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EDITORIAL

A chance, non diving, reader might glance at the listed
contributions to this issue and conclude that divers are
indeed a strange | ot to enter an environment which seems
to contain so many drastic disincentives. It might be
thought that anyone lucky enough to escape the spines of
a stone fish, the bite of a blue-ringed octopus or the
tentacles of a box jellyfish then has the choice between
decompressionsicknessand cerebral arterial gasembolism
(CAGE). A moreeducated reader might even notethat one
can get symptoms suggestive of both decompression
sickness and CAGE from the same dive. However, in
practice, few will ever need to trandate into action the
information available in these pages on such types of
morbidity. To be even more precise, it isthe hope of the
contributorsthat their presentationswill leadtoareduction
intheincidence of thevery matterswhich form the subject
of their papers.

The problems of decompression sickness are discussed
from the viewpoints of thetheory of case presentation and
management. It is worth debate at some future time to
consider whether the fortunate discovery of a practical
way to reduce the risk of decompression sickness among
the Hard Hat divers of that time by Haldane and his
colleagueswoul d havebeen of even greater benefit without
theseductivegift of atheory which appearedto explainthe
practical findings. Many tribulations later “the experts’
are becoming more humble and flexiblein their claimsto
understand the workings of Nature. Unfortunately, this
newfound awareness has yet to diffuse through the ranks
of sport divers, who still tend to act asif The Tableswere
rulesthat Naturerather than themselves must follow. The
Tablesremainthemost suredefenceagai nst decompression
sickness, apart from keeping out of the sea (and the sky!),
but should be applied with caution. It must be recognised
that we do not understand the factors which condemn one
person to Spinal Bendswhile hisbuddy remainsclinically
unaffected. Caution indicates the sense of adding safety
factorsof “extra’ depth and timewhen fatigue, cold, being

awoman or having arepeat dive, etc. areinvolved. Not
only are no two peopl e the same but the same person may
have different responses to the same ‘bubble lead” on
different occasions, and nobody has calculated tables to
take account of the bubbles which are present at the
commencement of all except thefirst dive. Threeor more
divesaday may befunbut they certainly enter physiological
Terralncognita, which may be one factor in the seeming
excess of cases of DCS now occurring.

CAGE, the acronym to save time and space when talking
about cerebral arterial gas embolism, may well be one of
thoseconditionswhich areunderdiagnosed becauseof the
belief that air/gas embolism is a dramatic, and usually
fatal, eventimmediately on surfacing. Thereview by Des
Gorman, and the case reports, should increase awareness
and understanding of the condition, leading to a greater
willingnessto consider thepossibility of ithaving occurred.
Immediate post-surfacing neurological symptoms, even
of short and self-limiting duration, should be regarded as
indicative of the possible presence of gas embolism and
managed accordingly.

In dealing with such “respectable” diving medicine
conditionsthereisarisk of forgetting thehumbl er problems
which can affect the safety and indeed thelife of adiver.
Such conditions include the significance of the accepted
potentially adversefactorsof an asthmahistory, epilepsy,
diabetes and heart disease. As it is unlikely that any
acceptable control will ever become possible of breath-
hold divers, and equally certain that some will aways
evadethe medical check-pointsand become scubadivers
despitetheir adverse health history, it ishoped that every
reader who becomes aware of such personswill assist an
increase in knowledge by arranging for the
CONFIDENTIAL recording of the diving experience of
such persons through the reporting system of Project
Stickybeak. They must be doing something reasonably
correctly to escape inclusion it in the fatality reports!



MINUTES OF THE ANNUAL GENERAL MEETING
23 June 1983

held at the Fijian Resort Hotel, Fiji.

MINUTES OF THE 1982 GENERAL MEETING
Dr C Lourey moved that the minutes of the 1982 meeting
be accepted, seconded by Dr Davies. Carried.

TREASURER' S REPORT

Presented by the treasurer, Dr J Doncaster. G Ledlie
moved that thetreasurer’ sreport be accepted, seconded by
D Carson. Carried.

CHANGE OF AUDITOR

Dr Doncaster suggested that SPUM Schangeauditor toMr
Les Newman of Krampel & Newman of Footscray. The
motion was proposed, seconded and carried.

NEXT ANNUAL SCIENTIFIC MEETING

To be held at Phuket, Bangkok and Hong Kong, on 8th -
20th April 1984. Guest speaker would be Surgeon Captain
Ramsay Pearson, Royal Navy.

ELECTION OF OFFICE BEARERS
Thefollowing had been elected by postal ballot and were
declared elected.

PRESIDENT Dr C Lourey

SECRETARY Dr C Acott

TREASURER Dr J Doncaster

EDITOR Dr D Walker

COMMITTEE Dr JKnight, Dr JMannerheim,
Dr D Davies

There being no other business, the meeting was closed.

OBJECTS OF THE SOCIETY

To promote and facilitate the study of all aspects of
underwater and hyperbaric medicine.

To provide information on underwater and hyperbaric
medicine.

To publish ajournal.

To convenemembersof the Society annually at ascientific
conference.

MEMBERSHIP OF SPUMS

Membership is open to medical practitioners and those
engaged in research in underwater medicine and related
subjects. Associate membershipisopento al those, who
are not medical practitioners, who are interested in the
aims of the society.

At present the subscription for Full Membersis $A30.00
and for Associate Members is $A25.00 Membership
entitles attendance at the Annual Scientific Conferences
and receipt of the Journal.

Anyone interested in joining SPUM S should write to:
Dr Chris Acott,
Secretary of SPUMS,
Rockhampton Base Hospital,
Rockhampton QLD 4700.
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NOTES TO CORRESPONDENTS AND AUTHORS

Pleasetypeall correspondence, in doublespacingandonly
on one side of the paper, and be certain to give your name
and address even though they may not be for publication.

Authors are requested to be considerate of the limited
facilitiesfor theredrawing of tables, graphsor illustrations
and should provide these in a presentation suitable for
photoreduction direct. Books, journals, notices for
symposiaetc., will begiven considerationfor noticeinthis
journal

REPRINTING OF ARTICLES

Permission to reprint original articles will be granted by
the Editor, provided that an acknowledgement to the
SPUMS Journal is printed with the article. Papers that
have been reprinted from another (stated) source require
direct application to the original publisher for permission
to publish, this being the condition for publication in the
SPUMS Journal.

MINUTES OF THE EXECUTIVE MEETING
29 October 1983

held at the Leichardt Hotel, Rockhampton.

ATTENDING C Lourey, C Acott, J Knight, J
Mannerheim, D Davies.

APOLOGIES D Walker, J Doncaster.

Minutesof thelast meeting held on 27th August, wereread
and accepted as correct.

BUSINESS FROM THE MINUTES
1. Indonesian Conference, 1985.

A reply from the Indonesian Navy still had not
arrived. The committee recommended that an
dternative venue be considered for the 1985
conference.

2. Thailand Conference, April 1984.

There still had not been any repliesfrom either the
Thai or Singapore Navies about their support or
attendance at the conference.

The committee decided

(1) abandon the Bangkok venue for the meeting, and
stay in Phuket until 16th April and then fly to Hong
Kong.

(i)  send an invitation to the Thai Navy to attend the
Phuket meeting, and not rely onthem to participate
at the conference.

3. Several complaints had been received about the
cost and timing of the conference in 1984.



Action: Ask Allways Travel for a breakdown on
expenses etc for the conference.

CORRESPONDENCE
1. Letter of thanks from Prof B Hills.
2. Letter from the National Library of Australia.

3. L etter from the Underwater Explorers Club of WA
regquesting permission to reprint articles from the
SPUMS Journal.

Action: Permission was granted provided they
acknowledgedthat thearticlewasfromthe SPUM S
Journal.

4, Letter from Dr | Unsworth of the Hyperbaric Unit
at Prince Henry’ s Hospital, Little Bay, NSW.

He notified the Committee that the next coursein
Hyperbaric Medicine would be conducted at his
uniton 2 - 4 March 1984. A note would be put in
the SPUMS Journal notifying members of the
course.

CORRESPONDENCE TO THE PRESIDENT

1. Newsletter from the Australian College of
Occupational Medicine.

2. Newsletter from the Australian Resuscitation
Council.

3. L etter from the Margaret Geer Media Group rethe
Directory of Australian Associations.

4, Letter from the Commonwealth Dept of Health
(Vic Division), concerning the recompression
facilitiesin Victoria. A reply had been sent.

5. Letter from the University of Washington, USA.,
concerning a conference on the Management of
Acuteand Chronic Pain, to be held at Truk Lagoon
on 25 March - 1 April 1984.

6. Letter from Dr | Unsworth enquiring whether, with
theintroductionof Medicare, diving medical swould
qualify for arebate?

Action: A reply will be sent informing him that it
will STILL be ILLEGAL TO ITEMISE
ACCOUNTS FOR THESE MEDICALS.

7. Letter from Dr Finlay-Jones. He had various
complaints concerning the recent Fiji conference
(snorkelling arrangements in particular), the lack
of compensation to Dr Finlayson when he had to
return from the Madang conference early, and the
timing and expense of the Phuket conference.

Action: ThePresident, ChrisLourey, will reply to
his complaints.

TREASURER’'S REPORT

This was delivered by the President in the absence of the
Treasurer. There were no financia problems.

GENERAL BUSINESS

1. Letter fromDr D Walker. TheNational Association
of Diving Technicians of USA had applied for
membership.

2. Letter from Dr G Phillips. He queried the use of
oral fluids in the treatment of Decompression
Sickness.

Action: A reply will be sent with the appropriate
references.

3. Heronl|slandwould beinvestigated rethesuitability
for the 1985 SPUMS conference. The secretary
will report hisfindingsat af uture Executivemeeting.

The meeting was closed at 1830 hours.

SECRETARY'S REPORT JUNE 1983 - JUNE 1984

NEW MEMBERS Full 31  Associate 36

ANNUAL SCIENTIFIC MEETING

TheAnnual Scientific Meeting (ASM) washeld in Phuket
and Hong Kong in April 1984. The Guest Speaker was
Surgeon Capt RR Pearson RN. The academic programme
was interesting and stimulating, however, the general
overall attendance at the meetings was POOR. Thiswas
not only embarrassing for the guest speaker but alsofor the
committeememberspresent. Thisseemsadifficult problem
to overcome and regrettably it seemsto occur every year.

Thediving programme was good and the snorkelling was
much better than other years. Let ushopeit continues.

At Hong Kong, Dr P Preston (of the University of Hong
Kong) delivered avery comprehensivetalk on other perils
of the South China Sea. These included Japanese B
encephalitis, hepatitis, malariaand the odd case of syphilis
and gonorrhoeal

Overadl | think that the conference was a success. The
Annual General Meetingwasnot held and will not beheld
until the ASM in 1985.

OTHER MEETINGS

A combined Australian and New Zealand Intensive Care
Society (ANZICS) Queensland Branch and SPUMS
meeting was held at Rockhampton in October 1983. This
waswell attended, but not however by SPUM S members.
120 people attended, and only 10 of these were SPUMS
members.

NEXT YEAR

Hopefully the ASM and the AGM will be held in April in
the Maldives. Two guest speakers have been asked. The
scientific programmewill be concentrating on other issues
besides decompression sickness and gas embolism, and |
feel will have abroad range of interests.

| hope to see you all next year.



NEW ZEALAND DIVING-RELATED DEATHS, 1983

Douglas Walker

Four breath-hold and six scuba diving fatalities were
identified from the reports of the New Zealand Water
Safety Committee. Of the breathhold deaths, two appear
to havethe characteristics of post-hyperventilation anoxic
blackouts leading to drowning, one was an epileptic and
the remaining victim wasinexperienced, without finsand
wearing a borrowed weight belt which was without a
quick-release buckle. Hisbuddy wastoo fatigued to offer
assistance to him. Of the scuba fatalities, the critical
factors were water power, alcohol, inexperience, and
possible cardiac inhibition following aspiration of water
whileat the surface. Better buddy diving disciplinewould
have reduced the number of deaths.

CASE NOTES
Case BH 83/1

The victim and his buddy were diving for mussels on an
offshore reef. Initially the water was neck deep but it
became deeper with the incoming tide. The victim was
stated to beagood swimmer but thiswasonly the3rdor 4th
time he had “dived”. The borrowed weight belt he wore
did not have aquick-release. He apparently got into some
difficulty and hisbuddy felt tootired to attempt to offer any
assistance. As he could not release his weights, did not
wear fins or a buoyancy vest, and was inexperienced in
diving, he drowned.

INEXPERIENCE. NO FINS. UNABLE TO DROP
WEIGHTBELT. OUT OF HISDEPTH WATER. BUDDY
NON-ASSISTIVE

Case BH 83/2

Thiswasthesecond timethevictim, an epileptic, had gone
diving. Hewason medication but apparently still suffered
fits, usually with aprodromal onset of twitches. Heswam
to a buoy with his friend, who momentarily lost sight of
him while ducking under arope. Some bubbleswere seen
ascending but thewater wastoo deepfor thebuddy toreach
the bottom to attempt a search.

INCOMPLETELY CONTROLLED EPILEPSY.
SEPARATION.

Case BH 83/3

A group of twelveexperienced diverswereon aboat-based
dive, three pairsbeing left at arocky islet. Thevictimand
his buddy scuba dived then returned to sit on the rocks,
removingall their equipment includingtheir compensators.
Another diver borrowed the victim's mask to enable
retrieval of alost mask. Unfortunately, after the mask was
returned asudden wave struck their position and the mask
was washed away, though the rest of the equipment was
retained. The victim borrowed his buddy’s mask and
swam out fromtheislet to find hisproperty. He called out
that he could see it below in about 30 ft deep water, then
dived. Hefailedtoresurfaceand thebuddy, maskless, was
unabletofind hisbody. Itisvery probablethat thiswasa
post-hyperventilation-blackout (anoxic) death. Theweight
belt did not haveaquick release, but thiswould beunlikely
to effect the outcome of such an occurrence. It is not
known whether the scuba tank still contained air.

ALONE. POST HYPERVENTILATION BLACKOUT.

5

LOSS OF MAXK LED TO ERROR (SCUBA WOULD
HAVE BEEN SAFER). BUDDY UNABLE TO SEARCH.

Case BH 83/4

Separation during spearfishing is common, probably
inevitable. This pair was diving in 12 ft deep water and
after a separation of only 3-4 minutes the buddy was
alarmed to see his friend on the sea bed below him, all
equipment in place, lying still. 1t islikely that thiswasa
post-hyperventilation death despite the medical history of
a right middle lobe removal (for bronchiectasis) and
moderate-to-severe asthma. He had attended a diving
school and was an experienced diver. It is stated that he
was a fairly strong willed person who could not be
discouraged from diving.

SEPARATION. POST HYPERVENTILATION TYPE
DEATH. ADVERSE HEALTH HISTORY.

Case SC83/1

After areunion party, whichincluded beer drinking, it was
decided to proceed to the nearby river to catch some eels
to makeameal. The victim donned his scuba equipment
while the others just swam about at the surface. He
descended into aholein theriver bed about 15 ft deep and
for atime his bubbles were seen. After about an hour his
friendsbecame anxious and started asearch. Although he
had attempted a diving course, and was proud of his
certificates, infact hefailed to completethe courseand had
been told he was not up to standard and needed more
instruction. He had, however, continued to scuba dive.
Thereisno record of remaining air being checked, though
the tank was fitted with a contents gauge.

ALONE. SHALLOW RIVER. PART TRAINED.
PROBABLY OVER CONFIDENT OF ABILITY.

Case SC 83/2

A party of nine divers, all with some experience, were on
achartered boat dive to an offshoreisland. The boat was
anchored and thediversentered thewater asbuddy groups,
the victim and his buddy being the last to enter. It was
arranged that the buddy was to catch the crayfish and the
victim to hold the bag. The boat’s skipper saw the buddy
suddenly surfaceand signal theneedfor help. Hedescribed
being tossed about by asudden surgewhichtoreoff hisfins
and had seen thevictim rushed past him by the water flow.
Thebody wasrecovered later withall theequipment intact.
Thereis no record of anyone anticipating this problem or
of it effecting any other members of the group.

WATER POWER NEAR ROCKS.

Case SC 83/3

During afamily outingtothecoast thevictim decidedtogo
in search of scallops. Hewas rowed out in adinghy by a
relative, whoseother duty wastofollow hisprogresshy the
bubbles. Thefirst place was unsatisfactory so hetowed a
little further before diving again. Therewasachop so the
bubbleswereimpossible to identify. After waiting about
one hour the man in the boat became anxiousand returned
to the shore, though it was a further one and a half hours
before sufficient dlarmwasfelt to notify thepolice. When
the body wasrecovered, two days|ater, al equipment was
intact and onehand wasclutching thescallop bag, the other
his regulator. He had not inflated his compensator,

apparently.
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UNTRAINED, LACKING IN EXPERIENCE, ALONE,
USING BORROWED EQUIPMENT.

Case SC 83/4

Intended asafriendly gesture, arefresher dive after athree
year break from diving, it ended tragically. The diving
history of the victim is unknown, as is the source of the
equipment. Becauseit wasonly to bea“reminder” rather
thana“serious’ dive, it wasundertakeninwater no deeper
than 25 ft, and at the critical time the three divers were
proceeding in line ahead in 15 ft deep water, the victim
bringing up the rear. His absence was noticed and an
immediate search instituted, but poor visibility resultedin
a short delay before he was found. Resuscitation efforts
wereunavailing. Thetank wasempty whentested. Hedid
not have a“ compensator” and had not dropped hisweight
belt. The autopsy gave drowning as cause of death, the
aspiration of vomit noted being ascribed to the attempts
made to resuscitate him.

UNKNOWN TRAINING, UNKNOWN EXPERIENCE.
OUT OF PRACTICE. POORVISBILITY. INCORRECT
BUDDY PROCEDURE. OUT OF AIR. SHALLOW
WATER.

Case SC 83/5

This was a launch trip to a scallop bed organised for
members of two diving clubs. The skipper assumed that
responsibility for monitoring of the diving rested in their
hands. A non-diver on board wasco-opted askeeper of the
log of diver water entry/exit times. Some of those present
on thetrip decided thelocality wastoo deep for them (80-
90ft) and did not dive, but the victim (newly certificated)
and two others entered the water. It isapparent that there
was no attempt to follow buddy-diving procedures. He
was seen to surface, wave for attention, then float
unconscious. His CO2 type vest was seen to be inflated
and the tank contents gauge showed “empty”. He was
rapidly brought on board but failed to respond to
resuscitative measures. Autopsy showed that he had
suffered anair embolismdeath. Inretrospect those present
agreed that hewould not have been allowed to divehad his
inexperience been realised.

NEWLY TRAINED. GROSSLY INEXPERIENCED. OUT
OF AIR DESPITE HAVING GAUGE. ABSENCE OF
DIVE DISCIPLINE & DIVING ORGANISATION OF
OUTING. WEIGHT BELT TWISTED ROUND.

Case SC 83/6

Thelecturesand pool work of thecoursehad been compl eted
and the seven trainees were to make their first open water
swim courtesy of the dive club whose boat trip they were
permitted to join. Their test was a surface swim wearing
full scubaequipment, including 20 b weight belt, using a
snorkel. After swimming half way to the marker rock, the
victimheld up theoral inflation tubeof hiscompensator as
if hewasintrouble. Hisbuddy inflated thevest orally and
called for help. The instructor saw what was happening
and quickly swam over to give assistance, starting EAR
while towing the victim, by now unconscious. He was
apparently still alive when unloaded from the boat into a
waiting ambulance but died shortly afterwards. It was
surmised that death resulted from aspiration of a little
water, this causing an acute cardiac arrhythmia.

The resuscitation had caused fractured ribs, areminder of

7

the NECESSITY for correct resuscitation methods.
SURFACE S\MM. UNDER INSTRUCTION. FELLOW
PUPIL, EXCELLENT BUDDY INSTRUCTOR AID.
PRESUMED WATER ASPIRATION REACTION. RIB
FRACTURES FROM RESUSCITATION.

DISCUSSION

Inexperience, undroppable weight belts, separation from
buddies and the borrowing of equipment are adverse
factorspreviously generally recognised aspotentially lethal.
Hyperventilation by breath-hold divers is another well
documented danger. CasesBH 83/1and SC83/4illustrate
the poor basis for any belief that “it's only shallow” isa
guarantee of safety. It is acommonplace to reiterate the
conclusion that most fatalities are the end result of a
number of safety violations, and therefore avoidable.
Training, experience, respect for the water conditions,
buddy diving discipline, having and taking notice of a
contents gauge, and an effective buoyancy aid remain
basic requirements for safe diving. Those who organise
dive boat outings should accept the responsibility to
supervise the safety of those present, or one day a court
may remindthem of their liability. Theseahasmorepower
than any diver, however physically fit and experienced he
may be, and must aways be included in consideration
before entering the water.

