing on his
chest X-ray. | considered that he had had a significant
arterial gas embolism. The medical registrar on duty felt
that it was awhole load of rubbish.

Withinfifteen minutesof recompression hewasachanged
man, completely normal and we had no further problems
with him.

The sixth patient was a 25 year old sports diver using a
hookah for some crayfish diving. He had spent about an
hour and ahalf at 25 feet and come up as usual on aslow
obliqueswim up. Hewas breathing quite normally all the
time. Atthesurface he had chest pain so he drove himself
to hospital. It is an excellent hospital about 400 to 500
miles up the coast. When he arrived there he had a
pericardia rub. A pneumomediastinum and a pneumo-
pericardiumwereshownon X-ray. Therewassubcutaneous
emphysema in the lower neck. He had no neurologica
problemsof any sort. Thedoctor thererang mefor advice.
| suggested that they gave him 100% oxygen for alternate
hours, observe him very carefully and if he did not get
better to send himto Fremantle. Infact he got completely
better and could not understand all the fuss and wanted to
dive the next day.

| have no doubt that man has had a tear of his lung
substance and has been very lucky not to have had a tear
intoabloodvessel. | amsureheisat risk if hedivesagain.

Another air embolism case wasa 23 year RAN diver who
surfaced rapidly from 15 feet. | believe that hewas using
an oxygen set. He had two fits as soon as he surfaced.
When he was examined he had a left homonymous
hemianopia, |eft sided weaknessand proprioceptivedeficit.
Hewasclearly confused. Hewasrecompressedto 165feet
on RN table 63. He made afull objective and subjective
recovery after about 20 minutesand had nofurther problems.

These very brief case histories illustrate firstly that all
decompression sickness is not necessarily due to diving.
Those of uswho areinvolved in recompression treatment
should remember this.

Secondly, arterial gas embolism is much more common
than we think. In Western Australia we are certainly
seeing it more often than we see decompression sickness.

| believe we should be emphasising the dangers of an
uncontrolled ascent, evenfromshallow depths, moreduring
diver training.

AIR EMBOLISM AND CARBON MONOXIDE
POISONING

Charles Hackman

At PrinceHenry’ sHospital wedo not have six hour delays
between accident and thechamber. Oursarelonger, inmy
first case the delay was 72 hours.

AIR EMBOLISM
Case A

He was an amateur diver who appears to have suffered a
severe air embolus while diving with a highly reputable
and experienced diving group. However he was not
referred for treatment until hefinally contacted hisgeneral
practitioner two days later.

Hewasafit 27 year old manwhohad beendivingregularly
at weekends for two years. He had dived to 130 feet for
twelve minutes. He ascended at 60 feet a minute’ and
madebrief stopsat 30 feet and 10feet before surfacing. So
on the face of it he had done things about right.

Hethen decided todiveagainto useup abit moreof hisair.
He tried standing upside down on the bottom of the dive
boat for severa minutes to see if he could become
disorientated. He claimsthat he did not. But he became
bored, and swam to the surface quite uneventfully.

On reaching the surface he abruptly felt an odd sensation
on hisleftleg. Helooked downto seeif he had been hit by
ashark, but he had not. Everythinglooked normal but his
leg till felt useless although he was able to moveit. He
swam over to theboat and managed to half pull himself up
the ladder before collapsing back into the water, quite
helpless. Hedid not lose consciousness. Hewasunableto
See or communicatein any way. Hewas dragged into the
boat where he was seen again to be hyperventilating
vigorously. Shortly afterwards he began to suffer aseries
of clonic extensor muscle spasms, which were extremely
painful, affecting his back, arms and legs. He virtually
went into opisthotonos for periods of five minutes at
intervals of about 15 minutes. Hiscompanionsdiagnosed
hysterical hyperventilation and made him breathe out of a
paper bag. Within 30 to 45 hisvision began to return and
thespasmssubsided. By thetimethediveboat reached the
shore hewas ableto stand and walk with some assistance,
but he had great difficulty controlling his left leg. Soon
afterwards, he developed a severe frontal headache, with
nauseaand vomiting, but these settled in afew hourswhen
he reached his home.

Over the next two days at home he noticed that hewasstill
feeling tired and unwell. He was having difficulty
concentrating. Hehad generalised achesand pains, mainly
affectingthemusclesthat had beeninvolvedinthespasms.
Healso often collided with thefurniture, Hewas unableto
position his left arm accurately for tasks requiring co-
ordination, henoticedit particularly when hewastrying to
pour tea. Hewas quite unableto read consecutivelines of



print. Hewould get to the end of aline and would not be
able to find the beginning of the next line. Finally,
presumably after the carpet had become saturated with tea,
he consulted his genera practitioner. He was referred to
Prince Henry’ sHospital on thethird day after theincident.

On arrival a Prince Henry’s he was observed to be very
unsteady on hisfeet and wouldfall over if heshut hiseyes.
Movements of his left arm and hand were very clumsy.
Theexaminationwassuggestive of acerebellar injury. He
had no other signs of neurol ogical damage but hedid have
an abnormally loud closing sound, pulmonary closureand
so wewondered if he had aso had some embolism to his
lungs. | would beinterested to know if this has been seen
in other cases of systemic arterial gas embolism.

The differential diagnosis was between a cerebra air
embolism from the lungs or possibly some other source,
decompression sickness, (although the symptoms had
regressed at atimewhenthey should havebeenworsening),
a cerebro-vascular accident, thrombosis or haemorrhage,
possibly into a tumour (pretty unlikely), epilepsy
precipitated by hyperventilation (possible, but very unusual
as he had no previous history of epilepsy of any sort), and
finally, hysteria (but this certainly would not explain the
pulmonary hypertension, although it could, conceivably,
explain al the other findings). There were no other
objective neurologica findings. The chest X-ray was
normal. Because we had aready waited 3 days, we
decided that we would do a CT scan to exclude some sort
of cerebro-vascular accident or tumour. Italsowasnormal.

We decided to recompress him in 100% oxygen at 3
atmospheresabsolute (ATA) for 1 hour, thenat 2 ATA for
2 hours. If hedid get very dramatically better, that would
be fine. If he did not, we would send him on to another
facility with capabilities for saturation.

In fact, he had very rapid resolution of all his signs and
symptoms. However, the following morning, his ataxia
had returned very dlightly. Although much less than
before, it wasthere. Sohehadtwofurther similar sessions.
These resulted in complete permanent resolution by the
fourth day of his stay in hospital, nhow one week after the
accident.

He was reviewed four weeks later when everything was
normal, neurologically and cardiol ogically. Hecomplained
of difficulty in writing for the first three weeks after his
discharged, but this had now cleared up. He had poor
concentrationfor thefirst week, several episodesof flushing,
andfaintnessalso occurredinthefirst week. Theweekend
before being reassessed, he noticed poor co-ordination
when hewent skiing. Hedid not notice it any other time,
but when skiing hewas all over the place. So, clearly, he
had suffered some mild, permanent brain damage.

Discussion
The important points about this case are firstly that if he

had been treated immediately he would almost certainly
not have suffered any significant, permanent, injury.
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Secondly, that delay can obviously maim or kill a diver
who has suffered barotrauma. Thirdly, apoint that is not
appreciated enough, immediate treatment will not hurt a
hysteric. The circumstantial evidence of arecent diveis
quiteenoughtosuggest that adiver’ sillnessisdiverelated.
Lastly, despite the dangers of delay, hyperbaric oxygen
therapy often does give marked improvement in
neurological bends or embolism, even after any bubbles
should havedissolved. Of course, it cannot be proved that
hyperbaric therapy does more than accelerate an
improvement that would have taken place, but it certainly
seems to be beneficial.

CARBON MONOXIDE POISONING

Wehavehad two of thesecasesinthepast 18 months. Both
were experienced abalone diversover theage of 40. They
were both using hookah/demand valve systems with oil
free nylon piston compressors. Neither had effective
activated charcoal filters. Both werediving in dead calm
conditions with known defects in the engine or known
faultsin the operation of the system.