ACKNOWLEDGEMENTS

This report could not have been compiled without the
active assistance of the Water Safety Council of New
Zeadland and the New Zealand Department of Justice.
Their interest in this Diving Safety Project is greatly
appreciated.

INCIDENT REPORTING

Divers greatly benefit from the ongoing assessment,
favourable and otherwise, of the experiences of others.
Suchinformation, collectedand used onabasisof STRICT
CONFIDENTIALITY regarding the identity of those
involved, allowsthe early recognition of both helpful and
dangerous diving practices. Reports, in particular
concerning the successful management of diving-related
misadventures and problems, are urgently required. New
Zealand readers please support the Incident Reporting
Scheme of the NZUA or write direct to:

Dr Douglas Walker

PO Box 120

NARRABEEN NSwW 2101
Australia

YOU CAN'T PATENT THE WHEEL ... IFIT'SIN A
CARTOON!

The NEW SCIENTIST reports that a large German
chemical company tried to patent a way to raise sunken
shipsby pumping plastic ballsinto them. Thiswould have
been simpler than having to makethem airtight and filling
them with air. However the West German patents office
screens all applications for new patents and turned down
thisoneonthegroundsthat theideahad beenusedinaWait
Disney Donald Duck cartoon, tennis balls being used in
thisinstance.

Reprinted from the Australian, 10 December 1983.



ARTERIAL GASEMBOLISM ASA
CONSEQUENCE OF PULMONARY
BAROTRAUMA

Arteria gas emboli may result from arterialisation of
venous gas emboli or may beintroduced directly into the
arterial circulation.! Included amongst thelatter aredivers,
submarine escapees, and aviatorswho develop arterial gas
emboli asaconsequence of decompression in the absence
of atissueinert gasload that could account for gas emboli
production.

THE ORIGINS OF ARTERIAL GAS EMBOLI
COMPLICATING DECOMPRESSION

The conventional explanation isthat decompression may
resultinan expansion of intrapulmonary gasinaccordance
with either Boyle's Law or Van der Waa’s equation,
sufficient to cause such pulmonary derangement that gas
isintroduced into the pulmonary vein.?

Despite 100 yearsof researchthetypical pulmonary lesion
underlying theevolution of an arterial gasembolushasnot
been described. This makesit very difficult to prepare a
suitable animal model to study subsequent events.

Few casudties with overt pulmonary damage due to
decompression (pulmonary barotrauma) devel op evidence
of arterial gas embolism, and conversely few casualties
suffering from arterial gas embolism have overt evidence
of pulmonary damage. In the last 10 years at the Royal
Australian Navy School of Underwater Medicine, 21
casualties have been treated for arterial gasembolism and
42 casualties have been treated for overt pulmonary
barotrauma. During that time only one casualty has had
uneguivocal evidence of both arterial gas embolism and
pulmonary barotrauma. This negligible overlap is
surprisingif thesetwo conditionshaveacausal rel ationship.

TABLE1
ROYAL AUSTRALIAN NAVY SCHOOL OF
UNDERWATER MEDICINE
SURVEY OF GASEMBOLISM AND PULMONARY
BAROTRAUMA 1975-1983

Arterial Gas Embolism Cases 21
Pulmonary Barotrauma Cases 42

Combination of Gas Embolism
and Pulmonary Barotrauma Cases 1

THEBEHAVIOUROFGASINTRODUCED INTOTHE
ARTERIAL CIRCULATION

The distribution of gas introduced into the arterial
circulationisdictated by thepostureof thediver, submarine
escapee, aviator or experimental animals.® This explains
both the preponderance of neurological involvement in
diversand submarineescapeesduetotheir upright posture,
and the insistence on maintaining a casualty with arterial
gas embolism in the head down/feet up posture.

Thecerebrovascular reactiontoagasembolusdiffersfrom
that to a solid embolus where vasoconstriction isusual, in
that the reaction to a gas embolus is generally localised
vasodilation.>6:7 A significant proportion of gasentering
the cerebral circulation will pass through to the venous
circulation without causing vessel occl usion.3° Only
whengascoal escenceoccurstoformagasplugof sufficient
size does vascular occlusion occur.8 Thisis usualy at a
vessel bifurcation and in a vessel of 30-60 microns
diameter.8:9 Themost plausible explanation of thisisthat
thegasemboluswill becomestationary whenthefrictional
forcesthat exist between the gas and the vessel exceed the
local systemic driving pressure.

THE PATHOLOGICAL SEQUELAE OF GAS
EMBOLUS ENTRAPMENT

Once arterial gas emboli cause vascular occlusion,
pathological processes are initiated. For the cerebral
circulation these have been well defined.2,5,8,9,17

TABLE 2
PATHOLOGICAL SEQUELAE OF CEREBRAL
ARTERIAL GASEMBOLUS ENTRAPMENT

Increased blood-brain-barrier permeability
Tissue ischaemia

Downstream vessel coagulopathy

Small focal haemorrhages

Loss of cerebrovascular autoregulation
Metabolic disruptions

Anincreasein blood brain barrier permeability will result
in an increase in brain water content, that isto say brain
oedema of a vasogenic nature.lov12 The rate of
development of this brain oedema is critical to a major
controversy in the treatment of cerebral arterial gas
embolism. The rate of oedema accumulation following
gas embolus entrapment is dependent upon whether the
experimental animal is recomprmd.1 Human data is
not available. If the animal is untreated, then oedema
accumulates over several hours, but most studies have
displayed negligible oedema within the first hour after
embolisation.10-12  Treatment of the animal by
recompression appears to either prevent or retard the
development of oedema 1

Other sequel ae include tissue ischaemiawhich may result
in infarction,?5113 endothelial oedema and formation of
platel et thrombi causing progressivevessel occlusion,1415
small focal haemorrhages,® and cellular metabolic
disruptions.* Thereportedlossof vascular autoregulation
hasnot been established experimental ly. Thevasoreactivity
of avessel adjacent to agasembolusisunknownandisan
area of active research within the Royal Australian Navy
because of the current recommendation to use
vasoconstricting gasmixtures.’® If thevessel adjacenttoa
gas embolus s vasocreactive then vasoconstricting gases
should initially be avoided as any vasoconstriction will



inhibit redistribution of theembolusby increasing both the
gas-vessd interface and the frictional forces that oppose
embolus movement.

PHENOMENA THAT MAY CONTRIBUTE TO THE
CEREBRAL LESION

Any underlying pulmonary lesion and any cardiac
involvement may contributeto cerebral pathology. While
most theoristsproposethat pulmonary barotraumaunderlies
the evolution of arterial gasemboli, they also assume that
the pulmonary lesion does not contribute to the evolving
cerebral pathology. Possiblewaysinwhichany pulmonary
lesion might contribute to cerebral pathology include
systemic hypoxia, release of vasoactive substances stores
in the lungs, impairment of venous return by expanding
mediastinal gas, and most importantly, by continuing to
introduce gas into the pulmonary vein. If any
communication exists between the airways and the
pulmonary vein, continued embolisation will result as a
consequence of the pressure differential between them.®

THE EFFECTS OF RECOMPRESSION

Given a surface tension of 47 dynes/cm for plasma,
thermodynamic theory predicts, for atypical gasembolus
occupying a vessel of 30 to 60 microns diameter, that
compression from 1 Atato 6 Ata will not force the gas
embolusinto solution.®® Neverthelessif acasualty with a
cerebral arterial gasembolusisrecompressedwithminimal
delay fromonset of symptomsand signs, asinthe Submarine
EscapeTraining Tank (SETT) at HMSDOLPHIN, almost
all casualties achieve dramatic total relief.

TABLE 3
TIMES FROM THE ONSET OF COMPRESSION TO
TOTAL RELIEF OF SIGNS AND SYMPTOMS

Timein Minutes Cases
lessthan 1 42
1-5 30
6-30 8
31-120 2

Inthe112 casesof cerebral arterial gasembolismrecorded
at HMSDOLPHIN thetime fromthe start of compression
to the time of total relief was determined where possible.
For 20 cases this was not recorded clearly. Three cases
obtainednoreliefanddied. Another 7 casesobtainedtotal
relief onlyafter decompressionfrom50msw. Theremaining
82 cases obtained total relief before decompression.

Suchrapidtotal relief canonly beexplained by redistribution
of the gas embolus as a result of reduced gas-vessel
interface frictional forces.58° Of note is the finding that
after recompression of embolised ratsto 6 Ata, 30-40% of
thegasredistributed to other partsof thebrain.® Thisisone
mechanism that can explain those casualties who relapse
with different symptoms and signs from their initial

presentation.
THE PATHOLOGY OF RELAPSE

Following the dramatic recovery of nearly al casualties
treated without delay, some casualties either relapse or
deteriorate. For most groups studied, whether they be
submarine escapees or divers, the proportion relapsing is
about 30%. Of thisgroup about 5to 10% die, contributing
to the overall mortality of cerebral arterial gas embolism
which even in the best circumstancesis about 5%p.14192131

Numerous pathologies have been proposed to explain
thesecasualtiesthat rel apseor deteriorate, 246810-12141521,3031
Re-embolisationmay result fromredistribution of acerebral
arterial gas embolus to another region of the brain,
redistribution of gas from elsewhere in the body to the
cerebral circulation, for example, withachangeof posture,
or as a conseguence of continued embolisation from an
origina pulmonary lesion.*

TABLE4
PROPOSED CAUSES OF RELAPSE OR
DETERIORATION AFTER RECOMPRESSION

Re-embolisation
Regeneration of gas volume
Focal brain oedema

Failure of re-perfusion
Others

Careful examination of the literature and casualty case
reports indicates that no single proposed cause of relapse
canexplainthemajority of casesthat relapseor deteriorate
after initial improvement?46810-1214151921-81 Thjscontrasts
with the recent proposal that brain oedemais responsible
for the majority of casesthat relapse and that treatment of
a relapse should consist of increased “brain-oedema’
therapy and not recompression.’®#31  Much of the
evidence for this proposal comes from case report
symptomatology.®*% However, brain oedema is a
pathological and not a clinical diagnosis, as there is no
symptom complex indicativeor typical of brain oedema.*

Thereisother evidence against brain oedemaasthe major
cause of relapses. First, brain oedema is related to the
original siteof thecerebral arterial gasembolusand cannot
account for thosecasudtiesthat rel apsewithtotal ly different
symptoms from the original presentation (Table 10).%°
Second, the rate at which brain oedema develops and
resolvesisincompatible with those casualties that rel apse
dramatically during decompression and respond
immediately to recompression. This phenomenon is
demonstrated by thedatafromthe SETT atHM SDOL PHIN
displayedin Table 5. These were 32 casualties of whom
two relapsed twice so giving atotal of 34 relapses.

Note that 14 cases relapsed either during or within 5
minutes of decompression to ashallower depth. Of the 16
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TABLE S
ONSET OF RELAPSES AND THE RESPONSES OF RELAPSES RECOMPRESSED IMMEDIATELY

Time of onset of While at During decompression Minutes after arrival
relapse or deterioration 50m to a shallower depth at a shallower depth
More than

0-1 15 6-11 11-15 16-30 30
Number of relapse cases 5 6 3 5 4 1 3 7
Number of cases
recompressed immediately 0 3 3 5 3 0 0 2
after arelapse
Number obtaining
immediate total relief - 2 1 1 0 - - 1
with recompression
Number obtaining total
relief within 10 minutes - 0 0 3 3 - - 0
of recompression
Number obtaining total
relief more than 10
minutes after recompression - 1 1 1 3 - - 1

Five cases relapsed or deteriorated while the casualty was at 50msw. The remaining 27 cases relapsed or deteriorated
during or after decompression. Two casesrelapsed twicegiving thetotal of 34 relapsesinthistable. Sxteen of the 27 cases
were recompressed as soon as the symptoms or signs of the relapse or deterioration became apparent. The responses to

recompression are also detailed.

TABLE6

TIME FROM ONSET TO RELAPSE IN HOURS
Hours from Onset to Relapse No. Cases
Lessthan 1 14
1-2 5
2-3 2
3-4 1
4-5 1
5-6 1
6-7 0
Greater than 7 2

In6ofthe32 casesof relapsethetimefromonset torelapse
was not clearly recorded.

casualties who relapsed and were recompressed within 5
minutes of the onset of the relapse, 8 obtained total relief
from the relapse within 10 minutes of recompression and
afurther 7 obtained relief which was complete more than
10 minutes after recompression. Another 6 cases not
recordedin Table5wererecompressed after they rel apsed,
but recompression began more than 5 minutes after the
onset of the relapse. Of this group, 5 recovered rapidly
after recompression and 1 recovered gradually but
eventually completely.

Third, asdiscussed, evenfor untreated experimental animals
negligible brain oedemaaccumul ates during thefirst hour
after embolisation.’>2%® |t follows that brain oedema
cannot account for the peak occurrence of relapses and
deteriorations at 20 to 40 minutes after the initial
presentation for the 32 casualties that have relapsed or
deteriorated after initial improvementat HMASDOL PHIN.

TABLE7
TIME FROM ONSET TO RELAPSE IN MINUTES
Hours from Onset to Relapse No. Cases
Lessthan 20 2
20-40 9
40- 60 3
60 - 90 3
90- 120 2

These cases appear inthe” lessthan 1 hour” and“ 1to 2
hours’ classificationsin Table 7.

Clearly brain oedemaisacomplication of untreated cerebral
arterial gasembolism. However it doesnot provideagood
explanation of the majority of cases that relapse or
deteriorate, and consequently “brain-oedema’ therapy is
not an adequate response to all relapses or deteriorations.
There are numerous possible causes of relapse or
deterioration after initial improvement and the clinical
response to arelapse or deterioration must be dictated by
both the circumstances in which the relapse occurred and
by the nature of the relapse.

THE CLINICAL PRESENTATION OF CEREBRAL
ARTERIAL GASEMBOLISM

The symptomatology from the HMS DOL PHIN cerebral
arterial gasaﬂbolismcasesaretggi cal of other reportsand
arelisted at Tables 8 and 9.428.29



TABLES8
PRESENTING SYMPTOMS AND SIGNS OF 112
CASES OF CEREBRAL ARTERIAL GAS

EMBOLISM
Unconsciousness 45
Sensory loss 25
Paresis 24
Stupor 22
Collapse without unconsciousness 13
Visua disturbances 10
Convulsions 4
TABLE9

PRESENTING SYMPTOMS AND SIGNS OF THE 32
CASESTHAT RELAPSED AFTER INITIAL
IMPROVEMENT

Unconsciousness 1
Sensory loss

Paresis

Stupor

Collapse without unconsciousness

Visua disturbances

Convulsions

PNR~N~NOR

Note the common symptom frequency distribution for all
cases and for those cases that relapsed and that it is
thereforeimpossibleto predict which caseswill relapse or
deteriorate on the basis of their presenting symptoms and
signs.

In contrast, for the casualties that relapsed, the symptom
frequency distribution at initial presentation and at relapse
are different.

TABLE 10
SYMPTOMS AND SIGNS ON PRESENTATION
AND RELAPSE
Symptoms and Signs [nitial Relapse
Presentation

Unconsciousness 14 2
Sensory loss 5 7
Paresis 7 7
Stupor 7 6
Collapse without

UNCONSCi oUSNeSs 4 0
Visual disturbances 2 9
Convulsions 1 6

32 patients relapsed following improvement. Some
casualties presented with morethan one symptomor sign,
either initially or on relapse.

Thisisrelevant tofocal pathologies proposed as causes of
relapse or deterioration. Any pathology that is related to
theoriginal siteof thecerebral arterial gassembolussuchas
brain oedema, regeneration of gas volume, and failure of
reperfusion due to progressive vascular occlusion should
resultinarelapsethat issimilar to theinitial presentation.
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GENERAL COMMENTS ON THE TREATMENT OF
CEREBRAL ARTERIAL GASEMBOLISM

Most discussions of the treatment of cerebral arterial gas
embolism do not differentiate between SETT casualties
and divers. Thisamajar oversight as the two groups are
significantly different.2° SETT casualtieshaveanegligible
increaseintissueinert gascontent. Incontrast divershave
avariable but significant increase, particularly when it is
remembered that the half lifefor uptake of inert gasby the
brainisonly 5 minutes. Theinert gaseliminationkinetics
are totaly different for these two situations. Cerebral
arterial gas embolism is most frequently encountered in
sportsdivers, who, rarely having arecompression chamber
at their diving site, rarely present for treatment within 1
hour, incontrast to SETT casualtieswho arerecompressed
immediately their symptoms devel op.

Theseobservationsillustratethedifferencebetween SETT
casualties and divers with cerebral arterial gas embolism,
the inappropriateness of combining data from divers and
SETT casualtiesashasbeen doneby many authors, 30:3L,
andwhy theRoyal AustralianNavy isdevel oping different
animal model sto eval uatethetreatment needsof thesetwo
situations.

Another major treatment concept is that any delay in
recompression will result in increased morbidity and
mortality.19 There are no controlled human studies to
supportthis. Sufficient numbersof otherwisehomogeneous
cases for comparison can only be generated by review of
SETT casualty casereports. Inthisassessment therelapse
rateisused astheindicator of successor failure. Although
the data displayed suggests that any delay may lead to a
worse outcome, the difference displayed for these two
groups is too small to establish statistical significance.
Neverthelessit isreasonabl eto accept that until better data
is available the time from onset of symptoms to
recompression should be minimised.

TABLE 11
THE RELATIONSHIP OF DELAY IN
COMPRESSION OF THE CASUALTY TO 50 MSW
TO RELAPSE

Time from onset of Tota
symptomsto arriva
at 50 msw in minutes

Relapse Relapse
Number Number Rate

Less than 582 22 27%
5or morel9 7 37%

Thetimeinterval fromthe onset of symptoms and signsto
compression of the casualty to 50 metreswasevaluated in
all 112 cases. For 1 case thetime taken to reach 50 msw
was not recorded clearly. This casualty did not relapse.
Another 7 cases were compressed to depths other than 50
msw. Three of these 7 casesrelapsed. Three other cases
showed no improvement with recompression and died.
Theremaining 101 cases are detailed above.

THE TREATMENT DEPTH

Current regimens advise compression to 50 msw (165 ft)
if treatment is instituted within five hours.3536 Thisis
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based on the following. First, although acerebral arterial
gas embolism becomes more spherical with volume
reduction, the rate of reduction in gas diameter decreases
markedly with increasing depth such that beyond 50 msw
considerable further compression is required to produce
any noticeable reduction in gas embolus diameter. This
does not apply to the same degree to any gas embolus
which remains in a cylindrical configuration. Second,
animal studieshave demonstrated that cerebral arterial gas
emboli redistribute with compression to 50 msw, with
some embolus redistribution seen at 30 msw (100 ft).9
Third, significant human data only exists for treatment at
50 msw.2" For example only 7 of the 115 cases from
HMS DOLPHIN were not treated at 50 msw. All 7 were
treated at shallower depths than 50 msw and 3 of these
cases relapsed.

Leitch et als study of embolised rats at NMRL suggests
that treatment at 18 msw (60 ft) breathing oxygen might be
as good as compression to 50 msw.18 The study findings
conflict with an unpublished study by Bayliss, who
decompressed rats with ligated tracheas and have the
serious limitations of any study that uses the technique of
directinfusionof gasintothevessel ssupplyingthecerebral
circulation. However it does provide support for the
widely accepted proposition that if a casualty presents
after 5hoursheshould only becompressedto 18 msw32-36
and also provides additional stimulus for the Royal
AustralianNavy’ scurrent eval uation of different treatment
depths.

TIME AT THE TREATMENT DEPTH PRIOR TO
DECOMPRESSION

During the Iast 15 years, desijlte the reports of Elliott,
Harrison et a28 and Ah- See,™ an increasingly common
practice has been to begin decompression from 50 msw
after 30 minutesif the casualty is asymptomatic.9!34’38'

However comparison of the relapse rates of otherwise
homogeneous SETT casualties and the time spent at 50
msw prior to decompression indicates that this practice
should be abandoned.

The 16 to 30 minute group was comprised of casualties
who were kept at 50 msw for 30 minutes prior to
decompression, The 31 to 120 minute group included 8
casualtieswho were kept at 50 msw for 60 minutes, while
the remainder were kept at 50 msw for 2 hours prior to
decompression. By X2 analysis, therelapseratesfor these
groups are significantly different at the 0.01 level.

Clearly casualtieskept at 50 msw for only 30 minuteshave
a significantly greater relapse rate than those kept at 50
msw for either 1 or 2 hours. Decompression from 50 msw
should not begin after 30 minutes, and probably acasualty
should be kept at 50 msw for aslong as possiblewhilestill
maintai ning access to aconventional therapeutic table. 1f
thetherapist hasaccessto therapeutic tables such asRoyal
Navy Table 54, then 2 hours at 50 msw would appear
indicated.

OXYGEN AT HIGH PRESSURES
Since the introduction of the Goodman and Workmann

oxygen breathing therapeutic tabl es4 the concept that
“the more oxygen you give, the better you are doing” has

TABLE 12
THE RELATIONSHIP BETWEEN TIME SPENT AT
50 MSW BEFORE DECOMPRESSION AND

RELAPSE
Time at 50 msw Total Relapse Relapse
Prior to Number Number  Rate
Decompression (Min)
0-15 18 8 44%
16-30 34 12 35%
31-120 28 2 7%

The time spent at 50 msw prior to decompression was
considered for all 112 cases. This time was not clearly
recorded in 17 cases, 7 of which subsequently relapsed.
Another 7 casualties were recompressed to depths other
than 50 msw; 3 of these 7 cases relapsed. Three cases
showed noimprovement withrecompressionaddied. Five
casualties relapsed at 50 msw prior to decompression.
Theremaining 80 cases were analysed and are presented
above.

creptintounderwater medicinefolk-law. Thishasresulted
in attempts to increase the inspired partial pressure of
oxygen being breathed at 50 msw in the treatment of
cerebral arterial gasemboli sm.19 itisi mportant to review
the reported advantages and disadvantages of breathing
oxygen at high pressure.

TABLE 13
REPORTED ADVANTAGES OF OXYGEN AT HIGH
PRESSURES

Reduced cerebral blood flow
Increased tissue oxygenation
Reduced blood brain barrier permeability
Positive vascular steal

Reported advantages of oxygen at high pressuresinclude
cerebral vasoconstriction resulting in a fall in cerebral
blood flow, afal in intracranial pressure, and therefore
increased rate of brain oedemaresol ution, increased tissue
oxygenatlon and decreased blood brain barrier
permeability. 17,42-44

TABLE 14
REPORTED DISADVANTAGES OF OXYGEN AT
HIGH PRESSURES

Inert gas
Oxygen toxicity
Rebound in brain oedema following withdrawal
Increased blood brain barrier permeability Increased
cerebral blood flow

Reported disadvantagesof oxygenat high pressureinclude
theobservationthat if oxygenissuppliedinexcessof local
metabolic needsit will behave as an inert gas, pulmonary
and CNS oxygen toxicity, increased blood brain barrier
permeability, increased cerebral blood flow resulting in
increasedintra-cranial pressure, impaired cerebral %Iucose
metabolism, and gas embolus expansion. 5,43

The apparent contradictions result from the observation
that alteration of the inspired partial pressure of oxygen



canresultinaconsiderably different effect. 424452 |f the
inspired partial pressure of oxygenisinthe1to 1.5 ATA
rangecerebral vasoconstriction, improved cerebral glucose
metabolism, and improved EEG recordings are the usual
findings. If however the inspired partial pressure of
oxygen isincreased to and beyond 2 Ata, both cerebra
gl ucose metabolism and EEG recordings deteriorate. 20"

2 Alsoin thisrangethe effectson cerebral blood flow are
variable. A particularly commonfindingisfor animmediate
increase in cerebral blood flow with a fall towards the
previous level over 30 to 40 mi nutes,0;

TABLE 15
THE EFFECTS OF RAISING THE INSPIRED
PARTIAL PRESSURE OF OXY GEN

P02 Glucose EEG Cerebral
inATA Utilization Blood Flow
1 1 Improved !
15 1 Normalised !
2 ! Deteriorated Tl
2.8 ! Grossly Tl
Abnormal

It could be argued from this data that the inspired partial
pressure of oxygen be maintained within the 1to 1.5 Ata
range. Conveniently thisisachieved by breathingair at 50
msw avoiding the need to use a built-in breathing system.
The only indication to exceed this range would be to
increase the elimination of inert gas. Thisis not relevant
tothe SETT casualty but may berelevant to thediver, and
is yet another phenomenon being investigated by the
Royal Australian Navy. A reasonable regimen would be
to administer aninspired partial pressure of oxygen of 1to
1.5 Atato SETT casualties, and until further information
isavailableto adjust the inspired partial pressure givento
adiver according to his dive profile.

CHEMOTHERAPY FORCEREBRAL ARTERIAL GAS
EMBOLISM

There are no drugs of proven benefit for the primary
problem of a gas embolus occluding a vessel although
research into the role of heparin, indomethacin and
prostaglandin 12 in facilitating reperfusion of the brain
after embolusredistributionishaving encouraging results.
These drugs ma% become important adjuvants to
recompron.53' 8 The use of naloxone and dimethyl-
sulphoxide (DM Soz)al so have support from experimental
animal studies.®9:6

Most forms of chemotherapy suggested for use in the
treatment of cerebral arterial gasembolismrelateto either
preventing_L or amelioratigg the development of brain
oedema 213:21,32,48,61-64 Theinability topredictwhich
caseswill relapseonthebasisof their presentation, and the
lack of an identifiable brain oedema clinical syndrome,
result in the inevitable conclusion that if a prophylactic
brain oedemaregimenisindicated, it should begiventoall
casualties.

Although the initial brain oedema complicating cerebral
arterial gas embolism is vasogenic, eventually both
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vasogenic and cytotoxic brain oedemawill be preeent.13
This places another condition on a brain oedemaregimen
in that it must include agents active against both forms of
oedema. Non-osmotic diuretics, such as furosemide,
dexamethasone and phenobarbitone have been shown to
be effective in treating vasogenic brain oedema
models. 13:32.62,64 ogmotic diuretics, such as mannitol
and glycerol, non-osmotic diuretics and
methy! predni sol one sodium succi nate have been shownto
be effective in treating cytogenic brain oedema
models. 2

A recent report of the efficacy of a steroid regimen in
reducing the relapse rate associated with cerebral arterial
gasembolism inappropriately combined diving casualties
and SETT casualties to generate sufficient numbers for
comparison.30,31 The efficacy of a steroid regimen in
treating brain oedemaconsequent on acerebral arterial gas
embolus is yet to be established. It must be noted that
steroid regimens for other causes of brain oedema are
falling into disrepute.32,64 It should also be noted that
given the wide range of steroidal effects the efficacy or
lack of efficacy of asteroid regimen does not implicate or
refute any proposed underlying pathol ogy.30,31

Other areas of treatment of cerebral arterial gas embolism
include the management of a relapse or deterioration
mentioned previously, the possible roles of mechanical
ventilation to maintain hypocarbia and in particular high
frequency ventilation (HFV), and hypothermia in the
management of the critically ill casualty.32,48

CONCLUSIONS

Far from being an area of consensus and understanding,
cerebral arterial gasembolismisan areaof confusion and
active debate. The confusion relates not only to the
underlying pathological processes but aso to the ideal
treatment of cerebral arterial gasembolismaffectingdivers,
submarine escapees and aviators.
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HYPERBARIC OXYGEN FOR MULTIPLE
SCLEROSIS

Philip James

The medical profession’s response to the introduction of
yet another therapy in multiple sclerosis is a scepticism
conditioned by years of frustration in the search for a
causative agent and an effective remedy.

Tosuggest that oxygen may beof helpinmultiplesclerosis
(MS) would seem extremely farfetched, especially when
the last 25 years have seen research effort into the
immunological abnormality in MS, even though other
diseases where the cause is known, for example
neurosyphilis, produce similar changes. Over 47 studies
of immunosuppression therapy, including several
controlled trials, have failed to show clear evidence of
benefit to patients.

January of thisyear saw amilestone in the history of MS
withthepublication of asuccessful double-blind, controlled
triad.l The treatment group received oxygen under
hyperbaricconditions. Therewasimmediateimprovement
in 12 out of 17 of the treated group, contrasted with 1 out
of 20 in the controls (p<0.0001).

Perhaps even more remarkabl e, there was stabilization of
the 12 patients who had responded to the oxygen therapy
over the subsequent year. Five maintained their
improvement and none of the 12 had deteriorated to bel ow
the pre-treatment level. Of the five remaining patientsin
thetreated group, who did not show objectively measurable
improvement, only two showed deterioration over the
following year. In contrast, with the control group, 11 of
the 20 patients had deteriorated over thisperiod yielding a
p value of < 0.0008.

A favourable response to oxygen is by definition an
indication of hypoxiaand should re-direct our attention to
evidence of blood vessel involvement in the disease.
Typically, there are lesions in the cerebellum of patients
with MS. Current immunological ideas would have us
believe that these lesions and the accompanying grossly
dilatedveinaretheresult of anisol ated focusof autoimmune
activity inthesurrounding tissue. Because of theabundant
evidence that oxygen influences the cerebral vasculature
in general, and the cerebral veinsin particular, it is vital
that we re-examine fundamental aspects of this disease.

Multiple sclerosis is, of course, not a diagnosis but a
pathological description of the appearance of the brain at
post-mortem examination. Thesuggestionthat thedisease
issimply demyelination of fibresin the white matter may
lead to thefeeling that the conditioniscurable, but theloss
of cells, fibres and the gliosis in lesions contradicts this.
Established multiple sclerosis is simply a reference to
multiple scarsin the central nervous system and, as such,
must represent anincurablecondition. Thepreservation of
fibres stressed by Charcot is never more than “relative”
and Simpson has recently emphasized the importance of
grey matter lesionsin M S, indi cating that they arerequired
for the diagnosis. An immunologica attack on myelin
cannot account for thisfibredestruction, nor canit account
for lesions in the spinal cord, which sometimes produce



central infarction with preservation of some of the
surrounding white matter. This pathology must be
accommodated by any hypothesis of causation and not
discarded because it is inconvenient.

It is most important to recognize that MS is unique in
requiring multiplelesionsto develop beforea* diagnosis’
based on more than onelesion can be made. The question
must surely be is there a disease that should be called
“monosclerosis’ ? Referenceto the pathological literature
indicates that single, silent plagues are a comparatively
common finding at necropsy and may even befoundinthe
spinal cord.

Inview of neuropathol ogical emphasisonthenecessity for
grey matter lesionsto make a pathological “diagnosis’ of
MS, and the likelihood of such lesions being associated
with disability, has the emphasis on white matter plagues
been ared-herring? Every study of plaquesand disability
has shown that they do not correlate, yet despite this,
researchers continueto be obsessed with plaquesand even
attempt to dissociate the “real” disease from the lesions
causing the %/mptoms.3 Part of thisfalsetrail hasbeento
|abel thedisease” demyelinating” and causegenerationsof
researchers to ignore the constant destruction of some
fibresinlesions.

BLOOD-BRAIN BARRIER DISTURBANCES

Both radio-isotopes in the 1960s and contrast-enhanced
CAT inthe 1970s have shown that the blood-brain barrier
is disturbed in acute attacks. The extreme sensitivity of
nervous tissue to the acute oedema resulting from this
dysfunction is well known, and the oligodendrocytes,
whose cellular processes form the myelin sheaths, are the
cellsmost vulnerable, not the neuroneitself. The damage
occursinthe CNSwithin hoursand, whatever the cause of
thisdisease, theinitial symptoms must be treated early to
prevent permanent damage and disability.

In view of this, the results of the New Y ork hyperbaric
oxygen trial, in which severely affected chronic stable or
chronic progressive patients with a minimum diagnosed
disease duration in excess of five years were chosen, are
remarkable.

An agent found to be of benefit in the advanced disease
must surely beused at the onset, especially when the agent
isapowerful physiologically active substancewith known
properties. Successful treatment often indicates the
pathological mechanism, and the considerable evidence
that the initial lesions of the disease are caused by fat
globule micro-embolism has recently been published.4
This resulted from a study of decompression sickness
affecting the nervous system, where gas bubbles can
produce multiple sclerotic plaquesin the spinal cord. Fat
is the only other material known to reproduce the white
matter plagues of multiple sclerosis in man and it is the
only agent known to cause an acute and progressive
leucoencephal opathy.

Unfortunately, the suggestion that fat embolism is the
cause of MShasbeeninterpreted by some as meaning that
all theattackspatientssuffer areduetoembolism. Itisonly
suggested that fat embolism is responsible for the initial
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damage to blood vessels at the onset of a new symptom.

Evidence of vascular damage has even been found to
precede the onset of symptoms by 12 hours,® but the
existence of blood-brain barrier disturbance is massively
documentedinacuteattacksand hasanswered thequestion
of which comes first, the vascular disturbance or the
demyelination, because the radiolucency develops after a
delay of several weeks. It is suggested that this crucia
barrier may not heal completely, leavingtheareavulnerable
to the many onglaughts it is designed to resist. Most
subsequent attacksthereforerepresent arelapseof existing
symptoms triggered by anything that stresses the blood-
brain barrier, from a common cold to a hot bath.

The evidence of this blood-brain barrier disturbance
provided by modern scanning aids simply confirms the
careful necropsy studies undertaken by Broman nearly 40
years ago. The integrity of the blood-brain barrier is, of
course, afunction of the oxygen content of the perfusing
blood. Lower the blood oxygen tension and barrier
dysfunctionleadstodiapedesisof red cellsandtheclassical
petechial haemorrhages of M S must indicate hypoxia, the
cause isirrelevant, the action to be taken is obvious. We
surely do not need to validate further the efficacy of
oxygen.

Enlisting the aid of the latest and most exciting
developmentsin scanning, NM R imaging hasallowed the
effect of hyperbaric oxygen to be illustrated in a patient
with chronic MS. A scan immediately before and after a
90-minute hyperbaric oxygen session at twiceatmospheric
pressurehasshownvasodilationinaperiventricul ar plague.
A further scan which followed a course of 20 further
sessions after adelay of three weeks showsthe margins of
the lesions are more circumscribed. The treatment was
associated with considerable subjective benefit to the
patient.

BLADDER FUNCTION

Commenti n6q on these very preliminary results,
Schumacher® hasreveal ed that neurological expectations
inMSarebased at an unredlisticlevel. “To nail downthe
case for hyperbaric oxygen therapy,” we would “have to
show a reduction in the number or size of lesionsin a
controlled study.”

Waitingthefiveyearsnecessary tocompletefurther double-
blind trials to offer some amelioration of symptoms in
patients with an established incurable disease seems, in
view of theevidence, inhumane. Every study hasconfirmed
improvement inbladder functionandthishasbeencarefully
measured and documented. Bladder problemscause great
distressto patientsand aresuch amajor cause of morbidity
and mortality in the disease that this alone would justify
widespread introduction of the therapy. Fortunately, the
charity Actionfor Researchinto Multiple Sclerosisagrees
with al these pointsand is establishing hyperbaric centres
for long-term studies. Already six centresare operatingin
the UK.
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AN OPEN LETTERTO ALL BAROMEDICAL
PHY SICIANS

Richard A Neubauer

| am concerned about the current worldwide explosionin
the treatment of multiple sclerosis (MS) with hyperbaric
oxygen (HBO). My concern is specifically about certain
of the protocols being used for treatment.

At Ocean Medical Centre in Florida, we began our work
with HBO for MSin 1973. The first publication of our
studieswasin 1978.1 The original data provoked enough
interest to lead to the funding of two animal studies. 23 A
well-documented human trial was Iater performed by
Fischer et al at New Y ork Unlversty

In addition to these controlled research studies, there have
been clinical studies involving up to 2,000 patients
worldwide, to date. Following the publication of the
results from the first 250 M S patients at Ocean Medical
Centre | presented a report on the similarity of results
between 500 MS patients and 100 M S patients treated in
Italy, at the 5th Congresso NazionaledellaSocietaltaliana
di Medicini Subacquea e Iperbaric in October 1982.5 At
the 8th Annual Conference on Clinical Applications of
HBO in Anaheim, Caiforniain June 1983, | presented an
international surv9/ of reports on the HBO treatment of
1740 M Spatients.” Thiswasfollowed in September 1983
by an update and compilation of further controlled and/or
longitudinal studies either underway or in the planning
stages, presented at the First European Conference on
Hyperbaric Medici ne8 Many other reports have been
published.9:14,17,18

One overwhelming fact stands out in these studies: All
report encouraging results. Y et | receiveseveral telephone
callsand letterseach week from M S patientsregarding the
deterioration they are experiencing with HBO. Rarely do
| hear from their physicians.

Why isthis? Especially inview of the extensive positive
publishedreports. | believethat itisbecausethese patients
are being treated at a fixed pressure of 2 ATA (and
occasionaly higher), usually in a monoplace chamber.

For some reason, the fixed pressure protocol has been
adopted at most centres which have started to treat MS
withHBOsinceFischer’ spublication. Thereisnoconcern

about treatment differences between monoplace or multi-
station chambers. The differences in the effect on the
PaO> should be obviousto any baromedical physician (eg.
Fischer's PaO2 levels varied widely even with a fixed 2
ATA protocol in this multistation chamber). In the
monoplace chamber, the PaO> is directly related to the
pressure being used.

There is a scientific basis for the use of a variable, low-
pressure protocol. My devel opment of this approach was
not entirely empirical. Research by reputable scientists
including Holbach, Wassman et & 14 and Kelly et al 5
clearly indicates that low and variable pressures are
preferablein chronic neurological diseases.

Thisvariable, low-pressure protocol hasbeenwidely used
both in research and in clinica treatment. At Ocean
Medical Centrewehavetreated over 700 M S patientswith
it. None have deteriorated due to pressure. The work of
Fischer, et a% also lends support to this protocol. Their
results showed that better clinical improvement occurred
in patients having PaO2 levels equalling those in a
monoplace chamber at 1.4 - 1.6 ATA. Careful reading of
that report would lead any physician to adjust the2 ATA
protocol downward, especially when using a monoplace
chamber.

Additionally, thearticlerecently published by Golovkinl®
inthe USSR showed that M Spatientsexposed to pressures
over 2 ATA for 20 minutes deteriorated rapidly. He now
treats at 1.7 ATA in a multi-station chamber. Similar
experience by Palottal’ and others in Italy led to the
adoption of reduced depths. Davidson and James in
Scotland, L us ng amulti-station chamber, changed from
theFischer protocol of fixed pressurestoalower beginning
pressure protocol with improved results. Pressure is
particularly critical to M S patientswith abnormal nervous
tissue, especially when optic neuritisis present.

There are three types of MS patients:

1) Newly diagnosed with early symptomology.

2) Stable chronic progressive.

3) Chronic progressive in exacerbation (relapsing/
remitting).

The variable pressure protocol starting at 1.5 ATA and
rangingto 2 ATA iswell established as effectivein stable
chronic progressive MS patients (type 2). Most of the
published dataon M Sand HBO deal swith type 2 patients.
Invariably, HBO treatment leads to encouraging results
when appropriate follow-up HBO treatments are given.
Long-term longitudinal studiesindicatethat these patients
secure alteration of the course of the disease.

Fewer early cases have been treated with HBO. They
invariably respond, asthey do with any other modality that
isused. Further study isneededinthisarea. Such patients
would have to have a longer follow-up period and more
patients would be needed to differentiate between actual
ateration of the disease and a placebo effect. James
comparison of decompression illness and MS led to his
conclusion that all newly diagnosed M S patients should
have HBO with the same priority as in decompression
illness. (Seehisarticlein “Pressure Points’, 13(5): 7-8,
1983 which appears on page 16).



The patient having chronic progressive MS with acute
exacerbation presents aless clear picture than the above.
My resultsinthetreatment of such patientshasnot been as
rewarding as those of McGehee in Houston, Texas or
Pallottain Italy. Recently James courageoudly treated a
chronic progressive patient with an acute exacerbation
including optic neuritis in a multi-station chamber using
pressures up to 2.75 ATA. The pressure was cautiously
titrated upward only after failure at alower pressure. A
dramatic result ensued. This experience warrants further
cautious study. It does not indicate that all MS patients
should betreated with such high pressures; deteriorationis
frequently seen in stable chronic progressive patients at 2
ATA or higher. This stage of the disease may require an
entirely different protocol.

Understandably, research scientistsfind it difficult to use
a variable pressure protocol in controlled studies. For
them, | would suggest that better results might be attained
with asteady pressureof 1.5 ATA throughout, rather than
2ATA orhigher, with particul ar referencetothemonoplace
chamber. In the monoplace chamber PaO2 levels are
identical with treatment at any given pressure. Only inthe
multi-station chambers used for research are PaO»
measurements desirable.

Thereisonefinal concernrelated tothelength of theinitial
series and follow-up treatments. The original Ocean
Medical Centreprotocol for MScalledfor 10treatmentsin
theinitial series. Thiswasraised to 20 when we observed
that in patientswho had longer initial series, results often
did not appear until near 20 treatments. As many as 80
treatmentshavebeengivenintheinitial seriesinrefractory
patients.

Regression is predictable after the initial series when
appropriate follow-up exposures are not given. It is
remarkable that in Fischer's oxygen patients, who had
only the initial series of 20 treatments, statistically less
deterioration was noted at the end of a year. It seems
unreasonableto metowithholdthistreatment fromresearch
subjects. Thisisalso hot the appropriateway to utilizethe
published protocol.