CaseB

The first man was a fifty year old man with no really
significant previous history, except for sinusitis and hay
fever. He had had an episode of decompression sickness
(DCS) someten yearspreviously. Hedid asix hour dive,
mainly at 60 feet, surfacing briefly every 15 minutes. He
may have spent the last one to two hours at 30 to 45 feet,
because thiswas his usual practice, but he had absolutely
no recollection of this period. He was using an oil free
compressor with dust and water filters on theintake only.
He knew that he had aleaking compressor motor exhaust
manifoldwhichwasclosetothecompressor inlet manifold.
It was dead calm conditions, and he was working closeto
an overhanging cliff. He had very vague symptoms after
surfacing about 5 pm. He came ashore, weighed in his
catch, andwent home. Heshowered, accordingtowitnesses,
and then, in the shower, two hours after surfacing, he
suddenly realised hehad noideahow hegot to the shower.
Hedid not recall coming ashore. He wastotally amnesic
for that two hour period. Healsorealised that hewasdizzy
and nauseated. He was ataxic. He had blurred vision,
myalgia, dysarthriaand nominal dysphasia. Eventually he
wastransferred, viaPort Fairy hospital, to Prince Henry’s
Hospital, by road ambulance with oxygen. There were
some subjective improvements in transit. He arrived at
Prince Henry’s at three o’ clock in the morning, 10 hours
after leaving the water. By then he was amnesic for the
seven hours from 5 pm to midnight. He was dightly
nauseated and still had some myalgia. He was noticed to
becentrally cyanosed, but when blood gasesweredone, he
didnot havelow arterial oxygentension. Healso had some
decreased power in his quadriceps. This was related to
pain. Neurological examination was generally normal.

Hewasrecompressed at 3ATA foronehourandat 2 ATA
for two hourson 100% oxygen. He had somerelief of his
nauseaand hismusclepain. Thenext morning hefelttired
but well and hewasonly amnesic for theoriginal two hour
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period. But later that day he had no recollection of the
morning interview. On this occasion some computerised
tomography was performed and as usual was normal.
However, an EEG showed minor diffused abnormalities.

Thediagnosiswasthat, although he was perfectly entitled
to have decompression sickness, he probably had carbon
monoxide (CO) poisoning. Hewastreated with high dose
steroidsfor 72 hoursas prophylaxisagainst possible basal
gangliadegeneration. Hemadeafull recovery andreturned
towork. Over the last 18 months he has not suffered any
problems.

CaseC

The second case was more recent and was very similar.
The diver was a 44 year old man, who aso had DCS 10
yearspreviously. By hisstory, whether oneshould believe
itor not, hehad beenremarkably goodfor anabalonediver.
Hedidafour hour dive, withonly 30 minutesat 60feet, one
and ahalf to two hoursat 50 feet, 30 minutesat 40 feet and
onehour at 15to 20feet, withfivetransient surface breaks.
Once again he was using an oil free compressor. He did
havean activated charcoal filter, but therewasnosilicagel
filter beforeit. It wasasmall, disposable filter cartridge
whichhechanged onceamonth, if heremembered. Hehad
anew sheller/diving attendant who he had never taken out
before. While he was down he noticed that the man was
running the main enginesfor aconsiderabletimewhilethe
boat was stationery, and he could not work out why that
would be. The man subsequently confessed that he had
al so kept the compressor running whilehewasrefillingthe
fuel tank, and on two separate occasi ons, hehad spilt petrol
over the compressor. Once again it was dead calm
conditions with an oily swell. The diver began to feel
unwell inthelast hour of hisdive. When hegot up ontothe
boat, he breathed some oxygen from a brand new oxygen
cylinder that hehad there. Hedidtheright thing. However,
it wasan industrial oxygen cylinder, and therewas avery
oddsmell fromit. Later hethought that perhapstheoxygen
cylinder was contaminated with another welding gas. At
this time he rapidly developed dizziness, nausea, ataxia,
blurred vision, tingling in the hands, pain in the right
shoulder and in the chest and abdomen. He developed a
wide spread itching and a mottled blue skin rash on the
trunk which slowly spread out to hislimbs. Three hours
after leaving thewater he arrived at Portland Hospital. By
thistime, his symptoms and signs had completely cleared
except for the rash and the shoulder pain. He wastreated
withaspirin, steroids, and an antiemetic. A salinedripwas
put up and hewastransferred by road ambulance on 100%
oxygen.