As George Schumacher MD, noted in May of 1979 at the
University of Vermont: In the treatment of multiple
sclerosis “the only dependable evidence of beneficial
therapeutic effect is stabilization, that is, no further
worsening in the clinical status thenceforward ....
Longitudinal comparisonsover time of each patient’ spre-
and post-treatment status would provide the essential
data’. Results to date using the low, variable pressure
HBO protocol are promising.
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Wearegrateful to the Queensland Regional Committee of
theAustralian and New Zeal and I ntensive Car e Soci ety for
permission to publish papers which were presented at
their inaugural annual meeting herein Rockhampton. The
guest speakers were Dr Sruan K Sutherland of the
Commonwealth Serum Laboratories and Dr John Knight
of SPUMS Transcripts of the papers given at the second
session on envenomation and the second session on
underwater medicine appear below.

MANAGEMENT OF SPIDER BITE

Struan K Sutherland

| want to talk briefly about three spiders, the Red-back
spider, Sydney Funnel-web spider and our Mystery spider,
and to finally mention the Paralysistick.

Thereareat | east 2000 named speciesof spidersinAustralia
and perhaps 1000 unnamed. They all have poison glands
except someof thelittlehumped spiders. Eventhe Daddy-
long-legsspidershavevenomglands. Spidersarethemost
widely distributed venomous creatures in Australia and
they show enormous variety. They are also one type of
venomous creature that is found both inside houses and
outside. Thisincreasestheopportunity for bitesand stings.

RED-BACK SPIDER

The commonest reason for giving antivenom in Australia
isthe Red-back spider. Thisspider isfound thelengthand
breadth of this country and it isnot just limited to outside
toiletsand back sheds. Itisvery commoninthebush. Most
people are bitten when they bring the spider into contact
with their skin. Thisisa passive action such aswhen old
clothing is picked up or gloves are used for the first time
that day. Itisthefemalewhich causesthe harm, the male
having fangsthat aretoo small to penetrate human skin. It
isclosely relatedtotheBlack Widow spiderin America. In
most countries there are representatives of this spider
which producethesyndromecalled latrodectism. Per head
of population we seem to get more cases of latrodectism
than any other country in the world. Some countrieslike
Italy have alittle epidemic of the spiders every 10 years
whereas we have it as a perennia problem.

Themaintoxinisalphalatrotoxinandit specifically actsat
nerveendings. |t rel easestransmitter substanceand changes
to nerves can be seen with the el ectron microscope. Atthe
motor end platethislossof transmitter substance produces
a patchy sort of paralysis but most of the signs and
symptomsare dueto the effects on the autonomic nervous
system where it rel eases catecholamines, to produce the
classic syndrome. One can be bitten on the left hand and
after awhiletherewill be quite severe painsperhapsinthe
left foot and theright shoulder andarmwill sweat profusely
and then after afew more hoursthingswill shift around. It
isastrange disease.

First-Aid

In fact you really do not need any first-aid. The bite is

moderately painful, itislikeamosqguito sting at first but it
then becomes quite painful over an hour or so. Thevenom
works very slowly, so we do not recommend pressure
immobilisation, you just take the spider and yourself
safely to hospital.

Red-back Spider Antivenom

The antivenom has been available since 1956 and no-one
has died since it became available. It is a very small
volume antivenom and very rarely arethere any reactions
toit. Perhaps| should have mentioned thisearlier but we
do not believe in skin testing for any antivenom for
sensitivity. Itisquite unreliable and it wastes time.

THE SYDNEY FUNNEL-WEB SPIDER

A moreinteresting spider in somewaysisthe Funnel-web
spider. Itisuniqueto Australiaand isthe potentially most
dangerousspider intheworld. Itistheonly onewhich, for
example, killed childreninlessthan 90 minutes. Although
bites and fatalities are rare, some three million people are
at risk inthe areaaround Sydney. The numbersof spiders
areapparently increasing aspeopl e put in swimming pools
and barbequeswhich producemoreof thedamp earth areas
that the female spider likes. The male is the highly
dangerousone. Without being sexist, thisisthereverse of
thenormal situationinwhich thefemal e spider isthemore
ppoi sonous.

Therearetwo very special featuresabout thevenom. One
isthat the venom affects mainly man and primates. The
funnel-web venom will not kill rabbits, normal laboratory
animals, mice, cats, dogs and so on. The other featureis
that thevenomhasaspecificaction. Basically it attacksthe
outer covering of thenervesand causesspontaneousaction
potentials. It also disrupts some of the normal monitoring
impulses coming down the nerve. The venom acts quite
quickly and apart from hitting motor nerves, it attacksthe
autonomic nervoussystem rel easing transmitter substance
in a much more extensive fashion than with Red-back
venom.

If someoneis envenomed then within afew minutes they
will get central effects such as nausea and headache.
Muscle twitching can be extremely grotesgue because
everywhere the motor end-platesarefiring off transmitter
substance. Blood pressure can rise very dramatically
perhaps up to 250 mm Hg systolic. The pulse rate of
childrencangoover 200. Most patientsdevel opgeneralised
sweating.

Strangely enough it was not until 2 years ago that we
finally determinedwhy patientsdied. Dr Alan Duncanand
Dr Jim Tibballs at the Roya Children’s Hospital in
Melbourne did a lot of work with CSL on monitored
monkeys. The most important thing found was that
sometimes when a monkey had received venom there
would beadramaticriseintheintracranial pressurewhich
disturbed cerebral perfusion. It had the occasional effect
of producing neurogenic pulmonary oedemaso amonkey
could have both impending brain death and pulmonary
oedema. After looking back over the case histories we
believe this is how many patients died. The unaided



clinician cannot detect sudden fluctuationsin intracranial
pressure. During this work Dr Duncan and Dr Tibballs
helped greatly in the testing of the antivenom.

Funnel-web Spider Antivenom

Theantivenomisdifferent fromany other typeof antivenom
intheworld, being of very small dosage and consisting of
a pure rabbit immunoglobulin. It works very quickly
because it is an intact immunoglobulin. Fortunately the
toxin that it isgoing to attack is mostly still on the outside
of nerves so it is easily reached. Experimentally one can
See areverse occurring within 2 or 3 minutes.

Thefirst timethe Funnel-web antivenomwasused wasfor
a 49 year old man who was transferred from the Ryde
Hospital to the Royal North Shore some 90 minutes after
he had been bitten by a Funnel-web. When admitted he
was comatose with pupilswidely dilated. They had great
troublecontrollinghimbecausehewasextremely irrational
andtoreout hislV lineand so on. Onadmission hisblood
pressurewas over 200 and his pulserate was 160. He had
2 dosesof antivenom and within about 30 minutesor so his
blood pressure was down to normal and he had regained
consciousness. Dr Malcolm Fisher reported that half an
hour later monitoring was no longer required and the
patient was sitting up in bed waiting for his dentures to
comeinsohecouldgoontelevision. Thisshowsthespeed
at which the specific biological antidote can work in a
situationwherethetoxiniseasily reached. Theantivenom
has been used a number of times now.

There is another Funnel-web which we have kept fairly
quiet about which is found all the way up from Central
NSW right up northto Toowoombaanditisprobably more
dangerous than the Sydney Funnel-web. It is the tree
dwelling Atrax formidabiliswhich ismuch bigger and the
femaleis highly poisonous. Bites by this spider are very
rare because it inhabits areas where there are few people.
Fortunately, the antivenom made against the Sydney
Funnel-web spider neutralises this spider’ s venom.

A MYSTERY SPIDER

Thereisanew diseasewhichwereally first became aware
of some 5 or 6 years ago when a housewife suffered a
strange injury. She lived in a farm house in Northern
Victoria. Shewent out mid-morning one day and planted
acoupleof bulbsimmediately outside her back door. That
was the only time she |eft the house that whole morning
andtheactual plantingonly took afew seconds. About hal f
an hour after she had planted the bulbs her hand became
painful. Over the next 24 hours she developed a critical
illnesswith severefull thickness damageto the skin of the
hand and asystemicillnessinvolving diarrhoea, vomiting
and extreme toxicity. There was atotal lack of positive
laboratory findings. A marked feature of thiscasewasthe
severe pain. She had had her second baby four weeks
beforehand and found the pain of this episode something
like ten times worse and wanted her hand cut off.

Since then, we have collected perhaps 35-40 cases of
various degrees of injury in which often the bite is not
noticed or is considered very minor. They have then
progressed to either just superficial injury which resolved
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or full thickness skin |oss.

Oneseverecaseinvolvedalittlegirl of twoandahalf. She
went into astoreroomwith her father just asthe school was
opening up in February in Melbourne. She came out and
sat down looking at thetop of her foot, shejust had athong
on and said something had bitten her. After awhile she
ignored it and ran round quite happily for afew hours but
then becameill. Over the next 24 hours she developed a
wide area of cyanotic skin that went on to break down to
full thickness necrosis. At the sametime she developed a
systemicillnesswhichwasequatedtocholera. Sherequired
something like a quarter of her circulating volume to be
replaced as an emergency

| will summarise what we have gathered from these cases.

They have occurred in al eastern states of Australia. The
problem isthat the creatureinvolved isusually not found.
Thisisquitedifferent to bee sting and snake bite and so on
where one generally at least sees the culprit. There are
variable changesthat occur at the bite site. Possibly there
arethreeor four different typesof spidersthat areproducing
theseeffects. It might bethe spider issometimesinjecting
alot of venom and at other times not.

Some cases devel op quite marked local pain and a sterile
cellulitis. It may bevery very painful for 24 hoursand then
the areareturnsto normal. Sometimes small punched out
neighbouringlesionsareseenasthoughthecreaturecrawled
along and made a couple of bites. Gardeners may have
such injuries by Thursday if they have been gardening
during the weekend without gloves.

Sometimes there are horrifying local changes with gross
oedema. When the surgeon removes the dead tissue it
looks as though a cytotoxic drug has been injected
subcutaneously, because the fat is liquified and it just
poursout. Itistheseseverecaseswhichareassociatedwith
thegeneral illness. Thereisno temperatureinitially, they
might bein fact hypothermic. They can bequitedemented
withpain. Theremay beshock and quiteprolificdiarrhoea.
The laboratory investigations really have not helped us
other than to exclude things. The biochemistry and
coagulation profiles are basically normal. Sometimesthe
whitecell countsareelevated andthereisatoxicsuppression
of neutrophils change but nothing that is particularly
special. In some cases we have found the IgM has been
elevated but that has not been consistent. All cultures of
blood and lesions have grown nothing to date and the
histology of the ulcer margins has been unproductive.

Themost likely culprit at the moment isthe White Spotted
spider Lampona cylindrata which is very common right
around Australia. Itisagrubby lookinglittle spider which
drags its cylindrical tummy along. Often it is found in
bathrooms or bedrooms. We have got definite cases of
bites by this spider that have broken down and caused
marked ulceration. That isthe end of the story to date.

Wearejust waiting for more cases as we have to havethe
proven culprit to work on and then get support to work on
an antivenom. In the meantime, as the cases come along
we cannot do anything about them apart from photograph
them.
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AUSTRALIAN PARALYSISTICK

Just for completeness since we are talking about spiders
and arachnids, mention should be made of the Australian
Paralysistick whichisfoundinawideareafromMallacoota
toCairns. Theadultformisparticularly dangerousbecause
asitisengorging and burying itself temporarily intheskin
of ahumanit may releaseavery potent neurotoxin. Itisan
unusual neurotoxin because it works extremely slowly.
Onecaninject it into adog and nothing will happen for 18
hours and then the dog will start getting paralysed. This
toxinactspresynaptically andreversesquiteslowly. First-
aidistogently removetheintacttick. Thereisanantitoxin
butitisonetypeof paralysiswhichrecovers,inmost cases,
withjust standardintensivecare. Oncethetickisremoved,
the victim generally improves quite rapidly.

THEBOX JELLY FISH STING

John Williamson

By any accounts Chironex Fleckeri isasignificant animal
and the number of fatalities that it has produced will
support that statement. The Northern Australian and
Western Indo-Pacific box jellyfish has now been
responsi blefor 68 documented humandeathsinthiscountry,
70% of whom were women and children, due to their
generally smaller body massand hairlessskin. Thewhole
crux of the problem of the box jelly fish isrelated to the
speed with which this animal can produce envenomation
in human beings and of coursein its natural prey. It has
already been pointed out today by Dr Sutherland in his
opening address that animals including this one have no
interest whatever in human beings. All envenomationsby
this animal are due to accidental encounters and it is the
human’sfault. The animal does not attack. It ispertinent
to say that none of these fataities have received any
effective form of resuscitation to date.

When a snake envenomates, or a spider or a blue-ringed
octopus or a cone shell, the venom is all deposited in one
placesothereisalimited surface area, although obviously
an effective one, between the venom parcel sand the blood
bearing tissues and the lymph bearing tissues where the
absorption occurs. However, with the box jelly fish, the
venom is divided into many thousands of millions of tiny
parcels spread over the architecture of the tentacles. The
nematocysts occur on transverse bar-like patterns on the
tentacles. Consequently, when envenomation occurs the
venom bearing nematocystsor microbasic mastigophores,
asour colleagueBob Hartwick likestocall them, discharge
their venom in multiple million tiny doses and inject them
intothevictiminmany different sitesat thesametime. The
trajectory of most of these nematocystsis something just
under a millimetre which will carry the venom into the
subepidermal, richly vascul arisedtissues. Thisarrangement
of envenomation offersan enormousareafor absorption so
the speed at which high blood level s of toxin are achieved
following aserious envenomation by oneof theseanimals
isextremely rapid. Itismeasured in minutes.

Small victims die very rapidly on the beach. A large
number of thefatalitiesand thenon-fatal stingsinvolvethe
Aborigina population in this country.

In a survivor of a serious sting, there is a much more
vigorous inflammatory response. One can see the actual
cross hatched or ladder pattern which is diagnostic of the
sting of thisjelly fish. The only other jelly fish that may
produce a pattern like this, and it will not be as dramatic,
isthefirejelly.

Threeto ten per cent acetic acid in water (vinegar), asfar
asour studies have shown, renders the nematocysts of the
box jelly fishirreversibly inactivewithin aperiod of about
30 seconds. Nothing we have been ableto do can provoke
them to fire following exposure to that concentration of
aceticacid. Methylated spirits causesamassivedischarge
of nematocysts from the tentacle of the box jelly fish. If
that tentacl e happensto be applied toahuman victim, then
therewill be increased envenomation. When the tentacle
has been treated with vinegar (4-6% acetic acid), it does
not matter whether it is brown vinegar or white vinegar,
and then methylated spiritsisapplied thereisno response.
Time prevents me from discussing the role of vinegar in
the treatment of other jelly fish stings.

| must emphasize that it is important to understand that
vinegar doesnothing for thepain. Itinactivatestheunfired
nematocystsbut it hasno effectiveroleto play whatever in
thetreatment of the pain of the sting of the venom that has
already been injected. Vinegar does work for other jelly
fish but certainly not for al. Vinegar certainly rendersthe
nematocysts quite harmless and useless.

We advocate, purely by extrapolation and without any
experimental proof at this stage, the use of compressive
immobilisation. Wewould advocate in any serious sting,
and certainly any sting where resuscitation becomes
necessary, the immediate application of vinegar followed
by theapplication of acompressiveimmobilisationbandage
over as much of a sting area as possible.  Remember
compressive bandagesare not tourniquets. Thistreatment
appears reasonable to us at this stage while we await
experimental confirmation that thiswill trap thevenomin
the skin. However, remember this has to be done
immediately, because the speed of absorption of this
venom is such that unless it is done immediately it is
unlikely to have any greatly beneficial effect.

Critics of this approach, in the absence of experimental
verifications could well say that one is not doing the best
for the patient because thiswill trap the venom in the skin
andwill produceincreased pain. Theanswer is, | feel, that
priorities are important. If the victim is unconscious
increased pain will not matter. If he or she has been
serioudly stung, it is better to have severe pain than to run
therisk of losing oneslife. The dermato-necratic, or skin
killing, effect will have, theoretically at |east, been made
worseby thisaction. Thereisno doubt about the powerful
skin killing effects of the venom. However wherelifeis
threatened, this may be the lesser of two evils. The
circumstantial evidence that we now have, which is
extensive and strong, shows that the administration of
antivenom will reduce both the pain and the skin killing
effects. Obvioudy resuscitation takes absolute priority.
Our recommended emergency treatment on thebeach now
consistsof vinegar dousing, “ pressure-immobilisation” of
the sting area, and application of ice-water through the
compressivebandagesfor partia painrelief intheconscious



victim and the early intravenous or intramuscular
administration of specific antivenom (concentrated
Chironex Fleckeri venom-specific immunoglobulins,
isolated from the serum of hyperimmunised sheep) with
appropriate precautions. That is the sequence of events
that we advocate, particularly when we are teaching the
surf lifesaverswho patrol beachesintherisk areaand other
members of the public.

When talking to a group of intensivists, this problem isa
littleacademi c because everything happensso quickly that
it al happenson the beach and by thetimethevictim, if he
isalive, getstotheintensive careunit, itislargely al over
bar the shouting. Unless the intensivist happensto be on
the beach or in the ambulance heis unlikely to see any of
the actual shooting. That isnot to say that aknowledge of
thisis not important for intensivists. When the patients
reach intensive care follow up treatment makes a big
difference. But nothing takesthe place of immediate and
effectivetreatment onthe spot. Beforel leavethissubject
of resuscitation, let me re-emphasize what has already
been emphasized today, that when a person is being
resuscitated from a massive envenomation, when
resuscitation is effective absorption of venom will occur
again and unlessit istrapped in the skin or neutralised by
antivenom onecan expect afurther collapsefrom systemic
effects. So one hasto keep on working and one does not
leave the patient.

The characterisation of the venom is incomplete at this
stage. It has two broad molecular weight groups. The
study of the lethal factor which includes the so-called
cardiotoxic factor has been done on guinea pigs and
rabbits, mice, rats and toads. It worries me a little bit to
extrapol ate of someof these conclusionsto thelive human
clinical situation on the beach.

Thereareanumber of i nteresting new devel opmentsinthis
area. For example, recently in the Medical Journal of
Australia some workers from Maryland published
encouraging resultsinmicewhereverapramil reversedthe
arrhythmic potential of Chironex Fleckeri venom. They
suggested that this may be an approach to the first-aid
situation. We have only two well documented severe
envenomationsthat havebeen survived. They bothreceived
effective resuscitation on the beach. But in both those
victims, oneachild and the other apregnant adult female,
only expired air resuscitation was necessary. Thereisno
doubt that they received apotentially | ethal dose of venom.
Thequestion| ask iswhether thedanger totheadult human
or the child human isacardiotoxic onefrom thisvenom or
is it something that is acting centraly neurologically
which produces respiratory arrest. | am sure that the
venom does not do the myocardium any good at all, but it
may not be the critical factor. 1t would appear on the
evidence so far that expired air resuscitation aone, if
effective and sustained, will be al that is required in the
absenceof someother complicatingfactor. Thehaemolytic
component appears to be clinically unimportant. Why
does apnoea occur when the venom is extremely
thermolabile? When it is raised from the temperature of
the seato the temperature of the human body itslongevity
may not be very great. Effective resuscitation for those
two cases was only really necessary for aperiod of about
30 minutesto three quartersof an hour before spontaneous
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ventilation recurred. Thisfact hasimportant implications
in teaching first aid and in the approach to the problem.

The administration of the antivenom is quite another
problem. Thereisno question that it is effective, at least
on the basis of the casesthat we haverecorded sofar. Vic
Callanan, Max McDonaldand |, amongothers, areteaching
the life savers in the risk part of the world, to give
antivenomintramuscularly to peoplewho obviously require
it. Itisnot difficult to decide when a case does require
antivenom. The antivenom is a concentrated mixture of
immunogl obulinsfrom hyperimmunised sheep soit carries
the risk of serum reaction and all appropriate precautions
should be taken which have been discussed this morning.
When the choiceis between anti hi stamines, adrenalin and
steroids it is not hard to understand why we have
recommended that thelife saversgive steroidsand not one
of the others on the beach. The whole subject of box jelly
fish envenomation is heavily influenced by the need to be
practical. Itisnogoodtelling life saversto give adrenain
and itisnot much better to ask themto give antihistamines
tosomeonewhoseconsciousstatemay already beimpaired.
So it seems to us that steroids and antivenom is the best
choice on the beach until the patient getsto an areawhere
moreexpert medical treatmentisavailable. Theantivenom
is supplied in ampoules, from the CSL. We recommend
three ampoules intramuscularly on the beach assuming
that the people there cannot be expected to give an
intravenousinjection. If intravenousaccesscan beobtained
that isexcellent. Obviously that isthe route of choice but
itismost unlikely to occur on the beach. If you have ever
tried to do a venipuncture on awet, sand covered limb in
ashocked or struggling patient, youwill know that it isjust
about impossible. Asfor onein ten dilution on the beach,
that isimpossibletoo. Intravenousantivenom iscertainly
desirable in the casualty or the intensive care unit.