Wereally should not have trusted the story from Portland
Hospital becausewhen hearrived hewas definitely ataxic.
If we had got the story right we probably would not have
accepted him in our unit because he would have qualified
asapatient who might requiremoreintenserecompression
than we have available. However, wedecided to treat him
rather than allow further delay. Asusual wedid achest X-
ray first. This confirmed the clinical impression that he
had chronicobstructiveai rwaysdiseaseand quitepossibly,

some lung cysts. He wastreated with hyperbaric oxygen,
onehour at 3ATA andtwohoursat 2 ATA, withvery little
changein his symptoms. He was put on steroids. At7in
themorning, 15 hours after surfacing, hewas still slightly
ataxic and he still had dight abdominal pain. Forty eight
hours after surfacing, he was no longer ataxic but was
feeling tired and washed out and was sent home.

Hehad probably had hydrocarbon poi soning plusor minus
CO poisoning, andhemay havehad decompressionsickness
aswell. Gassamplesare, | hope, now being sentto CIGfor
analysis.

Discussion

People get lulled into afal se sense of security by using oil
free systems. The protection that they normally provide
themselvesagainst oil vapour comingfromthecompressor
isnot good protection against other noxiousfumescoming
into the inlet manifold. All systems should be equipped
with effective charcoal absorbers. The compressed gas
should be dried before passing through the activated
charcoal aswater vapour can reduce its capacity to absorb
other impurities. If anon-regenerable, disposable system
istoo expensiveto useproperly, thenan aternativesystem
has to be found. Certainly, there does not seem to be
availableacheap, effectivemonitor to detect impuritiesin
the gas supply. If anyone knows of an available system
with sufficient sensitivity, | would bevery pleased to hear
about it. It isadifficult problem as oneislooking for a
robust, but quite sensitive, piece of equipment.

Thesediagnosesarereally largely based on circumstantial
evidenceandthey canbechallenged. Thecentral cyanosis
in thefirst patient who had a high arterial oxygen tension
is quite well described in CO poisoning. The brick red
colour appliesto corpsesonly.

Lastly, both of these men, at their age, and particularly the
second man with his lung lesions, should be planning
retirement from abal onediving. They arenot planningany
suchthing. TheVictorian government regul ationsprevent
themfromtransferringtheir businessesasabal onelicenses
arenot transferable. Thismay or may not be agood thing.
But it means they cannot sell their businesses. Often
abalone divers know no other trade and are trying to save
enough money to retire on. They tend to overwork and
they cut corners and take considerable risks. | think the
attitude of the Victorian government is possibly that
expressed by thesenior official who | heard quoted recently
“We are the fishermen, the divers are just the hooks we
use”.

A question by Dr Harry Oxer was imperfectly recorded.
The answer was properly recorded.

Dr Charles Hackman

We are happy to take people late who we would not have

been happy to treat early on when they might need more
pressure than we can provide.



Question: Dr Janene Mannerheim

What patients do you intend to treat at Prince Henry's
Hospital ?

Dr Charles Hackman

Basically, we intend to take people with no neurological
deficit, who have not got a serious bend. We take people
with nigglesand pains. If someonewho hasgot something
more serious than that actually arrives on our doorstep, it
isbecause of acommunication problem. It may bethat we
will then decide to treat them anyway. |f we do, we put
them in our chamber. Partly because of the usually very
long time between their coming out of the water and
reaching our hospital we are fairly satisfied that they are
not goingto deteriorate sowill not get worsewhilethey are
in our chamber. Therefore if we compressthem and their
symptomsarenot largely relieved, westill havetheoption
of contacting another facility and sending them on.

A comment fromDr Peter Laverick about oxygentoxicity,
carbon dioxide retention and Royal Navy diverswas also
imperfectly recorded.

Dr Charles Hackman

| do not worry about pulmonary oxygen toxicity. For
completely non-diving reasons, we have to put relatively
sick peopleinto hyperbaric oxygen at 2.5 ATA for, inone
case, atotal of 15 hoursin two weeks. Knowing that we
weregoing to dothis, wedid all sortsof wonderful tests of
lung function before and after and found absolutely no
change, sowearenot really concerned about dlight changes.

Central nervous system oxygen toxicity is certainly a
problem. | understand that some years ago, one patient
actualy did fit in the chamber. We normally give them
anti-epil eptic medi cation beforethey gointo our chamber.
| have had two patients who did develop cerebral oxygen
toxicity in the chamber. Certainly in these cases, and |
believein other cases, therewere early signs. They do not
abruptly go from being perfectly happy and reasonable to
suddenly fitting. Thereisatime during which they either
become restless or complain of nausea or of curious
sensations and there is plenty of time, in that situation, to
drop them down to below 2 ATA inwhich case you might
see the symptoms resolve. We may have been lucky, but
we have not had any problems from oxygen toxicity
although we have had oxygen toxicity. We usualy have
one or two people watching them if they are at above 2
ATA. We have acompletely transparent chamber so we
can observe any restlessness or anything of that naturein
which case we drop them back below 2 ATA. Thereisa
very definite difference between someone who is lying
completely at rest and someone who has been performing
hard, physical exertion, which probably explainsthe lack
of problems.

47

FIRST STEPSIN FIRST AID FOR DIVING
ACCIDENTS

John Knight

First stepsinfirst aid for diving accidentsisamessagethat
weall ought to betaking to the diverswetalk to so that the
people who have diving accidents have a better chance of
surviving, because most of the storieswehaveheard today
weremishandled at thefirst point. A common error isthat
adoctor who doesnot know anything about diving accidents
says they are hysterical or hyperventilating and that they
do not need recompression. | wastold quitefirmly by the
bloke who ran the boat that “everything was al right
because we had a doctor on board, and he told us what to
do”, when he told me about Charles Hackman’'s air
embolismpatient. | replied that they story sounded likeair
embolismandthat heshould berecompressedif hehad any
symptoms. Later that evening the patient rang me and |
addedtothedelay. Instead of getting straight onto Charles
Hackman late at night | told the patient to seehisGPinthe
morningand ask tobereferredto PrinceHenry’s. | thought
that as he had aready waited over 48 hours, another 12
would not make much difference as he said that he was
getting better. That diver hasgiven up diving and sold his
gear.

The chart (figure 1) is a modification of the flow chart
Mike Davis presented in Singapore in 1980.(1) | have
redrawn it for Australia on the assumption that we had to
make it ssimpler for Australians than for New Zealanders.
Itisdesigned for diversto usein an emergency. SPUMS
will be producing it on plastic so that it can be taken on a
dive. All thediver hastodoisfind START and follow the
arrows asking himself various questions on the way.

DO NOT PANIC isthere because panic figureslargely in
diving accidents. It is no good having a panicking first
aider aswell asapanicking diver. Andthen CONTROL
MASSIVE EXTERNAL BLEEDING because if amotor
boat has run over someone or if ashark hastaken achunk
out of him, hewill bebleedingwell, and hewill not survive
either afflictionunlesssomeonestopshisbleeding. SPEED
ISVITAL isthereto remind the first aider to get on with
thejob of making surethat the victim hasthe best possible
chance.

Thefirstthingistoaskis"|sheconsciousor unconscious?’
So | put aquestion mark after UNCONSCIOUS. If heis
unconscious, one must clear the airway and see if he is
breathing (BREATHING?). If thevictimisnot breathing
thenext stepistogivefivebreathsof expiredair resuscitation
(EAR) and then feel for the pulse (PULSE?). If hehasnot
got apul seheneedscardio-pulmonary resuscitation (CPR).
Harpur hascommented onthefailuresof CPRinOntario.(2)
| expect Australians have the same problems of failureto
establish circulation and fractured ribs. Most doctors are
notwell trainedin CPR nor aremost divers. Itissomething
that we ought to train ourselvesin, and | brought Resusci
Anne with me to remind us that the only way to learn,
unlessonisaparticularly lethal sort of person, isby using
amodel to practice on.