A lot of claimshavebeen made about painrelief. Wehave
looked at alot of substances appliedto box jellyfish stings
and physalia (blue-bottle) stings. Noneof them seemtodo
anything whatever for painrelief, or for anything elsesuch
as nematocyst inhibition. The only substance which
offered any sort of pain relief was Skefron which is a
volatile complicated hydrocarbon which appeared to
achieve its effect by simple cooling. It seems to us that
from a practical point of view on the beach in the risk
periodinthe Northern part of Australiaand for that matter,
elsewhereintheworld wheretherisk occurs, if the person
isconsciousand in alot of pain one might try reducing the
pain by applying ice-water or ice directly over the sting
areathrough the bandages. Iceislikely to beavailableon
thebeachin summer at abarbecue. Certainly they will not
have acomplicated hydrocarbon handy and Skefron costs
acertainamount of money. Itisavery small canand| have
no idea of the potential toxic effects of that agent. The
messageis, at our present meagrelevel of knowledge, tobe
extremely optimistic and extremely aggressive and teach
the lay public, because they are the people who are going
to beon the spot when this problem occurs, the proper first
aid and the need for protective clothing.

Therearethreejelly fish stingsand one other toxic marine
animal sting that have either been published or cometo my
notice, whichresultedindetectabl eantibodiesand produced
a subsequent reaction some weeks later in the absence of
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further tentacle contact. One is the sea nettle which in
Americais a Chrystosora animal, the closest relative we
havein AustraliaisPelagia or themauve stinger. Another
istheirMan O’ Warwhichisvery similarto, if notidentical
with, our PortugueseMan O’ War or blue-bottle(physalia).
Published work shows that antibodies, particularly 1GG
but also IGE antibodies, have been measured in people
stung by these animals and the antibody titreis correlated
with the severity of the sting and of the symptoms. The
other two animalsarethebox jelly fish, and atoxic sponge
which cameinto contact withthehand of adiving Adelaide
surgeon. Thesetwo arecases| have seen or been consulted
about. The antibodies of at least the first two appear
immediately. They may persistfor years. Inthecaseof the
girl who wasstung by abox jellyfish at Y eppoon about 16
dayslater the wholething blew up again. It wasclear that
this was not infection. In fact this secondary reaction
caused more problems for her than did the primary sting.
Shedid haveahistory of allergy. When| wascontacted on
the phone | advised that she be treated with steroids, as|
had done with the chap in Adelaide, and she got better.

It looks very much as if allergic reactions in jelly fish
envenomation may be important. This applies to the
immediatereactionaswell astodelayedreactions. Elevated
specificimmunoglobulins, particularly |GG and | GE, have
been demonstrated particularly with the sea nettle and
physalia, and these can persist for years. Recurrence of
clinical cutaneous reaction to jellyfish stings may occur
within a few weeks without additional contact with the
tentacles. Asfar asseanettleand blue-bottleareconcerned
serelogical cross reactivity occurs.

SEA SNAKE ENVENOMATION

Hilary Mercer

My presentation concerns a case of aseasnake bitewhich
is apparently the first case which has been reported in the
Austraianliterature, although there have been many cases
reported from Ma aysian waters.

A coupleof yearsago atwo year old child waspaddling on
Lamamoor beachwhichisquiteapicturesgue spot between
Emu Park and Y eppoon. She started screaming and the
mother ran down and saw a rather loathsome creature
attached to the child's ankle. As she approached the
creature swam away towardstwo teenage boyswho killed
it and brought it along for identification. The mother had
great presence of mind and grabbed her daughter around
the calf with both her handsand did not let go. The pair of
themweretakentotheY eppoon Ambulancestationwhere
thewoundwaswashed andinspected by theambul ancemen.
No tourniquet or compression bandage was applied.

The mother removed her hands. Up to that point the child
was speaking coherently and quite bright. But within 30
seconds of the mother taking off her hands, the child
becamevery weak, devel oped ptosisand somerespiratory
distress. They were rushed to the Yeppoon Hospital,
which was close by, where about 20 minutes after
envenomation the child became cyanosed and needed
intubation. Fromtherethey wentto RockhamptonHospital.
They arrived there about an hour after envenomation. By

this time the child tolerated reintubation without any
resistance whatsoever.

Then about one and a half hours after envenomation, we
gave the first dose of sea-snake antivenom. By thistime
the snake had been brought along and identified by one of
our local herpetologists, and this was later confirmed by
the Queensland Museum, as being Astocius Stoksii.
Incidentally, no antihistamine was given because of a
previous reaction to promethazine and for some obscure
reason adrenalin was not given either.

Over the next two hours there was no real improvement
and we gavetwo further ampoulesof antivenom. Afterthe
third ampoule there was some apparent clinical
improvement. The child opened her eyes and started
looking about. However over the next 10 hours or so the
child seemed to regress and 14 hours after envenomation
the child had odd clonic movements and we thought the
conscious state was deteriorating again. We treated her
with phenytoin and gave afourth ampoule of antivenom.

| then spoke to Struan Sutherland on the phone and he
suggested that we were probably not giving enough
antivenom. Sowegave another threeampoules. Theonly
thing that stopped us giving more was that the child
devel oped arashwhichresponded rapidly toantihistamines.
After those further three ampoules the child became alot
better. About 22 hours after the bite we were able to
extubate her. Two hours after that she was sitting up and
attempting to speak.

The following day she was sent to the children’s ward.
Over thenext few daysshe had very odd movementsof her
limbs and hallucinated but she was able to be discharged
six daysafter theenvenomation. Subsequently therewere
no real problems. However she must have had sadistic
brothers because they kept creeping up to her with bits of
grassand thingsand saying“ Ah, the snake’ sgot you!” and
shewould go al ‘funny’.

Therewas nothing dramatic about theinvestigations. The
coagulation status was normal, muscle enzymes were up,
but cardiac enzymes were normal. The white blood cell
count was raised, as expected, to about 27,000. Rena
functiontestswerequitenormal. Myoglobinuriawasonly
found on one occasion about 48 hours after the
envenomation.

The snake itself was about one and a half metreslong. It
was an Astocius Stoksii which is a snake that is not seen
very often around here. It inhabitsthe waters of the Indo-
Malayan coast more than here. We see many sea-snakes
in central Queensland. They are regarded as potentially
dangerousby diversand fishermen but we do not seemany
bites. They seem to be timid creatures. However when
they are mating they conglomerate in large number and
may come towards people which is very unnerving

apparently.

The way this child's foot was mauled may have been
responsible for the massive envenomation in this case.
Thissnakeisthelargest of theseasnakes. It hasthelargest
mouth with the largest fangs, as far as | know, of the sea
snakes. Itsfangs can penetrate wet suits.



There arejust afew points worth making. The biteitself
isnot painful. We were lucky that the creature was seen
and caught, otherwise | do not know what we would have
thought. A little child playing among therocks, would we
have treated it as a sea snake bite? Other things that one
might consider, stonefish, bullrouts, box jellyfish, are
characterised by intense pain whereasthiswas not. What
wasthevalueof firstaid? Whether or not themother’ sgrip
of theleg wasvery important, | do not know. Whether the
sudden collapse of the child would have occurred when it
did or not is unknown. But one imagines that had a
compression bandagebeen put on at theambulancestation,
the course may have been alittle less dramatic. Finally,
although thisisquitearare occurrence, thereare moreand
more people involved in water sports and diving and so
forth, so it could happen again. Certainly coastal
communitiesaround Northern Queensland shouldbeaware
of the possibility and have accessto sea-snake antivenom.

ENVENOMATION BY THE BLUE RINGED
OCTOPUS

Hugh Stephens

When | arrived from the UK to take up my appointment at
theGold Coast Hospital | had never heard of aBlueRinged
octopus. | took it to be a man-eating monster of Jules
Verne proportions. Therewas obviously someone el se of
equal ignorancein Queensland at thetime. He had picked
up the thing, died and was resuscitated. He was bornin
Mauritius and had spent much of hislifein New Zealand
beforemoving to Sydney where heworked asabusdriver.
Thus he had no particular exposure to a Blue Ringed
octopus previously. He was a member of a group of
holiday makerswhowent onaday tripto South Stradbroke
Island. Returning to the launch that conveyed them to the
island he picked up two small octopi from apool to show
them to histwo nieces who were with him. When he had
discarded the second octopustherewasadrop of blood on
the back of hisleft hand, although he had been unaware of
any biteat thetime. A few minuteslater hewasrelatingthe
incident to the skipper of the launch when he felt adegree
of numbness and tingling around his mouth. This was
followed by weakness of his legs which caused him to
collapse.

Fortunately for him therewere nearby an off duty customs
officer and an of f duty ambulance officer whoweretalking
to a seaplane pilot who, luckily, was on duty and had his
planewith him. Theambulanceand customsofficerswere
both efficient in cardio-pulmonary resuscitation and, in
fact, hadjust attended arevisioncourse. Alsotheambulance
officer had recently read aheadlineintheloca Gold Coast
paper which had aluded to a plague of these monsters
hitting the Gold Coast. Consequently he had read up the
symptoms and signs and treatment of the bite. In short,
God was with the patient that day. Thetrio overheard the
conversation, and with the skipper came to the patient’s
aid. The urgency of the problem was not lost on them.
They immediately bundled the patient onto the plane,
radioed for an ambul anceto meet them at the other end and
took off to the mainland a few minutes ride away.
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Approximately three minutes|ater the patient was noticed
totwitchmildly intheplaneand lost consciousness. Ashe
didnot haveany pul seor respirationsCPRwascommenced.
On landing the patient was transferred to the ambulance
where CPR was continued and oxygen via a resuscitator
replaced the mouth to mouth. The patient wastakentothe
Gold Coast hospital wherehearrived two or three minutes
later.

Examination in the Accident and Emergency department
showed him to have fixed dilated pupils, no eye opening,
no motor or verbal response, no pulse, no respirationsand
asystoleontheLifepak monitor. Hewasresuscitated with
intubation, ventilation, intravenous adrenalin, sodium
bicarbonate, DC counter shock. Sinus tachycardiaand a
spontaneouscardiac output wererestored. Hisproblemsat
this stage were paralysis from the bite, aspiration
pneumonitis and anoxic ischaemic encephalopathy and
possibly brain death. His management consisted of
hyperventilation, dexamethasone, intravenous mannitol
and antibioticsintheform of Amoxyl. Themajor concern
at thisstage was our inability to distinguish between brain
death and the effects of thevenom. Fortunately the patient
was obviously comatose because | gather that a lot of
conversation went on between the residents as to whether
he was dead or not dead. Four hours post admission the
patient was noticed to have some reflex withdrawal from
painful stimuli of both hands and feet. At five and ahalf
hours post admission his pupils were mid range and
reactive, he had cough and gag reflexes and spontaneous
movements of all limbs. Eighteen hours after admission
wewere ableto extubate him. Hiscerebral statuswasstill
giving us cause for concern as he bad no comprehensible
conversation, although he had spontaneous eye opening
and no focal neurological signs.

Overthenext few dayshismental statusgradually improved.
Between 24 and 48 hours confusion and disorientation
gave way to a period of sexual harassment of the nursing
staff. Wewere assured by hiswifethat thiswas definitely
abnormal. He had no recollection of the events of the day
throughout his stay of ten days. He wastransferred to the
Canterbury Hospital in Sydney on day eleven. By that
stageacertaindegreeof confabulationhad occurredandhe
claimed to have remembered the incident and wrestling
with the octopus which he had said had a six foot span.

To summarize, a 44 year old male was bitten by a Blue
Ringed octopus and within three minutes developed
circumoral parathesiae, by four minutes limb weakness
and collapse, andinsevenminutescardiorespiratory arrest.
The complete paralysis persisted for up to about four
hours. Reflex withdrawal from painwasthen noted. Over
the next four to eighteen hours he had gradual return of
motor function, thecourseof whichmay havebeenmodified
by anoxic ischaemic encephal opathy.

Since then we have had another case of Blue Ringed
octopus bite. A child found a Blue Ringed octopusin a
coketin and picked it up. He had actually kicked thetin
first, and had noticed amark on hisfoot. Thiswas about
amonth after thefirst chap. The boy brought the octopus
to casualty in hishand and pointed to the mark on hisfoot.
So everybody was waiting for him to collapse. We sat
therefor 12 hours waiting for him to collapse but nothing
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happened so we sent him home the next day. Perhapshis
Blue Ringed octopus gave a“dry” bite.

STONEFISH, CONUS SHELLS
AND BLUE RINGED OCTOPUS

Struan K Sutherland
THE STONEFISH

TheStonefishisfoundonnearly two-thirdsof theAustraian
coast. Itistheonly stinging fish which hasbeen known to
kill people but there are no recorded deaths in Australia.
The fish has 13 venomous spines but does not use its
venom for collectingitsfood but morefor protection. Itis
avery solidly built creature and if stood on the venomous
spines may go deep into the sole of the foot. Not only is
venom spurted in but actual partsof the venom gland enter
and this causes extreme pain. Asthefishisusually buried
right up almost to its eyesin sand and coloured algaeit is
very very hard to see. Bob Endean saysone can pick them
up and put them down in their natural environment and
spend haf an hour trying to find them again. Some people
say that a Stonefish isabit like apolitician. It sitsround
doing nothing al day, has a big mouth and is highly
venomous if you try and shift it!

Severelocal damage and extreme pain is produced by the
Stonefish venom. Experimentally there is some evidence
that it can effect cardiac muscle but | am not sure that this
has been shown in humans.

Management of Stonefish Stings

We know that antivenom will quite dramatically reduce
thepain and prevent necrosisbut often oneisin asituation
where there is no immediate access to antivenom.

First-Aid

There is no place for restricting the movement of this
venom becauseitiscausing severepainandtissuedamage.
The venom should be encouraged to move away to dilute
itself, so do not apply pressure immobilisation. Never
apply atourniquet. Usewarm water for pain relief of the
injuries. Bathing thefoot or hand in warm water increases
the circulation of blood through the area. Some marine
toxins are very heat labile and perhaps warm to hot water
hel psdetoxify them. Getting hot water might beaproblem
but usually one can use cooling water from an outboard or
inboard motor for thispurpose. Often pethidineor morphine
donotrelievethepain of asevere Stonefishsting. A severe
casemay need surgery to cleantheinjury up, sounder such
circumstances consider aregional nerve block with, say,
bupivacaineto givethe patient lengthy relief of pain. This
will also alow debridement of the injury.

CONUSSHELLS

Thereare many Conus shells, three of which areknown to

be highly dangerousto man. One species, Geographis, is
the most dangerous. Conus shells are more or less sea
going snails that produce very toxic venom. They have
developed tiny harpoons which are soaked in venom.
When alittle fish that they would like to eat swims past,
this harpoon soaked in venom is moved up to the front of
themouth and pushed into thefish which quickly becomes
paralysed. Then the creature can open its mouth and
quietly coverthefishandeatit. Theharpoonsareexquisitely
made. They areonly about acentimetrelong, and the barb
isdifferent in each species. They are hollow and are only
used once and are designed for the type of prey that the
Conusshell likes. When ahumanisstung the harpoon can
penetratequitedeeply. Thetoxinisunique. TheGeographis
has a little polypeptide of ten amino acids which acts
postsynaptically and acts very very quickly. Thereisno
antivenom for that particular toxin but the suggestion is
that it would wear off in time like the octopus toxin. For
Conus shell it seems reasonable to use pressure
immobilisationforfirstaid. Themainthingof courseisnot
to pick them up because they can bring their mouth parts
and harpoon almost to the other end of their body.

THE BLUE RINGED OCTOPUS

There are two species, the northern one and the southern
one. | get the impression the southern one is far more
common than the one found in tropical waters. Fully
grown it is about 5 inches long, and carries enough toxin
to paralyse perhaps 10 men. Asfar as| know it only bites
peopleif they pick it up and hold it against their skin and
restrainit. We had one person bitten under water and that
was when he saw an octopus go into ahole on apier. He
stuck his finger in and | think any octopus has got every
right to bite someone who doesthat! It seems reasonable
to say that underwater the octopus poses no threat at all to
the sensible diver who leaves it alone.

Theanatomy of theoctopusisquitefascinating. Wherethe
armsjointhereisalittle parrot-like beak. Its oesophagus
goes upwards between its eyes, through its brain, and its
stomachsitsupontop. Thatiswhy itiscalledacephal opod,
head to foot. Near the stomach are two kidney shaped
salivary glands, which producethetoxicsaliva. Thesaliva
flows down a duct to be released through the mouth. The
octopus normally usesthetoxinto paralysecrabs. It hasa
very delicateskin soit doesnot likegettinginand fighting.
If it seesanicejuicy crab it can swim over and just spray
somesalivaaroundthecrab. Whenthecrab getsataxicand
partially paralysed the octopus settles down and eatsit. It
isonly if humanspick it up and annoy it, that it will sink its
beak intothehuman. Itisinterestingthatitismainly adults
who have been bitten.

ThetoxinfromtheBlueRingedoctopusisinall probability
tetrodotoxin which is of course found in Puffer fish and
Toadfish. Thesametoxinisalsofoundinthe Californian
newt andin certain South Africanfrogs. Tetrodotoxinacts
specifically onthesodium gatesin nerves. By stoppingthe
movement of sodium, itvery promptly blocksthemovement
of action potentialsand hence producesaflaccid paralysis
within a few minutes. Tetrodotoxin has a molecular
weight of 319, and it is heat stable.



Management of Bites

If possible, the pressure immobilisation type of first-aid
should beappliedtothebittenarea. Paralysiswill wear off
andthepatientfully recover if adequateartificia ventilation
ispromptly instituted. Thismay haveto bemaintained for
some hours.

Finaly, there are still many venomous creatures that
shouldbeinvestigated. Therearemany Australianvenoms
that we know nothing about, such as some of our ant
venoms. | hopethat if anyone gets a chanceto encourage
collaboration and local research into the venoms in his
area, he (or she) will do so.

Question

Istopical local anaesthetic any good for relieving painin
Seawasp stings?

Dr John Williamson

In our experience, no. The pain is much too severe to
respond tothat sort of application. Wedid ask the College
of Dermatologists what they thought about the routine
application of lignocaine as a cutaneous treatment for
stingsandthey reacted violently. They thought it wasabad
idea because a percentage of the population is allergic to
lignocaine which has toxic actions of itsown. That isa
very conservative approach. Anyway with box jelly fish
stings lignocaine does not seem to help at al.

With other minor stings, it does seem to help. But we do
know that inthetreatment of any marinesting, particularly
jelly fish stings, the placebo effect is quite profound. We
believe that that iswhy methylated spiritsheld its own for
solong. Aslongassomebody seesand feel sthat something
isbeingdone, they feel abit better aboutit. Thisparticularly
appliesnaturally to the parents of stung children. Thereis
no doubt that in the single blind studies we have done, the
placebo effect of treating asting isquite profound. Thatis
a legitimate approach, because it is cheap and it does no
harm, but you have got to exclude the placebo effect when
you are evaluating treatment.

Question

Could Dr Sutherland give us his views on the potentia
toxicity of the Toowoomba Funnel-webb. During the
summer months, this spider can be found in quite large
numbersin the ToowoombaRange. Inthelast twoyears,
| have managed three bites. On two occasions, the spider
had to be actually prised off thefinger or thetoethat it had
bitten. In none of these cases did the patient come to any
harm. In fact, talking to colleagues who have been in
Toowoombafor sometime, | havenot been abletofind any
documentation or medical records to suggest that anyone
inthe Toowoombaareahascometo harmasaresult of one
of these bites.
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Only onein ten people, or it might be onein five, that are
bitten by a male Funnel-webb gets sick because it has
usualy lost itsvenom. We have done somework on some
of the Toowoomba spiders that have been identified and
classified. The venom seemsto be particularly toxic and
we know the Sydney Funnel-webb antivenom neutralizes
it.

I do not wish it on the Toowoomba people but you will get
acaseof envenomationintimeandthatiswhy you holdthe
antivenom. 'Y ou might get a casetomorrow, or you might
not get onefor fiveyears. Incidentally no-one knowswhy
the Funnel-webb venom is only effective against the
primates.

DECOMPRESSION SICKNESS

CASE REPORTS

JOrton

| have two cases of decompression sickness to present.
One was definitely decompression sickness and the other
suspected. ThefamousAmerican Catholic speaker Bishop
Fulton Sheen once told his flock, “There is no pleasure
without pain”. Histheological commentswerenot actually
directed at anything we are talking about today but they
may well have been directed at sports diving.

Thefirst casewasa29 year old, fit fellow who was PADI
trained with no significant past history, who developed
obvious neurological decompression sickness following
repetitive diving. He had about 70 hours experience
diving. Hehad been onaweekend divingtripwherehehad
really pushed himself right to thelimitsof thetablesandin
addition therewere alot of other contributing factors. He
didfour divesonthe Saturday, noneover 60feet, thatisday
one, and two dives on the Sunday, one to 60 feet and one
to80feet. BoththesediveswerewithintheUSNavy tables
no decompression (no stops) limits, but they wereonly just
within. Hewasobviously pushingitabit. UsingtheRoyal
Navy system, he was beyond the limits of the tables for
repetitive divesand he should have doneastop onthefirst
day. Now consider the additional factors. There had been
alot of merry making the day before with abit of alcohol
involved. Significantly, hedid not evengoto bedthenight
before hisfirst day’ s diving. He was up all night, Friday
night. He was taking Sudafed (pseudoephidrine) tablets
for what he said was “blocked ears’. He had a very
vigorousapproachtothewholeweekend' sdiving. Hewas
alwaysin the water, always swimming and he did alot of
snorkelling between the dives. There was also a lot of
vigorous activity while he wasin the water doing his tank
divesaswell.

During the ascent on the last dive he became disco-
ordinated. He got vertigo and felt quite weak. He got up
tothesurfaceand had arest andimproved abit but still felt
weak. However hewasableto help stow thegear. Hehad
some difficulty passing urine after that last dive. There
was some hesitancy and dribbling. On the way back, he
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kept on telling people that he was not well. But back on
shore that Sunday night he did not give up. Hewent to a
barbecue, had afew drinks, but finally went home to bed.
OntheMonday hewokeup still feeling unwell and noticed
his weakness was increasing. He was quite drowsy and
had aheadache. Hewasquite nauseated after breakfast but
did not vomit. Hewent to hislocal doctor. There hewas
notedtobequitedrowsy. Hewasunabletostand up. When
asked to come into the doctor’s room, he had to push
himself up using hisarmson histhighs, hedid not havethe
strength in hislower limbsto stand. The examination on
that day showed obvious weakness in al muscles and all
limbs. He could not straight leg raise. But there were no
sensation changes. So the diagnosis of neurological
decompression sicknesswasmade. Ittook alittlewhileto
organise recompression but that evening it was underway
in the Australian Institute of Marine Science (AIMS)
recompression chamber about 40 kilometres from
Townsville. This is quite a good size chamber and
reasonably good backup medical facilities.

During the time before recompression the patient was
given oxygento breathefrom amask. Therecompression
treatment consisted of an extended table 62 on 100 per cent
oxygen. After just 5 minutesat 18 metreshe said hishead
felt clearer, his breathing felt much easier and he had an
obvious increase in muscle power, to the extent that he
could straight leg raise straight away. All within five
minutessothediagnosiswasclear. After anhour, hecould
sit up unaided. He had three hours at 18 metres then we
came up to 9 metresfor an hour. Then hewas noted to be
quite a bit weaker than previously and he did not feel as
clear mentally. Sowetook himback downto 18 metresfor
another two hours. At thisdepth he had no symptoms. He
had four hours at 9 metres with no further symptoms.
When he got back to the surface he said hefelt completely
well.

Overthenext 12-24 hourshehad aslow return of symptoms
particularly the weakness. It was decided to continue
recompression treatments until no further demonstrable
improvement was seen. So he had repeated hyperbaric
oxygentreatment until therewasno residual weaknessand
no residual deficit and quite clear mentation. He
subsequently made quite an uneventful recovery with no
deficit at all.

To summarize, afit 29 year old man pushed himself right
to the limits of the tables and thrashed himself physically
all weekend. He suffered weakness and mental changes
from neurological decompression sickness and was
successfully treated with recompression. In this case
symptoms were present on ascent. | think that it is
important to make people realise that if that happens,
something must bewrong. Hetold peopleontheway back
that hedid not feel well, yet no oneinthe party thought that
he should see adoctor. He spent atotal of about 20 hours
inthechamber over thenext few daysduring thetreatment.
| consider that his sports diving mentality, there is no
pleasure without pain type of fun, must have contributed
someway in getting the bends, even though hewaswithin
the tables.

The second case was a 30 year old Femalewith quite abit
of experience diving, again PADI trained, again after a
weekend of very vigorous diving, who developed some
rather vague symptoms which were attributed to slight
decompression sickness. Therewas subsequently little or
no improvement with recompression treatment. She was
taking out a group of novices to teach them some of the
aspects of tank diving. Thefirst day wasfairly easy with
a lot of snorkelling. The dives were not actually deep
enough to beincluded in thetables, so it was afairly easy
day’sdiving. But there was alot of snorkelling, alot of
activity. The second day sheworked very hard in and out
of the water all the time. She was looking after lots of
peoplejumping inand out of thewater. Shewasquitecold
as shewas not wearing theright gear or enough of it. And
she“bounced” twice, that istwo quick tripsto the surface
and back down again. Looking at the US Navy tablesone
need not count the first day because the dives were more
than 12 hours before those on day 2. Using the US Navy
repetitivedivetablesshewasjust ontheno decompression
limitswith her stated depths of 40, 50 and 60 feet. If one
used the Royal Navy tableswhich are more conservative,
she had exceeded the no stopslimits. Butif, asone should
do, one adds 10 feet, for each adverse factor such as cold
exposure, doing alot of work and bouncing twice, it turns
out that she was well over the no stop limits. Even using
thelessconservative U Stabl esshe should have madestops
of Il minutes at 20 feet and 48 minutes at 10 feet. Inmy
opinion she had gone well over the no stop limits.

Onday 4 shepresented with very vague symptoms, mainly
apainintheback of theneck. Shefelt unwell dightly. Her
examination was quite normal. This pain was difficult to
elucidate. She said she had actually noticed it on the
bottom during thelast (night) dive. Shewaswith agroup
of novicesthat night and she bent over to pick up atorch
that had dropped and felt this pain come on. Suddenly the
torch was floating up to the surface and so was one of her
novice divers, shooting up with thetorch. That led her to
do her second ‘bounce’ It was decided that there was
insufficient evidencefor aclear diagnosisof decompression
sicknessinview of thevaguenessof her symptomsandthe
absence of any signs at all. Although she had obviously
goneover the no-stopslimitswefelt that the patient rather
than tables should be treated. She was treated overnight
with oxygen by face mask. She was discharged the next
day with instructions to take it easy and return if she had
any further problems or return of her symptoms. Return
shedid on day 9 with persistence of her symptoms, painin
the neck and generaly feeling a bit unwell. It was
considered then, after some discussion with Des Gorman
of the School of Underwater M edicine, that shemight well
have been suffering from decompression sickness, slight
as her symptoms were. So recompression treatment was
organized. Although there was some suggestion of
improvement here and there, generally speaking | haveto
say that shedid not really improvevery much. Shestill has
somepainintheneck and still felt alittleunwell at theend
of her treatment.

Wheredoesthat |eave us? Thedecisiontorecompresswas
based in some way on atheoretical understanding of what
happens with neurological bends. It isthought that there



are micro-emboli of gas bubblesin capillary networksin
the spinal cord and subsequent oedema and ischaemia of
thespinal cord. Some peoplewould clearly arguethat this
should be treated quite aggressively and vigorously with
early recompression. Should decompression be used
diagnostically in thisregard? That isanother possibility,
another question to raise.

Another big factor that comes up is the cost benefit of
recompression when one considersthe enormousincrease
intheamount of sportsdivingthatisbeingdoneandthebig
demandthat arecompressiontreatment makes, particularly
on human resources, not to mention the cost in dollars. In
North Queensland where the human resource commodity
isspread sothinly itisquiteademand. | think these cases,
particularly the latter case, raises that important point.

These two cases of decompression sickness, one with
obvious demonstrable neurological lesion where the US
Navy, less conservative, tables were not exceeded but
wherethe guy had obviously thrashed himself around that
weekend and really overdone things, the second have a
very marginal case where the diagnosiswas in doubt and
the treatment was not effective in that it did not improve
her, ie. suspected bends only, where the US tables were
obviously very well exceeded, leave uswith the dilemma
that we have always been in. Just what value are
decompression tables in helping us decide when to treat
someone and just how should we be interpreting them?

DECOMPRESSION SICKNESS
AN OVERVIEW

Bart McKenzie

| have to try to compress decompression sickness into 25
minutes, which is going to be no mean feat.

Tostart withthereareafew basic physical principles. The
first oneisthe concept of pressure. Thereisabout 100 km
of atmosphere above usand that exertsacertain amount of
pressure which is called one atmosphere pressure. Ten
metres of sea water exerts the same pressure as one
atmosphere. So at 10 metresthere are two atmospheres of
pressure acting on the diver. At 20 metresthere will bea
pressure of threeatmospheres, and soon. A diver doesnot
havetogovery deep beforethereisaconsiderablepressure
acting on him or her.

Now to mention afew gaslaws. Thefirst oneisBoyle's
Lawwhichstatesthat volumevariesinversely with pressure.
If onetakesan inverted open jar and pushesit down under
the water, asthe water pressure increases the volume will
decrease. Thishasalot of importance in the treatment of
various things in diving medicine. If a diver has gas
bubbles in his tissues and one applies increased ambient
pressureto thediver then the bubbleswill decreaseinsize.
Thismay eliminate his symptoms. If the diver goesup in
an aeroplane while he had bubbles in his tissues, the
bubblesgetlarger. Thishasrelevancetothetransportation
of divers. If he was breathing from compressed gas
equipment and took abreath at some depth and cametothe
surface holding hisbreath, then that would spoil hiswhole
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day. The next concept is Henry’s Law. When gasisin
contact with aliquid some of the gas will dissolvein the
liquid. Double the partial pressure of the gas over the
liquidthentwiceasmuchgaswill bedissolvedintheliquid
at eguilibration. Sowhen adiver isbreathing compressed
air under water nitrogen istaken up by histissuesand that
has certain consequences which | will go into later. An
important concept is diffusion. If someone was to pass
flatus on one side of the room then it would not be long
before people on the other side of the room were looking
accusingly at each other. That isthe process of diffusion.
You can use diffusion and diffusion gradients in the
treatment of decompression sickness by modifying gas
partial pressures. Another important law in diving is
Murphy’s Law which states that if something can go
wrong it will go wrong, usually at the most inconvenient
time.

I wouldliketostressthat divingisgreat fun. However, like
all thingsthat are great fun it has some drawbacks. One of
the big drawbacks of divingisdecompression sickness. A
sports diver breathing under water has a demand valve
which delivers gas to him at a pressure which is roughly
equivalent to theambient water pressure. So the deeper he
goesthehigher partial pressureof nitrogen heisbreathing.
This nitrogen is taken up. It equilibrates instantly in his
alveoli and then it is delivered by the blood to the various
tissues. Tissue uptake of nitrogen isdependant on severa
factors, the main one being the blood flow of the tissues.
So tissues that have a high blood flow take up nitrogen
quickly and equilibrate quickly. Whiletissuesthat have a
low blood flow do not equilibratesoquickly. Whenadiver
comes back to the surface he has an excess of nitrogen
dissolvedin histissues. If the partial pressure of nitrogen
exceeds acertain critical limit the nitrogen will come out
of solution and form bubbles. This is analogous to the
situation of carbonated beverages. If onelooksat abottle
of champagne before taking the cork out there are no
bubblesinit. Thereiscarbon dioxideinthebottlebutitis
dissolved under pressure and the cork holds the pressure
in. When the cork istaken out the pressureisreleased, the
bubbles come out of solution quickly and everybody hasa
good time. But divers with bubbles do not have a good
time,

When diving with compressed air equipment started about
150yearsagothediversfoundthat if they spent alongtime
under water, especially at great depth, they would devel op
the symptoms of decompression sickness. They also
figured out by trial and error that if they came up in stages,
rather than coming straight up, that could minimise the
symptoms and sometimes stop them from getting
decompression sicknessaltogether. Sotherewerevarious
ad hoc decompression routines built up over the years.
However early in this century Haldane worked out some
decent decompression tableswhich would allow diversto
dive to practically any depth that they wanted to, at that
time, and come back using decompression stops and not
get decompression sickness. He based his tables on two
basic hypotheses. The first was that the gas uptake by a
tissue, or gas uptake by the body occursin an exponential
fashion and also that gas elimination occurs in an
exponentia fashion. Heal sodreamedup somehypothetical
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tissues in the body and worked out his tables on the basis
that there were probably half a dozen tissues in the body
whichtook upnitrogenat different rates. Usingexponential
equations he could work out at any given time, for any
given depth, what the partial pressure of nitrogen in these
tissues would be. His second hypothesis was that divers
couldwithstand atwoto onedifferencein pressurebetween
the pressure of nitrogen in the tissues and the ambient
pressurewithout devel oping decompressionsickness. The
reason hecametothisconclusionwasthat heobserved that
divers could spend almost an unlimited amount of time at
depthslessthan 10 metresand come straight to the surface
and they did not seem to get decompression sickness. The
pressure at 10 metresistwo atmospheres and the pressure
at the surface is one atmosphere, so he concluded that
divers could go from two atmospheres to one atmosphere
and not get bent. He then extended that to suggest that
maybe they could go from six to three or from four to two
and so on. He worked out histables on that basis.

Duringadivethetension of nitrogeninthetissuesgradually
increases. Inthefast tissueit increases quickly and inthe
slow tissue it increases slowly. When the diver starts to
come up nitrogen starts to be eliminated from the tissues.
But thediver will get to astagewheretheambient pressure
ishalf thepressureof nitrogeninthetissuethat containsthe
most nitrogen, which is the fast tissue. According to
Haldane's hypothesis, if he is not to get decompression
sickness, he has got to stop there. He spends abit of time
at that depth and waitsfor the partial pressure of nitrogen
inthetissuesto drop, so that he can comeup abit moreand
abit more. So hecomesupin stageswaiting for the partial
pressure of nitrogen in the tissues to drop so that it can be
eliminated rather than forming bubbles. Thecritical tissue
dependsontime. Initialy it isthefive minutetissue. But
further into the decompression routine, it becomestheten
minute tissue and if he stays long enough it might even
become the seventy-five minute tissue. When he stops at
the first stop, although the fast tissues are eliminating
nitrogen, slow tissues such as the seventy-five minute
tissue, are actually taking up nitrogen. Even when the
diver isdoing hisdecompression stops, some of histissues
are actually taking nitrogen up, not eliminating it. When
they tried the Haldane tables out in practice they worked
reasonably well, but they were not totally effective. The
USNavy got hold of them and modified them abit. Infact
the US Navy tables that most divers use these days are
based on the Hal dane tables with some modifications that
were made, basically by trial and error, by the US Navy.

The unfortunate thing about Haldane' s tablesis that both
Haldane's hypotheses were totally invalid. It is quite
amazing that the tables work at all. The first hypothesis
that the uptake and elimination is exponential is invalid
because we now know that when adiver comesback tothe
surface, if one puts an ultrasonic bubble detector on the
diver'slegs or on his chest, it will detect bubbles during
routine dives, especially deep dives, even when the diver
does not get decompression sickness. There is bubble
formation in thetissues, but they do not get symptoms. So
his hypothesis that the elimination of nitrogen from the
tissueswas exponential was quiteinvalid because as soon
asyou get bubblesin thetissues, that completely disrupts

thedynamicsof nitrogen elimination. Thesecond onewas
this2:1ratiohypothesis. Wenow know that if diversspend
long enough at 10 metresand then cometothesurfacethey
will get decompression sickness. There have been lots of
cases described now of divers who have saturated at 10
metresand cometo the surfaceand got bent. Sothetissues
cannot even stand a 2:1 reduction in pressure without
producing decompression sickness. Although the tables
work to some extent and stop peopl e getting symptoms of
decompression sicknessthey do no stop bubbleformation
in the tissues.

Various workers over the years have recognized that
Haldane's concepts were falacious and have tried to
improve on them. They worked on various other theories
for decompression and worked out tables. Oddly enough
these other tables were not much more effective than the
modified Haldanetables. Theimportant thing that | want
to stress after al thisis that ALL THE TABLES ARE
UNRELIABLE. It doesnot matter which tables one uses,
the Royal Navy tables, the US Navy tables, or any other
tables for that matter, they are not completely reliable.
Divers find this idea heretical. They seem to have blind
faith in these tables. They think that if they follow the
tablesthey will be OK, and usual ly they will. Wecertainly
urgethemto follow thetables, but you cannot bet your life
on them. Divers sometimes quote US Navy figures. The
US Navy claim aless than one per cent failure with their
tableswhichispretty good. Butif onelooksat thekind of
diving that US Navy divers are doing, one finds that they
never push their tablesto the limit. Most of thedivingin
factisjust oddjobsaroundships. They cleanthepropellors
on shipsand they divedown to the bottom of harboursand
pick up things that have been dropped off the ship. They
tend not to do a lot of deep diving, they do very little
repetitive diving, and they employ fudge factors. When
they start to get to the fixed points of the tables, they start
fudging. They add alittle bit to the depth just to be on the
safeside. Andthey also add alittlebit tothetime. Part of
thereasonfor addingabittothetime, | think, isthefact that
they get paid a bonus for the time that they spend in the
water. Butitworksbothways, itisagood arrangement, by
putting the diver on to alonger decompression scheduleit
makes the tables safer and they get a bit more money.

Sports divers if they are sensible, should employ fudge
factorstoo. They should not trust thetables. They should
addalittlebit ontotheir depth, alittlebit ontotheir timeand
decompressaccordingly. Thatisagood practice. Butalot
of sportsdiversdonot. A lot of themwant to spendasmuch
timein the water as they can and get the most out of their
weekend. Sothey tendtodivedeep. They tendto pushthe
tables. They do not employ fudgefactors. They usedepth
gauges to measure their depth. Incidentally how many
sportsdiverscalibratetheir depth gauges? When they buy
one off the counter, do they calibrateit then? If they have
had it for ayear or two do they ever check the calibration
on their depth gauges? Itisareal enlightenment to take a
sample of divers depth gauges and calibrate them. They
canvary quite enormously. When sportsdiversare using
inaccurate depth gauges they are pushing the tablesto the
limit. They do not know accurately how deep they have
been, even if they watch their gauges. So one cannot



extrapolate the US Navy safety figures to sports diving.

There are other predisposing factors to decompression
sickness apart from being asportsdiver, whichisastrong
predisposing factor. They arethingslikeage, older people
tend to get decompression sickness more than younger
people. Diving in cold water tends to be a predisposing
factor. If thediverswork hard during the dive, that tends
to increase nitrogen uptake. Divers who are overweight,
althoughitisgoodinsulation, it isnot good for preventing
decompression sickness. Females have about athreefold
increaseindecompressionsickness, comparedwithmales.
Thereareother predisposing factors. Diving at atitude, if
one uses the ordinary tables in a mountain lake
decompression sicknessis much more likely. There have
to be some modifications to the tables with atitude.
Bounce diving or rapid changesin depth during the dive
are predisposing factors. Flying after diving, especialy
after decompressiondivesislikely to causedecompression
sickness. If one flies high enough in high performance
aircraft one can get decompression sickness, simply from
thereduction of pressurewith altitude. Thesamething can
happen in altitude chambers.

One of the important concepts in the pathophysiology
decompression sickness is the concept of gas nucleii. It
appears that there are little bubble nuclei throughout our
tissues. These are microscopic pockets of gas that are
found in little hydrophobic niches in the tissues. With
nitrogen coming into the tissues because the diver is
breathing compressed gas, the extra nitrogen will diffuse
into thesegasnuclei and makethembigger. If they get big
enough surfacetension effectswill causealittle bubbleto
enucleate from that and go off into the blood or into the
tissues. Onecanobservethesegasnuclei if you havealook
at aglassof beer. Youwill notice that the bubbles do not
come out in ahaphazard fashion, they come out asstreams
of bubblesfromlittle pointsontheglass. Thesearebubble
nuclei, gas nuclei, and they exist in the tissues. Another
important pathophysiological point is that once a bubble
forms in the tissues it then acts as a foreign body and it
brings into play the coagulation mechanisms. Platelets
adheretoit and fibrin deposition occurs. Which can mean
that even if the bubble is eliminated by recompression
there is still al the gubbins that was around the bubble
which canoccludeblood vessel sand causespaceoccupying
lesions.

The symptoms of decompression sickness usually come
onearly. Fifty per cent of the symptomswill occur within
thefirst hour and by 6 hours 90 per cent of them will have
occurred. The earlier they occur the more serious the
decompressionsicknessislikely tobe. Inthesort of divers
that the people in the audience are likely to see, the most
common symptom will be skeletal pain, the next most
common will be cerebral symptomsand spinal symptoms
aswell. The painisusualy in the region of the joints,
generally the shoulder joints. Thereareother jointswhich
often producesymptoms. Oftenthesymptomsoccur inthe
adjacentjoints, for instancetheright shoulder and theright
elbow, or the right elbow and the right wrist. The painis
of anaching quality andit getsworsewithtimeandit hurts
tomovethejoint. Especially after deeper dives, thedivers
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are likely to present with neurological symptoms. The
most common oneissymptomssuggesting abubbleinthe
cerebral regionandthey cangetjust about any constellation
of symptoms. Very commonly they get a headache, but
they can get sensory disturbancesover varying partsof the
body or they can get motor disturbances. Sometimesthey
can get cerebellar symptomswith ataxia. They will often
get spinal symptomswith paraplegia. Insportsdiversyou
will never seevestibular symptoms dueto decompression
sickness. This is something that is confined, as far as |
know, to helium divers. So if you have got a diver with
vestibular symptoms watch out, you may be missing
something else, like barotraumato the ears for instance.

Slow tissuestendto produce skeletal typebends. If adiver
does shallow dives he tends to get dow tissue skeletal
bendsand if adiver doesdeep dives, deeper than about 80
feet or so, he islikely to get fast tissue bends which are
neurological symptoms. If he does a short deep dive he
will probably only get neurological symptoms. If he does
a long deep dive he will get neurological and skeletal
symptoms because he will put nitrogen into both his slow
and his fast tissues. If he only does a shallow dive heis
unlikely to get cerebral symptoms. Oneisunlikely to get
cerebral symptoms from a60 foot dive. The exception to
thisisthespinal cord, youseemtoget spinal cordsymptoms
fromjust about any kind of dive. Sol guessthespinal cord
is probably a slow tissue, even though it is nerve tissue.
Onecanwork out thetreatment of decompression sickness
fromfirst principles. Putting the diver in arecompression
chamber and increasing the ambient pressure will make
the bubbles smaller and that, hopefully, will relieve his
symptoms. The sooner it is done the better because this
avoids the secondary effects of coagulation, etc. The
advantages of recompression, are to make the bubbles
smaller and to increase the surface area to volume ratio
which aids diffusion into and out of the bubble. High
partial pressures of oxygen help increase the gradient
encouraging nitrogen to leave the body.

| have run out of time. | would like to emphasise two
points. The first is that in order to make a diagnosis of
decompression sickness you first have to know that the
patient has been diving, otherwise you can miss the
diagnosis. The second point is that you can always get
advice from the Navy. They have someone on call 24
hours a day, 7 days aweek. If you have any diagnostic
problems or if you want someone treated the Navy can
organise that with the co-operation of the Airforce. The
telephone contact number in working hours, Monday to
Friday 0800-1600, is(02) 960 0333. Out of working hours
itis(02) 960 0321.

SPUMS ANNUAL SCIENTIFIC MEETING 1985

Thiswill be held on Bandos Island in the Maldives from
Thursday 18 April to Wednesday 24 April 1985. Dr Carl
Edmonds has accepted an invitation to be aguest speaker.

Further details on page 40.
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IN-WATER OXYGEN RECOMPRESSION
THERAPY FOR DECOMPRESSION SICKNESS

John Knight

The correct treatment for decompression sickness is
recompression in a multi-man chamber. This chamber
should have at least two compartments. A multi-man
chamber is necessary so that an attendant may be in with
thesufferer, and thetwo compartment chamber isnecessary
sothat thedoctor may comeinto thechamber, examinethe
patient, and exit.

Unfortunately, chambers like this are not too common in
Australia. At the last count, the available multi-man
chambers were:

one at Townsville, a the Australian Institute of Marine
Science;

one at HMAS Penguin in Sydney;

one at Prince Henry Hospital, in Sydney;

oneat Mallacoota, in north eastern Victoria, owned by the
Fishermen’s Co-operative;

one at Morwell, run by the National Safety Council of
Australia, Victorian Division;

one at Braeside in Melbourne, run by the Melbourne
Metropolitan Board of Works, but activated only when
they are tunnelling in compressed air;

one at Hobart, run by the Royal Hobart Hospital;

one a Fremantle, at HMAS Leeuwin.

| believethereisamulti-man chamber availablein Adel aide,
but | am not sure of its location. Of course there are the
multi-man chambers used by the diving industry both in
Bass Strait and on the North West Shelf, but these are not
normally availablefor thetreatment of civilians. They are
therefor the support of thediving operationsthat arebeing
conducted. If they are used for treating other people, those
diving operationsmust stop. Asthisinvolvesaconsiderable
financial penalty, wewill leavethem out of thediscussion.

Experiencehasshownthat thesuccessratefor thetreatment
of decompression sickness is much better if less than six
hours has elapsed since the onset of symptoms. Thisis
partly due to the blood-bubble interactions that occur and
result in the bubbles in the blood acquiring a coating of
proteinmaterial which convertsthemfrombeingeffectively
“easily squashed ping pong balls” into “ difficult to squash
tennis balls’. The idedl is to treat the diver as soon as
possible after he develops symptoms.

If thereis no chamber handy, one hasto arrange transport
to a chamber. As reduction in pressure will alow the
bubblesin the patient’ s body to increasein size and make
himworse, the patient should betransported ascloseto sea
level as possible, preferably in an aircraft pressurised to
ground level. That will take awhile unlessyou are lucky
andfind oneintheairport nearest you. Itusually meansthe
aircraft has to be flown from Australia to wherever the
diver isand back again.

There are many places in Pacific where lots of people go
diving which are more than six hours door-to-door to one
of these chambers.

Some years ago, Carl Edmonds was worried about the
number of peoplewho werecomingto HMASPENGUIN
having developed decompression sickness on a Pecific
isand and taking days to reeach HMAS PENGUIN for
treatment. He sat down and compared what was available
to him and what was available on the island.

At HMAS PENGUIN there is a chamber into which the
patient and his attendant can be put. The patient isgiven
oxygen breathe and the normal practice is to take the
patient to a depth equivalent to 60 feet of seawater (fsw).
Thepatient then breathesoxygenfor 20 minutesandair for
five minutes, and so on until his symptoms are improved.
About 85t090% of peopleimproveand|osetheir symptoms
on thisminimum pressure oxygen treatment. Sixty feet of
sea water is used as it is pretty close to the highest safe
partial pressure of oxygen. Thedanger isoxygen-induced
convulsions, acute oxygen poisoning. Theseconvulsions,
are provoked by exposure to oxygen partial pressures of
two atmospheres and more. Thereis a pressure and time
relationship. At 60 fsw, 100% oxygen has a partial
pressureof 2.8 atmospheresand issafeto breathe, for most
people, for periods of up to two hours. After awhile the
chamber pressure is reduced to the equivalent of 30 fsw
and the process of oxygen and air breathing continued.

OnaPacificisland theremight be oxygen. Theremight be
an airstrip that would take aHerculesor aLear jet. There
would certainly be water close by.

The problems of decompression sickness are bubbles
which are usually treated by having their size reduced by
recompression and oxygen breathing. There is aways
tissue anoxiawhich benefitsfrom hyperbaric oxygen. All
divers become dehydrated during their dive from the
effects of immersion displacing blood from the legs and
abdomen into the chest, so triggering stretch responses
from the great vein volume receptors, although the blood
volume is still normal. Decompression sickness causes
leaky capillaries, among other problems, so the diver
becomes further haemoconcentrated and dehydrated. He
needs fluids. Two aspirin will discourage platelet
aggression on thebubbles. The most important part of the
treatment is recompression.

Recompression breathing air adds nitrogen to a body
already overloaded with nitrogen. Therapeutic
recompression in water breathing air is condemned by all
divingmedical authoritiesasit takesmany hoursto perform
properly and exposesthediver totherisksof hypothermia.
Most attempts by divers end disastrously.

There are advantagesin breathing oxygen. The patientis
no longer taking up nitrogen and he has the highest
possible gradient for excreting the nitrogen load. This
gradientincreasesconsiderably if thepatientisinthewater
breathing oxygen.

PRINCIPLES

So Carl Edmonds decided that the diverswho took daysto
reach his chamber would be better served if they were
recompressed in the water while breathing oxygen soon
after the onset of symptoms. He chose a depth of 9m (30



feet) because oxygen convulsions are unknown at this
depth in people at rest. There have been convulsionsin
divers working hard in oxygen rebreathing sets at this
depth, butinvestigationshavealwaysshownaraised PCO,
inthe set. The convulsion threshold of oxygenislowered
by araised PCO,. The diver having in-water oxygen
recompression is still and has a normal PCO,,

The advantages of in-water oxygen recompression at 9m
can be summarized:

1 Nonitrogenisaddedtothetissuesduring treatment.
2. There isalarge gradient for nitrogen excretion.
3. The bubble volume is almost halved.

4, The diameter of circular bubbles is reduced by
about 20%.

5. Thereisincreased tissue oxygenation.
6. There isno risk of oxygen toxicity.

7. Thereisno risk of decompression sickness for the
attendant.

8. The wetsuit is still effective insulation.

9. It can be ingtituted relatively quickly anywhere
thereis 9m of water.

There are disadvantages. | must emphasise that it is not
ideal treatment. It isatreatment that isbetter than waiting
around for six hoursfor an aircraft tofly youto atreatment
centre that is properly equipped.

The water must be warm. It is not a treatment to be
indulgedinincoldwater. Somethreeor four yearsagothis
treatment wastried at Heron Island. After half an hour the
patient complained bitterly of the cold, and insisted on
terminating his exposure to pressure. By then he was
improved but had not completed the treatment. Itisnot a
good idea to add hypothermia to the problems of
decompression sickness.

There are problems of breathing high partial pressures of
oxygen. Vasoconstriction isinduced. Theimmersion of
a human in thermoneutral water increases his peripheral
circulation, but thermoneutral water isnot all that common
in the ocean. It is more likely that the vasoconstriction
induced by cold from thefirst dive and the heat loss from
the treatment in water will induce vasoconstriction, so
slowing the elimination of nitrogen from the tissues.

However, when compared with the problems of late
treatment in-water oxygen recompression has its place
wherethewater iswarm and when transport to the nearest
recompression centre will take more than six hours.

In-water oxygen recompression has been used on quite a
number of occasions, with success, including at least one
person who was unconsciouswhen lowered into thewater
with hisbuddy alongside. Hewoke up under pressure and
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madeacompleterecovery from hiscentral nervoussystem
decompression sickness. So far | have not heard of any
failures, and that newswould go round the diving medical
world very fast indeed, as many people consider that in-
water oxygen recompression therapy is misguided, to put
it mildly.

Certainly, if | wasto develop decompression sicknessand
it would take more than six hours to get me to a
recompressionchamber, | would opt, if | wasinthetropics,
for the in-water recompression therapy immediately, on
the basisthat rapid treatment is much more effective than
delayed treatment.

The requirements for in-water oxygen recompression are
simple.

1 A large (F or G) size oxygen cylinder.

2. Anoxygenreducing valve (regulator) set to deliver
at least 80 psi. Theregulator froman oxy-acetylene
outfit will do very well as it delivers a higher
pressure than the usual medical oxygen regulator,
which is set to 60 psi.

3. 12 mof high pressure hoseto connect the regul ator
to.

4, A full face mask.
5. The patient wearsafull wet suit, including ahood.

6. A ropemarkedinmetresor feet sothat thepatient’s
depth is known.

7. An attendant in the water with the patient.
8. A support for the patient.

9. A communi cation system both between the patient
and hisattendant, and betweentheattendant and the
surface. The patient can speak quite comfortably if
he is wearing a full face mask because thereis an
airspace for him to speak into and it is possible, if
the buddy holds his breath for a moment, to hear
quite clearly what the diver is saying. The other
way around is more difficult, and an underwater
date is a good idea. The simplest method of
communication between the attendant and the
surface is to have another standby attendant who
can go down when signalled for and relieve the
existing buddy sothat hecangoupandgiveaverbal
report.

A full face mask, in my opinion, is essential, although |
know this treatment has been carried out without such
things, because the full face mask allows the person to
speak, itislesstiring than holding aregulator in the mouth
for three hours and should the patient go unconscious and
go on breathing, he will not drown. When using anormal
face mask and a separate regulator, if somebody goes
unconscious, their jaw muscles dlacken and the regul ator
falls out of their mouth. They may or may not go on
breathing. If they goonbreathing, they arelikely todrown.
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PRACTICE

Theprocedureistoready aseat for thediver tositon. This
is more comfortable than sitting in the bight of arope.

Thediver must wear awetsuit, including hood, becausehe
is probably already cold from his dive, and is certainly
goingtoget coldsitting still evenintropical water, because
he will not be generating any noticeable amount of heat.
Shivering isundesirable as it increases his oxygen usage,
makeshismusclesmoveandwill precipitatetheformation
of extra bubbles in his body. The diver has to be
overweighted so that hewill stay at the depth chosen. If he
issitting it isagood ideato have weights on his ankles so
that they do not tend to float up. Thismeansthat the diver
must be attached to a safety line which is attached to the
boat or jetty so that he cannot sink further than the length
of theline. Sowenow havetwolines. Oneto hold hisseat,
and one to catch him if he dlips off.

Thenthereisthefull facemask and the oxygen cylinder on
the boat or jetty.

There hasto beateamto carry out the procedure. At least
one person to watch the time, the depth and the oxygen
supply. Two attendants for the patient. More people are
an asset.

The patient and his attendant disappear over the side and
the patient is lowered to a depth of 9 m.

Hethen staystherefor 30 minutes, regardless of how soon
his symptoms are cured. In most cases these symptoms
have been cured within the first 30 minutes. If the
symptoms are not completely cured after 30 minutes the
patient spends another 30 minutes at 9 m. If he had a
neurological bend he spendsat |east 60 minutesbeforethe
ascentiscommenced. If therearestill symptomsremaining
at the end of the hour, the time is extended by another 30
minutes.

So after 30, 60 or 90 minutesthereturntothesurfacestarts.
Ascentisattherateof 1 mevery 12 minutes, or alternatively,
for thosewho datefrom the pre-metric days, onefoot every
four minutes. You will have noticed that one foot every
four minutesisslightly slower than 1 m every 12 minutes,
and | think that the slower rate of ascent is to be
recommended. Alsotheascent of afoot at atimeisnearer
alineal decompression than an ascent of a metre. For a
given time span lineal decompression is a better method
than a staircase decompression. At this rate the ascent
takes about two hours.

If symptoms recur during ascent the ascent ishalted for 30
minutes. | have never heard of this being necessary.

If the oxygen runs out the patient is brought straight to the
surface. NEVER give the patient compressed air.

Whenthediver isout of thewater, heisthen given oxygen
to breathe. Alternating oxygen on for an hour, oxygen off
for an hour for twelve hours.

| have used the Edmondstablein asingle man chamber. It
seemed better at the time to compress the patient on

oxygen in asmall single man chamber than to lower him
into the sea as dusk approached as we would have had to
go someway out fromtheisland of Moento get the 9 m of
water we needed. 1t wasawrong decision for the busride
over a very pot-holed road converted him from being a
person with mild neurological decompression sickness,
stocking anaesthesiaof both feet, intoaparaplegicwiththe
left arm al so paralysed, whowashaving difficulty with his
breathing. However, within half an hour at thirty feet with
oxygen, hewasableto moveall three paralysed limbs. He
wasthentakento 60feet but hadlittlefurtherimprovement.
Nitrogen loadsinthebody takealong timeto decay. This
man had | ast dived morethan 48 hoursbefore he appeared,
mildly drunk, at thehotel that wewerestayingin. Travelling
for 15 minutes over avery pot-holed road converted him
from amild case to avery severe case of decompression
sickness so that theremust have been alot of gasavailable
to form enlarged bubbles, even forty eight hours after
diving.

Any procedure that getsthisextragasout of the body isto
berecommended, andif somebody devel opsdecompression
sicknessthey shouldbegivenfirst aid consisting of oxygen
tobreatheand fluid todrink, becauseall diversareslightly
dehydrated by the end of adive, and two aspirin to inhibit
platelet aggregation. As soon as this has been done, the
buddy races to the telephone and gets advice as to what
should bedonenext. Whichinmost casesontheAustralian
mainland, istotransport themimmediately, atlow level, to
the nearest chamber.

However, if you are on theisland of Truk inthe middle of
Micronesia, thereisnoquick arrival at thenearest chamber
in Guam. It would be a very expensive trip indeed to
charter alear jet, if thereisoneat Guam, tofly over to Truk
and then pick up the patient and fly him back to the US
Navy Hospital at Guam. Far better to arrange for an in-
water recompression, in warm water with good visibility
and watch the symptoms disappear.

TRANSPORTATION OF PATIENTS SUFFERING
FROM DECOMPRESSION SICKNESS

Chris Acott

| am keenly interested inthetransportation and retrieval of
patients. | will discuss general aspects of patient transport
with special referencetothetransportation of patientswith
decompression sickness (DCS).

Onewouldawaysliketoknowtheoverall general medica
condition of the patient, however this is often hard to
obtain. | sthepatient deteriorating? Will heneed specialized
helpbeforetransport? Will transport at thisstageadversely
effect the patient?

DCSpatientsareusually stable, and need to betransported
to the nearest recompression chamber as soon aspossible.
However the patient may be unconscious, fitting, or in
respiratory difficulties, or have aspina cord lesionthat is
progressing rapidly.
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TABLE I

TRANSPORT MODES AVAILABLE

ROAD TRANSPORT

ADVANTAGES
Patient only transferred in and out of ambulance
Ableto stop en route to perform procedures
Ample room and lighting
Adequate supply of everything
Cost effective
Ableto transport in all conditions

Altitude usually not a problem

DISADVANTAGES

Slow

Subject to road conditions

But the ambulance may have to travel over a mountain
rangewhichisgreater than 1000ft. Noway of knowingthe
altitude that you are at.

AIR TRANSPORT

FIXED WINGED AIRCRAFT

ADVANTAGES

Shorter transit time

No peak hour traffic problems

Adequate oxygen supply
2xDcylinders, 1500 L eachgiving oxygenat 15L/minfor
3 hours.

Can fly at sealevel if altitude a problem

Can use aircraft pressurized to ground level

Adequate space and lighting. Can use ECG

DISADVANTAGES

Need airstrip
May take long time to mobilise aircraft
Subject to weather conditions

Patient may betransferred several times, ie. ambulanceto
plane and back etc.

May be hazardous
Expensivein fuel

Requires time to mobilize such an aircraft
Inability to change therapy enroute

Noise levels make monitoring of breath sounds difficult.
BP only by palpation.

HELICOPTERS

ADVANTAGES

No airstrip needed
Practically land anywhere

Morestablethanfixedwingedaircraftinadverseconditions
Cruising speed 110-130 mph

Adeguate room and oxygen supply

Flights can be kept below 1000 ft

Bad weather only limits flights 10 days per year, in the
Sydney area

Vibration and noise not a problem

Not subjected toincreasein vibration level at take off and
landing

DISADVANTAGES

Need down draught to take off

The average Bell helicopter not as roomy as the road
transport

Vibration may perhaps cause extra bubbling in DCS
but there is no evidence of this.

Expensive
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In the majority of cases First Aid can be administered by
the diver’'s buddies or other non-medica people. The
recommended routineisto give 2 aspirin tabs, give 100%
oxygen, give 2 litres of fluid orally or intravenously (1V)
and keep the patient still.

Spinal cord lesions will need a catheter before transport,
and an 1V dose of dexamethazone to help in the treatment
of spinal cord oedema.

Mobilization of resourcesisessential. Notification of the
nearest recompression chamber, and discussion with them
about thegeneral condition of thepatientisnecessary. The
total time for transport is very important. This time
including the time needed to mobilize the ambulance.
Other factors are the distance to be travelled, the weather
and road conditions. Fog, windsand rainwill lengthenthe
transport time, time needed to get to the patient. When air
transport is used the time needed to travel to and from
airstrips has to be included.

Other things that must be considered are the ability to
change therapy en-route, the ability to monitor the patient
en-route, an adequate oxygen supply, proper suction
facilities and the capabilities of the escort. One must
consider whether the effects of transport will adversely
effect the patient, ie. vibration or atitude.

TABLE

GENERAL CONSIDERATIONS FOR CHOOSING
TRANSPORT MODE

General condition of the patient

Will transport at that stage adversely effect thepatient?
Ability to change therapy en route

Ability to monitor the patient

Adequate supply of drugs and oxygen for the journey
Distance to be travelled

Communications

Actual time of transport
(a) time to mobilize transport
(b) time to travel the distance

Altitude is important when transporting DCS patients.
The bubbles in the body will obey Boyle's Law, Pal/V,
therefore any reduction in pressure, as happens with an
increase with altitude, will cause anincreasein the size of
the bubble, and hence make the condition of the patient
worse. At8000ft (commercial aircraft) thebubblevolume
will increase 25-30%. Withincreasing atitude the partial
pressureof oxygenwill decrease. At8000ft theatmospheric
pressurewill be567mmHg, thealveolar O,66mmHg. All
patientswill need O, by mask at the highest concentrations
possible. Using a flow of 15 litres a minute (lpm) aD
cylinder will last 90 minutes.

Several modes of transport are available, road, aeroplane
or helicopter. Table Il lists the various advantages and
disadvantages of each method.

The definitive treatment of all cases of DCS is
recompression. The sooner that it is done the better.
Optimally the best form of transport would be under
pressure, so that the treatment has already begun during
transit. A two-man portablerecompression chamber isthe
safest. Here an attendant is present with the patient, so he
can administer therapy en-route. These chamberscanalso
lock onto the mating larger chamber, so allowing transfer
under pressure. Oneman chambersareavailable, but once
the patient isin them, it isimpossible to get to the patient
unless the chamber is decompressed. They should not be
used for transporting patients. Failing aportablechamber,
the patient is best served by keeping him at sea level
(1ATA), giving him 100% oxygen and transporting him
rapidly to the nearest chamber.

Aircraft pressurized to ground level can be hard to obtain.
An RAAF Hercules would take considerable time to
mobilize to Rockhampton. Commercial aircraft are only
pressurized to 8000 ft. There are small fixed winged
pressurized aircraft but they are not readily available. We
arevery fortunate, indeed, herein central Queensland that
the Ambulance Service has a pressurized-to-ground-level
small aircraft for patient transport,

Thereisoneother problem. Often DCSpatientsareinalot
of pain. The peopleattending him may betemptedto give
him ETONOX (Nitrous oxide and oxygen mixture) to
breathe. Please DO NOT. ETONOX will only make his
condition worse as the nitrous oxide diffuses into the
bubbles and makes them larger.

Transportation of these patients should be done quickly,
safely and with consideration of the problems involved.
Mobilization of resourcesisimportant asisusing themto
the best possible advantage to the patient, especially
considering the major problem of DY SBARISM.

DISCUSSION
Dr JWilliamson

The poor old sports diversreally got it in the neck today.
| would liketo assure people, if they arenot already aware
of this, that these errors in diving technique and
complications are not confined to sports divers. People
who dive as part of their work are usually under close and
strict supervision and that is very good. But |eft to their
own devices they can get into heaps of trouble and they
sometimes do.

There is no such thing as a safe dive so any doctor
presented with a diver with symptoms, should not be put
off by thefact that their apparent profileiswell within the
so-calledlimitsof adivingtable. Thereisnosuchthingas
asafedive. Onemust waysremember that all diversare
unreliable witnesses. This does not mean to say they
intentionally set out to deceive but very often they quite
often say and believe things which on closer enquiry are
found not to be true.

| would like to challenge John Knight's statement that
there is no danger of CNS toxicity oxygen treatment at 9
metres. That is quite untrue.

Dr JKnight

| did say that CNS oxygen toxicity had been seen at that



depth in closed circuit users. | am not aware of it ever
having occurred at 9m in somebody who was not using
closed circuit equipment in which the CO, level hasrisen.
There may be apossibility of it but | have not heard of it.

Dr JWilliamson

Well you have heard of it now because we had it in
Townsville. | think the important point to make in this
regard is that when you are looking at thresholds for
anything, in particular oxygen toxicity, but also alot of
other things, a lot of the experience is based on divers
sitting comfortably and dry and not working in chambers.
But when you put cold, frightened, sick divers back into
the water the thresholds are quite different.

Dr JKnight

Could | ask if your case appeared in the SPUM S Journal ?
If it did, some other explanations have been advanced.
Carl Edmondsfeel sthat it wasacaseof saltwater aspiration
not oxygen toxicity. But you saw it so you ought to know.

Dr JWilliamson

Thereisno question of it having occurred. The sequence
of eventswasjust right down thelinefor oxygen toxicity.
There was no question of salt water aspiration. Are you
postulating that salt water aspiration can produce
convulsions?

Dr JKnight

No. | wouldsuggest that you havejust giventheexplanation.
Diversare poor witnesses. Unlessyouwereactually inthe
water with him, if he shivered and shook it might well be
interpreted as a convulsion by somebody who did not
know better. | would not accept a convulsion unless he
goes unconscious and he is seen to be unconscious by
somebody who knows what unconsciousnessis. | do not
think most divers arein that category.

Dr JWilliamson

As nearly as we can verify al that, all those conditions
weresatisfied. The peoplewere quite expert inthediving
field. Asit happened, Vic Callan and | appeared on the
scene within minutes after he was brought back to the
surface. | think there is very little doubt that this man
convulsed.

Dr | Gibbs

| would just like to say alittle bit in support of what Dr
Williamson just said. I'm ex-Royal Navy and | spent a
coupleof yearsat HM SVERNON whichisthemain Royal
Navy diving school in Portsmouth. We used to seealot of
oxygen toxicity in Navy divers trained for the highest
levels of professional skill. They were all tested in the
chamber so their oxygen tolerances were known. We
knew that they were never diving more than 30 feet
becausetherewasnot morethan that to divein. They may
have been exerting themselves and they were probably
cold and so on but | would suggest that the incidence of
oxygen toxicity amongst the general population would
probably be considerably higher at shallower depths than
applied to these Navy divers.
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Dr JKnight

Are you saying that the clearance divers developed CNS
oxygen toxicity without getting raised PCO2 while they
were swimming about.

Dr | Gibbs

No. What | am trying to say isthat there was a significant
incidence of oxygen toxicity at less than 10 metres in
blokes who had been specifically tested to prove that they
had not got alow thresholdto oxygen. | would suggest that
the normal civilian population would be more prone to
oxygen toxicity than the naval divers. | have reservations
myself about thedesirability of putting, asDr JWilliamson
says, tired frightened people in the water at 9 metres and
hoping that they will not have afit.

Dr JKnight

Thatisonereasonfor having thefull face mask sothat they
will not drownif they go unconscious. After all the Royal
Navy users full face masks so that their divers can go
unconscious quitesafely. Inwater oxygen recompression
is not ideal treatment if there is a chamber within easy
reach. Itisfor those peoplewho arenot closeto achamber.
The great majority of people who get bent do not have
neurological bends and most of them cure quite quickly.

All | can say isif there had been any major problem, it
would havebeen round thediving medica worldvery fast,
becausefew peopleapproveof thistreatment. Peoplehave
spent a lot of time unsuccessfully trying to find cases
where it did not work, or had to be abandoned, and the
patient was worse as aresullt.

I think it should not beused of f the Queensland coast where
onecan get ahelicopter out and betakento Townsvilleand
recompressed. Ontheother handin Madangthetimetoget
al earjet that can pressuriseto surface over to Madang and
then back to Townsville is going to be more than 6 hours
inall probability.

Insheltered, warmwater | would prefer to berecompressed
on oxygen in the water rather than wait more than 6 hours
for treatment. | am not telling everybody to do it. | am
saying that | think it is safe enough to risk my life being
treated in that way when the alternative is along wait for
treatment.

Question

If you used aMagill circuit, eventhough it isslightly less
convenient thanaMapleson C circuit, youwould probably
be able to cut flow down to 5 or 6 litres a minute (Ipm)
rather than 15 Ipm, which would give you three times as
much oxygen for each cylinder.

Dr C Acott

Itisdifficult to put Magill circuit into an oxygen cylinder
inanaircraft. | takeaMapleson Cwithmeand an ordinary
Hudsonmask. | havehighflowsonit, around 13to 151pm.
| wasusing 15 Ipm as an example. Y ou have got to know
how far you have got to go and how much oxygenyou have
got on board. Itisno use getting up there and finding out
you have run out of oxygen.
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THE DEVELOPMENT OF THE NATIONAL
ASSOCIATION OF DIVER MEDICAL
TECHNICIANS (NADMT) IN THE US

Jim Joiner

Inthe early 1970s, the critical worldwide energy shortage
motivated the oil companies to explore and drill for
petroleum productsinthewatersoffshoreinmany countries.
Astheneedfor petroleum gradually increased, thedrilling
activitiesand consequently thediving activitiestook place
in ever deepening waters. Often the drilling rigs were
located inisolated sections of theworld far from adequate
medical facilities or hyperbaric specialists.

The need to improve the level of on-site medical
management for diving accidents and ilInesses increased
with the rapid move into these hostile working
environments. By 1973-74, thediving contractorsand the
diver training ingtitutions, as well as the unions and
government agencies, were becoming alarmed by the
rising number of accidents. They wereawarethat in many
cases the accidents were aggravated by lack of proper
treatment, misdiagnosis and the inability to provide
immediate medical care. Whileit wasrecognized that the
isolation of divers under pressure and the geographic
remoteness of diving sites create unique difficulties that
necessitate a high degree of medical and technical
competence, at that time there were no criteria as to how
these emergencies should be handled or by whom.

Too often the responsibility of accident management
becamepart of thejob of thediving supervisor whousually
waspoorly prepared to meet the demands of acute medical
diagnosis, treatment or intervention. Some offshore rigs
employed rig-medi cs, but most of these medicshad had no
special training in hyperbaric problems and treatment. At
the time, there were few hyperbaric physicians and those
whowerequalifiedtotreat diving accidentsoften weretoo
far away to help in an emergency.

Therefore, at the urgent request of the diving contractors,
diversand itsparent company, Oceaneering I nternational,
the Commercial Diving Centre (CDC) (Now the College
of Oceaneering) began to develop a new programme to
train a selected group of divers and supervisorsin diving
accident management. The request for a training
programme was fully supported by the Association of
Diving Contractors (ADC).

Under the direction of Jim Joiner, Executive Director of
CDC, acommitteeof educatorsand medical personnel met
to develop a course outline, curriculum and training
procedures that could prepare experienced divers and
supervisors from the field to handle diving accidents and
emergencies. The planning committee felt that the divers
and supervisors would be completely supported by their
respective employersin as much asthe program had been
reguested by them. The planning committee consisted of
Joiner and Dr Richard Scott, USC Medical Centre, Drs
Paul Linaweaver and Hugh Greer of the Santa Barbara
Medical Foundation Clinic and Dr David Y oungblood,
Medical Director of Oceaneering International .

The programme was designed to train the divers and
supervisors to accurately and adequately diagnose diving
and other related accidents, injuries and diseases and
provideeffectivetreatment (under thedirection of adiving
medical physician whenever possible) for up to 72 hours.
Theinitial course was designed for participants who had
had aminimum of 100 daysof offshorework and preference
wasto begiventothosediverswho had past experienceas
amilitary medic or acivilian paramedic.

The pilot programme in 1975 was attended by 12 divers
and supervisors who had the complete support of their
employers, all active members of ADC. This pilot
programmewascarefully monitored and comprehensively
critiqued by all the partiesinvol ved and declared asuccess.
It was anticipated at this time that the new Diver Medic
Training Programme would meet the needs of a separate
section of theNational Registry of Emergency Technicians
and that certification of the diver medicswould be merely
amatter of formality.

Unfortunately, thiswasnot to bethe case. During the next
six years the setbacks and obstacles encountered,
accrediting theprogrammeand certifying thediver medics
were amost beyond belief. The first major barrier to
formal accreditation was caused by the lack of clear legal
interpretation of the diving medical aspect. Because no
onewascertainastowho had theauthority to certify divers
to work both domestically and internationally, no one
would assume the responsibility.

Therefore, during the next six years, the National Registry
certified diver medic graduates as Emergency Technician
I, but refused official recognition of the diving medical
aspect. Thiswas equivalent to no recognition in thelegal
viewpoint of oil companies and diving contractors.

Although the programme was formally recognized by the
Undersea Medical Society (UMS) in 1976, they decided
not to accredit the programme or certify the diversasdid
the Occupational Health and Safety Administration
(OSHA), the Bureau of Emergency Medical Services, the
Health and Human Resource Administration, the
Department of Transportation (DOT) andtheUnited States
Coast Guard.

In spite of these setbacks CDC continued to offer the diver
medictraining programmeon an“asneeded” basis. Butas
the formal recognition of the programme continued in
abeyance and the US governmental agencies declined to
mandatediver medicsonoffshoreinstall ations, theinterest
of employers in sending supervisors and divers to the
programme declined.

By 1978, 124 divers had graduated from diver medic
courses, of these 42 were company sponsored, 4 were
union sponsored and 78 were individuals who elected to
pay for their personal training. Economic circumstances
then dictated that the classes be opened to new diver
trainees. Therefore, the programme was modified to
accommodate the changesin the experience and expertise
of the programme participants. The programme was
lengthened, basic training made more intense and ahome
study portion was added.



During the next two years other diver training institutions
used the programme at CDC as a model to develop their
own diver medic programmes.

Initially, programmes were begun at Ocean Corporation
and Florida Institute of Technology. At this time, a
Medical Advisory Groupwasformedtoadviseand oversee
the training of diver medic personnel. The Medica
Advisory Groupwasconcernedthat al diver medictraining
programmes should meet the minimum standards
established by the group and use qualified instructors,
have proper medical facilitiesfor on-site training and that
the diver medic trainees be properly recognized and
compensated.

In 1979 the Undersea Medical Society agreed to provide
formal accreditation for the diver medics provided the
regul atory agency, the Department of Transportation, would
provide curriculum approval. Before this could be
accomplished, diver safety and heal th programmesinvolved
with offshore diving operations was transferred from the
DOT tothejurisdiction of the US Coast Guard. Repeated
inquiriesto the Coast Guard for official recognition of the
diver medic curriculum resulted in a May 1980 decision
that “... at thistime, the US Coast Guard has no specific
planstointroduceany regul ation concerning Diver Medics,
their training or certification or their required presence.”

In 1981 the National Association of Diver Medical
Technicians(NADMT) wasformedfor theexpresspurpose
of accrediting diver traininginstitutions, and astheofficial
certifying agency for diver medics, instructors and diver
medic programmes. Within two years NADMT was
formally approved by UM S and the A ssociation of Diving
Contractors.

The Board of Directors is composed of leading diver
training educators, hyperbaric physicians and
representatives of UMSand ADC. Thisgroup meetsona
regular basi stoplanfor theimprovement of theorganization
and to meet additional needs of the diver medic field.
Currently the organization with the assistance of UMSis
inthe process of developing guidelinesfor re-certification
and re-training of diver medics. Future plans call for the
development of books, supplies and teaching aids for the
training programmes. The outline and criteria for these
materialshavealready been devel oped andwill commence
assoonasfundsareavailable. Thisyear NADMT published
a Field Reference Guide Handbook for Diver Medics
written by Dr Gordon Daugherty.

At the present time, Canada, England and a few other
countries are in the process of developing their own
national diver medic programsand respectiveassociations
for the certification and accreditation of divers and diver
medic programmes. |t is anticipated that within the next
few years it may be possible to form an international
qualification for diver medics. Inthisway, diver medics
with recognized certification will be approved to work in
territorial waters anywhere in the world.

The 1984-85 President of NADMT will be Jim Joiner,
President of the Collegeof Oceaneering. Anyoneinterested
inlearningmoreabout NADMT or thetraining programmes
offered for diver medicsisinvited to writeto Mr Joiner at
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The College of Oceaneering
Los Angeles Harbor

272 South Fries Avenue
Wilmington
California91744

USA

DAN STARTS MEMBERSHIP DRIVE

DAN, operating with the new title Divers Alert Network,
has begun a membership drive for individuals and
corporations interested in diving safety.

Formerly known as Diving Accident Network, DAN isa
national system of recompression chambers accessible
through one phone number available nationwide, 24 hours
aday. Inanemergency, caling 919-684-8111 and asking
for DAN connectsadiver or hisphysiciantoaspecialistin
diving medicine who can advise correct early treatment
and assist in referral to an appropriate treatment facility.
Additional non-emergency information can be obtained
by calling 919-6842948, M onday through Friday, 9amto
5 pm EST.

Individual membersof DAN will receivethe” Underwater
Diving Accident Manual,” tank decals with the DAN
diver'sflag logo and emergency number, a newsletter of
diving medicineinlayman’ slanguage, and amembership
card allowing dollar saving privileges. Membershipfeeis
$10. Diving related businesses are asked to become
Corporate members and will receive a number of free
memberships and other benefits for their commitment to
diving safety. For more information, please contact: The
DiversAlert Network, Box 3823, DukeUniversity Medical
Center, Durham, North Carolina 27710.

Reprinted, by kind permission of theEditor, fromTRIAGE,

thenewsl etter of theNational Associationof Diver Medical
Technicians, 5709 Glenmont, Houston, Texas 77081, USA.

LETTERSTO THE EDITOR

Sir,

| read with interest the SPUM S J 1983 (3), which brought
tomind an editorial | wrotein 1973 regarding the abuse of
the certification card that we have suffered in the US and
Canada. In the past several years we have had lawsuits
directed against the person who rented the cylinder for an
uncertified friend. In two cases they were settled out of
court, and another case went to court and a substantial
judgement was given against the person that rented the
cylinders. Ittakeseditorial sto bring such mattersto public
attention. | append a copy of what | wrotein 1973.

SHAME ON YOU!

An uncertified diver died today in 6 feet of water off the
coast of San Diego. He madethe “ tele’ and he made all
thenewspapers. Hehurt hissport and hehurt theindustry
I make my living in, and he hurt all of my close personal
friends that work for NASDS and all the advertisers that
supportthismagazine. 1t upsetsme. Andit wassomeone’s
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fault that should have known better. The fellow that died
wasn't a diver. He couldn’t have been because he had
never had alesson in hislife.

He didn’t rent the gear from a store/school because he
wasn't certified and he knew that the store wouldn’t rent
the gear to him unless he was.

But hisbuddy wascertified. And hisbuddy rented thegear
for him. That’s what you call a Good Friend. He had a
working regulator with a submersible (contents gauge)
and aBCwithapush buttononit. All worked. Thetrouble
wasthat because he didn’ t know how to useit, none of the
toolsthat should have saved hislife did hima damn bit of
good because he did not have instruction on any of the
super gear hisbuddyrented. 6feet of water. If hehad been
6 feet tall he could have stood up and walked to safety.

If you know anyone that is going to rent or get equipment
for someonethat is not certified, do himafavor. Call the
doctor and get himcommittedtoahospital for thecriminally
insane.

John Gaffney
Executive Director
NASDS (USA)

These robust sentiments are as valid today as they were
when penned in 1973.
Editor. SPUMSJ

PROJECT STICKYBEAK

This project is an on-going investigation seeking to
document all types and severities of diving-related
incidents. Information, all of which is treated as being
CONFIDENTIAL inregardstoidentifyingdetails, isutilised
in reports and case reports on non-fatal cases. Such
reports can be freely used by any interested person or
organization to increase diving safety through better
awarenessof critical factors. |nformation may besent (in
confidence) to:

Dr D Waker

PO Box 120
NARRABEEN NSW 2101

SPUMS ANNUAL SCIENTIFIC MEETING 1985

Thiswill be held on Bandos Island in the Maldives from
Thursday 18 April to Wednesday 24 April. Thetwo guest
speakers are Dr Straun Sutherland of the Commonwealth
Serum Laboratories and Dr Carl Edmonds, founding
President of SPUMS.

Flights to the Maldives leave on different days from the
various capital cities so some memberswill haveto arrive
early at Bandos|sland and someleaveafter themain party.

For thosel eavingfrom Adel aideand Brisbanethedeparture
date is Saturday April 13th. There will be a 2 night
stopover in Singapore, 10 nightsinthe Maldivesand aone
night stopover in Singapore on the way back to Australia,

landing on Saturday April 27th.

From Perth the departure date is Tuesday April 16th.
Therewill beaone night stopover in Singapore. The stay
on Bandos can be 8 nights with a 4 night stopover in
Singaporeonthereturnjourney or it canbe 12 nightsinthe
Maldives with adirect return to Australia. In either case
Perth Airport is reached early on Tuesday April 30th.

From Melbourneand Sydney thereisachoice of departure
dates.

1 Monday April 15th, returning on
(a) Friday April 26th which allows
i) 10 nightsin the Maldives, or
i) 8 nightsinthe Maldiveswith a2 night
stopover in Singapore either going or

returning.

(b) Sunday April 28th which allows

i) 10 nights on Bandos Island with a 2
night stopover in Singaporeeither going
or returning

i) 8 nightsinthe Maldiveswith a2 night
stopover in Singaporeonbothjourneys

iii) 12 nights on Bandos Idand.

2. Wednesday April 17th returning on

(a) Friday April 26th which allows 8 nightsin the
Maldives.

(b) Sunday April 28th which alows
i) 8 nights on Bandos Island with a 2
night stopover in Singaporeontheway
back
i) 10 nightsin the Maldives.

(c) Tuesday April 30th which allows

i) 8 nightsinthe Maldiveswith a4 night
stopover in Singapore on theway back

i) 10nightsintheMaldiveswitha2 night
stopover in Singapore on theway back

iii) 12 nightsinthe Maldives.

On the return journey it will be possible to substitute a 2
night stopover in Colombo for a 2 night stopover in
Singapore.

Theregistration brochure should have reached you before
this issue of the Journal. For further travel information,
and copies of the brochure contact:

Allways Travel Service,

168 High Street,

ASHBURTON, VICTORIA, 3147.
Telephone: (03) 25-8818



